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Electrified  Railway,  Performance  of (135)     661 

Electrified    Sections,    St.    Paul   Ry.,    Performance 

of   (135)     661 

Elevating  Grader,  Gravel  Road  Maintenance..  (240)     800 

Elevating  Grader  for  Tractor  Operation (219)     917 

Elevator  Safety  Code (203)     953 

Elimination  of  Irresponsible  Bidder (269)  1199 

Embankments,   Highway,   Concrete  Guards....  (199)     753 
Employment  Seasonal,  Construction  Industry..  (73)     487 

Employer  and  New  Graduate  Engineer (117)     643 

Engineer  and  Architect (34)     216 

Engineer  or  Architect (265)  1195 

Engineer  and   Architect,    Co-operation (161)     743 

Engineer  and  City  Planning (307)  1021 

Engineer,    Highway,    Opportunities   in  City   Plan- 
ning    (185)     571 

Engineer  and   Labor   Problems (39)     165 

Engineer,   New   Graduate   and  Employer (117)     643 

Engineer,  Relation  to  Banker (251)  1121 

Engineer,  Sanitary  (10)     248 

Engineer  on  Witness  Stand (87)     447 

Engineering,    Economics  of  Railway (331)   1403 

Engineering,    Illuminating   and    Architecture. (28)     266 

Engineering,   Logging  (1!)2)     890 

Engineering  Literature,  Filing (267)   1137 

Engineering  Reports.  Preparation  of (265)   1135 

Engineering  Positions,  Classification  of (62)     422 

Engineering   Positions    in   Public   Service,    Class- 

ation    (41 )     167 

Engineering  Societies,    Sanitary   Campaign.... (282)  1300 

Engineers'   Civic  Responsibility (319)  1391 

Engineers,  City  Planning  for (260)     974 

Engineers  and  Finance (41)     223 

Engineers,    Good    Professional    Conduct,    Specific 

Principles  of  (261)  1071 

Engineer's  Incomplete  Mastery"  of  Power (314)   1386 

Engineers,   Number  x (316)   1248 

Engineers,  Young,  Chances  in  Utility  Work.. (215)     913 
Engineers,  Young,  Railroad  President's  Advice  to 

(246 )  1116 

English  Railway  Electrification (207)     905 

English  Literature  for  th"  Engineer (107)     467 

Einstein's  Doctrine,  Validitv  of (2)     240 

Equipment,     Pumping,     Determining     of     Proper 

(309)   1327 

Equipment,  Road  Building (234)     788 

Equitable     Provision    for    Highway    Construction 

-.., '(145)     533 

Erie  Railroad  New  Type  Freight  Pier (185)     883 

Estimating  Bills  for  Water (304)   1322 

Estimating     Building     Costs,      Superficial     Area 

Method   (Ill)     693 

Estimating  Methods  of  Concrete (127)     709 

Eternal  Triangle,   Construction (19)     201 

Excavation  Methods  at  Monee  Cut (21)     147 

Excavator.  New  Trench (218)     864 

Excavation,     Rock,    Machinery    for    Road    Work 

(318)  1251 

Excavation  of  Sandstone,  Cost (258)     972 

Expansion  Joint,  Improved (67)       67 

Expansion  Joints  in   Stadium  Construction..  (124)     706 

Experience  with  Electric  Traction (281)   135°. 

Exploration,  by  Magnetic  Method (216)     914 

Explosives,    Cartridge    Diameter    of (65)     425 


Face  Brick,   Standard  Dimensions  for (225)   115'! 

Fares,   Street  Railway  in  638  Cities (198)     896 

Farmer  and  Freight  Bill (317)   124<t 

Farmer,  Freight  Charges (Ill)     637 

Farmers  and  Freight  Rates (169)     867 

Farmers    "Full    Crew"    Law (224)  1094 

Fascisti  and  Railway  Management (112)     63s 

Fatigue  of  Metals,  Investigation (27)  1200 

Favor   Metering   (163)     809 

Federal  Aid  in  Highway  Transportation (180)     5CC, 


IV 


Engineering  and  Contracting 


Federal    Government    Service,    Civil    Engineering 

Position*  in  ("2)  52» 

Federal    Aid    Iload    Construction      ..... -.15)  5 

Federated  American   Engineering  Societies,   Work 

0f                       (189)  eoo 

Feeder  Highway,  Macadam  Construction (245)  79!) 

Fence  Costs,    Treated,    in  Railway   Service 96  456 

Field  Control.  State  Highway  Maintenance  ..(25)  25 
Field    Engineer,    Railway.    Forms.    Daily    Report 

(52)  17  8 

Filing  Engineering  Literature (267 )  1137 

Filter  Plant  Operations,   Brookline.   Mass      (164  810 

Filters,  Nitrogen  Loadings,  as  Aid  in  Design..  (51)  its 
Filter   Plants.    Economical    Control    of   Chemical 

Dosage  <74)  380 

Filters     for    Removing     Oil     from     Boiler     Feed 

Water    (°0'  *°6 

Filtration  Cost,   Providence,   R.   I.----- -(52)  124 

Filtration,  Effect  on  Typhoid  Death  Rate (248  1058 

Filtration,  Laboratory  Control  of    .. - - ...  42)  114 

Filtration  Plants,  Importance  of  Filter  Sand..(49)  L21 

Finance,  Highways  x- (171)  657 

Finance,  Hints  to  Engineers  on (41  223 

Financing  and  Construction,  State  Highway..(39)  39 

Financing,   Highway  Construction .. .(4)  4 

Finishes,     for    Exterior     Surfaces    of     Industrial 

Reinforced  Concrete  Buildings (62)  476 

Fire  Resistance  of  Building  Columns (191)  941 

Fire  Test.  Winter  Conctruction. (159)  740 

Fish  Plates,  Method  and  Cost  of  Reclaiming..  (52)  178 

Five-Day   Week   in  Sight (113  695 

Floor  Load  Requirements.   Minimum (221)  1151 

Floor  Loads  in  Office  Buildings..(275)  1411     (177)  927 
Floor.    Method   of    Strengthening.    Forth    Bridge 

(22)  260 

Floors," Bridge,   Asphalt   Surfaces —  (71)  71 

Flow.  Velocities,   in  Dredg*  Pipe  Lines (249)  1059 

Flow  of  Water,  New  Method  of  Measuring.... (214)  860 

Flume  Gunite,   Design  and   Construction  of.. (28)  100 

Flushing  Water  Mains,  Detroit,  Mich (71)  377 

Food,  Retail  Cost  of (55  181 

Force  Mains,   Portland  Cement  Joints  for... (237)  1047 

Ford,  Cost  of  Operating,  Water  Department..  (184)  830 

Forestation:     A  Public  Service  Account (181)  827 

Formula  for  Predicting  Interest  Rates (168)  866 

Forth    Bridge.    Method    of    Strengthening    Floor 

Fota^^a'Cou'te^olDTItv  Ato  Caisson  System 

f«mdatio£'^^7~i» "tfcSjSiair  "'iSntnei'" (9)    135 

Foundation,    Special   Type.    Toronto.    Ont (324)  1460 

Framing  Bridge  Timbers (123)     701 

Franchise  Types  Contrasted (22)     148 

Freight  Car,   Average  Load (13)     195 

Freight    Charges,     Farmer (Ill)     637 

Freight  Pier,   New  Type  Built  by  Erie  Railroad 

( 185)     883 

Freight  Rate  Blunder  a  Year  Ago (279)  1352 

Freight  Rates  and  Farmers (169)     867 

French  Experiments  in  Concrete  Paving (333)  1265 

Frogs  and  Switch  Points,  Reclamation  by  Weld- 
ing    (293)  1365 

Frost  Penetration  in  City  Streets (289)  1307 

Fuel  Determinations  on  Steam  Locomotives.. (298)  1370 
Fuel   Economy   and   with   Coal   or  Wood,    Steam 

Shovel  Operation  (76)     436 

Fuel   Oil    Storage   Tanks,    Concrete   Construction 

(204)     954 

"Full  Crew"   Law  for  Farmers (224)   1094 


6 

Gage,    Device   for   Testing    in    Switches    and    on 

Curves  (310)  1382 

Gage.   New  Impact   Strain (205)     759 

Gage  for  Trolley   Rail   Height (165)     691 

Gasoline   Consumption    on   Road    Surfaces.... (322)  1254 

Gasoline  Tax   Legislation (337)  1269 

Gasoline     Tax     Recommended     at     Pennsylvania 

Highway  Conference  (203)     757 

Gasoline  Tax.   Tripled (256)     970' 

Gasoline  Taxes,  Cost  of  Collection (144)     530 

Gasoline  Taxes  in  16  States (305)  1019 

Gatun  Lake,  Effect  on  Local  Rainfall     (54)     126 

General    Passenger    Station    Facilities (255)  1125 

Geodetic   Survey,    Canadian (6)     132 

Geophone  Used  in  Mine  Surveying (45)     171 

Good  Professional  Conduct  for  Engineers,  Specific 

Principles  (261)   1071 

Government   Suits   Against   Cantonment   Contrac- 
tors     (84)     444 

Grade   Crossings,    Highway.    Specifications   for 

(115)     641 

Grade    Lines,     Elevated    for    Eliminating     Snow 

Hazards    .'. (38)       38 

Grades,    Check,    Shovel    Operations (78)     438 

Grades,  Effect  on  Truck  Performance (141)     527 

Grading   of  Earth  Road (175)     561 

Grading  Highway  on  Iron  Range (28)       28 

Grain   Terminal,   B.    &   O.    R.    R (240)  1110 

Grain    Terminal,    New   Railway,    Baltimore,    Md. 

(240)   1110 


Grand   Stands.   Sight    Lines  for ill*)     730 

Oranlt«   Column,    Low-Bed   Trailer (1S1>     931 

Gravel  for  Filtration  Plants (49)     121 

Gravel    Road    Maintenance    Elevating    Grader   in 

(246)     800 

Gravel  Road  Maintenance  by  Tractor  Patrol  1341)  1273 
Gravel  Streets.  Surfacing  with  Asphalt  (836)  126* 
Gravel,    Surface   Treated   Renuers   Unusual    S 

ice    (253)     807 

Great  Hall   of   Wesley  Foundation,    Acoustics   of 

(287)  1423 

Guard  Rails  Laid  on   Side      (163)     689 

Guards,     Concrete     for     Highway     Embankments 

(199)     753 

Gunite  Flume,  Design  and  Construction  of... (28)     100 


Hand  Hoist  and  Dump  Body  for  Trucks       (196)  582 
Head,  Loss  in  Sudden  Enlargements  in  Circular 

Pipes   (7)  79 

Head   Resistance  of  Trains,   Reduction (112)  638 

Heartwood    and    Sapwood,    Differences    Between 

(96)  510 

Hegewisch.   Reduction  of  Water  Consumption  by 

Meterage  (8)  80 

Herschel   Type   Weir   Investigation (21)  93 

Highway   Areas,    Grouping (7)  245 

Highway     Bonds,     Long-Term      Illogical     Oppo- 
sition to  (316)  1248 

Highway  Bridge  Construction (20)  20 

Highway  Bridge   Design (20)  20 

Highway    Bridge    Location (24)  206 

Highway  Bridge  Maintenance (24)  206 

Highway  Bridges,   Missouri   River (18)  200 

Highway   Bridges,    Standardizing (253)  1183 

Highway,  Crossing  Accidents (345)  1277 

Highway   Crossing  Rules,    Illinois (292)  1364 

Highway  Curves,  Construction  of (338)  1270 

Highwav  Construction,  Lost  Time  in (93)  315 

Highway    Construction,    Equitable    Provision    for 

( 145)  533 

Highway    Construction,    Excessive    and    President 

Harding    (2)  2 

Highway    Danger    Signs,    Recommended    Practice 

for    ( 363 )  1295 

Highway    Department,    Construction    Division    of 

(34)  34 

Highway     Department,     Proper    Organization    of 

(16)  16 

Highway  Development,  Tourist  Traffic (247)  801 

Highway  Developments  (91)  313 

Highway  Drainage,  Tile (244)  798 

Highway    Embankments,    Concrete   Guards   for 

( 199)  753 

Highway   Engineer,    Opportunities  in   City   Plan- 
ning   for „ (185)  571 

Highway    Engineering    Positions,    Minimum    Re- 
quirements   (328)  1260 

Highway  Field,  Notable  Research  in (6)  6 

Highway  Field.   Recent  Development (91)  313 

Highway   Finance  .(171)  557 

Highway  Financing,  How  to  Make  It  Easier.. (4)  4 

Highway  Grade  Crossing,  Specifications  for..  (115)  641 
Highway    Grades,    Effect    on   Track    Performance 

(141)  527 

Highway    Grading   on   Iron   Range (28)  28 

Highway    Investigations,    Arlington (79)  301 

Highway   Maintenance.   Iowa,   Cost (75)  297 

Highway  Maintenance,  Maine (158)  544 

Highway  Maintenance,  Patrol,  Wisconsin (97)  319 

Highway  Regulation,  Human  Factor  in (192)  578 

Highway    Report,    Work   Ahead (33)  33 

Highway  Safety.   Human  Factor  in (192)  578 

Highway  Signs,  Minnesota (323)  1255 

Highway   Subgrades,    Proper  Design. (120)  342 

Highway  Surfacing,  Construction  of (336)  1268 

Highways,   Tile  Side  Drains (78)  300 

Highway   Traffic   Regulation,   Mechanical   Devices 

for (349)  1281 

Highway  Traffic  in  Rhode  Island (162)  548 

Highway    Transportation,    Federal    Aid    Develop- 
ment     (180)  566 

Highwav    Views    and    News    in    Various    States 

(239)   793     (189)  575 

Highways     Place     in     National     Transportation 

Plan  ( 295)  1009 

Highways   and   Tax   Payer (171)  557 

Highways,    Use    and   Abuse (125)  347 

Holding   Power   of   Railroad    Spikes (180)  878 

Hollow  Tile,    Test  of (13)  195 

Honesty   in   Architecture (57)  471 

Hopper.     Adjustable    Measuring    for     Sand     and 

Gravel  Bins  (310)  1024 

Hopper  Dredge,    Economic   Loading   for. (104)  412 

Hoover,     and     Curtailment    of     Public    Building 

Construction    \ (171)  921 

Hoover  and  Restriction  of  Building  Construction 

(170)  920 

House   Construction,   Small,   Recommended  Mini- 
mum Reouirements  (3)  185 

House  Refuse.  Salvage  of. (25)  263 
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Houses.  City,  Remodeling (119)  701 

House,   Old,  Ingenious  and  Beautiful  ltemodeling 

Methods    (119)  701 

Human     Factor     in     Highway     Regulation     and 

safety  (192)  578 

Hvdrant  Rentals  (219)  1029 

Hydrants,    Use   for  Purposes   Other  Than  Extin- 
guishing  Fires   (302)  1320 

Hvdro  Electric  Development.  Norway (56)  294 

Hydroelectric  Power  Plant  Designs (33)  105 

Hydro  Electric  Progress,  Canada (141)  615 

I.    C.    C.    Valuation    of   Railways (199)  897 

Ice,    Devices   for   Removing   from   Street   Railway 

Tracks    (125)  651 

Ice  Gorges,  Breaking  Up  with  Dynamite (58)  364 

Impact  Strain   Gage,   New (205)  759 

Indeterminate  Structures  Model  Analysis (163)  745 

Index  Numbers  of   Wholesale   Prices (277)  1413 

(48)     230       (90)     504       (116)     698       (227) 
1157      (239)    793      (209)    959. 

Index,    Stream    Polution (188)  834 

Indices    Cost    of    Buildings (130)  712 

Industrial  Plant  Design. (11)  193 

Industrial  Reinforced  Concrete  Buildings,  Treat- 
ment  of   Exterior   Surfaces   of (62)  476 

Infiltration  Flow   in  Sanitary   Sewers (103)  409 

Influence    of    Irrigation    on    Expansion   of    Agri- 
cultural Industry,  Calif (306)  1324 

Illuminating    Engineering,     Relation     to    Archi- 
tecture   (28)  266 

Inspection  of  Concrete  Paving (249)  803 

Inspection  of  Shop.  Structural  Steel (117)  699 

Inspection.    Plant,    Asphaltic    Paving   Mixtures.... 

Inspector,  Duties  of  in  Concrete  Paving (249)  803 

Intake  Pipe  Line  Construction,  Three  Rivers,  Que. 

(228)  1038 

Intercepting  Ditches,   Use  in  Highway  Construc- 
tion     (65)  65 

Interest  Rates,  Formula  for  Predicting (168)  866 

Interurban   Track,    Maintenance    of (217)  915 

Inundation   Methods   for  Measurements   of   Sand 

for  Concrete  (131)  713 

Iowa.    Glade    Grader   Work (279)  993 

Iowa,    Present   Status   Water   Purification....  (193)  839 

Iron  Bacteria  in  Water  Mains (7)  245 

Iron  Ore  Used  in  Louisiana  Roads (278)  992 

Iron  Range,   Highway  Gradine  on. : (28)  28 

Iron   Removal    Plant,    Ohio (326)  1344 

Iron  Removal  from  Public  Water  Supplies..  (326)  1344 

Irresponsible  Bidder,  Elimination  of (269)  1199 

Irrigation  Project,    India,    $87,000,000 (250)  1060 

Irrigation  Project,  Water  Measurements  on..(100)  406 
Irrigation  Water  Deliveries,  Use  of  Venturi  Flume 

for    Measurement (73)  379 

J 

Jitney  Operating,   Connecticut (276)  1146 

Joints,  Pipe,  Lead  Substitutes (241)  1051 

Joints,   Portland  Cement  for  Force  Mains.... (237)  1047 

Joints   in  Track.   Location (191)  889 

K 

Kelley   Island  Lime   &   Cement  Company   Crush- 
ing Plant (29)  155 

L 

Labor   Problems,   Engineer (39)  165 

Labor  Problems,    Need  for  Definite   Program  for 

Solution    (53)  235 

Labor   Saving  Devices  in  Road   Work (150)  536 

Labor  Saving  Devices  for  Water  Works (119)  593 

Labor  Saving  Equipment,  Reduced  Cost  of  Track 

Construction (81)  441 

Labor   Saving  Machinery,   Used  on  Elgin,   Joliet 

&  Eastern  Ry (184)  882 

Labor-Saving   Machinery,   Use   by  Railway.. (170)  868 
Labor  Saving  in  Maintenance  of  Way  Work..  (119)  645 
Labor  Shortage,  Does  It  Imperil  American  Pros- 
perity  :....(220)  1150 

Labor,    Skilled,    Building    Industry.... (246)  1176 

Laboratory  Control  of  Filtration (42)  114 

Lake   Pontchartrain  Trestle ...„ (90)  450 

Land   Drainage  Projects,   Economics   of (212)  858 

Land   Reclamation   by    Sand   Pumping (31)  269 

Land  Slides,   Cause  and  Prevention. (106)  466 

Lateral  Earth  Preserves,  Determinations  of.. (230)  1160 

Lead  Substitutes  in  Pipe  Joints (241)  1051 

Legislature,   Composition  of: (59)  473 

License  Fees  and  Motor  Vehicles (107)  329 

Linings,    Plaster,    for    Reservoirs ...(110)  584 

Literature.  Engineering,  Filing.. (2(57)  1137 

Literature,  English,  for  Engineer (107)  467 

Lloyd  Dam  (26)  264 

Local  Material,  Use  for  Concrete  Aggregate..  (112)  334 

Local  Materials,  Use  in  Highway (91)  313 

Locating    Parties,    Bulletin   Board    for  Recording 

(162)  548 


Locomotive,  Electric,  Development (114)     640 

Locomotive  Railway,  Water  Service  for (<J3)     453 

Locomotive  Terminal,   Operating  Requirements  of 

(258)   1128 

Locomotive  Terminals,   Engineering  Requirements 

of    (li,3)     891 

Locomotives,  Boiler  Water  Treatment (317)  1389 

Locomotives,   Electric  (5)     243 

Locomotives,  Steam,  Fuel  Determinations (298)  1370 

Logging  Engineering  (192)     890 

Logging    Railroad    Construction,    Portable    Camp 

(103)     463 

Lost  Time   in   Highway   Construction (93)     315 


Macadam     Construction     for     Feeder     Highways 

(245) 

Macadam  Roads,  Salvage  and  Maintenance..  (101) 
Macadam  Roads,  Salvage  ana  Maintenance,  New 

Jersey    (104) 

Macadam  Road,   Surfacing  with  Asphalt (336) 

MacDonald,    Thos.    H.,    Report   of (5) 

Magnetic  Methods  for  Exploration   and   Geologic 

Work    (216) 

Maintenance,    Bituminous    Pavements (155) 

Maintenance,  Concrete  Pavement,  Wayne  County 

(159) 

Maintenance  Costs,   Highway,   Wisconsin (99) 

Maintenance    Costs,    Street    Railway    Equipment 

- ( 295 ) 

Maintenance,    Highway    Bridga..... (24) 

Maintenance,   Highway,  Iowa. (75) 

Maintenance.      Gravel     Road,      Tractor     Patrol 

Maintenance  of   Interurban   Track...!.."....."!.."  (217) 
Maintenance,    State   Highway.    Field   Control   of 

._  .   ,    (25) 

Maintenance    of    Way    Work,    Labor    Saving    in 

Maintenance  of  Way,  uite'rf"'^5[Z..^l"{M8) 
Management,   Water  Works,  Economic  Aspect  of 

(17) 

Manchester,    England,    Activated    Sludge    Treat- 
ment     ~ - (6) 

Man -Hours    Required    in    Railway    Maintenance 

- (190) 

Marine   Railway   for   Docking   Sand   and   Gravel 

Dredges    ( 263 ) 

Marine    Sounding,    Sonic   Depth    Finder (118) 

Marine    Structures,    Handling    Creosoted    Piling 

for   (272) 

Markers  and  Signs,   Highway,   Minnesota....(323) 

Marl,   Use  as  Road  Surfacing  Material (209) 

Marseilles    Canal,    Rove    Tunnel _ (132) 

Masonry  Dams,  Design  of (9)  81  (165) 

Material,    Local,    for    Concrete (112) 

Materials,  Local,  Developments  in  Use  of (91) 

Material  Prices,   Current,  Railways (118) 

Materials,    Water  Works,   Retail   Prices (114) 

Mattress  Foundation,  for  Rubble  Mound  Break- 
water  (234) 

MoDougall  Terminal,  Fire  Test (158) 

Mechanical     Devices     for     Highway     Regulation 

- (349) 

Mechanical  Labor  Saving  Devices  in  Road  Work 

(150) 

Mechanical    Theory   of    Solid   Domes (7) 

Mechanical  Tie  Tampers,  Care  and  Handling  of 

( 211 ) 

Mental    Camelitis (4) 

Metal    Lath,    Lath    Reduced (6) 

Metals,     Fatigue,     Investigations (270) 

Meterage,     Experiences     at     Greeneville,     Tenn, 

("" 

Meterage  Reduces  Water  Consumption  at  Hege 

wisch    (8) 

Meterage,    Universal,    Advantages   of (135) 

Metering,    How    to    Persuade    Water    Consumers 

(163) 

Metering,   Results   of   100   Per   Cent (168) 

Metering,     Universal,     Effect    on    Water     Waste 

(168) 

Meter   Rates,    Standard   Form    for (313) 

Meter    Schedules,    American    Water    Works    As- 
sociation     (313) 

Meters,    Baltimore    (220) 

Meters,    Cost   of  Cleaning,   New  Bedford,   Mass. 

_ (273) 

Meters,  Cost  of  Installing,  Portland,  Ore (273) 

Meters,    Effect   of,    Chicago. (135) 

Meters,  How  to  Persuade  Water  Consumers. 163) 

Meters,    Water,    Chicago. (109) 

Methods,   State  Highway,  Field  Control (25) 

Michigan    Highway    Construction,     Unit    Prices 

- (320) 

Millions.   Leaking  (283) 

Mine    Drainage,    Water    Supply    Contamination 

(83) 

Min^  Surveying.  Use  of  Geophone  in (45) 

Mining  Coal,  Stripping  Method (311) 
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Minnesota    Highway    Departmettf  ...  .  Ci4)      34 

Minnesota  Experiment  with  Marl  lor  Road  Bur- 

liUMiiK  (20!»)    rea 

Minor    Roads   in   National   Forests UOti)   1020 

Missouri  Commission  Dies  Depreciated  Reproduc- 
tion Cost  at  Rate  Base (280)   1352 

Missouri   Padiic  K.   B.,  Water  Treatment  on..(70)     430 
Mode]      Analysis      of      Indeterminate      Structures 

(163)     745 

Molluscs,    Boring,    Concrete (324)  1396 

Monee    Cut,    Excavation    Methods (21)  147 

Mooseheart,    Surface   Treated   Concrete   of... (261)  1191 

Motor  Bus  Transport,   England (8)  246 

Motor  Cars,   Railway,   Cost  of  Operating (294)  1366 

Motor   Truck    Drivers,    Regulations    for (201)  755 

Motor     Truck     Oix'ration,     County     Road     Work 

(201)  755 

Motor    Vehicle    Legislation (107)  329 

Motor  Vehicle  Transportation,   Relation  to  Rail- 
road     (78)  438 

Motor   Vehicle   Service    and   Railway.    Co-ordina- 
tion     (235)  1105 

Motor    Vehicles,    Tests    of    Wind    Resistance    on 

(169)  555 

Municipal   Refuse,   Collection  and  Disposal.... (79)  385 

Municipal   Team    Work (290)  1308 

N 

National    Forests,    Minor  Roads   in (306)  1020 

National    Transportation    Plan,    Highways    Place 

in   (295)  1009 

New  Hampshire  Roads  Traffic (141)  527 

New   Republic,    Open   Letter  to (282)  1300 

Nitrogen  Loadings  of   Sprinkling  Filters (51)  123 

North    Carolina    Sand    Asphalt    Pavement (75)  297 

O 

Occupational     Restriction     in     Building     Trades 

...(274)   1410 

Odors  Algae,    Removing  from    Water (128)     602 

Office  Building  Design,  Practical  Phases  of. .(189)     9391 
Office    Buildings,    Determining   Rental    Profits   of 

(250)   1180 

Office  Buildings,    Floor  Loads..(275)    1411     (177)     927 

Oil,   Removal   from   Boiler   *eed    Water (b0)     3t>6 

Oils,     Action    on    Concrete (89)     503 

Old   Houses,    Remodeling (119)     701 

Ontario   County,    Bituminous   Concrete  Construc- 
tion     (225)     779 

Open  Ditches,    Consideration  in  Design (267)   1077 

Open    Drains,     Cleaning    with    Drag    Line    Ex- 
cavator     - (76)     382 

Open    Letter   to    New    Republic (282)  1300 

Open  Top  Cars,   Apparatus  for  Unloading  Loose 

Material (135)     357 

Ore   Handling   Plant,    Mobila (155)     6»1 

Organization,    Contractors'    (154)     540 

Organization  of  Highway  Department (16)       16 

Outfall  Sewers,   Submerged  Pipe  Lines  for....(65)     371 

Overalls    Supplanting    White    Collars (171)     921 

Overhead    Expense.    Contractors' (248)   1178 

Overhaul,   Method   of  Computing (284)   13j6 

P 

Painting  Concrete,  Precautions (44)  282 

Passenger    Station    Facilities,    Relation   to   Busi- 
ness   Handled    (255)  1125 

Passenger   Transport   by    Airplane    Cost. (8)  134 

Patrol    Maintenance,    Wisconsin (97)  319 

Patrol  Methods  of  Road  Maintenance (311)  1025 

Patrol,  Tractor,  Gravel  Road  Maintenance.. (341)  1273 

Paving  Brick,   Recognized  Types (259)  973 

Pavement,    Asphalt,    Grades (128)  350 

Pavement,    Bituminous   Concrete (225)  779 

Pavement,    Comparison  of  Different (3)  3 

Pavement    Cinditions,    New    Instrument   for    Re- 
cording   -. (77)  299 

Pavement     Design     for     Street     Railway     Traffic 

.: (288)  1360 

Pavement,    Economic    Considerations    in    Choice 

of (9)  9 

Pavement  Repairs,   Cost,   Newark,   N.   J. ......  (254)  808 

Pavement,    Rubber    Block. (39)  277 

.lavement.    Sand  Asphalt.   North  Carolina (73)  297 

Payment    Should    Be    Proportional    to    Perform- 
ance     ; (170)  920 

Pennsylvania    Highway  •  Conference,    Recommend 

Gasoline  Tax (203)  757 

Perryville-Port  Deposit  Road,  -Methods   of   Con^ 

struction    (12)  12 

Philadelphia     Experiment    in    Asphalt    Repaving 

(282)  9«6 

Piers.   Old,   Test (280)  1416 

Pile  Driver  Used  in  Trestle  Reconstruction.. (289)  1361 

Pile   Driving   Formula (3)  129 

Pile  Set  Gauge.   Autographic  (11)  249 


Piling,    Creosoted,    Handling    for    Marine    Struc- 
tures  (272) 

ripe.   Cast   Iron,  Prices (69) 

Pipe    Joints,    Costs   of    Lead    Substitutes (24i) 

Pipe  Lines,  Dredge,  Velocities  of  Flow  in... (249) 
Pipe  Lines  Submerged  for  Outfall  Sewers.... (65) 
Pipe  Losses,   New  Formula  for  Computing....  (96) 

Pipe,     Prices    (110) 

Pipe     Sizes     in     Distribution     System,     Detroit, 

Mioh (77 ) 

Pipes,   Loss  of  Head  in (Y) 

Pittsburg,  California,  Service  Test  Road (176) 

Planning,  Regional  (301) 

Plant,    Industrial    Design _ (11) 

Plant     Inspection,     Asphaltic     Paving     Mixtures 

_.  - (285) 

Plaster    Linings   for    Reservoirs. (110) 

Plasterer,    Last    (276) 

Plasterers   and   Silk   Shirts (268) 

Plastering    School,    Philadelphia, _ (272) 

Pole   Setting    Truck (161) 

Porcelain,    City    Built    of (160) 

Portable   Camp   on    Logging   Railroad   Construc- 
tion    ...(103) 

Portable    Power    Scraper    Outfit,    Cleaning    Sew- 
age   Ponds    (160) 

Post    Caps,    Home    Made (325) 

Power   Plant,    Hydroelectric   Designs. (33) 

Power  Requirements  of  Activated  Sludge  Plants 

(4) 

Pre- adzing    of    Ties _ (60 ) 

Precurving    Rails,    Experience    of    Baltimore    & 

Ohio   R.    R (161) 

Preservative  Treatment  of  Ties  and  Timber....  (15) 
President  Harding  and  Excessive  Highway  Con- 
struction     _ (2) 

Pressure   Head,    Center    of    Pipes    Flowing    Full 

'. (57) 

Pressures,     Lateral     Earth,     Determinations     of 


Prices, 
Prices, 
Prices, 


Price  Inflation,    Will   Present  Halt  be  Prolonged 

(273) 

Prices,   Commodity  ( 168) 

Prices,    Retail.    Building   Materials (228) 

(106)    520     (210)    960     (4)    186     (114)    696 

Prices,     Railway    Materials (172) 

Retail,    Water    Works   Material (114) 

Unit,    Road  Work,   Michigan (320) 

Wholesale,    Index   Numbers. (116) 

(209)    959     (&0)    504 

Priming    Dynamite    Cartridges (164) 

Public   Health    and   Water   Consumption (231) 

Public   Indebtedness,    Adam   Smith's   Predictions 

- ( 198 ) 

Public   Service   Accounting,    Forestation   a  Prob- 
lem  (181) 

Public   Service,   Engineering   Positions   in. (41) 

Public   Sold   on   Highway (131) 

Public   Utilities,   Customer  Ownership. (179) 

Public   Utility   Valuation,   Relation   to  the   Mu- 
nicipality    (322) 

Public  Works,   Curtailment  of  in  "Good  Times" 

(198) 

Pump    House    Construction,    Three   Rivers,    Que. 

: (228) 

Pump,    Test  of  12  Year  Old... (295) 

Pumping,    Continuous   Versus   Intermittent..  (164) 

Pumping,   Cost,  Columbus,   Ohio. (260) 

Pumping,   Electric,    Concord,    N.    H (68) 

Pumping    Plant,    Portable    for    Road    Builders 

(195) 

Pumping  Plant,   Underground  _ (78) 

Pumping    Stations,    Determining    Proper   Equip- 
ment  for  (309) 

Pumps,  Gasoline  Operated  Auxiliary (252) 

Pumps,    Turbine   Centrifugal,    Water-Lubricated, 

Rubber-Lined   Bearings   ...(161) 

Purification  of  Public  Water  Supplies. (201) 
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Quack,    Old— Mr.    Law. (112)  638 

Quantity    Survey    _ (37)  219 

Quarries,    Use   of   Wire   Saw   in (75)  435 

Quarry    Blasting    Problems (224)  1094 

Quarry     Problems     from     Engineer's     Viewpoint 

(82)  442 

Quay  Wall   Construction,   Pre-Cast  Block  Mono- 
liths     (27)  26  "> 


Rail  Forks  for  Handling  Rail (61)  421 

Rails,  Guard,  Laid  on  Side (163)  689 

Rail   Hardening,    Toronto (213)  911 

Rail    Joints,    Worn,    Reclaiming (190)  888 

Rail,    Labor   Saving  Equipment (7)  133 

Rail   Materials,    Current    Prices (283)  1355 

Rail,  Method  and  Costs  of  Laying (7)  135 

Rail,   Method  of  Handling  with  Rail  Forks. (61)  421 
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Kail    Statistics    (281)  1353 

Kail  Tunnels,    Batignolles,   Demolition  of (4u)  278 

Kail,     Unloading,     Special    Kigging    on    Kailroad 

Ditcher    (3G3)  1408 

Kails,    i  m  urving,  B.  &  O.  Ry.  Experience.. (1G1)  688 

Kailroad  Ballast,  Crushed  Stone  for (209)  907 

Kailroad  Capitalization,  Watered  Stock  in.... (114)  640 

Railroad  Construction,  Logging (103)  463 

Kailroad  Crossings,  Pavements  tor (165)  691 

Railroad    Crossings,    Special    Equipment    for    Re- 
pairing     (151)  677 

Kailroad  Ditcher,    Special   Rir-ing  for   Unloading 

Rail   (336)  1408 

Railroad  Electrification,  Advance (58)  418 

Kailroad   President's  Advice  to   Young  Engineers 

, (246)  1116 

Railroad    Spikes,    Holding    fower    of (180)  878 

Railroad   Transportation,   Relation   to   Motor   Ve- 
hicles   (78)  438 

Railroads,  College  Man (213)  911 

Railway   Appliance   Show (148)  674 

Railway  Bridge  Construction  to  Resist  Gulf  Hur- 
ricanes   , (243)  1113 

Railway  Bridge   Tests,   Suldbach (45)  283 

Railway    Chief    Engineers,    Salaries (280)  1352 

Railway  Concrete  Mixer (166)  692 

Railway   Construction,   Argentina (54)  292 

Railway    Construction   in   1922 ...(54)  180 

Railway  Contract,   330-mile (275)  1145 

Railway  Electrification,   English ,. (207)  905 

Railway  Electrification,  French (10)  248 

Railway,   Electrified,    Performance (135)  661 

Railway  Engineering,  Economics  on (331)  1403 

Railway    Execeutives,    Should    Study    Bell    Tele- 
phone Management  (222)  1092 

Railway    Field    Engineer,    Forms,    Daily    Report 

(52)  178 

Railway -Highway    Crossing    Accidents (345)  1277 

Railway  Locomotives,  Water  Service  for (93)  453 

Railway   Management  Under  the   Fascisti....(112)  638 

Railway  Maintenance,  Man-Hours  Required..  (190)  888 

Railway  Materials,  Current  Prices (172)  870 

Railway  Material  Prices (118)  644 

Railway   Motor  Cars,   Cost  of  Operating (294)  1366 

Railway  Motor  Cars,  for  Handling  Concrete..  (250)  1120 
Railway   and  Motor  Vehicle   Service,    Co-ordina- 
tion of (235)  1105 

Railway,   New  Sudan. (55)  293 

Railway  Operation,   New  Treatise (173)  871 

Railway  Projects,  Australian (43)  281 

Railway  Regulation,  Change  from  State  to  Local 

(113)  639 

Railway  Track,  Chemical  KiUing  of  Weeds..  (153)  679 

Railway  Valuation,   I.   C.   C (199)  897 

Railways,    Billion  Dollar   Improvement   Year   for 

(2)  128 

Railways  British,  Reorganization (150)  676 

Railways,  Constructive  Regulation  of (47)  173 

Railways,    Economic,    Not    a    Political    Problem 

(304)  1376 

Rand   Water  Board,   Water   Supply   Development 

• (13)  251 

Rate    Base,    Missouri    Commission    Uses    Depre- 
ciated Reproduction  Cost  as (280)  1352 

Rates,   Water,   Depreciation  as  Factor  in  Fixing 

„    ,    (174)  820 

Reclamation  of   Fish   Plates,   Cost ....(52)  178 

Kefuse,    Collection  and   Disposal .....,(79)  385 

?ftefuse  Destructors,   Design   of (319)  1337 

IRefuse   Disposal,    England.. (25)  263 

ategional   Planning   (301)  1015 

Regulation,  Change  from  State  to  Local (113)  639 

IRegulation  of  Railways,  Constructive (47) 

iKegulations  for  Supplying  Water  to  Small  Build- 
ings  (211)  857 

Reinforced  Concrete  Buildings,  Industrial,  Treat- 
ment of  Exterior  Surfaces (62)  476 

Reinforced      Concrete     Water     Tank,      Barnum, 

Minn (69) 

Reinforcement,    Stresses  in  Caused  by   Shrinkage 

of  Concrete  (78)  492 

Relations  of  Banker  and  Contractor (205)  903 

Relations    of    Contractors,     Surety    and    Banker 

in  Contract  (221) 

Relations  of  Water  Company  and  Consumer..  (5) 

Rental  Profits,   Office  Buildings (250)  1180 

Rentals,  Hydrant  (219)  1029 

Report,  Forms  for  Railway  FMd  Engineer.... (52)  178 

Reports,  Engineering,   Preparation (265)  1135 

Research,  Highway  (33)  33 

Research,    Technical,    Co-operative    by    Railroads 

: (57)  417 

Researches,    Notable,    Highway   Field (6)  6 

Reservoirs,    Plaster   Linings   for (110)  584 

Retail  Prices  of  Building  aMterials (228)  1158 

(278)    1414      (114)    696      (210)    960      (106) 
520      (4)    186. 

Retail    Prices    of    Materials (114)  588 

Rice    Culture.    Water    Requirements    for    Sacra- 
mento Valley,  Calif (204)  1074 

Riveter    Large,    Fabricating    Plates    for    Turbine 

(263)  1073 

Road  Bed   Sliding,   Prevention (92)  452 
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Road    Bond    Holder,    as   Owner   of    Koad (197)  751 

Koad   Builuing   equipment.    Economic   Aspects 

: (234)  788 

Road   Building   and   Maintenance,    Blade   Grader 

n     ,   ■ (145)  531 

Road,  Concrete,  What  Goes  Into  a  Mile (24)  24 

Road  Construction,   Asphalth-   concrete (15)  15 

Road  Construction,   Concrete (12)  12 

Road  Construction  Through  Coaohelia  Desert.. (60)  6.1 

Road  Construction,  Federal  Aid,  Progress (5)  5 

Road    Convention    and    Exhibition (76)  298 

Road,   Earth,    Oiling,    Illinois (207)  761 

Koad  Intersections,  Low  Crossing  Crops  at.... (257)  971 

Road  Maintenance,  Blade  Grader (145)  531 

Road  Maintenance,  Gravel  with  Elevating  Grader 

(246)  800 

Road  Maintenance,    Patrol  Methods (311)  1025 

Road,    Perry ville-Port    (12)  12 

Koad   Show (/4)  296 

Road  Situation,  General  in  U.   S (263)  977 

Road  and   Street  Contracts ...(257)   971     (317)  1249 

Road  Surfacing  with  Marl (209)  763 

Road   Work,    Comparative   Unit  Prices,   Michigan 

(320)  1252. 

Road     Work,     County,     Motor    Truck     Operation 

(201)  755 

Road    Work,    Mechanical    Labor    Saving    Devices 

(150)  536 

Road  Work,   Winter. (163)  549 

Roads,  Care  During  Spring  Break-up (241)  795 

Roads,    Concrete,    Design. . (165)  551 

Roads  Department,  British  Government (38)  276 

Roads,    Gravel,   Causes   of  Rythmic   Corrugations 

(66)  66 

Roads,   No  Overproduction  of (256)  970 

Rock  Crushing,  Plant  at  Kelley  Island (29)  155 

Romance    of    "One-Man"    Car (22)  1092 

Rock  Excavation  Machinery  for  Road  Work.. (318)  1250 

Roof  Trusses,  Method  of  Repairing (222)  1152 

Rove  Tunnel,  of  Marseilles  Canal (132)  658 

Rubber    Block    Pavement (39)  277 

Rubble  Mound  Breakwater  on  Mattress  Founda- 
tion     (234)  1044 

Rush   for   Delivery    (139)  525 

Rhythmic    Corrugations,     Causes,     Gravel    Roads 

(66)  66 

S 

Salaries  of  Railway  Chief  Engineers (280)  1352 

Salt   River  Valley,   Water  Project (100)  406 

Salvage  and  Maintenance,  Macadam (104) 

Salvage    and    Maintenance    of    Macadam    Roads, 

Pennsylvania  (101) 

Sand     Asphalt     Pavement     Construction,     North 

Carolina   (75)  297 

Sand,    Concrete    Barrier    Dam    for    Intercepting 

Drifting  Gravel  and  Sand (131)  603 

Sand,   Filtered  (49)  121 

Sand,    Measurements   by   Inundation  Methods 

(131)  713 

Sand    Pumping,    Land    Reclamation (31)  269 

Sandstone    Excavation,    Cost   of (258)  972 

Sanitary  Campaign,  and  Engineering  Societies 

(282)  1300 

Sanitary  Engineer,  Work  of (10)  248 

Sanitary  Engineering,  Present  System  of (243)  1053 

Sanitary  Engineering  Course (156)  630 

Sanitary  Quality  of  Water  Supply,  Dangers  to.... 

(253)  1063 

Sanitation,  Tourist  Camp (155)  629 

Sapwood   and   Heartwood,   Differences  Between.... 

(96)  510 

School  Buildings,   Planning  of (319)  1455 

Scraper  Outfit,  Small  Portable,  for  Road  Gravel.. 

(196)  582 

Seagoing  Hopper  Dredges,   Operation ....(268)  1138 

Sea  Water,  Action  on  Concrete  Structures......  (81)  495 

Seasonal  Employment  in  Construction  Industry.... 

.: :.   (73)  487 

Service  Charge (3)   75   (57)  363 

Service    Cuts    in    Brick    Pavements.    Method    of 

Making   (271)  985 

Service  Test  Road,  Pittsburg,  Calif (176)  562 

Sewage    Effluents,    Colorimetric    Methods   of   An- 
alysis  (20)  258 

Sewage  Ejector  System,  Improvement  in (276)  1086 

Sewage  Plant,  Winter  Concrete  Work  on (177)  823 

Sewage    Ponds.     Cleaning    with    Portable    Power 

Scraper  Outfit  (160)  634 

Sewage  Treatment,   Scientific  Investigation  of..(l)  239 

Sewer  Connections  Made  by  Municipality (303)  1321 

Sewer   Systems,    "Sick,"   Suggested  Remedies 

(197)   843   (157)  631 

Sewer  Tunnel,  in  Wet  Ground (45)  117 

Sewers.  Outfall.  Submerged  Pipe  Lines (65)  371 

Sewers,  Sanitary,   Infiltration  Flow  in (103)  409 

Shackle  Bar  for  Pulling  Drifts (164)  690 

Shandaken   Tunnel   (122)  596 

Shower  Baths,   Suggested  Standards  for (330)  1348 

Shop  Inspection,   Structural  Steel (117)  699 

Sick  Sewer  Systems,   Suggested  Remedies :(197)  843 
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NiKlit    Lines  lor  Stadia  and  Grand  Stands.... (148) 

(Signs,   Highway  Danger (363) 

SKvscraper,    Kconomie   l'roblems (2) 

Slab,   Kloor  Slab,  Concrete  and  Hollow  Tlle..(13) 

Slate,    Production    1922 (188) 

Sliding  Road  Bed.   Prevention (92) 

Slump  Test   for   Measuring   Consistency   of   Con- 
crete     (285) 

Small    House    Construction,    Itecommended    Mini- 
mum Requirements  (8) 

Smoke.  Effect  on  Building  Materials (323) 

Snow  Fighting  by  Canadian  Electric  Railways 

(227) 

Snow    Hazards.    Eliminating    by    Elevated    Grade 

Line  (38) 

Snow  Melting  Pits  at  Car  Transfer  Tables...-(63) 

Snow  ltemoval  by  Steam  Saovel (355) 

Snow  Removal,  and  Street  Officials (73) 

Soil  Temperature,  Effect  Tile  Drains  on (27) 

Solid  Domes,  Analysis  of  Common  Forms (7) 

'  Soliditit,"   Special  Aggregate  for  Concrete  Sur- 
facing     (3C4 ) 

Sonic  Depth  Finder (118) 

Sounding,  Marine.  Sonic  Depth  Finder (118) 

Spavinaw  Water  Project (28G) 

Specifications.   Highway  Grade  Crossing (115) 

Special    Equipment    for    Repairing    Road    Cross- 
ings  (151) 

Special  Machines,  Maintenance  of  Way  Work 

(119) 

Spike  Holes  in  Ties.  Plugging (48) 

Spring  Break-up.  Care  of  Roads (241) 

Sprinkling  Filters,   Nitrogen  Loadings (51) 

Stadia,  Sight  Lines  for (148) 

Stadium  Construction,  Expansion  Joints (124) 

Stadium.  Grant  Park (124) 

Stadium.  University  of  Illinois (124) 

Stadiums,   Reinforced  Concrete,  Cost (225) 

Staking  Curves,  Method  with  Surveyor's  Tape 

(115) 

Staging,  Movable  for  Overhead  Work (321) 

Standard    Construction    Contracts    and    Arbitra- 
tion     (309) 

Standardized  Bridges  for  Highways (253) 

Standards,    Swimming   Pool (298) 

State  Highway  Construction  1922  and  1923....  (45) 
State  Highway  Department,  Administering....  (16) 
State  Highway  Department,   Obligations  to  Keep 

Public   Sold  on  Highway (131) 

State  Highway  Maintenance,  Field  Control  of 

(25) 

State  Highway  System,-  Financing  and  Construc- 
tion     (39) 

State    Utility    Commissions,    Conference    of    En- 
gineers     (134) 

Station  to  Stations  Method  of  Computing  Over- 
haul   (284) 

Steam    and    Electric    Interests    Combine    to    De- 
velop Electric  Locomotive (114) 

Steam  and  Electric  Locomotive,  Development  of.. 

: (114) 

Steam  Line  Installation  for  Preventing  Ice (5) 

Steam    Line   Method   of   Preventing   Ice   Forming 

Around  Track  Pans (5) 

Steam  Locomotives,    Fuel   Determinations   on 

(298) 

Steam  Locomotive,  It  is  Out  of  Date? (97) 

Steam  Shovel,  Method  of  Supplying  with  Water.... 

( 153) 

Steam  Shovel  Operation,  Checking  Grade (78) 

Steam    Shovel    Operation,    Fuel    Economy    with 

Coal  or  Wood (76) 

Steam  Shovel  for  Snow  Removal (355) 

Steam  Railways,  Electrication  of (116) 

Steel  Alloy,  Titanium  as (42) 

Steel.   Copper-Bearing,  Durability  of (315) 

Steel  Frame  Structures,   Report  of   Steel  Frame 

Committee    (19) 

Steels,    Structural,    Modifications (213) 

Stone  Deposits.   Valuation  of   for  Crushed  Rock 

Production  (217 ) 

Stone  Screenings  as  Fine  Aggregate  for  Concrete.. 

(197) 

Storage  Tanks,  Fuel  Oil,  Concrete (204) 

Strain  viage.  New  Impact (205) 

Stream  Polutfon  Index (188) 

Street  Cleaning,  Cost  of  St.  Paul,  Minn (64) 

Street  Officials  and  Snow  Removal (73) 

Street  Railway  Equipment   Cutting   Maintenance 

Costs   (295) 

Street  Railway  Fares  in  638  Cities (198) 

Street  Railway  Track,  Design  of (101) 
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Greetings,    Roadbuilders 


Once  a  year  as 
many  of  us  as  can 
whose  business  re- 
lates to  the  con- 
struction or  main- 
tenance of  this  na- 
tion's roads  and 
streets  get  togeth- 
er to  talk  over  our 
problems,  to  see  a 
great  display  of 
the  equipment  and 
materials  used  in 
road  work,  and  to 
get  a  little  of  that 
refreshment  and  in- 
spiration which  we 
all  need  and  which 
only  comes  from 
intimate  associa- 
tion with  others 
whose  interests  lie 
in  the  same  field. 
But  it  is  not  solely 
a  community  of 
business  interest 
that  brings  us  to- 
gether: Our  hearts, 
too,  are  in  this 
work,  and  though  business  necessar- 
ily occupies  first  place  we  have  some- 
what of  a  finer  feeling  than  one  of 


Road  Show  and  Convention 

January  16  to  19 

Chicago 

The  American  Good  Roads 
Congress  of  the  American  Road 
Builders'  Association  and  the 
National  Good  Roads  Show  and 
Highway  Industries  Exhibit  will 
be  held  on  the  above  dates — the 
congress  in  the  Congress  Hotel 
and  the  show  in  the  Coliseum, 
Chicago.  The  show  will  be 
opened  at  8  p.  m.  on  Monday, 
Jan.  15,  and  closed  at  4  p.  m., 
Friday,  Jan.  19.  Sessions  of  the 
congress  will  be  held  each  day. 
The  program,  exhibits,  enter- 
tainment and  social  features 
were  fully  outlined  on  pages  140 
to  147  of  the  December  Roads 
and  Streets  issue  of  Engineer- 
ing and  Contracting. 


mere  commercial 
or  professional  in- 
terest. If  any  one 
of  us  were  to  step 
out  of  the  road 
field  today  he 
would  still  retain 
for  life  his  inter- 
est in,  and  his  wish 
of  success  for,  the 
good  roads  move- 
ment. 

Again  we  have 
in  store  the  "big- 
gest and  best 
show  yet."  Appli- 
cations for  space 
have  substantially 
exceeded  those  of 
any  previous  year, 
and  the  manage- 
ment of  the  show 
in  making  its  as- 
signments of  space 
has  been  obliged  to 
make  considerable 
reductions  from 
the  amounts  re- 
quested by  numer- 
ous exhibitors.  All  displays  of  lesser 
weight  have  been  assigned  to  such  lo- 
cations   as    the   balcony    or   the    ball 
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room  of  the  Coliseum. 

The  convention  will  be  held  under 
much  better  conditions  this  year  than 
last,  the  Gold  Room  of  the  Congress 
Hotel  having  been  secured  for  it.  The 
Coliseum  ball  room,  it  will  be  remem- 
bered, was  found  somewhat  unsatis- 
factory last  year  by  reason  of  poor 
acoustics  and  noise  from  the  show 
in  spite  of  the  fact  that  the  operation 
of  noisy  machinery  was  not  permit- 
ted during  sessions.  Anyway  the  ball 
room  is  needed  for  exhibits  this  year. 

Engineering  and  Contracting  is  for- 
tunate in  being  located  in  the  con- 
vention city,  and  both  its  editorial  and 
commercial  staffs  are  looking  forward 
with  much  pleasure  to  the  renewal  of 
old  friendships  and  the  making  of 
new  ones.  With  all  our  hearts  we 
say:     "Greetings,  Roadbuilders." 


President  Harding's  Un- 
called for  Worry  Over 
Excessive  Highway 
Construction 

In  President  Harding's  recent  mes- 
sage to  Congress  there  was  more  than 
a  veiled  suggestion  that  Federal  aid 
in  road  building  should  be  decreased. 
He  said  that  Federal  aid  is  an  "ex- 
traneous activity,"  and  not  part  of  the 
ordinary  functions  of  the  Federal  gov- 
ernment. He  was  clearly  throwing 
cold  water  on  Federal  aid  when  he 
said: 

"In  the  efforts  which  have  been 
directed  to  reducing  public  expendi- 
tures I  have  been  much  concerned  in 
apparent  increasing  state,  county  and 
municipal  indebtedness,  and  I  am 
fearful  lest  this  condition  may  be  in 
part  attributable  to  the  expenditures 
made  by  the  government  pursuant  to 
its  Federal  aid  laws,  as  many  of  these 
state  laws  require  state  contributions 
as  a  prerequisite  to  the  extension  of 
the  Federal  aid." 

The  bonded  debts  of  states  have 
long  been  used  as  an  argument  against 
extensive  road  construction  programs. 
"Yet  without  recourse  to  the  selling  of 
bonds,  relatively  little  road  improve- 
ment would  be  made.  We  have 
always  contended  that  there  is  noth- 
ing more  reprehensible  in  the  prac- 
tice of  bonding  a  state  or  county  for 
road  improvement  than  in  the  bonding 
of  a  railway  for  railway  improvement. 
More  than  half  the  capital  invested  in 
American  railways  has  been  raised  by 


the  sale  of  railway  bonds;  but  who 
has  ever  cautioned  the  public  against 
excessive  railway  building  because 
railway  bonds  have  been  marketed  in 
large  quantities? 

It  matters  not  a  whit  whether  a 
railway  is  built  with  money  by  the 
sale  of  bonds  or  by  the  sale  of  stock. 
What  does  matter  is  whether  the  rail- 
way is  economically  necessary.  The 
same  holds  true  as  to  a  road.  If  two 
billion  dollar's  can  be  economically  in- 
vested in  highway  improvement  each 
year,  it  is  a  matter  of  small  economic 
moment  how  the  two  billions  are 
raised.  If  the  money  is  raised  by 
direct  taxation,  those  who  pay  the 
taxes  lose  the  interest  on  the  money. 
If  the  money  is  raised  by  bond  issues, 
then  the  taxpayers  pay  the  interest, 
and  are  thus  out  of  pocket  as  much 
the  one  way  as  the  other.  In  the  first 
case  it  is  an  annual  loss  of  interest 
on  their  own  capital;  in  the  second 
case  it  is  a  payment  of  interest  on 
an  equal  amount  of  some  other  per- 
son's capital.  So  the  economic  result 
is  as  broad  as  it  is  long.  This  should 
be  qualified  by  stating  that  the  aver- 
age taxpayer  is  better  off  when  paying 
interest  on  road  bonds,  because  they 
bear  a  lower  rate  of  interest  than  he 
can  earn  on  his  own  capital. 

President  Harding's  alarm  lest 
states  become  extravagant  because  of 
Federal  aid  would  be  quickly  dissi- 
pated were  he  to  study  the  statistics 
of  road  construction.  He  would  learn 
that  about  $750,000,000  is  being  ex- 
pended annually  for  highway  im- 
provement in  a  country  that  is  manu- 
facturing 2,500,000  motor  cars  an- 
nually. In  other  words,  for  every  car 
that  is  manufactured  about  $300  worth 
of  roads  are  built,  and  this  in  a  na- 
tion whose  mileage  of  hard  surfaced 
roads  is  but  10  per  cent  of  its  total 
mileage. 

Many  a  blue  moon  will  wax  and 
wane  before  our  political  leaders  need 
begin  to  worry  over  national  extrava- 
gance in  road  building. 


Source  of  the  Wisconsin  Road  Build- 
ing Funds. — According  to  a  pamphlet 
prepared  by  the  Wisconsin  County 
Boards  Association,  approximately 
$37,000,000  was  spent  in  Wisconsin  in 
1922  by  all  road  building  agencies,  in- 
cluding state,  counties  and  towns,  for 
highway  improvements.  Of  this  sum 
25  per  cent  was  provided  by  bond  is- 
sues; 57  per  cent  by  direct  taxation, 
and  less  than  11  per  cent  by  imposts 
upon  motor  vehicles. 


(2) 


1928 


Engineering  and  Contracting 


How    Should    Different 
Pavements  be  Com- 
pared? 

Not  so  many  years  ago  considerable 
attention  was  given  to  certain  scales 
purporting  to  measure  the  compara- 
tive values  of  different  road  surfaces. 
These  scales  were  generally  based 
upon  an  "ideal"  or  a  "theoretically 
perfect"  road  by  assigning  to  each  im- 
portant quality  a  given  percentage  or 
weight,  the  sum  of  all  the  weights  to- 
talling 100.  No  actual  pavement  could 
attain  a  100  per  cent  rating,  and  many 
surfaces  would  not  have  a  maximum, 
or  ideal  rating  on  any  single  quality. 
While  less  in  vogue  than  formerly, 
these  methods  are  still  sometimes  ad- 
vocated as  means  of  solving  the  knot- 
ty problem  of  selecting  the  best  pave- 
ment for  a  given  use,  and  it  is  proper 
to  point  out  wherein  they  are  at  fault. 

The  qualities  upon  which  such 
scales  are  based  differ,  but  all  include 
the  items  of  first  cost  and  mainte- 
nance together  with  qualities  not  eas- 
ily measured  in  terms  of  money.  Typi- 
cal of  these  ratings  for  the  ideal  pave- 
ment are  low  first  cost  25,  low  main- 
tenance cost  20,  low  wear  on  tires  5, 
low  tractive  resistance  15,  silence  5, 
cleanliness,  5,  etc.,  the  total  making 
100. 

The  method  has  even  found  its  way 
into  standard  text  books,  the  authors 
apparently  ignoring  the  accepted 
teachings  regarding  incommensurable 
quantities  which  they  had  learned  in 
grammar  or  high  school.  One  writer 
in  presenting  a  table  of  this  character 
naively  remarked  that  the  assignment 
of  weights  is  wholly  a  matter  of  judg- 
ment, and  that  individuals  will  differ 
greatly  as  to  the  proper  scale;  adding 
that  the  table  only  shows  a  method 
whereby  the  qualities  of  one  pave- 
ment may  be  balanced  against  those  of 
another,  and  a  conclusion  reached  rep- 
resenting the  algebraic  sum  of  the 
judgment  on  each  item.  This  writer 
states  further  that  different  scales 
must  be  used  for  different  kinds  of 
streets,  thoweight  given  to  the  qual- 
ity of  "silence,"  for  example,  being  far 
more  for  a  residential  than  for  an  in- 
dustrial street.  In  concluding  he  says: 
"The  method  has  something  of  the 
mathematical  form;  but  the  fact 
should  not  be  forgotten  that  it  is  based 
upon  judgment,  and  that  therefore  it 
can  not  be  expected  to  give  -  results 
of  a  high  degree  of  accuracy." 

As    indicated    in    the    text    above 


quoted,  the  value  of  this  method 
rests  solely  on  the  judgment  of 
the  engineer  in  assigning  proper 
weights  for  each  particular  case, 
and  beyond  this  it  is  merely  a 
trap  for  the  unwary.  It  is  so  unscien- 
tific that  it  is  difficult  to  understand 
how  an  educated  engineer  can  accept 
it.  How  can  the  man  who  laughs  se- 
renely at  the  suggestion  of  adding 
cows  and  church  steeples  mix  con- 
struction cost,  tractive  resistance,  and 
cleanliness  with  the  expectation  of  de- 
riving an  answer  that  means  any- 
thing? While  true  enough  that  trac- 
tive resistance  involves  a  cost  in 
money,  and  that  cleanliness  is  an  as- 
set of  commercial  value,  such  items 
can  not  be  combined  with  construc- 
tion cost  until  all  three  are  reduced  to 
monetary  terms;  and  not  only  to  mone- 
tary terms  but  further  to  a  common 
basis  in  time,  as  for  example,  an  in- 
itial charge  or  value  adjusted  by  com- 
pound interest  rules  to  cover  the  en- 
tire life  of  the  pavement;  or  what  is 
generally  better,  to  a  series  of  annual 
items  for  the  same  period. 

The  reductions  to  terms  of  money 
and  time  could  be  made  readily 
enough  if  the  fundamental  data,  were 
available;  but  unfortunately  for  the 
case  in  hand  there  are  exceedingly 
few  instances  in  which  the  volume  of 
traffic  and  other  factors  of  the  tractive 
resistance  problem  are  known;  while 
for  the  commercial  value  of  cleanli^ 
ness  there  is  an  even  greater  dearth 
of  data. 

Instead  of  the  attempt  to  set  up  a 
scale  involving  a  combination  of  all 
of  a  pavement's  qualities  there  should 
be  established  a  minimum  require- 
ment for  each  quality,  expressed  and 
measured  in  terms  which  are  of  practi- 
cal application  in  the  present  state  of 
our  knowledge.  The  items  of  first  cost 
pavement,  annual  cost  of  main- 
tenance (including  the  cost  of 
cleaning  but  not  the  value  of  cleanli- 
ness), and  under  fortunate  circum- 
stances where  data  and  suitable  esti- 
mates are  available,  such  items  as 
costs  of  vehicle  operation  over  differ- 
ent types  of  surface  should  be  com- 
bined and  a  mathematical  solution 
made  for  the  most  economic  pave- 
ment. For  qualities  such  as  silence 
and  cleanliness  which  are  not  as  yet 
measured  -in  economic  terms,  mini- 
mum standards  should  be  established. 
A  noisy  pavement  is  intolerable  for  a 
good  residential  street  however  favor- 
ably it  may  compare  with  other  types 
on  the  economic  basis.     It  is  conceiv- 
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able  that  under  a  rating  scale  of  the 
sort  often  suggested,  a  pavement 
might  have  a  very  high  total  mark  and 
yet  be  the  very  worst  in  such  a  qual- 
ity as  silence. 

Ordinarily  the  best  pavement  is  the 
most  economic  pavement  that  meets 
all  the  minimum  requirements.  Rarely 
there  may  be  a  case  in  which  superior- 
ity in  "non-economic"  qualities  will 
lead  to  the  adoption  of  a  type  over  its 
more  economic  rival  which  but  slight- 
ly passes  the  minimum.  Such  selec- 
tions will  be  in  the  nature  of  personal 
choices  or  preferences  by  the  parties 
immediately  concerned,  and  it  is  far 
better  that  they  be  not  encumbered 
with  the  appearance  of  a  mathemati- 
cal foundation  which  does  not  exist. 


Mental  Camelitis 

"A  great  many  people  unfortunately 
believe  that  their  minds  have  the  odd 
capacity  of  the  camel.  By  drinking 
deeply  at  the  fountain  of  knowledge 
in  school  or  college  they  consider 
themselves  stocked  up  for  life."  In 
saying  this  F.  B.  Robinson,  Dean  of 
the  School  of  Business  of  the  College 
of  the  City  of  New  York,  has  correctly 
indicated  the  nature  of  a  disease  that 
afflicts  many  "educated"  men:  we  may 
call  it  mental  camelitis. 

It  is  astounding  but  true  that  school- 
ing usually  fails  to  train  students  to 
remain  students.  Yet  the  main  object 
of  formal  education  should  be  to  teach 
men  to  teach  themselves.  On  the 
contrary,  the  effect  of  school  and  col- 
lege training  seems  usually  to  produce 
mental  camelitis.  Those  afflicted  with 
this  disease  have  a  persisting  distaste 
for  articles  and  books  of  an  informa- 
tive nature.  They  speak  of  their  edu- 
cation in  the  past  tense,  never  in  the 
present  or  future  tense.  Always  it 
is:  "I  was  educated  at  such  and  such 
a  place."  Never  is  it:  "I  am  being,  or 
shall  be,  educated."  Education  with 
them  is  a  gallon  long  ago  pouched 
away;  never  a  daily  drinking. 

Camelitis  afflicts  us  all  at  times,  but 
fortunately  it  is  a  disease  that  yields 
quickly  enough  if  treated  in  the  fol- 
lowing manner:  Select  a  definite 
economic  problem  (business  or  engi- 
neering) in  which  you  are  interested, 
but  whose  solution  is  not  too  easy.  Go 
to  a  library  and  search  for  all  the 
available  information  bearing  upon 
the  question.  Let  the  search  be  pro- 
longed and  thorough.  Analyze  the  in- 
formation, and,  if  possible,  arrive  at  a 
definite    solution.     Repeat    this    dose 


until  the  mind  constantly  craves  in- 
formation that  can  be*  used  in  attack- 
ing the  economic  problems  that  arise 
daily. 

If  mental  camelitis  were  wiped  out 
in  America  our  national  productivity 
would  be  doubled  in  less  than  twenty 
years. 


Fi 


To  Make  Highway 
nancing  Easier 

To  bring  public  opinion  to  the  ap 
proval  of  taxes  and  assessments  for 
road  construction  and  improvement 
when  the  public  already  feels  that  It 
is  pinched  to  about  the  limit  with 
taxes  is  a  fundamental  and  perpetual 
problem.  With  the  desirability  of 
more  and  better  roads  unquestioned 
there  remains  the  reluctance  of  each 
taxpayer  to  part  with  his  money  for 
benefits  whose  amount  he  cannot 
reckon  on  his  ledger;  and  as  taxes 
have  mounted,  this  reluctance  has  in- 
creased to  a  point  where  road  pro- 
grams are  not  only  jeopardized  but  in 
places  have  suffered  actual  curtail- 
ment. 

In  addition  to  the  promotion  and  fin- 
ancing difficulties  resultant  upon  an 
universal  dislike  of  taxation,  there  of- 
ten is  the  further  hindrance  of  consid- 
erable bodies  of  people  who  feel  that 
the  apportionment  of  the  charges  does 
them  an  injustice.  These  bodies  are  by 
no  means  chiefly  composed  of  "chronic 
kickers,"  "tightwads"  and  shirkers, 
and  there  is  not  infrequently  real  jus- 
tice in  their  complaints.  Such  a  group, 
with  a  genuine  sense  of  wrong  done 
them,  and  strongly  lead,  is  pretty  like- 
ly to  conduct  an  effective  campaign. 

A  wholly  equitable  assessment  is 
an  attainment  of  far  greater  difficulty 
than  is  generally  appreciated  but  im- 
provements are  sometimes  made  upon 
the  common  methods,  and  it  is  to  one 
of  these  that  we  now  call  attention. 
It  sometimes  happens  that  districts 
which  have  provided  themselves  with 
suitable  roads  previous  to  the  estab- 
lishment of  more  extensive  highway 
systems  through  them  are  unable  to 
share  in  the  benefits  of  the  new  ar- 
rangement. These  cases  have  been 
met  by  the  State  of  Louisiana  since 
the  adoption  of  its  new  constitution 
in  1921  by  means  described  by  Mr. 
H.  H.  Truxillo  of  New  Orleans  in  an 
article  in  Engineering  and  Contracting 
for  June  7,  1922,  from  which  we  quote : 
"Wherever  a  city  or  parish  or  road 
district  has  constructed  a  road  which 
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forms  a  part  of  the  highway  system 
previous  to  the*  creation  of  the  high- 
way system  this  city,  parish  or  road 
district  is  reimbursed  for  such  im- 
provement, and  the  cost  of  mainte- 
nance of  this  improvement  is  equally 
borne  by  the  state,  and  road  district, 
town  or  parish." 

Under  present  conditions,  and  with 
the  present  temper  of  taxpayers,  it  be- 
hooves those  on  whom  rests  the  re- 
sponsibility for  progress  in  the  high- 
way field  to  look  to  all  such  measures 
which  are  fairly  calculated  to  gain  an 
increased  measure  of  support.  The 
situation  warrants  no  easy-going  or 
negligent  attitude.  There  is  enough 
unfairness  and  apparent  unfairness  in 
assessment  systems  to  keep  the  most 
active  imagination  busy  devising 
means  of  correction  to  the  end  that 
needed  improvements  may  receive 
support  instead  of  opposition  from  the 
public. 


Progress  in  Federal  Aid  Road 
Construction 

Extract  from   the  Report  of  Thos.  H. 

MacDonald,  Chief  U.  S.  Bureau  of 

Public  Roads,  for  Fiscal  Year 

Ended  June  30,  1922 

From  the  viewpoint  of  Federal  Aid 
progress  this  year,  the  6th  since  the 
inauguration  of  the  Federal  aid  work, 
divides  itself  into  two  periods,  the 
one  before  and  the  other  after  the 
passage  of  the  Federal  highway  act. 
The  first  period  was  a  season  of  great 
construction  activity  during  which  the 
greater  part  of  the  work  of  completing 
the  10,000  miles  added  to  the  comple- 
tion column  during  the  year  was  done. 
The  same  period,  however,  was  one  of 
almost  complete  stagnation  with  re- 
spect to  the  initiation  of  projects. 
When  the  year  opened  there  was  an 
unobligated  balance  of  $18,793,544  of 
the  Federal  aid  appropriations  and  the 
projects  initiated  since  the  beginning 
of  the  work  aggregated  35,402  miles. 
By  the  end  of  October  the  unobligated 
balance  had  been  reduced  to  $11,714,- 
328,  the  lowest  it  had  been  since  1918. 
Only  two  States,  at  that  time,  had  a 
balance  of  more  than  a  million  dollars 
to  draw  upon  for  new  projects,  and  a 
number  were  so  reduced  that  their 
balance  was  not  sufficient  to  pay  for 
another  mile  of  road.  At  this  time, 
just  before  the  passage  of  the  Fed- 
eral highway  act,  the  mileage  submit- 
ted by  the  States  had  not  only  not 
grown    at   all   since    the   beginning   of 


the  fiscal  year;  it  had  been  actually 
diminished  as  a  result  of  the  with- 
drawal and  substitution  of  projects,  so 
that  the  total  mileage  proposed  was 
only  35,379  miles  as  compared  with 
the  35,402  miles  of  four  months  previ- 
ously. Immediately  upon  the  approv- 
al of  the  new  act  the  initiation  of  pro- 
jects took  on  new  life  and  in  the 
months  of  March  and  June  reached 
the  unprecedented  total  of  1,250  miles 
a  month.  At  the  close  of  the  year  the 
submitted  mileage  is  39,940  miles, 
4,538  miles  greater  than  at  the  close 
of  the  preceding  fiscal  year. 

At  the  close  of  the  preceding  fiscal 
year  projects  completed  aggjwgaled 
7,469  miles  and  there  Were  17,978 
miles  under  construction,  which  were 
estimated  as  50  percent  complete.  In 
one  year  the  completed  mileage  has 
grown  to  17,716  miles,  an  increase  of 
more  than  10,000  miles,  and  there  still 
remain  under  construction  14,513 
miles  which  are  estimated  as  56  per- 
cent complete.  The  Federal  aid  earned 
by  the  States  on  completed  and  un- 
completed projects  amounts  to  $194,- 
560,135,  of  which  $166,911,552  have  ac- 
tually been  paid. 

The  total  length  of  projects  in  all 
stages,  including  those  which  have 
been  completed  and  those  which  are 
in  the  stages  preliminary  to  construc- 
tion, 39,940  miles.  Of  this  mileage,  as 
stated  above,  17,716  miles  are  com- 
pleted, 14,513  are  under  construction, 
and  the  balance  of  7,711  miles  is  in  the 
preconstruction  stage. 

The  roads  brought  to  completion 
during  the  year  average  over  200  miles 
for  each  State.  The  greatest  increase 
in  completed  mileage  is  in  Texas, 
which  has  added  during  the  year  933 
miles  to  her  completed  highway.  But 
Texas  owes  its  leading  position  large- 
ly to  its  size.  The  States  of  Arkan- 
sas, Georgia,  Iowa,  Minnesota,  and 
North  Carolina,  each  with  an  increase 
of  more  than  500  miles,  and  Montana 
and  Wisconsin,  with  more  than  400 
miles,  made  notable  advances  toward 
the  goal  of  a  completed  highway  sys- 
tem. 

A  number  of  smaller  States,  such  as 
Louisiana,  Maryland,  Massachusetts, 
and  Rhode  Island,  made  very  substan- 
tial increases  in  proportion  to  their 
size,  though  some  of  them  were  pre- 
vented from  adding  as  largely  to  their 
mileage  as  they  otherwise  would  by 
the  fact  that  they  had  practically  ex- 
pended all  the  Federal  aid  available  to 
them  before  the  passage  of  the  Fed- 
eral highway  act  and  were  unable  to 


(5) 


Roads  and  Streets  Monthly  Issue  of 


January, 


initiate  new  projects  .  This  is  notably 
the  case  with  respect  to  Delaware, 
which  has  not  increased  its  completed 
mileage  at  all. 

The  largest  payment  of  Federal  aid 
during  the  year  also  went  to  Texas, 
which  received  from  the  Government 
$5,915,046  and  earned  nearly  $2,500,000 
more.  Other  large  payments  were 
made  to  Illinois,  Iowa,  Ohio,  and  Penn- 
sylvania, each  of  which  received  from 
$4,000,000  to  $5,000,000  or  more  during 
the  year. 


Notable    Researches    in    the 
Highway  Field 

Extracts  from  Report  of  W.  K.  Hatt, 

Director  Advisory  Board  of  High- 
way Research,  Presented  Nov. 
23  at  Second  Annual  Meet- 
ing  of   the   Board 

Instruments. — Instruments  for  pre- 
cise measurements  of  forces  acting 
upon  roads,  and  of  accompanying 
stresses,  have  reached  a  high  state  of 
development.  The  answers  to  prob- 
lems depends  upon  the  correct  meas- 
urement of  conditions  not  always  de- 
termined from  general  inspection;  and 
the  real  critical  operating  factor  may 
escape  while  attention  is  concentrated 
upon  other  factors.  The  impact  mach- 
ine and  the  recently  devised  acceler- 
ometer  of  the  Bureau  of  Public  Roads 
open  up  a  new  field  of  observation. 
The  Kreuger  device  is  useful  for  meas- 
uring forces  without  substantial  de- 
formation. In  this  a  chrome  steel 
spherical  surface  is  elastically  de- 
formed by  the  load  and  records  the 
enlargement  of  its  area  of  contact 
with  a  smudged  chrome  steel  flat  sur- 
face. The  enlarged  area  is  measured 
by  a  microscope.  Dean  A.  N.  Johnson 
of  the  University  of  Maryland  has 
tested  the  mechanical  properties  of 
concrete,  using  a  delicate  mirror  ex- 
tensometer,  and  finds  an  elastic  con- 
dition beyond  a  range  of  stress  that 
has  been  hitherto  indicated  by  less  ac- 
curate measuring  instruments.  Small 
differentials  become  of  increasing  im- 
portance in  the  field  of  construction 
materials. 

Instruments  are  being  devised  for 
measuring  forces  that  operate  on  a 
vehicle  while  in  motion,  with  horizon- 
tal and  vertical  accelerations;  and  a 
profilometer  for  integrating  the  in- 
equalities in  road  surfaces. 

Service  Tests. — The  first  Pittsburg 
test  road,  from  which  useful  deduc- 
tions with  reference  to  subgrade  treat- 


ment and  slab  design  have  been 
drawn,  is  to  be  rebuilt  and  operated 
by  the  Bureau  of  Public  Roads  and  the 
California  State  Highway  Commission. 
Sections  have  been  designed  for  the 
study  of  strengthening  the  edge  of  the 
slab,  either  by  increase  of  thickness, 
or  by  reinforcement;  and  other  sec- 
tions with  bituminous  tops.  The  en- 
gineer in  charge,  Mr.  Lloyd  Aldrich, 
has  completed  his  report  on  the  first 
test. 

On  the  Bates  test  road  the  weaker 
sections  have  been  tested  to  destruc- 
tion, and  some  1900  feet  of  new  sec- 
tions have  been  added  ready  for  test 
traffic  next  spring  when  the  subgrade 
will  again  have  become  wet. 

Both  of  these  road  tests  are  re- 
ported to  have  shown  that  the  usual 
design  of  a  stiff  slab  of  uniform  thick- 
ness, or  of  thick  center  and  thin  edge, 
does  not  fit  the  conditions  prevailing 
at  the  Bates  and  Pittsburg  road.  And 
Mr.  Older  has  stated  that  the  new 
standard  of  the  State  of  Illinois,  with 
thin  center  and  thick  edges,  will  em- 
body a  more  durable  road  at  a  saving 
in  cost  of  $1,500  a  mile.  Since  there 
is  probably  $60,000,000  invested  in 
concrete  roads  in  the  United  States,  a 
saving  of  8  percent  in  cost  in  itself 
would  represent  a  sum  of  nearly  $5,- 
000,000  and  justify  the  expense  of  re- 
search many  times  over. 

On  the  circular  track  of  the  Bureau 
of  Public  Roads  at  Arlington,  Virginia, 
trucks  will  operate  over  bituminous 
surfaces  which  are  carpeted  on  a  con- 
crete base.  These  surfaces  comprise 
various  mixtures  of  bitumen,  fillers 
and  aggregates.  The  purpose  of  the 
investigation  is  to  determine  the  mix- 
ture which  will  be  most  stable  under 
traffic  and  climate  conditions,  neither 
waving  or  cracking. 

Just  outside  of  this  bituminous 
track  is  a  concrete  track  made  of  vari- 
ous kinds  of  aggregates.  A  loading 
machine  contains  four  wheels  with 
solid  tires,  which  are  automatically 
operated  by  electric  motors,  represent 
actual  conditions  on  a  road.  One  pur- 
pose of  this  test  will  be  to  determine 
the  predictive  value  of  laboratory 
tests  of  aggregates  in  terms  of  road 
service  value.  Possibly  aggregates 
now  found  to  be  inferior  by  laboratory 
tests  will  prove  to  be  economical  in 
use.  \ 

The  new  series  of  impact  tests,  on 
slabs  of  various  design,  also  by  the 
Bureau  of  Public  Roads,  will  throw 
light  upon  the  structural  resistance  in 
terms  of  thickness  and  material,  and 
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subgrade  condition.  These  three  re- 
searches, at  Pittsburg  under  Mr.  Lloyd 
Aldrich,  at  Bates  road  under  Mr.  Clif- 
ford Older,  and  at  Washington,  D.  C. 
under  Mr.  A.  T.  Goldbeck,  are  under- 
laid with  highly  advanced  technique, 
and  are  outstanding  achievements. 

The  physical  and  mechanical  prop- 
erties of  subgrade  materials  are  re- 
ceiving careful  attention,  and  methods 
of  treatment  with  oils  or  cement,  or 
lime,  or  mechanical  working,  point  to 
a  way  to  increase  the  supporting 
power  of  these  soils  at  a  reasonable 
expense. 

Tractive  Resistance  of  Roads. — Ac- 
cording to  the  Chairman  of  Committee 
No.  1,  on  Economic  Theory  of  High- 
way Improvement,  this  year  marks  the 
substantial  completion  of  the  task  of 
the  highway  engineer  in  the  determi- 
nation of  the  tractive  resistance  of 
road  surfaces.  To  this  result  have 
chiefly  contributed  the  Q.  M.  C.  trac- 
tive resistance  investigation  at  Cam- 
bridge, Mass.,  under  the  direction  of 
Major  Mark  L.  Ireland,  supplemented 
by  the  laboratory  tests  of  Professor 
Lockwood  at  Yale  University,  the  in- 
vestigations at  Iowa  State  College, 
under  Professor  T.  R.  Agg,  and  at  the 
University  of  Michigan  under  Profes- 
sor W.  E.  Lay.  One  useful  step  has 
been  made  in  the  Conference  on  Trac- 
tive Resistance,  held  by  the  Advisory 
Board,  in  which  a  line  of  demarka- 
tion  was  clearly  drawn  between  tests 
of  tractive  resistance,  per  se,  arising 
from  the  road  and  the  tires,  and  fur- 
ther tests  of  vehicle  performance. 

Tests  of  Vehicle  Performance. — One 
field  of  avoidance  of  waste  in  industry 
is  in  reducing  costs  of  motor  vehicle 
operation.  The  researches  of  the  Bu- 
reau of  Standards  in  this  field  are  no- 
table. A  road  test  automobile, 
equipped  to  record  automatically  some 
14  different  factors  of  performance,  is 
a  striking  example  of  skill  in  design- 
ing instrumental  equipment.  The  stu- 
dies of  fuel  economy  and  of  power 
losses  in  tires  point  the  way  to  sav- 
ings. The  work  of  Professor  Lock- 
wood  in  the  Mason  Laboratory  of  Yale 
University,  and  of  Professor  Lay  of 
the  University  of  Michigan  in  this 
field,  have  attracted  lively  interest. 

Studies  of  Traffic  and  Highway 
Transportation. — Dean  Johnson  of  the 
University  of  Maryland  has  completed 
a  map  showing  the  growth  and  dis- 
tribution of  traffic  on  the  Maryland 
state  roads,  both  in  the  calendar  and 
geographically.    This  is  a  definition  of 


the  result  to  be  attained  in  other 
states. 

The  co-operative  surveys  of  high- 
way traffic  of  the  Highway  Commis- 
sion of  Connecticut  and  Bureau  of 
Public  Roads,  furnish  data  of  com- 
modity and  passenger  movement- that 
are  invaluable  as  a  basis  for  clear 
thinking  upon  problems  of  highway 
transportation  and  its  relation  to  rail- 
way transportation.  A  report  upon  the 
work,  conducted  in  1922,  under  the 
direction  of  Dr.  J.  Gordon  McKay  of 
the  Bureau  of  Public  Roads,  is  expect- 
ed in  January,  192«. 

Economics  of  Location. — Prof.  T.  R. 
Agg  of  Iowa  State  College,  and  Prof. 
W.  E.  Lay  of  the  University  of  Michi- 
gan, have  studied  economic  grades 
through  observation  of  the  perform- 
ance of  passenger  vehicles  and 
trucks,  and  have  made  substantial 
progress  toward  a  determination  of 
the  maximum  economical  grade,  as- 
cending and  descending,  at  least  inso- 
far as  fuel  consumption  and  time  are 
concerned.  The  reports  are  expected 
in  January,  1923. 

Materials. — The  investigations  of 
the  ability  of  concrete  slabs  to  with- 
stand repeated  truck  loads,  that  is  of 
the  fatigue  of  concrete,  have  pro- 
ceeded at  the  laboratory  of  the  Divi- 
sion of  Highways,  State  of  Illinois;  at 
Purdue  University;  and  the  Univer- 
sity of  Maryland.  While  much  re- 
mains to  be  done  to  clear  up  border 
fields,  it  appears  that  concrete  can 
withstand  indefinitely  a  stress  of 
about  50  percent  of  its  strength  under 
a  once-applied  load.  The  mechanism 
underlying  the  behavior,  and  the  re- 
lation of  this  stress  to  the  elastic 
properties  now  being  measured  by 
Dean  Johnson,  are  yet  to  be  deter- 
mined. 

The  value  of  surveys  of  deposits  of 
road  materials  is  being  recognized.  In 
Pennsylvania  and  North  Carolina  bid- 
ders are  furnished  with  information 
showing  the  character  and  location  of 
acceptable  materials,  description  of 
quarry  conditions  and  transportation 
facilities.  Definite  citations  are  avail- 
able to  show  that  contractors  submit 
lower  bids  when  such  information  is 
supplied.  Here  again,  the  expendi- 
ture of  a  dollar  in  reasearch  earns 
large  dividends. 

Road  Corrugations. — The  problem  of 
washboard  or  corrugated  road  awaits 
research  into  the  causes  and  method 
of  treatment  or  cure.  Dr.  Ladd  of  the 
Bureau  of  Public  Roads  has  completed 
a  report  upon  his  study  of  corruga- 


(7) 


8                                        Roads  and  Streets  Monthly  Issue  of  January, 

TABLE   I— NUMBER  OF   PROJECTS   IN    THE    DIFFERENT     FIELDS  OF    HIGH- 
WAY RESEARCH. 

Con- 

Eco-    Oper-  Design  Design  struc-  Mate- 

nomics.  ation.(road)  (vehlc.)  tion  rial.     Total 

Colleges    and    universities 15            4          48            5            3  114        189 

Industrial    3            2            5            0            1  21          32 

Municipalities     3            3            8            2            7  10          33 

Federal  and  state  highway   departments.  33            9          53                         5  105        205 

State   geologists 0            0            0            0            0  17          17 

Counties   j_*       _J       _J      °      \      °_         10 

Totals     58          18        119            7          17  267        486 


tions  in  gravel  roads  in  eight  different 
states.  Contrary  to  the  general  im- 
pression of  drivers,  these  waves  which 
have  been  so  expensive  in  the  main- 
tenance of  roads  and  the  maintenance 
of  vehicles,  are  from  25  to  35  ins.  in 
length,  crest  to  crest,  and  have  a  maxi- 
mum height  of  1%  ins.  unless  pitting 
and  ravelling  have  begun.  These  cor- 
rugations arise  from  the  action  of  mo- 
tor vehicles.  Generally  in  gravel 
roads  they  originate  in  the  kick  back 
of  surface  materials  arising  from  the 
spin  of  one  or  both  of  the  rear  wheels 
as  they  descend  from  a  bounce  over 
some  obstacle  or  depression.  Spring 
action  has  undoubtedly  a  contribut- 
ing and  modifying  effect.  Dr.  Ladd  de- 
termines the  density  of  traffic  at 
which  such  corrugations  arise  and  a 
means  of  keeping  them  down. 

Sand-Clay  or  Top  Soil  Roads. — 
The  problems  of  the  sand-clay  or  top- 
soil  road,  which  must  furnish  the  main 
transportation  for  large  regions  of  the 
South  Atlantic  States,  is  being  stu- 
died in  Georgia  and  North  Carolina. 
Professor  C.  M.  Strahan  of  the  Uni- 
versity of  Georgia  has  developed  data 
that  serve  to  define  the  percent  of 
clay  and  coarse  sand  which  will  ren- 
der these  roads  stable  under  a  traffic 
which  they  can  reasonably  be  expect- 
ed to  carry.  The  Bureau  of  Public 
Roads  and  the  North  Carolina  High- 
way Commission  are  also  investigat- 
ing this  type  of  road  to  determine  the 
limit  of  traffic  under  which  they  may 
be  maintained,  and  a  means  of  im- 
proving and  extending  the  life  of  the 
surface. 

Projects  in  Highway  Research.— It 
is  unsatisfying  to  attempt  to  do  jus- 
tice to  the  activity  shown  in  research 
into  materials.  The  results  of  the 
Census  of  Highway  Research  dis- 
closed in  Table  I  will  show  these  ac- 
tivities. 


Motor  Vehicles  in  1904  and  1922  — 
Motor  vehicles  registered  in  the  Unit- 
ed States  in  1904  totaled  94,000.  In 
1922  its  registration  was  10,620,000. 


Michigan    Road   and   Bridge   Builders 
Organize 

Organization  of  the  Michigan  Road 
Contractors'  Association,  composed  of 
road  and  bridge  builders  operating  in 
the  State  of  Michigan,  was  completed 
at  a  dinner  meeting  at  the  Hotel 
Downey,  Lansing,  Mich,  on  Dec.  8th. 
Constitution  and  by-laws  were  adopt- 
ed, and  officers  for  1923  elected.  Prac- 
tically all  of  the  contractors  present 
became  charter  members.  Temporary 
officers,  appointed  at  the  preliminary 
meeting,  held  in  Grand  Rapids  during 
the  Michigan  State  Good  Roads  Show 
last  November,  were  made  permanent 
as  follows:  President,  L.  D.  Town- 
send,  Lansing;  Vice-President,  Wm. 
H.  Ryan,  Jackson;  Treasurer,  C.  A. 
Handyside,  Detroit;  Directors,  H.  A. 
Hoxie,  Grand  Rapids,  and  Manley  Os- 
good, Ann  Arbor.  An  executive  secre- 
tary will  be  employed  at  a  later  date. 
The  new  association  will  lend  its  en- 
ergies to  encouraging  and  promoting 
public  highway  improvement,  and  har- 
monizing the  interests  of  the  contrac- 
tor, the  public,  and  public  depart- 
ments, to  their  mutual  benefit.  Head- 
quarters have  been  established  at  571 
Capital  National  Bank  Bldg.,  Lansing, 
Mich. 


Laboratory  Assistant  For  Bureau  of 
Standards. — The  U.  S.  Civil  Service 
Commission  will  hold  an  open  compe- 
titive examination  February  14,  for 
laboratory  assistants,  junior  grade  and 
senior  aid  to  fill  vacancies  in  the  Bu- 
reau of  Standards,  Department  of  Com- 
merce, Washington,  D.  C.  The  en- 
trance salary  for  laboratory  assistant, 
junior  grade,  is  $1,000  a  year,  plus  the 
increase  of  $20  a  month  granted  by 
Congress,  and  for  senior  aid  is  $900  a 
year,  also  plus  the  increase.  The  writ- 
ten examination  consists  of  physics 
and  chemistry,  mathematics  (through 
trigonometry)  and  mechanical  draw- 
ing. The  element  of  education  and 
experience  is  weighted  at  50  per  cent, 
or  one-half  of  the  total  examination 
rating. 
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Economic  Considerations  in  Choice  of  a  Pavement 


Operating  Costs  As  a  Factor  in  the  Selection  of  a  Paving  Surface 

BY  C.  C.  WILLIAMS, 
Head    of   Department   of    Civil   Engineering,   University  of  Illinois. 

Operating  expenses  for  vehicles  as  velocity  possible  over  the  pavement 
affected  by  the  character  of  pavement  under  consideration, 
have  an  important  bearing  on  the  rela-  in  auto  traffic  the  item  O  is  a  com- 
tive  economy  of  different  pavements  piex  one,  consisting  primarily  of  gaso- 
and  should  be  given  due  consideration  ime>  lubrication,  tire  wear,  engine 
in  selecting  a  paving  surface.  Their  maintenance,  and  general  car  body  up- 
influence  is  especially  marked  for  city  keep.  Likewise  the  term  C  is  a  corn- 
streets  subjected  to  heavy  traffic.  piex  one  depending  chiefly  upon  the 

The  familiar  equation  Ca  =3  Ir  -+-  M  character  of  the  commodities  hauled 
+  A,  in  which  Ca  is  the  total  annual  and  upon  wages.  For  example  the 
cost  of  the  pavement,  I  the  initial  cost,  value  of  speed  in  delivery  of  fresh 
r  the  rate  of  interest,  M  the  annual  fruit  is  more  than  in  the  case  of  house- 
maintenance  cost,  and  A  the  annuity  hold  goods.  The  effectiveness  of  a  de- 
required  to  produce  the  pavement  at  livery  truck  outside  of  time  for  loading 
the  end  of  the  natural  life,  unfortu-  and  unloading  is  almost  directly  de- 
nately  has  been  assumed  too  frequent-  pendent  upon  the  speed  at  which  it  can 
ly  to  represent  the  sum  total  of  eco-  be  operated.  Narrow  or  rough  streets 
nomic  considerations  affecting  the  which  cause  delay  or  low  speed  of  op- 
choice  of  a  pavement.  While  other  eration  exact  a  heavy  toll  from  mer- 
factors,  such  as  ease  of  traction,  have  chants  and  others  in  the  way  of  ineffi- 
been  considered  in  a  general  way,  a  cient  delivery  service,  even  though 
quantitative  valuation  of  their  eco-  such  costs  do  not  enter  pavement 
nomic  significance  has  been  lacking.  costs  through  taxation. 
Attention  has  been  directed  to  the  cost  For  motor  traffic,  the  equipment 
of  roadway  too  exclusively  and  not  costs,  O,  as  affected  by  the  pavement 
enough  thought  given  to  operating  surface  may  be  divided  into  the  follow- 
costs  of  the  vehicle.  ing  items;  (a)  gasoline,  (b)  lubricants, 

Operating  costs  of  vehicles  are  as  (c)  tires,  (d)  motor,  and  (e)  car  body 

real  as  fixed  charges  on  the  pavement  and  chassis. 

or  maintenance  of  way  costs,  although  Road  Surfaces  and  Gasoline  Con- 
perhaps  less  apparent,  because  they  sumption. — Investigation  is  heeded  to 
do  not  pass  through  the  public  tax  determine  quantitatively  the  effect  of 
fund.  They  represent  expenses  which,  the  pavement  surface  on  each  one  of 
while  borne  privately,  are  nevertheless  these  items.  Tests  made  by  A.  N. 
paid  from  the  same  purse  that  pays  Johnson  (Engineering  News-Record, 
the  taxes,  and  they  therefore  consti-  Nov.  7,  1918)  indicate  the  relative  ef- 
tute  a  drain  upon  the  public  which  is  feet  of  various  pavements  on  gasoline 
none  the  less  burdensome  because  consumption  as  follows: 
borne  privately.  Relative  cost 

Modified  Equation  of  Annual  Cost.—  Road  surface.                      per  mHe  for 

The  public  should  be  considered  as  a  h    fair                                   "100 

corporation  desirous  of  securing     its  Gravel,   fair . . . . . . '. . . .   .                  80 

transportation     at     a  minimum  cost,      Gravel!  good 62 

everything  considered.     Consequently      Brick^faJr'  fah" 59 

the  equation  of  annual  cost  should  be  Brick',   good..... ...........            56 

modified  to     read     Ca  =  Ir  +  M  -f- A  -\-      Concrete,   good 49 

OT  +  CT  (V  -  V)   in  which    O     repre-  Recalling  the  gasoline   consumption 

V'V  given  by  the  Bureau  of  Mines  of  5,- 

sents  the  vehicle  cost  per  traffic  unit  154,000,000  gal.  in  1921,  of  which  about 

affected  by  the  pavement,  T  the  den-  85    percent   perhaps   was   in   auto-ve- 

sity  of  traffic  (in  vehicle-miles),  C  is  hides,  the  significance  of  the  saving  in 

the  cost  of  an  hour's  delay  of  the  ve-  gasoline  resulting  from  a  good  paving 

hide,  V  is  the  maximum  operating  ve-  surface,  which  may  decrease  the  gaso- 

locity  in  miles  per  hour  on  an  unob-  line  consumption  25  or  50  per  cent,  be- 

structed  smooth  pavement  an  1  V  is  the  comes  apparent 
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Assuming  an  average  performance 
of  10  vehicle-miles  per  gallon  on  fair 
earth  roads  and  gasoline  of  20c  per 
gallon,  a  diagram  such  as  shown  in 
Fig.  1  may  be  constructed  which  will 
give  the  annual  gasoline  cost  per  mile 
of  pavement  for  different  densities  of 
traffic. 

The  relative  cost  of  lubricants  for 
traffic  on  various  pavements  is  indefi- 
nite. From  records  available,  the  cost 
for  lubricants  is  about  8  to  10  percent 
of  the  cost  of  gasoline  and  varies  ap- 
proximately as  the  gasoline  consump- 
tion, although  this  relation  is  not  en- 
tirely established.      Assuming,     how- 


the  tests  previously  made  indicated 
the  relative  wear  of  tires  on  three 
types  of  pavement,  designated  as  A,  B, 
and  C,  as  follows: 


Rear 
wheel. 
Per  cent. 
..  100 
..  53 
..       27 


Front 

wheel.     Approx. 

Per  cent,     ratio. 

81  4 

35  2 

15  1 


{000.000  2.000.000  3.000.000 

Traffic  Density-  Vehicies  per  Year 

Fig.   1 — Variation   in  Cost  of  Gasoline   Per  Mile  of  Pave, 
ment  with  Traffic  Density  for  Different  Types  of  Surface 


ever,  lubricants  to  be  10  percent  of  the 
gasoline  consumption,  the  cost  of  lub- 
ricants for  various  pavements  may  be 
indicated  on  the  same  chart  with  gaso- 
line. 

The  saving  in  gasoline  and  lubri- 
cants due  to  an  improved  pavement 
for  a  given  density  of  traffic  may  be 
observed  as  the  difference  in  the  or- 
dinates  to  the  curves. 

Wear  of  Pavement  on  Tires. — The 
relative  wear  of  different  kinds  of 
pavements  on  auto  tires  is  not  known. 
Accelerated  tests  made  by  the  writer 
at  the  University  of  Kansas  by  run- 
ning rubber  tired  discs  over  different 
paving  surfaces  constructed  in  the  lab- 
oratory indicated  a  marked  variation 
of  wear  of  tires  on  different  paving 
surfaces.  Tests  are  now  under  way 
at  the  University  of  Illinois  to  com- 
plete these  investigations  and  when 
completed,  reliable  information  will  be 
available  on  this  point.    To  illustrate, 
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Type  A. 
Type  B. 
Type  C. 

Causes  of  Tire  Expense. — From  ga- 
rage men's  estimates,  probably  not 
more  than  60  percent  of  tire  expense 
results  from  wear  in  the  case  of  solid 
tires  and  75  per  cent  in  the  case  of 
pneumatic  tires,  injuries,  punctures, 
etc.,  accounting  for  the  remainder.  The 
relative  frequency 
of  injuries,  however, 
on  different  kinds  of 
pavements  is  un- 
known, although  in- 
juries occur  much 
more  frequently  on 
earth,  gravel  and 
macadam  roads  than 
on  roads  having  a 
smooth  surface. 
Bruises  due  "to  im- 
pact against  sharp 
edges  of  pot  holes 
and  other  obstacles 
break  the  fabric  and 
result  in  deteriora- 
tion. 

Assuming     a    tire 
costing    $40   to   last 
through   8,000   miles 
on  a  Type  A  pave- 
ment, and  assuming 
60   per   cent  of  tire 
expense  due  to  wear 
and  no   variation   in   injuries   due   to 
pavement  surface  the   cost  per  1,000 
vehicle  miles  for  tires  (4  tires  to  the 
vehicle)   would  be  using  the  approxi- 


mate ratios: 


Type  A. 
Type  B. 
Type    C . 


Due  to 
wear. 
.     $12 


Due  to 

injuries. 

$8 

8 

8 


Total. 

$20 

14 

11 


On  such  assumptions,  a  chart  can  be 
constructed,  Fig.  2,  which  will  show 
the  relative  tire  cost  on  different  types 
of  pavements.  (The  specific  types  of 
paving  surfaces  studied  are  not  named 
because  the  investigation  is  not  com- 
plete.) 

Statistics  compiled  by  the  Rubber 
Association  of  America  show  the  sales 
value  of  tires  for  the  first  six  months 
of  1921  to  be: 

Pneumatic  casings .$186,898,878 

Pneumatic   tubes    24,776,850 

Solid  tires  for  motor  vehicles.  .       9,919.532 


1923 


Engineering  and  Contracting 


11 


The  total  tire  bill  for  the  six 
months  was  approximately  $231,482,- 
000.  If  by  the  choice  of  a  pavement 
this  figure  could  be  decreased,  20  per- 
cent, the  saving  to  the  public  would  be 
perhaps  $8,000,000  per  year,  which 
capitalized  at  6  percent  would  be  in- 
terest on  $133,000,000,  a  figure  that 
would  loom  large  in  the  highway  pro- 
gram. 

The  relative  effect  of  different  kinds 
of  pavements  on  engine  wear  and  gen- 
eral upkeep  has  not  been  established. 
That  a  variation  in  effect  exists  may 
be  inferred  from  the  varying  amount 
of  power  required  for  different  pave- 
ments, and  the  difference  in  the  num- 


$1.00  X  15  —  IPX  1,000,000  =  $33,300. 
150 
Extensive  statistical  studies  as  well 
as  experimental  observation  are  need- 
ed before  reliable  conclusions  as  to  the 
relative  economy  of  pavements  as  af- 
fected by  operating  costs  can  be 
reached.  In  the  meantime,  it  will  be 
well  to  bear  in  mind  that  for  moderate 
to  heavy  traffic  operating  costs  of  ve- 
hicles are  as  important  as  are  fixed 
charges  and  maintenance  in  selecting 
the  most  economical  pavement. 
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1,000,000  2.000,000  3,000,000 

Traffic  Density-  Vehicles  per  Year 

2— Variation  in  Cost  of  Tires  Per  Mile  of  Road  with 
Traffic    Density  for   Different  Types  of  Surface. 


ber  and  severity  of  shocks  coming  to 
the  vehicle.  However,  no  data  are 
available  at  present  which  throw  any 
light  on  this  aspect  of  the  problem. 

The  value  of  C,  in  the  above  formula, 
as  stated  previously,  is  conjectural.  It 
includes  the  fixed  charges  on  the  ve- 
hicle, the  driver's  wages  and  the 
wages  of  others  whose  activities  are 
dependent  on  the  promptness  of  the 
vehicle,  the  effect  of  an  hour's  delay 
on  the  value  of  the  cargo,  and  the 
general  advertising  value  of  depend- 
able and  expeditious  movements.  It 
might  vary  from  about  $0.50  to  $5.00 
in  ordinary  hauling.  To  illustrate  this 
factor,  suppose  a  pavement  should  be- 
come so  rough  as  to  cause  the  speed 
of  travel  to  be  10  mph  instead  of  a 
possible  15  mph.  The  loss  per  mile 
of  pavement  for  each  1,000,000  vehicle- 
miles  would  be,    (assuming  C  =  $1.00) 


Snow    Fall    Records. — The    greatest 
snowfall  known  in  the  United  States 
occurs  in  the  Sierra  Nevada  and  Cas- 
cade      Mountain 
ranges  in  the  Pacific 
Coast  States,  where 
at  some  places  from 
30  to  more  than  40 
ft.  of  snow  falls  dur- 
ing the  winter  sea- 
son, says  the  Weath- 
er   Bureau    of     the 
United     States     De- 
partment of  Agricul- 
ture.     At     Summit, 
Calif,  which  has  an 
elevation     of    about 
7,000  ft.,  nearly  60  ft. 
of   snow   have   been 
recorded  in  a  single 
season  and  about  25 
ft.  in  a  single  month. 
An   appreciable 
amount  of  snow  usu- 
ally  falls    on    more 
than  60  days  of  the 
year     in      northern 
New  York,  the  upper 
peninsula  of  Michigan,  northern  Min- 
nesota, and  northeastern  North  Dako- 
ta, as  well  as  in  the  higher  elevations 
of   the    northern     Rocky     Mountains. 
Snow  may  be  expected  on  as  many  as 
30  days  as  far  south  as  southeastern 
Pennsylvania,  central  Ohio,     southern 
Wisconsin,    and    southern    South    Da- 
kota, and  on  10  days  in  southern  Vir- 
ginia, western   North     Carolina,     the 
northern  portions  of  Tennessee     and 
Arkansas,      central      Oklahoma,      and 
northwestern     Texas.         In     extreme 
southern  South  Carolina,  south-central 
Georgia  and  northern  Alabamt,  snow 
may   be  expected  only   on  about  one 
day.        1 


Meeting  of  Paving  Brick  Manufac- 
turers.— The  annual  meeting  of  the 
Eastern  Paving  Brick  Manufacturers' 
Association  will  be  held  in  New  York, 
Jan.  9  and  10. 
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Methods  of  Constructing  Perryville-Port  Deposit 

Road 


Unusual  Features  Involved  in  Hauling  Mixed  Concrete  by  Industrial 

Railway — Equipment  Used — Organization  of 

Working  Forces 

By  A.  F.  SHURE, 

District  Engineer,  Maryland  State  Roads 
Commission,   Chestertown,    Md. 


The  job  was  4.06  miles  in  length, 
and  extended  from  Aiken,  a  short  dis- 
tance beyond  Perryville,  nearly  to 
Port  Deposit,  Md.  Both  towns  are  on 
the  beautiful  Susquehanna  River, 
which  flows  through  a  valley  with 
sides  that  rapidly  rise  to  a  height  of 
350  ft.  The  road  follows  the  high 
ground  back  from  the  river. 

The  concrete  was  mixed  at  a  central 
plant  where  gravel  was  excavated, 
washed  and  screened,  and  was  then 
hauled  to  the  site  of  the  work  in  V- 
shaped  cars  over  an  industrial  railway. 
An  ingenious  raised  track  system  with 
turntable  was  utilized  in  dumping  the 
cars.  Although  mixing  equipment  was 
set  up  at  two  points,  only  the  second 
setup  will  be  described,  as  there  the 
mixer  was  at  the  gravel  screening  and 
washing  plant. 

The  Mixing  Plant. — At  this  plant, 
concrete  was  mixed  in  a  Lakewood 
21E  paver  having  a  very  short  dis- 
charge chute.  A  hopper  car  on  wheels 
holding  aggregates  for  a  batch  was 
pushed  over  a  track  from  the  sand 
and  pebble  bins  to  the  mixer.  Cement 
was  stored  in  a  warehouse  adjoining 
the  mixer  platform  and  was  added  at 
the  mixer. 

Three  Plymouth  3-ton  gasoline  lo- 
comotives hauled  the  V-shaped  Lake- 
wood  1-yd.  cars  out  to  the  work.  The 
maximum  haul  was  7,000  ft.  A  train 
consisted  of  only  four  or  five  cars, 
each  holding  one  4-sack  batch  of 
1:1%:  3  concrete. 

Dumping  Arrangement  for  Cars.— 
Cars  were  dumped  at  the  site  of  the 
work  from  a  system  of  tracks  mount- 
ed on  heavy  rollers  and  skids.  A  flat 
wedge  3  ft.  long  was  placed  on  top  of 
each  rail  in  the  main  line  track  to 
form  a  connection  with  the  inclined 
rails  leading  to  the  elevated  system. 
This  inclined  section  was  16  ft.  10  in. 
long,  and  the  wedges  were  hinged  to 
its  rails.  The  inclined  track  ended  at 
a     turntable.     From     the     turntable, 


tracks  led  to  each  side  and  to  the  rear. 
The  track  at  each  side  was  mounted 
on  wooden  stringers  which  were  sup- 
ported by  a  metal  roller  2  ft.  3  in. 
long  and  1  ft.  9  in.  in  diameter.  The 
track  to  the  rear  rested  on  stringers 
carried  by  heavy  wooden  skids.  The 
turntable  was  4  ft.  in  diameter,  and 


Central    Mixing    Plant   and   Screening    and 
Washing    Plant. 


the  tracks  -at  the  side  were  10  ft.  2 
in.  long.  The  tops  of  the  rails  were 
about  3  ft.  above  the  subgrade.  After 
the  cars  were  dumped,  the  dinky 
pulled  the  track  system  ahead  as  far 
as  desired. 

How     the     Raised     Track     System 
Worked. — The  elevated  track  system 
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was  designed  for  a  four-car  train,  but 
could  have  been  readily  adapted  for 
regular  use  with  five  cars  by  extend- 
ing the  rear  track  so  that  a  car  could 
be  dumped  from  the  turntable  without 
striking  the  car  behind  it.  It  would 
have  been  preferable  to  have  all  con- 
crete dumped  to  the  rear  of  the  roll- 
ers, but  when  a  5-car  train  was  used 
it  was  necessary  to  dump  one  car 
from  the  inclined  section. 

With  a  4-car  train,  the  dinky  pushed 
up  two  cars,  one  of  which  was  placed 
on  the  rear  track  and  the  other  on 
one  side  track  just  inside  the  form. 


superelevation,  and  the  full  superele- 
vation had  been  secured  by  the  time 
the  point  of  curvature  was  reached. 
False  forms  were  set  up  outside  the 
true  forms  for  use  in  striking  off  the 
transition  sections  where  the  change 
was  made  from  the  standard  crowned 
section  to  the  flat,  banked  surface. 

Gravel  Screening  and  Washing 
Plant. — The  screening  and  washing 
plant  was  erected  on  top  of  a  ridge, 
one  side  of  which  sloped  to  a  stream 
that  supplied  water  for  the  plant.  A 
large  deposit  of  gravel  had  been  locat- 
ed  on   the   hillside.    By   means   of   a 


Turntable    for    Industrial    Railway. 


The  two  were  dumped,  and  the  one 
on  the  rear  track  was  transferred  to 
the  side  track  with  the  other.  Next 
the  other  two  cars  were  brought  up, 
and  again  one  was  pushed  upon  the 
rear  track  and  the  other  to  the  second 
side  track.  By  dumping  to  alternate 
sides  of  the  rear  track,  and  back  from 
the  side  tracks,  a  good  distribution  of 
the  concrete  was  secured. 

On  curves,  the  slab  was  banked  and 
widened  varying  amounts.  All  extra 
width  was  placed  on  the  inside.  The 
surface  of  the  pavement  was  rotated 
about  the  center  line  in  securing  the 


l^-yd.  dragline  bucket,  material  was 
brought  up  to  the  screens  and  dumped 
under  a  3-in.  stream  of  water.  The 
gravel  slid  down  a  wooden  chute  into 
a  rotary  cylindrical  screen  which  had 
%-in.  holes  and  an  outer  jacket  with 
^-in.  openings.  Water  from  holes  in 
a  pipe  overhead  played  upon  the  re- 
volving screen.  Material  retained  on 
the  % -in.  screen  passed  direct  to  the 
pebbles  bin,  that  retained  on  the  %- 
in.  jacket  went  on  for  further  wash- 
ing, while  the  water  carried  the  sand 
out  through  a  flume.  The  coarser  sand 
particles  dropped  into  a  settling  box 
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through  an  opening  in  the  bottom  of  Fireman  for  2  boilers  1 

the  flume,  while  the  silt  and   excess  Signalman    1 

of  fine   particles  were  carried  on  by  ShowST"  6 

the  main  stream  of  water.     The  grad-  Mlxi       concre^e-f  men' and 'foreman. 

ing  of  the   sand   could  be  control  ed  Qn  hopper  car  2 

to  some  extent  by  changing  the  size  Handling  cement 2 

of  the  opening  in  the  flume  by  means  Mixer  operator  l 

of  the  movable  gate.  sSStSS?  cZT.T. W.\:\\\\\\\    l 

The   gravel   retained    on   the    14-in.  Gang  on  subgrade— 14  men  and  foreman. 

screen   dropped   into   another  similar  Form  setters 2 

screen  where  it  was  further  washed  Fine  grading  .'...'...'.'.'...'.'.'.'.'.'.    3 

and  additional  sand  particles  screened  Pump  man  

out.    The  pebbles  passed  to  the  stor-  sSSShfg  Tnd  finishing 'i!  "i !    3 

age  bin  and  the  sand  to  the  settling  Sprinkling    1 
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Dumping     Industrial     Railway    Cars    at     Road  on   Raised  Track. 


box,  from  which  it  was  shoveled  to 
the  bin. 

Two  wasteway  flumes  were  provid- 
ed for  carrying  off  the  water,  so  that 
one  would  be  available  in  case  the 
other  became  clogged.  These  flumes 
were  built  down  opposite  slopes  of 
the  ridge.  It  was  necessary  to  dis- 
charge water  from  one  of  them  into 
a  natural  gravel  filter  to  eliminate  the 
silt,  as  the  stream  draining  that  val- 
ley furnished  part  of  the  water  sup- 
ply of  Perryville. 

The  capacity  of  the  plant  was  about 
150  cu.  yd.  of  washed  material  in  10 
hours,  and  was  limited  by  the  drag- 
line's capacity. 

Crew  Organization. — The  organiza- 
tion of  the  crew  was  as  follows: 

Gravel  Plant — 10  men  and  foreman. 
Engineer  on   main   hoist    1 


Hauling — 8  men. 

Three  crews  of  2  each  6 

Track  men   (also  did  odd  jobs)     2 

In  summer  weather,  the  fine  grading 
crew  was  increased  to  six  men,  who 
then  covered  and  sprinkled  the  curing 
concrete  in  addition  to  doing  the 
grading.  Probably  three  men  could 
have  been  eliminated  at  the  gravel 
plant  had  a  conveyor  been  provided 
for  moving  the  sand  from  the  settling 
box  to  the  bin. 

This  road  was  built  by  Claiborne 
Johnston  &  Co.  of  Baltimore  for  the 
Maryland  State  Roads  Commission, 
John  N.  Mackall,  Chairman  and  Chief 
Engineer.  A.  F.  Shure  is  District  En- 
gineer in  this  territory  for  the  Com- 
mission, and  R.  Townshend  acted  as 
chief  inspector.  A.  F.  Ponesmith  was 
the  superintendent  for  the  contractor. 
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Asphaltic  Concrete  Construc- 
tion in  Hilly  Missouri 
River  Country 

Throughout  the  region  which  bor- 
ders the  Missouri  River  there  is  a 
characteristic  ruggedness  and  irregu- 
larity that  adds  greatly  to  the  prob- 
lems confronting  those  who  design 
and  construct  highways  in  this  part 
of  the  country.  Laying  out  a  road  sys- 
tem so  as  to  reduce  grades  to  a  mini- 
mum is  a  difficult  task  under  these 
conditions,  and  while  the  results  ob- 
tained have  been  admirable  it  has 
been  impossible  to  reduce  the  grades 
to  a  point  where  they  would  be  un- 
noticeable. 


for  repair  were  considered  impracti- 
cable. At  the  beginning  of  last  year, 
therefore,  the  decision  was  made  to 
resurface  the  old  waterbound  maca- 
dam with  asphaltic  concrete. 

The  Texaco  asphaltic  concrete  mix- 
ture which  was  used  in  the  prepara- 
tion of  the  old  waterbound  macadam 
as  well  as  in  the  construction  of  the 
new  wearing  surface  was  prepared  in 
a  modernly  equipped  plant  in  which 
everything  was  mechanically  handled. 

The  asphalt  was  pumped  from  a 
temporary  storage  tank  to  the  asphalt 
bucket;  stone  dust  was  delivered  by 
an  electric  conveyor;  and  other  ma- 
terials were  carried  to  the  hopper  by 
mechanically  driven  conveyors.  Es- 
pecially    designed     sensative     scales 


Section   of  Jefferson   Highway  Between   St.  Joseph  and  De   Kalb  Surfaced  with 

Asphaltic   Concrete. 


The  De  Kalb  Road  which  extends 
for  10  miles  south  of  the  city  of  St. 
Joseph,  Mo.,  is  typical  of  the  high- 
ways in  the  Missouri  River  Valley. 
On  this  highway  the  maximum  grade 
is  6  percent,  and  in  order  not  to  ex- 
ceed this  maximum  it  was  necessary 
in  designing  the  road  to  make  many 
turns,  sharp  cuts  and  deep  fills. 

Some  years  ago,  before  the  use  of 
the  motor  driven  vehicle  had  begun  to 
develop,  a  waterbound  macadam  sur- 
face, at  that  time  looked  upon  as  per- 
manent, was  constructed  on  De  Kalb 
Road.  But,  as  horse  drawn  traffic 
gradually  disappeared  from  the  high- 
way and  was  replaced  by  the  motor 
truck,  large  sums  became  necessary 
for  maintenance.  With  the  continued 
development  of  the  automotive  indus- 
try, the  annual  expenditures  required 


were  attached  to  the  hoppers  for  the 
various  materials,  all  of  which  were 
very  carefully  proportioned  and 
weighed. 

The  length  of  the  haul  from  the 
plant  to  the  furthest  end  of  the  job 
was  13  miles,  but  by  heating  the  mix 
to  a  slightly  higher  temperature  than 
that  required  for  proper  laying,  and 
by  covering  each  batch  of  mix  with  a 
piece  of  canvas,  the  material  reached 
the  job  in  ideal  condition. 

When  the  asphalt  mix  had  been 
raked  and  smoothed  out  to  the  desired 
thickness  and  contour  it  was  thor- 
oughly rolled.  Diagonal  rolling  was 
difficult  tiecause  of  the  narrowness  of 
the  road,  which  was  only  16  feet  wide, 
but  despite  this  fact,  and  the  steep 
grades  encountered,  maximum  com- 
pression was  secured. 
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Proper  Organization  of  Highway  Department 


Abstract  of  a  Paper  Presented  Dec.  4  At  the  Annual  Meeting  of  the 
Association  of  State  Highway  Officials 

By  A.  R.  HIRST, 

State    Highway    Engineer    of    Wisconsin. 


There  are  just  two  major  problems 
encountered  in  administering  state 
highway  departments.  These  prob- 
lems are: 

(1)  The  problem  of  securing  effi- 
cient, well-paid,  non-political  highway 
organizations. 

(2)  The  problem  of  adequately  and 
fairly  financing  the  programs  of  con- 
struction and  maintenance  made  nec- 
essary by  the  present  and  expected 
traffic. 

When  these  two  major  problems  are 
overcome  in  any  state,  the  success  of 
highway  work  in  that  state  is  insured. 
There  are  a  multitude  of  other  prob- 
lems, but  they  are  practically  all  sus- 
septible  of  settlement  when  the  two 
big  problems  have  been  solved. 

Included  in  the  problem  of  proper 
organization  are  several  subheads  of 
the  problem. 

The  Controlling  Body. — It  is  rather 
surprising  that  there  has  been  so  lit- 
tle discussion  at  highway  meetings  of 
the  very  keystone  of  the  highway 
structure.  That  is,  the  kind  of  body, 
board,  commission  or  person  which 
shall  act  as  the  board  of  directors  of 
the  enterprise. 

If  we  investigate  American  high- 
way history  we  find,  practically  with- 
out exception,  that  those  states  which 
have  made  distinguished  successes  of 
their  highway  work  have  done  so  be- 
cause the  work  was  controlled  by  a 
body  or  person  permitted  to  function 
over  a  series  of  years  without  politi- 
cal dictation  or  interference.  Con- 
versely, we  find,  almost  without  ex- 
ception, that  in  states  where  a  new 
governor  invariably  means  a  new 
highway  administration,  highway 
progress  has  been  slow  and  unsatis- 
factory. 

The  American  people  received, 
probably  as  a  heritage  from  their 
British  forbears,  the  idea  of  repre- 
sentative government.  They  believe 
that  the  person  elected  to  control  the 
general  situation  in  state  or  nation 
should  be  given  control  of  his  instru- 
ments of  performance.  It  is  quite  com- 
monly accepted  as  an  American  prin- 


ciple of  government  that  when  a  gov- 
ernor is  elected  he  should  control  all 
the  administrative  machinery  of  the 
state.  We  have  established  laws  in 
most  of  our  states  so  that  when  a  new 
governor  is  installed  he  has  in  his 
power  the  appointment  of  every  state 
board  and  commission. 

This  may  be  representative  govern- 
ment but  it  has  not  been  successful  in 
carrying  out  highway  enterprises.  It 
would  have  been  even  less  successful 
if  the  process  of  change  had  contin- 
ued down  the  line,  upsetting  whole 
highway  departments,  instead  of  stop- 
ping with  the  nominal  heads,  as  it 
usually  does. 

In  a  work  where  length  of  service, 
experience,  and  knowledge  of  past  his- 
tory is  as  essential  as  it  is  in  the 
highway  field,  the  control  of  the  work 
should  not  be  subject  to  instant 
change  with  every  political  change, 
but  should  be  as  far  removed  from  the 
domain  of  politics  as  it  is  possible  to 
place  it  and  yet  make  the  administra- 
tion of  highway  matters  properly  re- 
sponsive to  the  taxpayers. 

We  believe  that  the  body  acting  as 
the  board  of  directors  of  a  state's 
highway  work  should  be  a  long-term 
body,  appointed  from  time  to  time  by 
successive  governors,  so  that  no  sin- 
gle governor,  unless  elected  over  a 
term  of  years,  could  control  the  state 
highway  department. 

We  believe  in  practically  non-paid 
state  highway  commissions  composed 
of  high  class  men  serving  because  of 
their  interest  in  highway  work,  and 
in  public  service,  and  not  because  of 
the  emoluments.  As  long  as  history 
runs  appointments  by  governors  will 
be  made  largely  for  political  reasons, 
and  not  because  the  appointees  are 
skilled  highway  men  who  expect  to 
make  a  lifetime  work  of  the  highway 
business.  It  has  been  found  possible 
in  every  state  which  has  tried  it  to 
find  strong  men  to  serve  and  serve 
well  on  the  highway  board  of  direc- 
tors, provided  too  much  of  their  time 
is  not  required. 

The  state  highway  body  should  act 
as  a  board  of  directors,  determining 
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the  principal  policies,  and  selecting 
and  employing  the  executive  officer 
and  holding  him  responsible  for  the 
success  of  the  work.  In  this  way  the 
executive  officer  is  removed  one  place 
from  direct  contact  with,  politics,  and 
is  free  to  prosecute  the  work  of  high- 
way construction  and  maintenance 
without  political  embarrassment. 

The  Manager  of  the  Enterprise. — 
Every  effective  organization  has  a 
head — a  single  head.  You  can  search 
the  field  of  business  enterprise  and 
you  will  always  find  that  there  is  one 
real  boss.  Most  enterprises  have 
boards  of  directors,  or  the  equivalent, 
but  in  the  final  analysis  every  enter- 
prise has  one  man  who  is  held  re- 
sponsible for  the  success  of  the  enter- 
prise. 

This  must  also  be  true  of  highway 
work.  The  enterprise  must  have  a 
single  manager  or  executive.  Wheth- 
er this  executive  or  manager  is  ap- 
pointed by  the  governor,  elected  by 
the  people,  or  appointed  by  a  board 
or  commission,  is  immaterial  as  long 
as  longevity  of  service  is  insured  to 
the  successful  manager.  Length  of 
service  as  a  reward  for  good  work  is 
made  much  more  sure  for  the  man- 
ager who  is  appointed  by  a  board  or 
commission,  in  turn  appointed  by  the 
governor,  than  in  any  other  way.  The 
history  01  highway  departments  dem- 
onstrates that  this  is  true.  We  be- 
lieve that  the  states  will  not  be  well 
organized  to  perform  their  highway 
functions  until  this  plan  of  organiza- 
tion is  universal. 

Whether  the  appointee  should  be  a 
highway  engineer,  or  a  high  class  pro- 
fessional or  business  man  not  an  en- 
gineer, is  debatable.  I  am  enough  of 
an  engineer  to  believe  that  when 
there  is  the  uniting  of  the  proper 
qualifications  in  an  engineer  he  makes 
the  ideal  manager  of  a  state  highway 
enterprise.  But  the  combination  of 
the  proper  business  and  managerial 
ability  with  the  proper  amount  of  en- 
gineering ability  is  not  universal  in 
engineers,  and  the  present  American 
tendency  to  appoint  a  non-engineer  as 
the  executive  controlling  the  general 
phases  of  the  work,  while  a  chief  en- 
gineer is  employed  to  have  charge  of 
the  engineering,  may  be  the  solution 
in  many  cases. 

It  is  undoubtedly  a  good  solution 
wherever  a  big  man,  not  an  engineer, 
and  who  realizes  he  is  not  an  engi- 
neer, is  employed  as  the  manager.  But 
in  too  many  cases  the  moment  a  suc- 
cessful  lawyer,    farmer    or    business 


man  steps  into  the  chief  executive's 
chair  he  becomes  an  expert  highway 
engineer  in  the  twinkling  of  an  eye, 
and  rules  the  roost  from  top  to  bot- 
tom, without  having  the  necessary 
background,  education  or  engineering 
qualifications  to  do  so. 

However,  an  effective  state  highway 
board  or  commission  can  regulate  the 
division  of  responsibility  as  between 
the  instruments  which  they  believe  it 
advisable  to  employ.  If  the  board  or 
commission  realizes  the  line  which 
must  be  drawn  between  the  executive 
management  of  the  enterprise  and  the 
control  of  the  engineering  phases  of 
it,  the  work  will  succeed  regardless  of 
whether  the  man  at  the  head  is  a 
good  highway  engineer  or  a  good  gen- 
eral executive. 

The  Subordinates: — The  field  of 
highway  engineering,  due  to  the  ro- 
mance of  it  and  the  fact  that  it  has 
become  within  a  decade  probably  the 
largest  employer  of  civil  engineering 
talent  in  America,  has  attracted  a 
very  high  class  of  young  men.  These 
young  men,  not  knowing  very  much 
about  the  political  situation  overhead, 
have  come  into  the  game  with  pride 
and  enthusiasm.  They  want  to  make 
good,  they  are  capable  of  making 
good,  and  they  will  make  good  if 
those  of  us  who  are  responsible  for 
the  conditions  under  which  they  work 
can  create  the  right  kind  of  organiza- 
tions for  them  to  function  and  ex- 
pand in. 

These  young  men — our  successors — 
have  had  most  of  them  better  train- 
ing than  we  had.  They  enter  the  field 
after  many  of  the  A,  B,  C's  of  the 
problem  have  been  met  and  overcome 
and  they  should  become  better  high- 
way engineers  than  any  of  us  have 
been  able  to  become.  Too  much  stress, 
however,  has  been  placed  upon  the 
importance  of  the  engineering  knowl- 
edge and  training  as  a  preliminary  to 
work  in  the  special  field  of  highway 
engineering.  Universities  and  col- 
leges can  produce  scientists,  but  God 
only  can  produce  men  of  natural  adap- 
tability and  brains. 

Essentially  the  business  of  building 
the  American  highway  system  is  not 
a  problem  of  engineering,  but  a  prob- 
lem of  handling  people  in  detail  and 
in  mass.  Humanness  is  the  big  fac- 
tor in  the  game.  The  ability  to  im- 
press one's  own  viewpoint  while  not 
insulting  the  man  who  holds  another 
is  a  prerequisite.  We  must  deal  in 
county  highway  work  with  county 
boards  and  with  the  residents  of  the 
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county;  in  state  highway  work  with 
the  legislature  and  with  the  whole 
people  of  a  state.  No  matter  how  pro- 
found our  learning,  how  inclusive  our 
experience  or  how  well  founded  our 
conclusions,  if  we  cannot  put  our  ideas 
and  ideals  across  and  get  the  support 
of  the  legislatures  and  of  the  people 
of  the  unit  of  government  which  em- 
ploys us  results  cannot  follow. 

It  is  my  convicitn  after  a  highway 
experience  of  20  years  that  the  first 
thing  to  be  sought  in  employing  a 
highway  man  is  personality  and  like- 
ability.  There  will,  of  course,  need  to 
be  down  in  the  lower  registers  scien- 
tists and  polers  without  number,  but 
these  are  not  the  men  who  will  leave 
their  impress  upon  the  highway 
thought  or  upon  the  highway  prog- 
ress of  America.  In  selecting  men  for 
service  in  highway  departments,  look 
first  for  personality  and  second  for 
knowledge.  Personality        without 

knowledge  is  of  little  avail,  because 
the  American  people  are  quick  to  see 
through  pretense  and  bombast  in  their 
employes.  But,  on  the  other  hand, 
knowledge  without  personality,  ex- 
cept in  those  positions  close  to  the 
bottom,  is  just  as  useless.  Highway 
executives  should  not  lose  sight  of  the 
human  equation,  which  is  the  only 
factor  that  really  counts  in  adminis- 
trative  highway   work. 

In  all  times  to  come,  the  adminis- 
trative highway  official  will  have  to 
get  the  funds  for  his  program  out  of 
the  people  through  their  legislative 
bodies.  He  must  be  an  advertiser  and 
a  seller  of  his  goods.  He  must  be  a 
promoter  of  parts,  able  to  get  out  a 
prospectus  and  to  make  a  sale,  and  he 
is  selling  not  one  person  but  millions 
of  them.  We  want  in  this  field  young 
men  of  education,  of  promise,  of  cour- 
age, men  who  really  belong.  The  half- 
dead-and-alive  ones,  who  would  not 
know  a  football  yell  from  a  cradle 
song,  belong  behind  the  drafting  desk, 
pushing  a  right  line  pen  or  chaperon- 
ing a  planimeter  around  cross  sec- 
tions. 

The  Matter  of  Salaries. — The  matter 
of  salaries  in  the  organization  is  im- 
portant. The  cleanness  of  employ- 
ment and  the  surety  of  employment 
are  just  as  important. 

We  have  stated  above  that  we  need 
clean-cut,  energetic,  up-and-coming  or- 
ganizations. The  only  way  to  insure 
these  is  to  pay  salaries  adequate  to 
the  work.  There  has  been  a  consid- 
erable increase  in  the  salaries  paid  by 
American  highway  departments.     The 


proper  standards  have  not  yet  been 
reached,  but  if  the  next  five  years 
show  the  same  progress  that  the  last 
five  years  have  recorded,  proper  sal- 
ary scales  will  have  been  established. 

The  great  difficulty  in  establishing 
proper  salary  scales  in  the  average 
state  is  that  the  whole  scale  of  public 
salaries  is  too  low.  When  the  gov- 
ernor of  a  state  receives  a  salary  of 
$5,000  a  year,  it  is  hard  to  convince 
the  people  of  the  state  that  the  head 
of  any  state  department  should  re- 
ceive more  than  the  governor.  How- 
ever, it  is  being  done  in  many  of  the 
American  states,  and  it  must  be  es- 
tablished in  more  of  them  if  real  suc- 
cess in  the  highway  program  of  the 
state  is  to  be  secured.  The  salary  paid 
the  executive  head  of  a  highway  de- 
partment is  supremely  important  be- 
cause his  scale  dictates  the  scale  of 
all  below  him  in  the  organization. 
Well  paid  heads,  well  paid  depart- 
ment, and  vice  versa. 

The  highway  field  is  a  highly  com- 
petitive one.  There  are  a  number  of 
allied  and  supplementary  branches 
which  appeal  to  the  engineer  as  profit- 
able and  attractive.  If  the  state  high- 
way departments  are  to  hold  their 
best  young  men  they  must  convince 
them  that  they  have  at  least  as  much 
to  offer,  all  things  considered,  as  have 
other  branches  of  the  business. 

The  only  other  large  employer  of 
civil  engnieers  has  been  the  railroads. 
Their  scale  of  salaries  has  been  com- 
paratively low,  but  they  have  kept  a 
very  high  class  personnel  in  their  en- 
gineering forces,  simply  because  there 
were  positions  higher  up,  well  paid 
and  even  magnificently  paid,  to  which 
the  young  engineer  could  aspire.  The 
presidency  of  a  great  railroad  was  by 
no  means  out  of  reach  of  the  young 
engineer  rodman.  He  knew  it  and 
stuck  by  the  game  because  even  if 
he  did  not  become  president  there 
were  a  multitude  of  good  executive  po- 
sitions between  himself  and  the  presi- 
dent to  which  he  could  aspire. 

We  must  establish  approximately 
the  same  conditions  in  the  highway 
engineering  field  if  we  expect  to  hold 
the  best  of  our  young  men.  If  the 
higher  positions,  paying  the  money, 
are  always  to  be  held  by  politicians 
and  political  appointees,  we  are  going 
to  create  a  very  discouraging  situation 
for  the  up  and  comers  down  below. 
The  highest  positions  must  be  in  the 
reach  of  every  good  youngster,  or  we 
are  going  to  lose  our  best  men  into 
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the  open  competitive  fields  allied  to 
highway  work. 

One  discouraging  factor  in  the  sit- 
uation is,  that  many  fine  men  interest- 
ed in  highways,  who  have  made  their 
stakes  in  other  enterprises,  are  enter- 
ing the  highway  field  and  accepting 
without  protest  any  salary  offered 
them,  simply  because  the  salary  they 
obtain  from  their  highway  work  is 
not  a  factor  in  their  personal  situa- 
tion. They  wish  to  perform  a  public 
service  and  are  willing  to  do  so  at 
any  salary  because  they  have  made 
their  stake. 

We  are  very  glad  to  see  them  enter 
the  work.  They  should  realize,  how- 
ever, that  while  highway  work  may 
be  the  plaything  of  a  few  years  to 
them  and  means  nothing  as  to  their 
financial  success  in  life,  the  highway 
field  is  the  field  of  life  performance 
for  thousands  of  other  men  who  ex- 
pect not  only  to  make  a  decent  living 
out  of  it,  but  hope  ultimately  to  amass 
a  reasonable  competence  for  their  old 
ages. 

It  is  not  fair  to  the  thousands  of 
men  who  are  making  highway  work 
their  lifetime  work,  for  these  outsid- 
ers to  come  in  unless  they  demand 
and  receive  pay  commensurate  with 
their  ability,  the  work  and  their  re- 
sponsibilities. Men  in  this  class  have 
not  realized  the  wrong  they  are  doing 
others  in  the  common  business  when 
they  neglect  entirely  the  matter  of 
proper  compensation  for  their  posi- 
tions. If  they  don't  want  the  money 
which  their  labors  entitle  them  to, 
they  should  take  it  and  give  it  to 
some  charity,  rather  than  encouraging 
the  idea  that  the  work  which  they  per- 
form is  of  negligible  value,  by  accept- 
ing positions  with  absolutely  no  re- 
gard to  the  emoluments. 

Selling  the  Ideals. — I  spoke  a  mo- 
ment ago  about  selling,  and  about  sell- 
ing to  the  legislatures.  All  of  us 
present  must  sell  our  ideas  and  our 
ideals  to  the  national  and  state  legis- 
latures. The  county  highway  admin- 
istrator must  sell  his  ideas  and  ideals 
to  the  county  board.  These  are  deli- 
cate and  important  tasks. 

Unfortunately  about  three-fourths 
of  the  political  campaigns  of  America 
are  carried  on  with  all  participants 
pledging  themselves  to  economy  and 
efficiency  in  the  operations  of  what- 
ever unit  of  government  they  aspire 
to  represent.  The  conception  of  the 
great  majority  of  these  men  as  to 
economy  and  efficiency  is  that  it  will 


be  best  promoted  by  cutting  down  on 
the  amounts  spent  for  overhead.  They 
believe  almost  without  exception,  that 
the  body  politic  will  function  much 
better  if  some  of  the  members  are  am- 
putated. Consolidation  of  depart- 
ments and  elimination  of  departments 
has  a  public  appeal,  only  second  in  ef- 
fectiveness to  promised  curtailment  in 
the  funds  appropriated  to  operate 
those  departments  which  are  to  be  al- 
lowed to  continue  to  exist. 

Economy  and  efficiency  are  consid- 
ered sister  words  to  lack  of  expendi- 
ture for  overhead.  The  reduction  of 
$50,000  in  the  cost  of  operating  a  well 
managed  state  highway  department  is 
hailed  as  a  master  stroke  of  economy 
when,  as  a  matter  of  fact,  it  is  usually 
the  very  acme  of  wastefulness,  leading 
to  abuse  and  looseness  in  the  expendi- 
ture of  the  vast  highway  funds  avail- 
able. 

The  average  state  legislature  or  the 
average  county  board  would  not  de- 
liberately cripple  or  make  less  effi- 
cient any  branch  of  the  state  and 
county  service,  but  it  has  so  long  been 
in  the  blood  of  the  American  people 
that  the  less  public  servants  they 
have  the  better  their  pocket  books  are 
protected,  that  it  is  difficult  to  eradi- 
cate the  idea. 

The  national  bill  for  rural  highways 
now  totals  approximately  $750,000,000 
a  year.  The  expenditures  of  many  of 
the  larger  states  for  rural  highways 
are  over  $20,000,000  per  annum.  These 
large  states  which  have  not  reached 
this  total  will  soon  approach  it.  In  the 
expenditure  of  sums  of  such  stag- 
gering magnitude  only  the  best  talent 
should  be  employed.  Where  it  does 
not  exist  it  must  be  made.  The  state 
which  first  gets  and  keeps  a  highway 
organization,  composed  from  top  to 
bottom  of  men  with  knowledge,  brains, 
experience,  energy  and  foresight  is  go- 
ing to  get  the  cheapest  highway  serv- 
ice, regardless  of  the  amount  of  money 
spent  in  operating  its  highway  depart- 
ment. 

Unfortunately,  too  many  highway  of- 
ficials despise  work  with  the  legisla- 
tures and  with  the  county  boards. 
They  consider  it  beneath  the  dignity  of 
their  profession  to  mix  with  politi- 
cians. But  as  long  as  the  American 
government  is  organized  on  a  political 
basis  just  as  long  will  state,  county 
and  city  employes  have  to  do  business 
with  politicians.  That,  of  course, 
means  as  long  as  the  American  gov- 
ernment shall  endure. 
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Bridge    Engineer,    State    Highway    Com- 
mission  of  Maine. 


The  present  tendencies  of  highway 
bridge  design  may  be  divided  into 
two  classes,  viz.: 

1.  Those  which  are  the  result  of  a 
uniform,  steady  development  of  the 
bridge   builders'   art. 

2.  Those  with  which  we  have  been 
thrown  into  an  intimate  though  ever 
changing  status  by  reason  of  rapid 
developments  in  transportation  in  its 
relation  to  our  social  and  commercial 
life. 

Speaking  generally,  we  make  toward 
progress  and  perfection  only  by  well 
directed  effort,  observation  and  at- 
tention to  detail.  Unquestionably  our 
present  tendencies  of  the  first  divi- 
sion are  mainly  the  result  of  the  de- 
velopment of  a  better  knowledge  of 
the  materials  of  construction  and 
methods  of  testing,  combined  with 
practical  information  gained  from  the 
actual  service  records  of  structures 
functioning  or  failing  to  function  un- 
der the  conditions  of  traffic,  weather- 
ing, and  other  mechanical  and  chem- 
ical actions  to  which  they  have  been 
subjected.  The  development  of  the 
motor  vehicle;  revolutionizing,  as  it 
has,  the  character  of  our  highway 
vehicular  traffic  constitutes  the  dom- 
inating factor  in  the  second  division. 

Speaking  now  more  specifically,  let 
us  discuss  a  few  of  the  major  factors 
influencing  present  day  bridge  de- 
sign  and   construction: 

Location  Investigation. — The  mak- 
ing of  complete  bridge  location  sur- 
veys which  include  not  only  the  ade- 
quate information  necessary  to  pre- 
pare contoured  survey  plans  but  also 
the  investigation  of  subsoil  conditions 
by  borings,  test  pits,  etc.,  and  the 
securing  of  dependable  stream  data 
are  now  recognized  as  vital  to  the  de- 
velopment of  effective  structures. 
Furthermore,  such  investigations  re- 
sult in  ultimate  economies  which 
more  than  offset  the  costs  involved. 

Location. — With  the  development 
of  motor  driven  vehicles  and  incident 
thereto  the  creation  of  "speed  mani- 


acs," we  find  it  to  be  to  the  best  in- 
terests of  all  concerned  to  give  more 
attention  than  formerly  to  the  choice 
of  locations  for  birdge  structures  in 
their  relation  to  roadway  alignments 
and  grades.  Existing  structures  pro- 
vide mute  evidence  of  a  former  rather 
common  practice  of  crossing  streams, 
ravines,  etc.,  by  bridges  having  the 
shortest  possible  lengths.  We  now 
consider  the  roadway  alignment  of 
major  importance.  Furthermore, 
bridge  engineers  seek  to  secure 
alignments  giving  tangent  lengths  of 
100  ft.  or  more  adjacent  to  the  ends 
of  the  structures  to  insure  straight 
line  passage  over  them. 

Waterway. — Closely  akin  to  the  lo- 
cation of  a  bridge  in  its  relation  to 
the  securing  of  desirable  alignment 
and  grades  is  its  service  as  a  water- 
course, if  it  is  required  to  perforin 
this  function.  The  comparatively 
large  number  of  bridge  failures  at- 
tributable to  inadequate  waterway 
areas,  lack  of  proper  underclearance 
above  maximum  high  water  stage,  the 
absence  of  protection  against  scour, 
the  failure  to  recognize  stream  re- 
quirements in  the  transportation  of 
debris,  and  other  well  recognized  con- 
ditions attending  stream  flow  can  not 
but  impress  us  with  the  fact  that  at 
least  in  the  past  bridge  engineers 
might  have  effected  real  economies 
by  giving  more  attention  and  study  to 
this  branch  of  bridge  design  and  con- 
struction. These  failures  have  not  yet 
been  recognized  at  their  par  value. 
However,  we  engineers  occasionally 
allow  ourselves  to  take  account  of 
stock  and  to  size  up  the  loss  of  a 
bridge  structure  in  its  relation  to 
traffic  interruption  and  to  cost  of  re- 
construction as  opposed  to  the  rather 
minor  cost  of  adequate  preliminary  in- 
vestigations. 

Conditions  attending  stream  flow 
are  at  times  closely  related  to  those 
involved  in  bridge  foundations.  Of  all 
the  problems  embodied  in  the  work  of 
the    bridge   engineer   no   two    involve 
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larger  elements  of  solution  by  judg- 
ment, matured  by  experience,  than 
those  pertaining  to  waterways  and 
foundations. 

Loads. — The  heavy  traffic  horse  and 
cattle-drawn  vehicles  of  a  quarter  cen- 
tury ago  have  diminished  in  numbers 
until  now  they  are  mainly  confined 
just  within  the  extreme  borders  of  our 
inhabited  rural  areas.  Their  net  load 
capacity  was  commonly  not  greater 
than  5  tons  and  their  gross  weight 
when  fully  loaded  was  rarely  greater 
than  6  to  7  tons.  These  vehicles  have 
been  replaced  by  high  speed,  heavy 
service  motor  trucks.  The  radical 
change  in  the  character  and  in  the 
load   capacity  of  our   vehicular  high- 


has  led  to  the  adoption  in  a  few  speci- 
fications of  so-called  "allowance  for 
overload"  requirements  of  which  the 
following  is  typical: 

"The  sections  of  main  members  and 
their  details  shall  be  so  proportioned 
that  with  an  assumed  live  load  plus 
impact  equal  to  double  the  live  load 
plus  impact  assumed  in  the  original 
design,  the  unit  stresses  will  not  ex- 
ceed the  allowable  unit  stresses  more 
than  forty  per  cent  (40%)." 

Briefly,  the  aim  of  this  provision  in 
the  design  is  to  secure,  at  a  small  in- 
crease in  cost,  bridge  structures  capa- 
ble of  sustaining  loads  having  double 
the  capacity  of  that  now  assumed  as 
"standard"  without  exceeding  the  safe 


Unsatisfactory    Concrete    Produced    by     Improper     Field     Construction     Methods. 


way  traffic,  I  venture  to  believe,  con- 
stitutes the  ruling  factor  in  our  pres- 
ent tendencies  in  bridge  design.  Its 
influence  permeates  nearly  all  other 
factors. 

Naturally  enough  this  increase  in 
the  load  capacity  of  highway  vehicles 
has  demanded  an  increase  in  the  car- 
rying capacity  of  both  the  substruc- 
tures and  the  superstructures  of  our 
bridges. 

Speaking  generally,  we  are  in  a 
state  of  uncertainty  as  to  the  future 
of  highway  loads.  Insofar  as  axle 
concentrations  are  concerned,  it  is  not 
safe  to  assume  that  the  peak  has  been 
reached  and  that  future  development 
will  be  directed  toward  lighter  and 
faster  moving  traffic.  This  uncertainty 


stress  limits  of  the  material.  Such  a 
provision  is  believed  to  be  national 
and  altogether  economical. 

Incidentally  it  may  be  remarked 
that  the  rapidly  increasing  demands 
of  highway  transportation  have  com- 
pelled a  more  thorough  consideration 
of  types  of  structures  and  a  more 
careful  examination  and  analysis  of 
structural  details. 

Foundation  Design. — There  is  am- 
ple evidence  that  the  most  vital  fac- 
tor involved  in  foundation  design  is 
the  necessity  of  supporting  our  pres- 
ent day  structures  without  apprecia- 
ble settlement.  The  structures  of  for- 
mer days,  with  the  exception  of  those 
which  were  pin  connected,  were  ca- 
pable of  sustaining  without  percepti- 
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ble  injury  greater  amounts  of  defor- 
mation than  those  of  today. 

With  the  evolution  attending  the 
load  capacity  of  bridges  and  the  cor- 
responding development  of  structures 


Span  Length  Face  to  Face  of  Abut- 
ments Too  Short  for  Superstructure.  Note 
Deformation  in  Truss  Shoe.  No  In- 
spector on  This  Work. 

having  great  rigidity,  there  has  devel- 
oped a  marked  tendency  to  investi- 
gate foundation  pressures  and  the  re- 
sistances of  soils  to  compression  when 
subjected     to      bridge      substructure 


loads;  but,  even  now  this  element  of 
design  and  construction  is  by  no 
means  receiving  the  attention  it  de- 
serves. There  should  be  no  place  in 
engineering  for  guesswork  and  em- 
piricism whenever  scientific  determi- 
nation is  possible.  Nevertheless  it  too 
frequently  happens  that  the  average 
pressures  and  the  maximum  toe  pres- 
sures upon  foundation  areas  are  over- 
looked in  the  preparation  of  the  de- 
tail plans  for  bridge  substructures. 

Designers  who  are  finical  in  the  ex- 
treme in  the  determination  of  the 
number  of  rivets  required  to  transmit 
calculated  stresses  or  in  determining 
the  size  and  spacing  of  reinforcing 
bars  in  a  reinforced  concrete  slab  will 
totally  ignore  the  foundation  stresses 
upon  which  the  stability  of  the  entire 
structure  depends.  It  is  especially  im- 
portant to  note  in  this  connection  that 
the  distribution  of  the  piles  in  a  pile 
reinforced  foundation  is  a  mathe- 
matical problem  not  a  "rule  of 
thumb"  one  to  be  solved  by  the  field 
inspector  in  collaboration  with  the 
superintendent  of  the  pile  driving 
gang. 

It  is  believed  that  the  application  of 
greater  attention  to  foundation  design 
will  result  in  a  positive  improvement 
in  the  reliability  of  bridge  structures 
and  a  corresponding  decrease  in  fail- 
ures due  to  foundation  weaknesses. 

Design. — The  fact  must  not  be  over- 
looked that  following  the  publication 
of  the   first   American  book,   "Bridge 
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Building,"  by  Squire  Whipple  in  1847, 
the  number  of  books  dealing  with 
bridge  stresses  and  bridge  design 
have  multiplied  to  an  extent  that  the 
total  volume  of  printed  matter  is  now 
greater  than  that  existing  upon  any 
other  single  engineering  subject.  That 
there  has  been  a  considerable  amount 
of  "threshing  over  old  straw"  can  not 
be  denied,  but  in  turn  it  can  not  be 
questioned  that  aside  from  certain 
limitations  the  subject  of  stresses  in 
bridge  structures  has  become  well  de- 
veloped. Correspondingly  the  propor- 
tioning of  structural  members  and  the 
design  of  details  have  received  liberal 
attention  in  our  bridge  literature.  It 
follows  that,  in  so  far  as  the  elements 
of  the  development  of  bridge  design 
and  details  are  concerned,  we  have 
little  to  be  desired.  Great  credit  is 
due  the  creators  and  compilers  of 
bridge  literature.  However,  it  is  rec- 
ognized that  books  can  never  supply 
the  fundamental  knowledge  to  be  se- 
cured by  a  broad  and  varied  practical 
experience.  The  deductions  drawn  by 
theorists  without  giving  proper  weight 
to  the  various  elements  and  conditions 
of  service  required  by  bridge  struc- 
tures must  at  times  be  modified  and 
tempered  by  the  essence  of  what  we 
know  as  "just  common  horse  sense." 

It  is  to  be  regretted  that  throughout 
a  period  of  more  than  one  and  one-half 
centuries  the  advancement  of  Ameri- 
can bridge  building  and  the  true  evo- 
lution which  has  accompanied  it  have 
been  hampered  by  certain  limitations 
and  difficulties  demanding  solution  by 
experimental  research. 

The  members  composing  a  structure 
are  designed  "separately,"  i.  e.,  de- 
tached from  their  mechanical  setting 
or  framework,  the  elements  being  sep- 
arated, as  it  were,  from  their  mechan- 
ical contexture.  This  procedure  is 
neither  logical  nor  mechanical.  We 
possess  but  little  knowledge  of  the 
conditions  of  stress  distribution  in  riv- 
eted joints,  but  the  inequality  of  dis- 
tribution of  stress  among  the  joint  riv- 
ets is  a  matter  upon  which  bridge  en- 
gineers are  in  general  agreement. 

We  possess  but  meager  information 
relating  to  the  dynamic  effect  of  mov- 
ing traffic  loads  and  our  knowledge  of 
the  effect  of  speed  or  motor  trucks 
and  other  vehicles  is  practically  nil. 

It  is  an  encouraging  fact  and  worthy 
of  note  in  passing,  that  a  definite 
knowledge  of  all  the  factors  affecting 
the  strength  and  permanence  of  bridge 
structures  is  now  regarded  as  of 
greater     importance     than     formerly. 


The  maximum  economy  consistent 
with  strength  and  durability  will  be 
realized  when  the  designer  can  so  pro- 
portion the  several  parts  of  a  struc- 
ture that  all  will  be  worked  to  equal 
efficiencies,  and  those  the  maximum 
safe  ones. 

Structure  Aesthetics. — Quite  apart 
from  the  dual  requirement  that  bridge 
structures  shall  be  modeled  to  fit 
their  locations  and  of  adequate 
strength  for  highway  service  require- 
ments, it  is  now  becoming  more  essen- 


Defective   Construction    Joint    Produced 
by    an    Accumulation    of   Sawdust,    Shav- 
ings and  Other  Foreign  Matter. 

tial  than  formerly  that  care  be  given 
to  the  creation  of  structures  which  at- 
tract and  are  pleasing  to  the  eye. 
Careful  attention  to  the  securing  of 
well  balanced  proportions,  homogen- 
eity of  treatment,  and,  in  general,  the 
liberal  use  of  mass  combined  with 
straight  or  carefully  curved  lines,  will 
accomplish  desired  results.  The 
simpler  and  plainer  the  design  the 
more  likely  it  will  be  to  please.  It  is 
especially  important  that  the  orna- 
mentation  be   built   into   and   in  har- 
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mony  with  the  general  outlines  of  the 
structure.  Ornamentation  which 
takes  the  form  of  scrolls,  rosettes  and 
other  similar  adornments  is  sugges- 
tive of  the  recognition  of  an  obliga- 
tion to  please.  They  reveal  in  a  struc- 
ture the  spirit  of  utility  as  opposed  to 
that  of  grace  and  beauty. 

Design  vs.  Construction. — The  de- 
sign and  the  construction  of  a  bridge 
is  a  business  proposition  and  should 
at  all  Mines  be  so  regarded.  Whether 
the  structures  be  composed  of  wood, 
of  steel,  or  of  concrete,  the  ideal  of 
its  construction  is  that  it  shall  fulfill 
the  predetermined  requirements  of 
strength,  durability,  utility,  etc.,  con- 
templated in  its  design. 

Field  construction  conditions  are 
never  ideal  even  when  carried  out  un- 
der the  most  careful  supervision.  Fre- 
quently, too  frequently,  there  is  a 
most  remarkable  lack  of  "team  play" 
between  the  designer  on  the  one  hand 
and  the  construction  superintendent 
on  the  other.  This  lack  of  co-ordina- 
tion is  mainly  attributable  to  the  ab- 
sence of  a  common  point  of  view.  The 
average  designer  thinks  in  terms  of 
pounds  of  compressive  or  tensile 
stress  rather  than  in  terms  of  the  ma- 
terials to  be  used  in  the  actual  con- 
struction. The  average  field  superin- 
tendent too  commonly  adopts  a  day-to- 
day standard  of  efficiency  and  excel- 
lence involving  an  intimate  combina- 
tion of  time,  volume  and  pay  roll 
rather  than  strength,  reliability  and 
permanence. 

The  securing  of  results  approaching 
more  closely  the  ideal  by  the  improve- 
ment of  shop  and  field  methods  and 
practices  is  indeed  no  menial  task. 


What  Goes  Into  a  Mile  of  Con- 
crete Road 

It  is  a  simple  matter  for  any  con- 
tractor to  figure  out  the  amounts  of 
cement,  sand  and  gravel  needed  for  a 
certain  length  of  highway  construc- 
tion. In  fact,  Bulletin  1077  of  the 
United  States  Department  of  Agricul- 
ture contains  a  vast  amount  of  this 
sort  of  information,  with  tables  giving 
approximate  figures  for  various  thick- 
nesses of  pavement.  Information  on 
the  preliminary  work  is  not  so  easily 
obtainable,  however,  and  there  are 
some  amazing  sidelights  to  the  con- 
struction industry  that  the  contractor 
has  but  little  opportunity  to  come  in 
touch  with. 

For  example,  the  government  bul- 
letin estimates  that  a  mile  of  concrete 


pavement,  7  in.  thick  at  the  edges  and 
8  in.  thick  at  the  center,  will  require 
3913  bbl.  of  Portland  cement  of  2249 
cu.  yd.  of  concrete,  Including  1,102  cu. 
yd.  of  sand,  or  fine  aggregate  and  1,664 
cu.  yd.  of  coarse  aggregate  or  stone. 

In  making  3,913  bbl.  of  Portland  ce- 
ment, over  390  tons  of  coal  are  burned 
at  the  cement  mill.  Approximately  19 
tons  of  gypsum  are  required  to  regu- 
late the  setting  time  of  the  material. 
To  get  the  cement  shipped  to  the  con- 
struction job,  over  15,600  cloth  cement 
sacks  are  needed — and  approximately 
15  bales  of  cotton  must  be  woven  into 
cloth  to  supply  this  item.  Incidentally, 
over  30,000,000  cloth  cement  sacks  are 
lost  or  destroyed  each  year,  and  the 
textile  mills  are  called  on  to  furnish 
material  for  the  replacements.  Back 
in  the  cement  quarries,  approximately 
450  lb.  of  dynamite  were  shot  off  in 
blasting  loose  the  raw  materials  re- 
quired for  the  cement  for  the  mile  of 
highway. 

The  government  bulletin  estimates 
that  30  gal.  of  water  are  needed  to  mix 
and  cure  a  square  yard  of  concrete 
pavement.  Over  300,000  gal.  of  water 
must  be  furnished  for  the  mile  of  road, 
and  approximately  4,500  tons  of  con- 
crete go  into  the  construction. 

A  good  idea  of  what  the  highway 
construction  business  means  to  the 
railroads  can  be  obtained  from  the  re- 
quirements of  the  mile  of  concrete 
road.  About  42  cars  of  fine  aggregate, 
or  sand,  are  needed  on  this  job.  Sixty- 
five  cars  of  coarse  aggregate  are  re- 
quired, and  it  takes  20  cars  to  haul  the 
cement — or  127  cars  for  the  basic  ma- 
terials. Where  reinforcing  is  speci- 
fied, further  transportation  is  called 
for,  while  the  water  supply  is  gov- 
erned by  local  conditions.  In  addition 
to  these  requirements,  the  drainage, 
grading,  bridge  and  culvert  construc- 
tion must  all  be  provided  for. 

When  it  is  considered  that  the 
equivalent  of  over  7,000  miles  of  18- 
foot  concrete  pavements  were  placed 
under  contract  during  this  year,  the 
enormity  of  the  transportation  end  of 
the  work  is  easily  seen.  More  than 
880,000  freight  cars  are  needed  to 
transport  the  cement,  sand  and  gravel 
for  this  operation.  As  the  peak  of  the 
demand  comes  during  the  late  sum- 
mer and  fall,  there  is  added  difficulty 
in  getting  materials  on  the  job  at  ex- 
actly the  time  desired.  Early  ship- 
ments of  construction  materials,  and 
loading  of  all  cars  to  capacity  limit 
would  go  a  long  ways  toward  allevi- 
ating the  congested  conditions. 
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The  desirability  of  a  carefully  laid 
out  system  of  state  highways  is  no 
longer  questioned.  Each  state  has 
gone  through,  or  is  passing  through, 
a  period  in  which  more  and  better 
highways  are  demanded.  The  public 
has  promoted,  financed  and  built  thou- 
sands of  miles  of  roads  and  today 
we  find  ourselves  classified  and  chart- 
ing this  mileage  to  help  meet  the  ever 
increasing  demands  of  modern  trans- 
portation. This  is  a  huge  investment 
and  to  insure  fair  returns  in  the  form 
of  service,  there  must  be  developed 
maintenance  organizations,  politically 
free  and  founded  on  practical  ideas, 
honesty  and  co-operation. 

The  development  of  an  efficient 
maintenance  organization  is  one  of 
the  most  important  functions  of  a 
state  highway  department.  Only  a 
casual  study  of  the  maintenance  work 
in  the  different  states  reveals  a  num- 
ber of  administrative  and  organization 
methods.  Whether  a  state  highway 
department  shall  organize  and  pursue 
its  maintenance  work  entirely  inde- 
pendent of  counties  or  organize  and 
"work  along  co-operative  lines,  I  be- 
lieve is  a  problem  that  should  be 
solved  only  after  considering  the 
trend  and  extent  of  highway  develop- 
ment, laws  and  geography  of  the 
state. 

The  Michigan  Law. — The  Legisla- 
ture of  Michigan  in  1919  gave  serious 
consideration  to  the  subject  and  en- 
acted a  law  based  upon  the  principle 
of  co-operation  with  the  counties. 
The  law  provides  that  all  trunk  line 
highways  shall  be  maintained  under 
the  direction,  supervision  and  control 
of  the  state  highway  commissioner. 
Also  the  boards  of  county  road  com- 
missioners are  authorized  to  provide 
for  a  system  of  proper  patrol  main- 
tenance of  trunk  line  highways  sub- 
ject to  their  jurisdiction,  which  sys- 
tem shall  be  subject  to  the  approval 
of  the  state  highway  commissioner. 
Further,  contracts  and  agreements  be- 
tween the  state  highway  commis- 
sioner and  the  boards  of  county  road 


commissioners  providing  for  the  main- 
tenance of  trunk  line  highways,  are 
expressly  authorized. 

The  above  is  only  a  brief  review  of 
the  law  under  which  trunk  line  roads 
are  maintained  in  Michigan  and  be- 
fore discussing  our  system  I  beg  to  re- 
mind you  that  it  has  been  in  effect 
3y2  years  and  in  general  has  proven 
very  satisfactory. 

For  17  years  Michigan  has  joined 
hands  with  the  counties  in  both 
building  and  maintaining  roads.  State 
aid  in  the  nature  of  s^ate  reward  for 
roads  built  in  accordance  with  state 
specifications  and  an  annual  main- 
tenance reward  payable  when  roads 
have  been  properly  maintained  has 
not  only  tended  to  develop  a  co-opera- 
tive spirit  but  the  state  highway  de- 
partment has  necessarily  been  in  close 
touch  with  counties  resulting  in  the 
amalgamation  of  the  more  construc- 
tive ideas  of  both.  During  this  time 
there  has  developed  county  mainten- 
ance organizations  not  only  ample 
to  meet  the  individual  needs  of  the 
county,  but  standard  methods  of  carry- 
ing out  the  field  work  have  been  de- 
veloped and  adopted  and  when,  in 
1919,  the  legislature  placed  the  main- 
tenance of  approximately  6,500  miles 
of  trunk  line  roads  under  the  direc- 
tion, supervision  and  control  of  the 
state  highway  commissioner,  there 
was  the  foundation  of  an  excellent 
maintenance  organization  that  could 
be  used  on  state  highways. 

Most  counties  were  already  well 
provided  with  maintenance  equipment 
and  many  counties  in  the  northern 
part  of  the  state  had  nothing  but 
trunk  line  roads  to  maintain.  The 
appointment  of  county  engineer  and 
maintenance  superintendent  by  the 
boards  of  county  road  commissioners, 
which,  according  to  the  law,  must 
act  in  an»administrative  capacity  only, 
is  subject  to  the  approval  of  the 
state  highway  commissioner,  hence 
is  was  only  a  matter  of  good  business 
to  utilize,  to  the  fullest  extent,  these 
local    organizations    that    were    satis- 
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factory  and  whip  the  lagging  ones  into 
shape. 

General  Requirements  of  State 
Maintenance  Organization. — There  are 
some  general  requirements  which  any 
state  maintenance  organization  must 
possess  chief  among  them  being  fixa- 
tion of  responsibility.  Without  this 
being  definitely  placed  and  commonly 
understood  and  respected  by  each 
party  affected,  positive  control  over 
the  field  work  would  be  lost.  The 
employe  must  be  loyal  to  his  superior 
authority.  Fairness  combined  with 
discipline  not  only  creates  respect  but 
there  is  inert  driving  power  in  it. 
To  permit  men  in  lower  ranks  to  "go 
over  the  head"  of  an  immediate  super- 
ior tends  to  confusion  and  jeopardizes 
the  efficiency  of  the  field  forces. 

Each  employe,  being  assigned  to 
some  particular  work,  it  is  necessary 
that  he  be  skilled  in  that  certain 
thing  he  has  to  do.  There  is  a  won- 
derfull  opportunity  to  carry  out  the 
apprentice  system  in  road  mainten- 
ance. A  man  begins  at  the  most 
menial  thing  and,  making  good,  is 
advanced  to  more  responsibility.  In 
this  way  an  employe  in  a  responsible 
position  is  familiar  with  all  the  details 
of  the  work  under  him  and  efficient 
results  will  be  had.  You  certainly 
would  not  consider  it  a  good  thing 
to  make  a  meat  cutter  a  cashier  of  a 
bank.  Any  organization  cannot  be 
made  up  of  misfits  and  function  prop- 
erly. The  problem  of  maintaining  our 
highways  today  is  becoming  more 
complex  all  the  time.  It  is  not  like 
construction  with  its  specifications 
quite  definitely  laid  down,  so  any  one 
in  the  organization  should  have  initia- 
tive and  help  make  up  a  smooth  run- 
ning machine. 

Maintenance  Must  Be  Systematic 
and  Continuous. — To  maintain  roads 
economically  in  a  first  class  condition, 
the  maintenance  must  be  systematic 
and  continuous.  Systematizing  the 
work  requires  a  careful  study  of  all 
the  activities  in  the  field  and  the  rela- 
tion of  one  with  the  other.  The  dif- 
ferent units  must  respond  quickly  to 
the  demands  made  upon  them  and  to 
the  proper  directing  authority. 

The  fact  that  our  highways,  no  mat- 
ter how  well  built,  will  not  render 
continuous  and  efficient  service  with- 
out proper  maintenance,  is  being  dem- 
onstrated wherever  the  roads  are  only 
occasionally  given  "the  once  over." 
The  truth  is  the  amount  of  main- 
tenance has  always  depended  upon 
climatic    conditions    and    the    nature 


and  amount  of  traffic,  considering 
the  road  well  built,  but  traffic  condi- 
tions have  been  changing  so  rapidly 
of  late  that  the  pass  word  for  the 
field  organization  should  be  "continu- 
ous work." 

Seasonal  and  routine  or  general 
maintenance  should  be  planned  some 
time  in  advance  of  when  the  work  is 
to  be  done.  This  involves  an  enorm- 
ous amount  of  detail  that  is  only  def- 
inite in  character  in  so  far  as  the 
usual  schedule  of  doing  the  work  is 
concerned.  The  amount  and  character 
of  this  work  is  largely  dependent 
on  the  type  of  surface  and  traffic  con- 
ditions, hence  the  problem  is  a  com- 
paratively simple  one  with  a  good 
working  field  organization  with  ample 
equipment  at  its  disposal. 

Emergency  maintenance,  including 
such  work  as  snow  removal  is  spas- 
modic in  character  and  to  obtain  quick 
results  the  field  organization  must  be 
very  accessible  to  the  work  requiring 
flexibility  and  more  than  the  ordinary 
amount  of  supervision.  The  funda- 
mental thing  is  to  get  prompt  action 
which  may  be  at  the  expense  of  effi- 
ciency. The  supervising  force  having 
this  kind  of  work  in  hand  should  be 
well  instructed,  eager  to  get  results 
and  be  available  for  an  emergency 
at  any  time. 

The  maintenance  of  a  state  system 
of  highways  should  be  under  the 
jurisdiction  of  the  state  highway  de- 
partment rather  than  the  state  main- 
taining, let  us  say,  certain  improved 
mileage  and  counties  the  remainder. 
This  will  insure  more  efficient  control 
over  the  work  and  the  traveling  pub- 
lic will  get  better  service.  The  time 
was  when  only  the  improved  roads 
were  given  any  particular  attention, 
but  that  policy  is  being  rapidly  aban- 
doned for  one  giving  the  maximum 
of  service  for  every  mile  of  road  ir- 
respective of  the  extent  of  improve- 
ment. 

Proper  field  control  gives  considera- 
tion to  the  annual  budget  allowed 
each  section  of  road,  planning  the 
work  in  such  a  way  that  the  budget 
will  not  be  exceeded,  if  ample,  and  at 
the  same  time  the  money  should  be 
so  expended  that  maintenance  will 
continue  properly  throughout  the 
year. 

The  matter  of  testing  materials  such 
as  sand,  gravel,  stone,  cement  and 
bituminous  materials  should  be  taken 
care  of  pursuant  to  their  arrival  on 
the  job  or  before  they  are  to  be  used. 
It  is  very  essential  that  the  quality 
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of  materials   going  into   the  road  be      type  of  surface  and  nature  and  amount 


kept  up,  but  everything  should  be 
done  at  the  proper  time  that  the  work 
be  expeditiously  and  economically 
done  which  call  for  a  positive  control 
over  all  phases  of  work. 

I  have  attempted  to  cover,  in  a 
general  way,  some  of  the  most  im- 
portant things  entering  into  the  field 
control  of  state  highway  maintenance. 
Now  I  wish  to  take  up  the  matter 
of  organization,  through  which  the 
more  detailed  maintenance  is  planned 
and  executed. 

How  Kent  County  Maintains  Its 
Roads. — Let  us  take  a  typical  Michi- 
gan county,  namely  Kent,  maintaining 
approximately  145  miles  of  state  trunk 
line  and  200  miles  of  county  roads. 
This  county  expends  annually  some- 
thing like  $175,000  dollars  through  its 
maintenance  department  not  only  in 
an  efficient  manner,  but  these  roads, 
embracing  several  types  of  wearing 
surface,  are  continuously  good. 

The  county  engineer  whom  you  re- 
member is  appointed  by  the  board  of 
county  road  commissioners  with  ap- 
proval of  the  state  highway  commis- 
sioner, is  in  complete  charge  of  all 
roadwork  in  that  particular  county. 
Next  comes  the  maintenance  superin- 
tendent who  is  in  full  charge  of  all 
maintenance  work  and  is  responsible 
to  the  county  engineer. 

The  county  is  divided  geographical- 
ly into  four  districts  embracing  about 
one-quarter  of  the  mileage  of  high- 
ways being  maintained  by  the  county. 
In  each  of  these  districts  is  located 
the  district  foreman  who  is  respon- 
sible to  the  maintenance  superinten- 
dent and  to  him  only.  The  main- 
tenance foreman  is  located,  where 
possible,  quite  central  to  his  district. 
As  a  rule  he  covers  all  roads  in  his 
district  each  day  and  at  night  turns 
in  the  payroll  and  report  on  work 
done.  This  report  is  submitted  in 
duplicate,  one  copy  to  the  office  of  the 
county  road  commission  and  the  other 
to  the  superintendent  of  maintenance. 
This  method  provides  for  rapid  hand- 
ling of  payrolls  and  reports  and  gives 
the  maintenance  superintendent  a 
chance  to  check  them  over  and  report 
any  discrepancies. 

All  roads  in  each  district  are  divided 
into  patrol  sections.  The  patrolman 
is  taken  as  the  fundamental  unit  upon 
which  the  maintenance  organization 
is  built  up.  This  places  the  respon- 
sibility for  the  up-keep  of  a  certain 
section  of  road  on  one  person  only. 
The  length  of  patrol  depends  on  the 


of  traffic.  When  practical,  the  sec- 
tions are  laid  out  in  such  a  manner 
that  only  one  type  of  road  is  included 
in  a  section.  By  so  doing  the  equip- 
ment assigned  to  any  one  road  will  be 
kept  at  a  minimum  and  it  will  allow 
for  more  accurate  analysis  of  main- 
tenance costs  of  the  different  types 
of  road.  Patrol  work  must  of  course, 
be  supplemented  especially  at  certain 
seasons  of  the  year,  with  gangs  for 
doing  special  and  extensive  work. 

There  is  a  warehouse  and  shop  fully 
equipped  centrally  located  in  the 
county.  Materials  are  stocked  cen- 
trally to  each  district  where  practical. 
All  repair  parts  for  equipment  and 
extensive  repair  to  machinery  are 
handled  through  the  main  shop  but 
slight  repairs  are  made  at  smaller 
shops  in  each  district  or  a  man  may 
be  sent  out  from  any  shop  to  take 
care  of  such  work  on  the  ground. 

Field  work  of  the  state  highway 
department  is  handled  through  the 
nine  district  offices  there  being  a 
maintenance  assistant  working  out  of 
each  office.  Maintenance  of  state  trunk 
lines  is  under  the  general  supervi- 
sion of  the  district  office  and  reports 
are  submitted  by  counties  to  such 
office  for  approval  and  are  then  re- 
ferred to  the  main  office  of  the  state 
highway  department  for  final  disposi- 
tion. 

The  general  scheme  of  such  an  or- 
ganization as  previously  outlined  could 
well  be  applied  to  any  state  main- 
taining a  state  system  of  roads 
through  an  organization  wholly  its 
own.  The  counties  should  be  grouped 
into  districts  under  the  direct  super- 
vision of  a  district  superintendent. 
There  would  be  a  central  warehouse 
and  shop  for  each  district  and  mater- 
ials would  be  conveniently  stocked 
about  the  several  counties.  All  roads 
would  be  laid  out  into  suitable  patrol 
sections  and  the  patrolman  would  be 
subject  to  the  orders  of  the  district 
superintendent.  Gangs  would  be  or- 
ganized and  routed  around  the  dis- 
trict similar  to  that  now  done  in  our 
counties  except  that  they  could  be 
made  more  fixed  as  to  nature  of  work 
each  gang  would  have  to  perform  on 
account  of  the  increased  territory. 

Efficient  field  control  over  state 
highway  maintenance  work  depends 
largely  upon  the  extent  of  co-opera- 
tion evidenced.  The  co-operative 
spirit  must  not  only  prevail  all  along 
the  line  from  the  humblest  workman 
to   the   head   of  the   department. 
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Difficult  Highway  Grading  on  Iron  Range 


Construction   Features  of  State  Trunk   Highway  from   Hibbing  to 
Aurora  Across  Mesaba  Range,  Minnesota 


The  finishing  of  the  subgrade  con- 
tracts on  Nov.  15  of  this  year,  com- 
bined with  the  awarding  of  paving  con- 
tracts on  Dec.  7,  insures  a  continuous 
paved  highway  for  1923  across  the 
Mesaba  Iron  Range  between  Hibbing 
and  Aurora  in  St.  Louis  County,  Min- 
nesota. 

The  Mesaba  Iron  Range  in  St.  Louis 
County  extends  from  the  western 
county  line  near  Keewatin  in  a  north- 
easterly  direction,   a   distance   of  ap- 


in  the  world.  In  addition  to  mining, 
lumbering  is  still  a  principal  industry, 
the  lumbering  mills  at  Virginia  having 
the  largest  capacity  of  any  in  the 
country.  Prosperous  farming  districts 
lying  to  the  north  and  south  and  in 
the  proximity  of  the  Range  add  great- 
ly to  the  material  prosperity  of  the 
territory.  The  assessed  valuation  of 
this  Range  territory  in  St.  Louis  Coun- 
ty approximates  $250,000,000. 
The  Earlier  Roads. — Gravel  and  mac- 
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Fig.  1. — Location   of  State  Trunk  Highway  Through  Mesaba  Iron  Range  from  Hibbing 

to  Aurora,  Minn. 


proximately  69  miles.  The  width  of 
the  ore  body  varies  in  width  from  500 
to  10,000  ft. 

A  population  of  70,000  people  live 
on  this  range  in  the  mining  locations 
and  in  the  cities  and  villages  of  Hib- 
bing, Chisholm,  Buhl,  Mt.  Iron,  Vir- 
ginia, Eveleth,  Gilbert,  McKinley,  Bi- 
wabik  and  Aurora.  In  order  to  embrace 
the  various  mining  locations,  these  cit- 
ies and  villages  have  extended  their 
corporate  limits  to  such  an  extent  that 
in  several  instances  on  the  range  the 
corporate  limits  of  adjacent  cities  or 
villages  nearly  touch  each  other.  The 
entire  length  of  the  Range,  therefore, 
might  be  likened  to  a  straggling  city 
of  36  miles  in  length  with  its  several 
business  centers  of  activity  located  at 
intervals  of  five  to  six  miles. 

The  principal  industry  is  the  mining 
of  iron  ore,  this  region  carrying  some 
of  the  most  valuable  iron  ore  deposits 


adam  roads  serving  these  various  com- 
munities have  for  several  years  been 
the  best  types  of  highway  construc- 
tion in  the  State  of  Minnesota.  Due  to 
the  extremely  rapid  development  of 
the  mining  industry  and  the  proving 
up  of  additional  ore  bodies,  some  of 
the  most  important  connected  high- 
ways were  found  to  overlay  valuable 
ore   deposits. 

The  communities,  therefore,  have 
not  felt  justified  to  hard  surface  these 
roads  which  laid  over  ore  deposits.  At 
the  same  time  the  increased  traffic  of 
the  past  five  years  has  made  it  prac- 
tically impossible  to  maintain  the  ordi- 
nary gravel  macadam  surface  road  in 
these  locations. 

Financing  New  Project. — Up  to  1920, 
the  entire  cost  of  the  improvement, 
both  as  to  construction  and  mainte- 
nance of  all  roads  on  this  range,  had 
been  carried  by  the  local  communities. 
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Through  a  sequence  of  State  legisla- 
tion extending  through  the  sessions  of 
1919  and  1921,  the  State  of  Minnesota 
authorized,  as  a  part  of  its  State  trunk 


improvement  of  State  trunk  highways 
within  its  boundaries  and  later  be  re- 
imbursed for  the  cost  of  the  same  by 
the  State. 


Fig. 


2 — Nature  of   Ledge   Rock   Formation   Consistently    Encountered    Between   Virginia 

and   Gilbert. 


highway  system,  a  highway  which 
should  pass  through  the  incorporated 
limits  of  the  towns  on  the  Mesabe 
Range.     It  further  provided  that  the 


St.  Louis  County,  acting  through  its 
county  commissioners  and  authorized 
by  a  vote  of  its  people,  issued  $7,750,- 
000   bonds    for    the     improvement   of 


Fig.  3 — Some  of  the  "Easy"  Material  Encountered   Between   Gilbert  and  Virginia.  This 

Fairly  Illustrates  Typd  of  Borrow  Pit  from  Which  the  Material  for 

the  Fill  Shown   in   Fig.  6. 

county,  working  under  plans  and  speci-  State  trunk  highways  in  St.  Louis 
fications  approved  by  the  State  high-  County.  The  project  between  Hib- 
way  commissioner,  might  bond  for  the      bing  and  Aurora  is  a  part  of  the  build- 
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ing  program  of  the  County. 

The  direction,  therefore,  of  the  con- 
struction on  this  project  and  the 
financing  has  been  under  the  supervi- 
sion of  the  County  Board  of  Commis- 
sioners through  their  engineering  de- 
partment, subject  to  the  approval  of 


fill  this  requirement,  it  was  necessary 
to  secure  a  permanent  location  which 
had  to  cross  the  iron  range  formation 
four  times,  in  addition  to  hovering 
around  the  edge  of  the  formation  for 
the  entire  length  of  line. 
Due  to  the  large  amount  of  open  pit 


Fig. 


oulder  Strewn   Surface  of  Cut  Just  East  of  Chisholm   Drilled  and   Ready  for 

Blasting. 


the  plans,  specifications  and  awards  of 
contracts  by  the  commissioner  of 
highways  of  the  State  of  Minnesota. 

Difficulties  of  Location. — The  legal 
requirements  for  the  location  of  a 
State  trunk  highway  in  Minnesota  are, 


mining  on  the  range,  a  considerable 
portion  of  the  lands  not  containing 
iron  ore  are  extremely  valuable  for  de- 
positories of  strippings  from  the 
mines.  Also  a  considerable  portion  of 
the  territory  traversed  was  over  lands 
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Fig.    5 — Same    Location    as    Fig.    4    After    Shooting. 


for  all  intents  and  purposes,  that  it 
must  have  permanency.  Through  legis- 
lative enactment,  and  also  by  State 
constitutional  limitation,  the  route  of 
this  highway  had  to  pass  through  the 
incorporated  limits  of  the  several 
towns  on  this  range.    In  order  to  ful- 


which  had  not  been  entirely  proved 
up  for  ore,  or  contained  ore  of  such 
low  grade  quality  that  it  is  of  no  value 
today,  but  has  a  potential  value  for 
the  future  mining  operations  on  the 
range. 
Innumerable  town  sites  and  platted 
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areas  in  extreme  outlying  districts, 
away  from  any  business  centers,  like- 
wise had  to  be  considered  for  their  po- 
tential as  well  as  their  real  value. 
Furthermore,  no  location  can  be  made 
through  the  incorporated  limits  of  a 
village  or  city  in  the  state  of  Minne- 
sota without  the  approval  of  the  gov- 
erning board  of  the  municipality. 

From  the  foregoing,  it  must  be  per- 
fectly obvious  that  the  principal  diffi- 
culties of  locating  a  highway  across 
this  range  were  due  to  present,  past 
and  future  mining  operations  and  the 
securing  of  satisfactory  entrances  and 
outlets  into  and  from  the  communities 
rather  than  the  overcoming  of  topog- 
raphical features,  which  in  this  loca- 
tion lend  sufficient  difficulties. 

Between  Hibbing  and  Chisholm,  it 
was  found  impossible  to  secure  a  per- 


ment  to  pass  through  depot  and  depot 
grounds  at  Shenango  and  thence  over 
a  stripping  bank  of  40  ft.  in  height  in 
order  to  secure  a  location  which  was 
as  nearly  barren  of  ore  as  could  be 
found  between  Buhl  and  Chisholm. 

Months  were  spent  in  bringing  to- 
gether on  an  equitable  basis  the  va- 
rious conflicting  interests  involved  be- 
fore final  agreements  as  to  definite  lo- 
cations could  be  made. 

With  the  concentrated  mining  ac- 
tivity, it  is  obvious  that  the  elimina- 
tion of  grade  crossings  between  the 
highway  and  the  most  active  lines  of 
railroad  became  a  serious  problem, 
especially  when  combined  with  the 
features  hereinbefore  noted. 

Seven  very  expensive  and  trying 
grade  separations  were  effected  in  the 
construction  of  this  line,  requiring  the 


Fig.    6. — Material    for  This    Section    Was     Obtained  by  Mining  Among  the  Boul- 

ders  from  Borrow  Pit. 


manent  alignment  which  did  not  lie 
over  valuable  ore.  Mine  owners  and 
operators  gave  every  possible  assist- 
ant and  co-operation  in  endeavoring 
to  work  out  the  location  across  the  en- 
tire range,  and  in  this  particular  in- 
stance, a  temporary  roadway  easement 
was  given  by  the  mining  company 
over  an  underground  mine,  in  which  it 
was  agreed  that  the  mining  company 
would  leave  a  pillar  of  ore  under  the 
temporary  highway  until  such  time  as 
the  or©  had  been  sufficiently  mined 
out  from  under  the  permanent  loca- 
tion. 

This  involved  a  temporary  line  ap- 
proximating %  mile  in  length  in  a  5- 
mile  location. 

Between  Chisholm  and  Buhl,  the 
line  of  highway  was  located  from  drill 
hole  information  furnished  by  the  min- 
ing company  which  required  the  align- 


continuous  negotiation  with  the  vari- 
ous interested  railroads  operating  on 
the  range. 

The  surveys  and  negotiations  for  the 
establishment  of  this  line  started  in 
the  late  fall  of  1919,  and  continued 
through  until  the  spring  of  1921  be- 
fore final  agreement  by  all  parties  con- 
cerned was  reached. 

Too  much  commendation  cannot  be 
given  to  the  various  interests  affected 
for  the  manner  in  which  their  final  co- 
operation made  it  possible  to  secure 
the  location  which  was  finally  ob- 
tained. 

The  Grading  Work. — The  first  grad- 
ing contracts  were  awarded  on  July 
26,  1921.  The  final  completion  of  the 
grading  was  on  Nov.  15,  1922.  The 
difficulties  as  encountered  in  the  grad- 
ing are  somewhat  evidenced  in  the 
classification  of   quantities   listed   for 
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the  35.73  miles  of  construction  as  tol 
lows: 

524,989  cu.  yd.  of  earth. 

128,242  cu.  yd.  of  loose  rock. 
76,091  cu.  yd.  of  solid  rock. 

The  total  cost  of  grading  35.73  miles 
between  Hibbing  and  Aurora  was 
$740,818  or  $20,733  per  mile. 

The  grade  separations  between  the 
railroads  and  the  highway  were  con- 
structed jointly  by  the  railroad  and 
the  county,  the  percentage  of  cost  be- 
ing divided  in  accordance  with  the  con- 
ditions as  met  for  each  structure.  The 
cost  of  the  structure,  where  improved 
alignment  and  grade  were  obtained 
over  that  required  by  statute  for  a 
grade  separation,  was  borne  practical- 
ly on  equal  shares  by  the  county  and 
the  railroad. 


awarded  to  Butler  Brothers'  Building 
Co.  of  St.  Paul  the  contract  for  a  1- 
course  reinforced,  minimum  width  18- 
ft.  concrete  pavement  for  this  project. 

The  bid  price  per  square  yard  of 
pavement,  without  incidental  work, 
such  as  fine  grading,  shouldering,  etc., 
was  $2.38  per  square  yard.  The  entire 
cost  of  the  paving  contract  is  $985,- 
694.98  or  $27,587  per  mile. 

The  contract  calls  for  the  final  com- 
pletion of  laying  of  pavement  on  Sept. 
20,  1923,  and  final  completion  for  the 
entire  job  on  Nov.  1,  1923. 

The  type  of  paving  slab  conforms 
with  the  Minnesota  State  standard  for 
18-ft.  width  of  pavement  with  a  7y2- 
in.  uniform  thickness.  Bar  reinforce- 
ment consists  of  l/2-m.  round  bars 
spaced  on  2  ft.,  1%-in.  centers  longi- 
tudinally and  2-ft.  'centers  transverse- 


Fig.    7. — Short    Clay    Section    Without  Any  Serious  Amount  of  Rock  Classifica 
tion,  Showing  Typical  Section  of  Road. 


The  maximum  gradient  on  the  high- 
way is  5  per  cent  except  in  a  few  in- 
stances for  one  or  two  city  blocks 
within  the  business  section  of  a  city 
or  village  where  it  was  impracticable 
to  revise  the  grade  due  to  the  exten- 
sive improvements  already  in  place. 

The  width  of  subgrade  constructed 
is  a  minimum  of  32  ft.  and  ranging  to 
40  ft.  in  width  on  high  embankments. 
Four  degrees  is  the  average  degree 
of  curvature  for  alignment. 

The  grading  contracts  were  per- 
formed by  E.  F.  Remer  of  Hibbing, 
Minckler  &  Krmpotich  of  Buhl,  and 
A.  Guthrie  &  Co.  of  St.  Paul,  on  that 
portion  of  the  road  from  Hibbing  to 
Virginia,  with  Winston  and  Coons  of 
Hibbing  on  that  portion  of  the  road 
from  Virginia  to  Aurora. 

The  Paving  Contracts. — On  Dec.  7, 
the   County   Board  of   Commissioners 


ly,  bringing  the  weight  of  steel  to  69% 
lb.  per  100  sq.  ft. 

All  curves  of  4  degrees  and  over 
are  to  be  widened.  Curves  between  2 
and  4  degrees  where  curbing  is  con- 
structed on  the  inside  of  the  curve 
are  to  be  widened  1  ft.  The  reinforce- 
ment will  be  carried  through  into  the 
curve  widening. 

This  35.73  miles  of  paved  highway, 
connecting  Aurora  and  Hibbing,  will 
form  an  extension  to  a  pavement  con- 
structed from  Grand  Rapids  to  Kee- 
watin  across  this  same  range  in  Itasca 
County. 

The  engineering  supervision  of  this 
work  has  been  under  the  direction  of 
R.  W.  Acton,  County  Highway  Engi- 
neer, assisted  by  R.  J.  Rich,  Construc- 
tion Engineer;  John  I.  Quinn,  Bridge 
Engineer,  and  H.  H.  Charles,  Division 
Engineer. 
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The  Work  Ahead  in  High- 
way Research 

From  the  Report  of  W."«iC.  Hatt,  Di- 
rector  Advisory    Board    on    High- 
way Research,  Presented  Nov. 
28    at    the    Annual    Meet- 
ing   of    the    Board 
Many    problems    in    highway    engi- 
neering are  accompanied  by  corollary 
problems    in    economics    of    highway 
transportation.     For    instance:     How 
much  can  an  engineer  afford  to  spend 
in    capital    costs    of    construction    in 
reducing   grades?     The    answer   must 
depend   on   volume   of   traffic   and   on 
operating   costs  of  road   and   vehicle. 
Decisions  upon  changing  second-clas3 
into  paved  roads  involve  cost  of  road 
maintenance,    tire,    gasoline    and    re- 
pairs and  depreciation  to  vehicle,  etc. 
Reliable    data    appear    to    be    largely 
wanting.     The    reflex    action    of    im- 
proved   alignment    on    change    of    de- 
sign of  vehicle  also  suggests  itself. 

The  cost  of  highway  transportation 
arising  from  the  vehicle  greatly  ex- 
ceeds that  from  the  road. 

Great  are  the  possibilities  of  econo- 
mies in  this  industry  through  research 
into  costs  of  transportation  in  the 
fields  of  vehicle  design  and  operation. 
The  earnings  from  improved  sur- 
faces are  large  on  roads  of  heavy 
traffic:  How  heavy?  Research  activi- 
ties should  be  pushed.  It  is  increas- 
ingly evident  that  the  highway  engi- 
neer and  the  automotive  engineer 
must  join  forces  in  co-ordinated  high- 
way research.  Proposals  for  some 
joint  action  that  fe%  been  under  con- 
sideration for  more  than  one  year 
should  be  brought  to  a  head. 

It  is  not  too  much  to  say  that  there 
must  be  created  a  new  realm  of  eco- 
nomic data  to  quiet  opinionated  dis- 
cussion of  mooted  question  in  the 
field  of  highway  transportation.  How 
can  issues  be  settled  except  on  basis 
of  information?  College  courses  in 
economics  of  transportation  can  only 
be  organized  following'  surveys  of  ex- 
isting traffic  and  collection  of  data  of 
costs  of  operation  of  road  and  vehicle, 
maintenance  data,  study  of  taxation 
and  benefits.  The  end  must  be  reached 
by, 

(a)  Evaluating  the  present  informa- 
tion. 

(b)  Planning  new  researches  where 
needed. 

(c)  Publishing  authentic  data  as 
fast  as  they  are  accumulated. 


The  study  of  methods  of  financing 
road  construction,  and  the  distribu- 
tion of  the  expense  between  those 
benefited,  awaits  fact-finding  surveys. 
The  study  itself  needs  the  services  of 
trained  economists.  The  sources  from 
which  the  tax  dollar  comes,  and  its 
distribution  among  roads,  education, 
charities,  etc.,  should  probably  be  de- 
termined. Studies  of  the  effect  of 
highway  improvements  on  land  values 
are  needed;  and  also  of  the  effect  of 
highway  improvements  upon  the  de- 
velopments that  have  been  experi- 
enced in  typical  regions,  such  as  truck 
farming  or  resort  areas.  The  results 
of  such  studies  will  be  a  guide  for 
similar  areas  under  development. 

The  laws  governing  the  growth  and 
dispersion  of  traffic,  and  the  mechan- 
ics and  psychology  of  safely  handling 
such  traffic  in  congested  areas,  need 
study  by  research  methods. 

The  purpose  and  methods  of,  and 
the  instrumental  equipment  for,  basic 
traffic  surveys  upon  which  state  con- 
struction and  maintenance  funds  may 
be  allocated  is  a  live  issue.  A  simple 
instrument  for  automatically  counting 
and  weighing  traffic  is  now  under  de- 
velopment in  the  Bureau  of  Public 
Roads. 

The  large  volume  of  valuable  data, 
accumulated  at  the  cost  of  hundreds 
of  thousands  of  dollars,  by  the  Bureau 
of  Public  Roads  and  in  the  Bates  and 
Pittsburgh  test  roads,  through  studies 
of  soil  properties,  effect  of  loads  and 
strength  of  slab— data  that  underlie 
the  as  yet  undisclosed  principles  of 
the  mechanics  of  slab  design,  should 
be  brought  together  and  analyzed  to 
uncover  the  principles  of  action.  The 
instrumental  equipment  and  technique 
in  this  field  represent  a  remarkable 
advance  in  the  science  of  measure- 
ment. With  the  mechanical  principles 
determined,  then  the  engineer  can  be 
given  formulas  for  fitting  the  road  to 
the  load.  If  these  principles  are  still 
hidden,  final  co-ordinated  researches 
should  be  planned  to  settle  these  ques- 
tions. If  it  is  true,  as  it  seems  to  be, 
the  stiff  slabs  on  soft  subgrades 
should  be  thick  at  the  edges  and  thin- 
ner at  the  center,  what  should  be  the 
proper  distribution  of  the  thickness, 
and  how  should  slabs  be  reinforced  to 
provide  longitudinal  stiffness? 

The  economics  of  pavement  types 
in  specified  situations  must  be  learned 
from  carefully  gathered  data,  so  that 
decisions  may  be  made  less  upon  ex- 
parte  arguments  and  more  upon  exact 
information. 
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Highway  forces  in  this  country 
handled  $742,000,000  worth  of  con- 
struction in  the  past  year.  When  this 
is  compared  with  $135,000,000  10 
years  ago,  the  rapid  increase  in  road 
building  is  appreciated  and  while 
there  has  generally  been  a  high  de- 
gree of  efficiency  attained  in  the  ad- 
ministration of  the  work,  it  must  be 
admitted  that  some  of  the  highway 
organizations  have  had  to  develop 
almost  over  night  and  in  many  cases 
have  had  to  adjust  themselves  to  ill- 
advised  and  unscientific  legislative 
restriction  in  conducting  what  is 
now  the  greatest  public  work  of  the 
country  and  a  work  which  is  of  prime 
importance  to  the  welfare  and  happi- 
ness of  all  the  people. 

The  building  of  railroads,  which 
was  until  a  few  years  ago  the  major 
construction  activity,  has,  in  a  meas- 
ure served  as  a  guide  in  handling 
road  work  as  well  as  furnishing 
many  of  the  men  to  direct  that  work, 
but  while  the  work  is  similar  and  the 
purpose  the  same,  the  details  are  so 
different  and  the  employers  being 
the  public  instead  of  corporations, 
it  is  necessary  that  different  policies 
be  adopted  and  even  greater  econo- 
mies effected  in  the  administration 
of  road  building.  In  the  hey-dey  of 
railroad  building  very  few  of  the 
general  public  paid  any  attention  to 
the  actual  work  or  its  cost,  but  to- 
day there  is  a  very  small  percentage 
of  the  people,  particularly  the  motor- 
ists, who  do  not  consider  that  they 
have  a  pretty  good  working  knowl- 
edge of  highway  engineering.  And 
this  is  really  a  healthy  condition  for 
it  keeps  the  road  official  on  his  toes 
to  satisfy  them.  They  are  actually 
the  stockholders  in  our  corporation, 
and,  acting  through  the  legislature  as 
the  board  of  directors,  control  the 
work  and  are  entitled  to  a  showing 
of  efficiency  and  economy,  and  the 
best    possible   service. 

Financing  Construction.  —  Before 
going  into  a  detailed  discussion  of  the 


topic  assigned  the  writer  believes 
that  the  major  policies  involved  in  the 
subject  should  be  touched  upon.  The 
matter  of  fiancing  construction  is  one 
that  is  troubling  executives  through- 
out the  whole  country  and  it  is  a  per- 
plexing problem,  for  it  is  a  well- 
known  fact  that  even  with  the  rapid 
strides  made  in  road  building  in  the 
past  few  years,  we  have  been  unable 
to  take  care  of  the  traffic,  which  is 
increasing  in  many  times  the  ratio 
of  the  increase  in  highway  improve- 
ments. This,  together  with  the  fact 
that  practically  all  road  construction 
on  present  standards  is  of  a  perma- 
nent nature  and  will  be  used  and  en- 
joyed by  the  public  for  many  years, 
makes  it  inadvisable  to  force  the  peo- 
ple to  finance  this  work  from  current 
receipts,  whether  they  be  from  motor 
licenses  or  tax  levies. 

Private  corporations  and  individ 
uals  do  not  hesitate  to  borrow  money 
for  permanent  improvements  which 
are  needed  or  which  can  be  demon- 
strated as  being  investments  to  yield 
a  good  return  on  principal,  and  the 
same  conditions  should  govern  public 
work.  Eighty  per  cent  of  the  high- 
way traffic  of  the  country  is  carried 
on  the  state  highways  and  averages 
on  the  more  important  roads  over  1,- 
000  vehicles  per  day.  It  has  been  dem- 
onstrated that  the  cost  of  operating 
this  traffic  under  ordinary  conditions 
is  approximately  10  ct.  per  mile  and 
on  improved  roads  is  7  ct.  per  mile. 
By  simple  calculation  this  proves  to 
us  that  proper  construction  and  sur- 
facing of  our  highways  means  a  net 
saving  to  the  traffic  of  the  country  in 
the  amount  of  $30  per  mile  per  day, 
or  in  other  words,  a  saving  of  nearly 
$10,000  per  year  for  each  mile  of  im- 
proved highway.  This,  however,  would 
not  apply  to  isolated  miles  but  would 
only  be  the  case  when  the  work  is  so 
laid  out  that  continuous  lines  between 
terminals  and  important  points  are  so 
improved.  In  other  words,  the  value 
of    substantial    road    improvement    is 
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not  developed  by  building  short  sec- 
tions of  roads  which  do  not  make  con- 
nections in  main  lines  of  traffic. 

Assuming  the  aforesaid  premises  to 
be  correct  the  states  which  are  faced 
with  heavy  arterial  highway  traffic 
upon  inadequately  improved  roads 
should  enter  upon  the  systematic  per- 
manent construction  of  those  roads, 
and  with  borrowed  capital  if  neces- 
sary. This  would  be  the  best  paying 
investment  they  could  make  for  if 
there  is  saved  in  traffic  costs  on  the 
main  trunk  highways  upwards  of  $10,- 
000  per  mile  per  year  one  economy  is 
accomplished  which  will  be  felt  by 
all  of  the  people.  As  to  whether  the 
work  should  be  financed  by  the  road 
users  alone  is  a  debatable  question 
but  as  they  are  the  direct  beneficiaries 
it  does  seem  that  the  bulk  of  the  ex- 
pense should  be  carried  primarily  by 
them. 

Legislative  Restrictions. — In  provid- 
ing the  legislation  for  construction  of 
roads  it  is  well  to  guard  against  un- 
due restriction.  A  number  of  states 
have  been  seriously  hampered  by  sal 
ary  limitations  and  requirements  as 
to  location  and  types  of  roads  defined 
by  their  legislatures.  These  restric- 
tions are  well  meant  but  when  a  state 
places  responsibility  upon  its  highway 
department  for  the  conduct  of  work 
involving  millions  of  dollars  each  year 
reasonable  authority  and  latitude 
should  be  given  the  head  of  the  de- 
partment in  determining  the  compen- 
sation of  the  engineering  forces,  upon 
which  the  success  of  the  work  de- 
pends, and  the  location  and  character 
of  improvement  should  be  decided  by 
the  department  upon  the  basis  of  traf- 
fic requirements,  topography,  availa- 
bility of  materials  and  other  engineer- 
ing and  economic  data  which  the 
highway  officials  are  in  the  best  posi 
tion  to  apply  to  the  problems. 

The  Preliminary  Work. — In  a  well 
organized  department  it  is  up  to  the 
commissioner  of  highways  to  decide 
upon  the  general  location  and  charac- 
ter of  construction  projects.  There- 
upon authorization  is  given  the  con- 
struction engineer  through  the  chief 
engineer  to  take  preliminary  steps. 
This  means  the  making  of  surveys,  in- 
vestigation of  sources  of  material  sup- 
plies, the  selection  of  the  final  loca- 
tion and  type  of  construction,  and  the 
preparation  of  plans  and  estimates. 
Upon  completion  of  the  plans  and  be- 
fore the  work  is  advertised  for  con- 
struction, right  of  way  must  be  se- 
cured by  option  and  then  several  proj- 


ects of  the  same  kind  or  in  the  same 
locality  are  advertised  -for  letting  of 
contract.  It  is  pretty  generally  agreed 
by  executives  experienced  in  construc- 
tion that  best  results  are  obtained  by 
contracting  this  kind  of  work,  as  in 
this  way  there  is  competition  and  a 
financial  incentive  to  develop  methods 
and  equipment  which  in  the  long  run 
brings  about  more  efficiency  and  a 
lower  cost  of  construction.  This  is 
not  generally  the  case  when  construc- 
tion work  is  done  direct  by  the  states. 
A  budget  system  with  continual  con- 
trol of  finance  should  apply  through- 
out the  whole  highway  administration 
and  particularly  on  construction.  Pri- 
marily there  should  be  the  general 
annual  budget  prepared  at  the  begin- 


Organization    Chart    of    Construction    De- 
partment  of   Minnesota    Highway 
Department. 

ning  of  the  year  in  which  is  set  aside 
the  various  funds  such  as  general  ad- 
ministration, road  construction,  bridge 
construction  and  maintenance,  and 
within  those  budgetted  items  there 
should  be  sub-divisional  budgets  for 
\arious  activities.  Speaking  particu- 
rly  of  the  construction  division,  it  is 
important  that  funds  be  set  aside  and 
made  available  for  cash  payment  of 
all  accounts  and  estimates.  Many  of 
the  states  are  dependent  upon  Fed- 
eral Aid  to  finance  their  construction 
work  and  some  have  been  seriously 
embarrassed  by  reason  of  estimates 
being  payable  without  having  the 
funds  in  hand,  due  to  pending  Federal 
Aid.  In  fairness  to  the  Federal  Bu- 
reau, it  must  be  said  that  payments 
have  been  made  with  the  utmost  dis- 
patch, but  even  so  there  should  be  a 
fund  to  cover  the  anticipated  pay- 
ments and  this  should  either  be  pro- 
vided for  by  a  revolving  fund  author- 
ized by  the  legislature,  or  by  holding 
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back  State  construction  funds  for  that 
purpose,  which  is  not  so  desirable. 

Business  Principles  in  Organization 
of  Construction  Department. — In  the 
organization  for  handling  highway  con- 
struction the  same  principles  should 
apply  as  would  govern  any  success- 
ful business  and  that  is  in  the  plac- 
ing of  responsibility  and  authority  in 
one  head  and  carrying  a  direct  line  of 
personal  responsibility  from  the  head 
through  the  whole  organization.  A 
chart  of  what  is  considered  by  some 
as  an  effective  construction  organiza- 
tion is  made  a  part  of  this  paper  and 
it  will  be  seen  from  this  that  the  con- 
struction division  under  the  construc- 
tion engineer,  includes  control  of  all 
activities  related  to  construction. 
These  activities  are  grouped  under  the 
sub-heads  of  surveys,  plans,  right  of 
way,  testing  and  inspection,  and  ac- 
counting, and  each  of  these  sub-divi- 
sions is  in  charge  of  an  engineer  re- 
porting direct  to  the  construction  en- 
gineer. At  this  point  it  may  be  well 
to  state  that  the  construction  engi- 
neer is  represented  in  the  field  by  di- 
vision engineers,  who  also  represent 
the  maintenance  and  bridge  depart- 
ments as  well,  and  must  have  personal 
contact  with  all  operations  of  the  de- 
partment. To  describe  the  detailed 
organization  and  all  phases  of  opera- 
tions of  the  several  sub-divisions  in 
the  construction  department  would  re- 
quire more  time  and  space  than  is 
permitted  in  this  paper,  therefore  only 
the  main  features  will  be  touched 
upon,  but  a  more  detailed  statement 
of  the  operation  is  attached  as  a  sup- 
plement to  this  paper  for  reference  as 
to  particular  points. 

Advantages  of  Continuous  Construc- 
tion Project. — In  the  first  place  con- 
struction of  roads  should  be  so  laid 
out  as  to  inconvenience  the  public  as 
little  as  possible  and  therefore  all  con- 
struction required  on  a  line  between 
important  points  should  be  taken  care 
of  at  one  time,  but  before  this  is  done 
the  department  should  arrange 
through  their  maintenance  work  to 
place  in  the  best  possible  condition  a 
well  marked  detour.  While  this  is  not 
really  a  part  of  the  construction  work 
it  should  be  a  prerequisite  to  the  be- 
ginning of  a  construction  project,  but 
is  very  often  overlooked.  By  follow- 
ing the  policy  of  making  a  continuous 
construction  project  between  govern- 
ing points  we  are  enabled  to  apply  en- 
gineering principles  to  the  location 
which  should  be  permanent  and  suit- 
able for  any  probable  developments  of 


traffic  on  that  line.  In  order  that  this 
idea  may  be  carried  out  through  the 
whole  State  system  the  preliminary 
surveys  should  be  placed  in  charge  of 
an  engineer  of  surveys  who  is  skilled 
In  that  line.  The  railroads  have  devel- 
oped many  engineers  particularly  well 
qualified  in  that  respect.  A  systematic 
program  of  road  improvements  in  a 
State  will  give  continuous  employment 
to  a  considerable  number  of  locating 
parties  working  under  direction  of  the 
engineer  of  surveys  and  by  keeping 
parties  so  employed  rather  than  hav- 
ing separate  surveys  made  by  local 
engineering  parties  a  greater  degree 
of  efficiency  is   developed. 

Location  of  Trunk  Highways. — In  the 
location  of  trunk  highways  we  are  gov- 
erned of  course  in  a  measure  by  ^cal 
service,  but  the  nature  of  these  roads 
calls  for  a  study  of  the  probable  pre- 
dominating traffic,  which  generally 
will  be  found  on  these  roads  to  be 
through  traffic  and  consequently  the 
location  should  be  made  with  that  in 
view.  The  value  of  topogrophic  map- 
ping of  an  area  is  demonstrated  in 
connection  with  location  and  contin- 
uance of  the  working  being  done  by 
the  U.  S.  Geological  Surveys  should  be 
encouraged  by  all  States  and  hastened 
as  much  as  possible. 

Right  of  way  must  of  course  be  ob- 
tained when  revisions  of  line  are  made 
and  upon  completion  of  the  plans  for 
a  project  the  right  of  way  engineer  is 
given  the  duty  of  obtaining  options 
for  the  necessary  property.  Having 
the  right  of  way  under  control  of  the 
construction  engineer  is  advantage- 
ous for  several  reasons,  as  for  in- 
stance, concessions  are  frequently  re 
quired,  such  as  placing  of  cattle  pass 
es,  revision  of  drainage  lines,  etc.,  in 
order  that  the  right  of  way  may  be  ob- 
tained on  a  suitable  basis.  At  this 
point  the  advantage  of  having  more 
than  one  surveyed  line  is  demonstrat- 
ed for  frequently  having  competitive 
lines  to  consider  reduces  the  cost  of 
right  of  way.  The  detail  of  right  of 
way  purchases  is  perhaps  the  most 
unpleasant  part  of  highway  adminis- 
tration and  to  be  most  successful  re- 
quires the  services  of  a  man  who  does 
not  dislike  unpopularity  and  who  con- 
siders the  driving  of  a  hard  bargain 
a  diversion.  The  fixing  of  a  maximum 
land  values  is  easy  compared  to  arriv- 
ing at  the  proper  compensation  for 
damage,  and  as  a  matter  of  public  pol- 
icy it  is  sometimes  better  to  go  through 
condemnation  proceedings  even  when 
almost  certain  of  a  higher  award  than 
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could  be  settled  for  when  the  damages 
run  into  thousands  of  dollars. 

The  Part  of  the  Central  Office. — The 
designing  and  planning  of  road  con- 
struction can  best  be  developed  under 
the  direction  of  an  engineer  of  plans 
at  the  central  office,  which  as  seen 
from  a  detailed  study  of  this  phase  of 
the  work  brings  about  not  only  econ- 
omy in  the  overhead  expense  but  also 
uniformity  and  economy  of  construc- 
tion. Some  of  the  middle  western 
states  are  criticised  for  the  heavy  vol- 
ume of  their  grading  operations,  but 
the  grading  is  really  the  most  perma- 
nent part  of  road  construction  and  is  a 
small  percentage  of  the  whole  cost  of 
the  road,  so  that  the  increased  yard- 
age necessary  to  make  a  substantial 
improvement  does  not  materially  in- 
crease the  cost  of  the  road.  Further- 
more, increasing  the  yardage  on  a 
project  does  not  by  any  means  in- 
crease the  cost  of  the  project  propor- 
tionately, for  it  is  found  that  frequent- 
ly a  road  laid  out  as  an  ordinary  im- 
provement involving  5,000  to  6,000  yd. 
per  mile  can  be  improved  upon  and 
made  a  real  substantial  permanent  job 
at  yardage  of  from  10,000  to  12,000  yd. 
per  mile  with  not  more  than  20  per 
cent  to  40  per  cent  additional  cost,  by 
reason  of  such  construction  permitting 
the  use  of  heavier  equipment  and  ma- 
chinery. We  cannot  foretell  the  devel- 
opment of  traffic,  but  we  do  know  that 
in  the  past  this  development  has 
always  been  underestimated  and 
the  very  small  additional  expense 
required  to  get  the  best  possible 
line,  grade  and  width  is  always  war- 
ranted on  trunk  highway  work. 

There  should  be  a  systematic  ac- 
counting of  highway  expenditures  and 
provisions  for  prompt  payment  for 
work,  and  it  has  been  found  desirable 
to  have  all  this  work  handled  at  the 
central  office  under  control  of  the 
office  engineer,  who  is  also  given  con- 
trol of  the  personnel  in  the  engineer- 
ing departments.  This  matter  of  per- 
sonnel is  of  great  importance  to  the 
highway  administration  and  involves  a 
system  of  personal  records'  so  that  ap- 
titude and  efficiency  may  be  recog- 
nized and  so  that  men  in  the  service 
may  know  that  their  efforts  are  appre- 
ciated and  will  be  rewarded  by  ad- 
vancement. Highway  engineering  is 
only  in  the  process  of  development 
and  has  not  reached  the  point  of  be- 
ing an  exact  science.  Generally  speak- 
ing, the  executives  and  principal  offi- 
cers to  handle  this  work  must  be  de- 
veloped from  the  ranks.    It  is  to  be 


hoped  that  in  the  near  future  there 
may  be  some  advancement  in  highway 
engineering  education,  but  for  the 
present  those  best  qualified  to  impart 
the  knowledge  are  engaged  upon  the 
actual  work  and  do  not  have  the  time 
or  inclination  to  enter  the  educational 
field. 


The  Duties  of  Resident  Engineers.— 
When  contracts  for  construction  have 
been  awarded  the  work  comes  under 
the  nominal  control  of  the  office  engi- 
neer, who  assigns  to  each  project  a 
resident  engineer  with  the  necessary 
assistants  and  inspectors  to  carry  the 
work  through.  These  resident  engi- 
neers must  be  impressed  both  by  their 
manual  of  instructions  and  verbally 
that  their  duty  is  to  give  the  contrac- 
tor all  possible  assistance  and  a  good 
principle  to  follow  in  this  connection 
is  that  the  contractor  should  be  con- 
sidered as  being  a  working  part  of  the 
state  highway  organization.  The  resi- 
dent engineer's  duties  should  be  to 
furnish  the  contractor  with  all  of  the 
measurements  and  stakes  required,  in- 
cluding center  lines  for  clearing,  line 
and  grade  for  all  structures,  slope 
stakes  for  excavation  and  embank- 
ment and  finishing  stakes  for  all  op- 
erations. As  the  best  method  for 
handling  road  work  is  on  unit  price 
contracts  it  is  necessary  that  an  ac- 
curate measurement  of  the  quantities 
be  made,  therefore  the  resident  engi- 
neer must  have  accurate  cross  sec- 
tions taken  before  and  after  the  work 
so  that  precise  quantities  may  be  de- 
termined as  the  work  proceeds.  The 
contractor's  business  is  to  develop 
equipment  and  methods  for  handling 
the  work  and  he  should  not  be  called 
upon  to  assume  any  responsibility  for 
its  layout  or  measurement.  The  resi- 
dent engineer  should  be  more  than  a 
mere  instrument  man  and  given  reas- 
onable authority  for  construction 
changes  which  can  easily  be  controlled 
by  the  division  engineer  through  fre- 
quent inspection  of  the  work. 

The  Testing  and  Inspection  Section. 
— The  testing  and  inspection  section  is 
an  important  unit  in  the  construction 
division,  for  the  quality  of  the  road 
surfacing  and  structural  work  depends 
very  largely  upon  its  successful  opera- 
tion. The  engineer  of  inspection  and 
tests  should  be  one  technically  well 
qualified  and  interested  in  research 
and  his  value  to  the  department  would 
be  enhanced  if  his  training  were  also 
in  the  line  of  geology.  In  order  that 
there  may  be  a  practical  application 
of  theories     and     inspection  require- 
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ments,  this  engineer  should  be  obliged 
to  have  had  several  years  of  practical 
experience  as  resident  engineer  in 
charge  of  construction  work,  for  it  is 
on  the  score  of  impracticability  that 
most  of  the  inspection  difficulties  are 
brought  about.  The  head  of  this  work 
should  have  charge  of  the  testing  lab- 
oratory, research  work  for  the  depart- 
ment, and  the  detailed  inspection. 

The  reports  of  investigation  of  ma- 
terials with  the  testing  of  samples  be- 
fore work  is  ordered,  must  go  through 
his  hands  and  when  work  other  than 
grading  or  similar  work  is  under  way 
he  must  have  daily  inspection  reports 
from  the  inspector  on  the  job. 

The  inspector  in  the  field  is  a  part 
of  the  resident  engineer's  organization 
and  actually  responsible  to  the  resi- 
dent engineer  through  whom  all  or- 
ders come  from  the  engineer  of  in- 
spection and  the  division  engineer. 
The  inspection  service  offers  a  field 
for  employment  of  engineer  students 
and  it  is  advisable  in  training  likely 
material  for  resident  engineers  to  have 
them  put  in  at  least  one  season  of  in- 
spection. 

In  fairness  to  contractors,  inspec- 
tion of  a  paving  project  should  include 
the  inspection  of  all  materials  at  the 
source,  rather  than  when  brought  to 
the  job,  and  if  this  is  provided  for 
there  will  be  better  feeling  between 
the  parties  concerned  and  no  waste 
of  energy.  Too  frequently  shipments 
of  aggregates  or  other  materials  have 
to  be  rejected  when  this  could  have 
been  avoided  by  proper  inspection. 

It  goes  without  saying  that  each  in- 
spector should  have  field  equipment 
for  the  kind  of  work  he  is  engaged 
upon  so  that  determination  can  be 
made  readily  and  the  volume  of  work 
in  almost  every  state  warrants  the  es- 
tablishment of  central  or  divisional  lab- 
oratories for  the  testing  of  cement  and 
bituminous  materials.  Research  work 
by  the  testing  engineer  may  lead  to 
great  economies  in  the  development 
of  local  materials  and  under  this  head 
there  should  be  provision  for  a  com- 
plete survey  of  road  material  re- 
sources of  the  State. 

In  these  days,  which  are  the  early 
stages  of  what  may  be  called  the  high- 
way age,  the  public  is  inclined  to 
judge  the  merits  of  road  administra- 
tion very  largely  by  the  smoothness 
of  the  road  surface,  and  by  the  con- 
venience afforded  by  marking  systems 
or  other  superficial  features  which  are 
bound  to  develop  as  incidentals  to  the 
highway  work,  but  it  must  be  remem- 


bered that  there  will  be  a  day  of  reck- 
oning when  the  people  will  ask  an  ac- 
counting of  the  large  funds  expended 
and  those  States  will  be  most  fortu- 
nate whose  expenditures  have  truly 
been  permanent  investments  econom- 
ically and  properly  controlled,  and 
which  have  builded  for  the  future,  de- 
signing their  roads  as  to  location, 
alignment  and  gradient  in  such  a  way 
as  to  carry  the  maximum  of  traffic 
economically  and  safely  and  which 
have  conducted  their  work  in  such  a 
manner  that  it  will  endure  and  require 
no  duplication. 


Elevated  Grade  Lines  for  Eliminat- 
ing Snow  Hazards. — The  Wyoming 
State  Highway  Department  has  for 
several  years  experimented  with  ele- 
vated grade  lines  to  eliminate  snow 
hazards.  They  have  followed  out  this 
principle  on  about  2,000  miles  of  con- 
struction. The  state  highway  engineer 
Z.  E.  Sevison,  says:  "It  is  our  prac- 
tice to  lay  the  grade  line  12  to  18  in. 
above  the  natural  surface  of  the  con- 
tiguous ground.  The  cuts  are  eliminat- 
ed except  in  cases  where  it  is  unavoid- 
able in  order  to  secure  satisfactory 
grade.  We  do  not  hesitate  to  deviate 
from  tangents  or  section  lines  in  order 
to  secure  the  proper  location  on  ac- 
count of  snow  conditions.  This  has 
practically  eliminated  the  snow  hazard 
on  all  of  our  constructed  projects. 
There  is  no  question  in  my  mind  but 
what  this  is  the  proper  construction  in 
a  windy  country  subject  to  drifted 
snow.  There  would  probably  be  noth- 
ing gained  by  adopting  this  plan  in 
those  sections  where  there  is  very  lit- 
tle wind  to  keep  the  snow  off  the  sur- 
face of  the  road." 


Studying  Causes  of  Waves  in  Asphalt 
Pavements. — Samples  of  sheet  asphalt 
paving  from  five  large  cities  are  being 
examined  in  the  laboratory  of  the  U.  S. 
Bureau  of  Public  Roads,  to  determine 
if  possible  the  cause  of  the  formation 
of  bad  spots  and  waves,  or  corruga- 
tions. A  few  samples  of  bituminous 
concrete  are  also  being  examined.  The 
samples  have  been  cut  both  from  good 
and  bad  sections  of  the  same  paving 
job  and  are  examined  for  appearance 
of  sample,  grading  of  aggregate,  and 
quantity  and  characteristics  of  asphalt. 
Although  a  separate  investigation 
from  the  traffic  test  on  the  circular 
track  made  of  sections  of  bituminous 
concrete  it  is  thought  that  each  in- 
vestigation may  yield  information 
helpful  to  the  other. 
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Financing  Construction  and  Maintenance  on  a 
State  Highway  System 


Paper  Presented  Dec.  6  at  Annual  Meeting  of  the  American  Associa- 
tion of  State  Highway  Officials 


By  A.   B.   FLETCHER, 

Director    of    Public    Works,    State    of 
California. 


Off-hand  it  would  seem  to  be  rath- 
er late  to  be  discussing  the  financing 
of  highway  work  now  that  the  states 
are  spending  so  many  millions  in 
building  and  rebuilding  their  main 
highways,  but  the  country  has  only 
started  on  the  highway  venture. 

The  Bureau  of  Public  Roads  tells 
us  that  it  will  take  some  20  years 
to  complete  the  so-called  "7  Per 
Cent  System"  in  which  the  Federal 
Government  is  interested  under  the 
Federal  Aid  Statutes.  If  it  will  take 
20  years  to  complete  this  small  part 
of  the  roads  of  the  country  what  can 
be  done  to  answer  the  present-day 
insistent  demand  for  transportation? 
Where  is  the  money  to  come  from? 
It  is  not  a  small  problem  and  it  is 
doubtful  if  the  precedents  of  the  past 
can  be  relied  upon  to  solve   it. 

The  writer  confesses  his  lack  of 
vision  as  to  the  future  of  highway 
financing.  Much  study  is  being  given 
to  the  problem  by  the  bankers,  the 
vehicle  manufacturers,  the  road 
users,  represented  by  the  associat- 
tions,  and  the  State  officers  and  high- 
way engineers.  Perhaps  by  the  com- 
bined efforts  of  these  several  inter- 
ests a  scientific  financial  plan  may  be 
worked  out.  Such  a  plan  will  have 
to  be  concerned  chiefly  with  general 
issues,  however,  for  the  problems  of 
each  State  will  differ  radically  from 
those  of  any  other  State. 

In  this  paper  all  the  writer  can 
hope  to  do  is  to  relate  some  of  the 
features  of  highway  financing  with 
which  he  is  somewhat  familiar  ow- 
ing to  his  participation  in  the  State 
highway  affairs  of  Massachusetts 
and   California. 

The  Massachusetts  Plan. — In  Mas- 
sachusetts the  main  rural  highways 
of  the  State  have  been  in  existence 
and  under  traffic  for  200  years  or 
more.  When  the  State  highway 
work  began  there  in  1893,  nearly  30 
years  ago,  most  of  these  roads  had 
been  surfaced  with  gravel,  but  the 
locations   were  faulty  in  many  cases 


and  they  were  rough  and  difficult. 
They  were  then,  however,  in  far  bet- 
ter condition  than  much  of  the  mile- 
age in  the  newer  states  where  most 
of  the  roads  in  the  rural  districts 
had  never  even  been  surfaced  with 
gravel. 

From  the  beginning,  therefore,  the 
Massachusetts  problem  was  one  more 
nearly  approaching  what  would  be 
generally  considered  a  matter  of 
maintenance. 

Massachusetts  is  a  small  State  in 
area — about  8,200  square  miles,  and 
comparatively  speaking  it  has  a  very 
dense  population  (466  per  square 
mile). 

The  early  State  highway  work 
there  consisted  chiefly  in  rectifying 
the  alignment  and  grades  of  the  ex- 
isting main  rural  roads,  the  grading 
quantities  being  comparatively  light, 
and  applying  a  surface  usually  oi 
broken  stone.  In  those  days  and  up 
to  the  year  1910  the  cost  of  "con- 
struction" hardly  ever  exceeded  $12,- 
000  per  mile  and  such  a  cost  repre- 
sented what  was  considered  to  be 
heavy  work.  Compare  this  with  the 
pavements  of  today  costing  from  $30,- 
000   to   $75,000   per  mile. 

In  its  report  dated  January,  1920, 
the  Massachusetts  Commission  says: 

"Until  1913  the  money  was  secured  by 
issuing  thirty  year  bonds.  The  $5,000,000 
appropriated  for  use  in  1913  and  the  four 
succeeding  years  was  secured  by  issuing 
fifteen-year  serial  bonds.  The  $1,000,000 
appropriated  in  1919  was  secured  from 
ordinary  revenue. 

"From  the  beginning  the  counties  were 
required  to  repay  to  the  commonwealth 
25  per  cent  of  the  cost  of  construction  of 
state  highways  and  'small  town'  roads, 
and  the  amounts  so  repaid  were  used  to 
reduce  the  amount  of  bonds  issued.  Con- 
sequently the  amount  of  bonds  issued  has 
always  been  considerably  less  than  the 
amounts  authorized  or  than  the  actual 
expenditures. 

"The  total  amount  of  bonds  issued  to 
Nov.    29,    1919,    for    state     highway     and 


(39) 


46 


Roads  and  Streets  Monthly  Issue  of 


January; 


'small  town'  construction  was  $11,767,000; 
the  amount  outstanding  Nov.  29,  1919, 
was  $8,925,000;  the  sinking  fund  amounted 
to  $3,630,760.45;  and  the  net  debt  was  only 
$5,294,239.55." 

Since  1919  Massachusetts  has  not 
issued  £ny  bonds  for  State  highway 
purposes,  it  has  adopted  the  "pay- 
as-you-go*'  plan  and  all  money  spent 
for  State  highway  construction  has 
come  from  current  tax  levies  and 
from  taxes  imposed  on  the  use  of 
motor  vehicles. 

Differing  from  most  of  the  States 
where  the  main  roads  are  under  the 
direct  control  of  a  State  highway 
comniission,  in  Massachusetts  the 
counties  pay  one-quarter  of  the  con- 
struction costs  of  the  State  high- 
ways. This  has  always  appeared  to 
the  writer  a  wise  provision.  No  coun- 
ty has  State  highway  construction 
withini  its  borders  unless  the  county 
asks  for  it.  The  county  thus  takes 
more,  interest  in  the  work  since  it 
pays  for  a  part  of  the  cost  and  the 
"paternalistic"  feature  is  lessened 
somewhat. 

This  "pay-as-you-go"  plan  which 
has  been  adopted  in  some  of  the 
other  of  the  older  States  is  no  doubt  a 
wise  one  under  the  local  conditions. 
The  local  authorities  there  are  pre- 
pared to  defend  it  vigorously. 

Massachusetts  is  small,  it  has  a 
large  population  per  square  mile,  it 
is  rich,  and  its  problem  is  and  has 
been  in  reality  one  of  maintenance. 
The  California  Plan. — California  is 
a  very  large  State.  Its  area  is  158,- 
297  square  miles,  and  from  the  Ore- 
gon State  line  on  the  north  to  the 
Mexican  border  on  the  south,  the 
shortest  line  that  can  be  drawn  is 
more  than  700  miles  long.  In  1920, 
according  to  the  U.  S.  census,  its 
population  was  3,420,861,  and  the 
density  of  population  per  square  mile 
was  21.6  as  against  466  in  Massachu- 
setts. 

Here  we  have  a  comparatively  new 
State,  admitted  to  the  Union  in  1850. 
It  grows  in  population  so  rapidly 
that  it  is  hard  to  believe  the  figures. 
In  1910  the  U.  S.  census  showed  2,- 
377,549  residents  and  they  have  in- 
creased 44  per  cent  in  numbers  in 
the  decade.  The  agricultural  prod- 
ucts of  the  State,  according  to  the 
1910  census,  were  $153,111,000  in 
value.  The  Bureau  of  Public  Roads 
in  1920  estimated  such  products  at 
$539,000,000  in  that  year.  Again  in 
1910,  the  total  registration  of  motor 


vehicles  was  44,142  and  in  1922  more 
than  816,000  were  registered. 

These  few  statistics  show  how  dif- 
ferent California's  problem  is  than 
that  of  Massachusetts. 

So  far  the  issuance  of  bonds  for 
construction  purposes  has  seemed  to 
be  the  only  method  possible. 

In  1910  California  passed  its  first 
State  highway's  act,  providing  for  a 
bond  issue  of  $18,000,000  to  build  a 
specific  trunk  line  system  of  high- 
ways and  laterals  to  the  county  seats. 
These  were  4  per  cent  45-year  serial 
bonds. 

In  1916  the  second  highways  act 
was  passed  providing  for  a  bond  is- 
sue of  $15,000,000,  in  4  per  cent  40- 
year  serials. 

At  a  special  election  held  July  1, 
1919,  a  constitutional  amendment 
was  adopted  providing  for  the  issu- 
ance of  State  highway  bonds  to  the 
amount  of  $40,000,000  to  complete  the 
projects  contemplated  by  the  two 
previous  State  highway  bond  issues 
and  to  construct  30  new  projects 
specified  in  the  constitutional  amend- 
ment. These  were  to  be  4^  per  cent 
bonds,   40-year   serials. 

The  latter  expedient  of  amending 
the  constitution  of  a  State  to  appro- 
priate money  for  State  highway  pur- 
poses was  surely  a  novel  financing 
scheme  and  one  probably  unprece- 
dented. All  of  these  bonding  meas- 
ures were  carried  by  decisive  ma- 
jorities except  the  first. 

The  State  had  been  unfortunate 
nearly  always  in  selling  its  State 
highway  bonds.  The  right  market 
was  seldom  struck.  The  bonds  had 
to  be  sold  at  par,  a  legal  require- 
ment, so  in  November,  1920,  another 
constitutional  amendment  was  pro- 
posed and  adopted  by  the  people  of 
the  State,  permitting  a  flexibility  of 
the  interest  rate  in  the  bonds,  said 
rate  at  no  time,  however,  to  exceed 
6  per  cent  per  annum. 

Taking  advantage  of  the  new  pro- 
vision of  law  large  blocks  of  bonds 
of  the  third  issue  were  sold  with 
varying  rates  of  interest,  $5,122,000 
at  4M$  per  cent,  $7,000,000  at  5  per 
cent,  $2,000,000  at  5*4  per  cent,  and 
$9,878,000  at  5%  per  cent.  Premiums 
to  a  very  substantial  amount  were 
paid  by  the  buyers.  There  remains 
$16,000,000  of  this  issue  unsold. 

The  total  funds  available  from  the 
three  State  highway  bond  issues 
were: 


cm 


1st  State  Highway  Fund 
2nd  State  Highway  Fund. 


..$18,000,000.00 
..  15,000,000.00 
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3rd  State  Highway  Fund 40,000,000.00  the   work.      In   this   connection   it  Is   in- 

^wayTund   1St  State  High"           2  129  00  strUctive  t0  note  that  the  average  annual 

Premium  on  2nd  State  High-  expenditure     since     the     state     highway 

way    Fund 25.00  work   started   in   1912   is   $6,800,000.     The 

*W&ss  3:i  s.ta!!  .Hl.g*:  1,134,550.00  *T,z\:?eDT%  ,0,r  any,one  year  was 

-       ---    $14,144,742,    and    the    lowest    expenditure 

Total  funds  available  from  was  $594,110.     These  figures  cover,  how- 
State  Highway  Bond  is-  ever,   the  war  period  and  the  year  fol- 

SU6S   $74,136,704.00  lowihg  tfae  cl0ge  Qf  ^  war>  when  ^^ 

In  its  report  to  the  Governor,  now  way  work  in    California    and    elsewhere 

in   press,    the    Highway    Commission  largely  marked  time. 

states:  "Taking   the    sum   of    $12,000,000   as   a 

"While   the  great  activity   in   highway  basis  from  which  to   figure*  the  problem 

Construction   during   the   past  two   years  presents  itself  somewhat  as  follows:     It 

has  given  the  state  the  service  6f  a  large  may    be    expected    that    about    $2,000,000 

new  mileage  of  improved  road,  it  has  also  will  be  received  as  the  state's  share   at 

brought  California  face  to  face  with  the  the   Federal   Aid  Highway  Appropriation 

problem  of  refinancing  its  highway  sys-  (in  1923  the  amount  will  be  $1,641,000;  In 

tern.  1924,    $2,134,000;    and   in    1925,    $2,462,000), 

"On  July  1,   1922,   the  amount  of  State  and   the  remaining   $10,000,000    must    be 

Highway  bond  money  left  in  the  treas-  raised  otherwise. 

ury    plus     $16000,000     in     unsold    bonds  "it  is  apparent  that  this  money  must 

amounted  to  $23, 066,027. 30.  be  obtained  either  by  increasing  the  rev- 

"At    the    present    rate    of    expenditure,  enue  derived  from  motor  vehicles  or  from 

this   money  will    either  be   spent   of  6b-  the  general  tax  of  the  state  or  both.    In- 

ligated  before  the  end  of  1923.     Accord-  asmiich  as  organizations  of  motor  vehicle 

ingly  the  people  of  California  must  either  owners  haVe  gone  on  record  against  any 

refinance  the  work  or  be  prepared  to  see  plan    of   highway     taxation     that    would 

a   cessation   of  highway   construction    at  place  the  burden  of  original  construction 

the  close  of  the  coming  year.  on  motor  vehicle  owners  it  is  extremely 

"The  highway  problem  is  so  intimately  doubtful  if  any  plan  intended  to  place  the 
connected  with  the  fortune  and  the  social  sole  burden  of  road  improvement  on  mo- 
and  material  well  being  of  every  county  tor  vehicles  would  receive  serious  con- 
and  every  community  in  the  state  that  sideration.  The  $10,000,000  would  there- 
its  solution  is  one  of  the  most  important  fore  have  to  be  taken  from  the  general 
issues  before  California.  Owing  to  the  fund  of  the  state.  Such  a  plan  would  re- 
very  large  sum  involved  the  problem  is  suit  in  the  saving  of  interest  charges 
more  perplexing  than  it  has  ever  been  in  which  under  the  bonding  plan  would  have 
the  history  of  California."  to  be  paid  out  of  the  general  fund. 

Elsewhere  in  this  report  the   Com-  "The  Bonding  Plan.— The  second  meth- 

mission   says:  od      of     highway     construction     is     the 

"There  are  three  methods  of  financing  bonding   or    deferred   payment   plan,    the. 

highway  construction.  method   that  has  thus  far  been  adopted 

"1.     Construction    on    a    pay-as-you-go  in  California  in  constructing  its  highway 

plan.  system. 

"2.     Construction  on  a  bonding  or  de-  "The    advantage    of    the    bond   plan    is 

ferred  payment  plan.  that   it  makes  funds   immediately  avail- 

"3.  Construction  on  a  plan  based  in  able  for  highway  construction.  The  dis- 
part on  direct  payments  and  in  part  on  advantage  is  the  increased  cost  of  the 
bonds.  road   due   to   interest  charges.     Credited 

"The  Pay-as-You-Go  Plan. — The  dis-  against  this  interest  cost  must  be  the 
cussion  of  the  relative  merits  of  such  a  service  that  the  road  will  give  for  an  es- 
plan  will  of  necessity  center  about  the  timated  period  of  years  between  the  date 
amount  of  money  that  is  to  be  raised,  the  of  its  actual  construction  under  a  bond 
ability  of  the  state  to  raise  it,  and  the  issue  and  the  date  of  its  probable  con- 
further  question  of  the  extent  to  which  struction  under  a  pay-as-you-go  plan.  It 
one  generattion  should  fasten  an  in-  is  needless  to  add  that  California's  high- 
(debtedness  upon   succeeding  generations.  ways  have  demonstrated  an  earning  ca- 

"It  is  the  opinion  of  the  Highway  Com-  pacity  far  beyond    the    annual    interest, 

•mission    that    $12,000,000    represents    ap-  bond  refunding,  and  maintenance  charges 

proximately   the   amount   of  construction  for  each  year. 

that  can  be  undertaken  by  the  highway  "In  the  question  of  a  bond  issue  is  in* 

organization  in  a  year  of  normal   condi-  volved  the  mooted  question  of  the  proper 
tions,    and   that   a   much  larger  program'       division   of  road  costs  between   this   and 

;is  .likely  to  .result  in  Uoss  of  efficiency  in  succeeding  generations. 
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"The  generally  accepted  rule  governing 
such  distribution  is  that  where  a  debt  is 
passed  from  one  generation  on  to  another, 
sound  assets  equal  in  amount  to  that 
debt  should  also  be  passed  on  to  the  pay- 
ing generation. 

"An  analysis  of  highway  financing  in 
California  will  show  that  this  has  been 
done.  Such  misleading  expressions  as 
'long  term  bonds  for  short  term  roads' 
as  applied  to  California  highways  and 
the  highways  of  other  states  where  road 
improvement  has  been  carried  on  to  any 
great  extent  are  due  to  a  misconception 
in  the  popular  mind  as  to  what  a  high- 
way is.  The  surface  is  confused  with  the 
whole  road. 

"Analysis  of  Cost  of  Road  Parts. — 
There  is  need  to  educate  the  public  mind 
as  to  the  component  parts  of  the  road, 
that  people  may  know  that  the  surface 
pavement  is  but  a  part  and  in  fact  the 
least  permanent  part  of  an  improved 
road.  The  public  needs  to  be  informed 
that  the  pavement  is  always  liable  to 
show  distress  under  excessive  traffic,  and 
that  the  really  permanent  portions  of  a 
highway  are,  the  graded  road  bed,  which 
usually  improves  with  years  under  traffic; 
and  the  drainage  structures. 

"Then,  too,  the  pavement  itself  rarely 
becomes  a  total  loss  since,  generally,  it 
may  be  incorporated  in  the  reconstructed 
pavement.  In  California  hardly  a  section 
can  be  found  where  a  pavement  slab, 
weakened  by  unforeseen  traffic,  will  not 
show  a  salvage  value  of  from  75  to  90  per 
cent  of  its  initial  cost  if  it  is  made  a  part 
of  a  thicker  and  wider  roadway. 

"Due  regard  to  good  engineering  and 
good  business  in  road  construction  will 
maintain  a  ratio  between  the  cost  of  the 
pavement  and  the  more  permanent  por- 
tions of  an  improved  highway  that  will 
assure  to  future  generations  assets  equal- 
ing in  value  and  generally  far  exceeding 
the  indebtedness  they  will  be  called  upon 
to  pay.     ..... 

"The  Third  Plan.— The  third  plan  of 
highway  financing  contemplates  a  large 
annual  revenue  supplemented  by  a  bond 
issue,  and  it  is  this  plan  that  seems  best 
suited  to  meet  California's  need  today. 

"Advocates  Of  this  plan  in  California 
would  place  the  burden  of  original  pri- 
mary construction  upon  the  general  tax- 
payers through  a  bond  issue.  The  bur- 
den of  maintenance,  of  widening  and  re- 
construction to  accommodate  increased 
traffic  would  be  placed  upon  the  users  of 
the  road. 

"The  question  of  the  extent  to  which 
the  use  of  revenues  shall  be  specified  and 
limited  is  one  for  legislative  determina- 
tion. The  necessities,  however,  of  the 
California   highway    system    would    prac- 


tically assure  the  distribution  of  revenues 
for  some  years  to  come  substantially  in 
accordance  with  the  method  outlined 
above. 

"The  Highway  Commission  has  for 
over  two  years  urged  the  adoption  of 
measures  that  would  place  a  larger  sharo 
of  highway  costs  upon  highway  users. 
Specific  recommendations  to  accomplish 
this  have  been  embodied  in  proposed  leg- 
islation for  a  gasoline  tax  and  for  an  in- 
crease and  equalization  in  motor  vehicle 
fees. 

"Gasoline  Tax. — The  gasoline  tax  is 
now  in  successful  operation  in  17  states. 
It  should  be  noted  that  the  tax  is  or- 
dinarily in  addition  to  personal  property 
taxes  and  the  usual  motor  vehicle  fees. 
The  advantage  of  the  gasoline  tax  is  that 
it  automatically  distributes  itself  in  pro- 
portion to  road  use;  it  can  be  collected 
from  about  six  distribution  companies 
and  the  cost  of  collection  will  be  negli- 
gible; it  will  bring  a  large  new  revenue 
into  the  state  from  out-of-state  cars  that 
are  attracted  to  California  by  the  state's 
highway  system,  and  which  now  enjoy 
the  state's  roads  without  contributing 
either  to  the  cost  of  their  construction 
or  their  upkeep. 

"There  were  approximately  350,000,000 
gallons  of  gasoline  used  in  California  in 
1921  of  which  90  per  cent  was  used  in 
motor  vehicles.  It  is  the  opinion  of  this 
commission  that  a  gasoline  tax  for  road 
purposes  should  be  levied  only  against 
gasoline  used  in  motor  vehicles  and  in 
the  bill  introduced  in  the  1921  session  of 
the  legislature,  a  simple  method  for  ex- 
empting non-highway  used  gasoline  was 
devised. 

"The  need  of  the  state  highways  is  so 
great  that  the  entire  fund  derived  from 
such  a  source  should  be  devoted  to  the 
state  highways.  For  the  next  five  years 
the  entire  amount  so  received  can  be  ex- 
pended in  widening  and  thickening  pres- 
ent highways  and  unless  a  larger  tax  is 
imposed  than  has  heretofore  been  con- 
sidered, additional  revenues  for  these 
purposes  will  be  needed. 

"Motor  Vehicle  Fees.— In  addition  to 
the  gasoline  tax,  an  increase  in  motor 
vehicle  fees  is  desirable  not  only  as  a 
revenue  measure,  but  to  equalize  motor 
vehicle  charges  as  between  light  pas- 
senger machines  and  the  heavier  duty 
trucks. 

"At  the  present  time.  California  taxes 
motor  vehicles  upon  a  horsepower  basis 
with  the  very  nominal  surcharge  of  $5 
and  $10  for  trucks. 

"Under  this  plan  an  undue  share  of 
road  maintenance  falls  upon  the  light 
passenger  machine  with   its  high   horse- 
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power  capacity  installed  to  give  it  speed. 
On  the  other  hand  the  greatest  injury  to 
the  highway  comes  from  the  truck,  the 
horsepower  installation  of  which  is  ap- 
proximately that  of  the  light  car,  but 
whose  weight  and  impact  on  the  road  is 
infinitely  more  damaging. 

"Increase  Fees  with  Loads. — This  com- 
mission would  recommend  that  the  basis 
of  motor  vehicle  fees  be  changed  from 
the  present  basis  of  a  horsepower  tax 
with  a  nominal  surcharge  for  trucks  to  a 
horsepower  and  gross  laden  weight  basis. 
It  is  the  opinion  of  the  commission  that 
only  a  nominal  increase  should  be  made 
in  the  tax  on  horsepower  but  that  a  sub- 
stantial fee  should  be  charged  on  the 
basis  of  weight,  the  fee  again  increasing 
substantially     as      the      load      increases. 

In  brief,  in  California,  the  authori- 
ties in  charge  of  the  State  highways 
are  suggesting  another  bond  issue 
for  construction  purposes,  solely,  and 
a  tax  on  gasoline  consumption  to 
yield  money  enough  to  take  care  of 
the  program  for  widening  and  thick- 
ening the  roads  weakened  by  the  ex- 
traordinary and  unprecedented 
traffic. 

Financing  Maintenance. — There  is 
one  phase  of  the  financing  question 
upon  which  there  appears  to  be  a 
general  agreement.  Nobody  seems 
to  disagree  that  the  expense  of  mainte- 
nance of  the  roads  should  be  paid  from 
current  funds.  No  one  advocates  the 
issuance  of  bonds  to  provide  money 
to  repair  the  roads. 

There  is  some  difference  in  opinion 
as  to  how  the  money  shall  be  raised 
— whether  the  road  user  should  pay 
the  whole  cost  or  whether  a  portion 
at  least  should  be  paid  by  general 
taxation. 

There  is  no  doubt  in  the  writer's 
mind  that  a  part  of  the  maintenance 
cost  should  be  borne  by  the  people 
at  large,  meaning  by  this  to  include 
the  non-users  of  the  roads,  if  such 
there  be.  In  California  there  may 
not  be  much  in  this  point  since  there 
is  a  motor  vehicle  for  every  6  per- 
sons —  practically  speaking,  every 
family    has    its    automobile. 

However,  one  ,of  the  most  difficult 
appropriation  bills  to  get  passed  by 
a  legislature  is*  one  providing  money  for 
road  repairs,  hence  the  road  user, 
frankly,  in  these  days  the  motorist, 
has  to  bear  the  burden  in  most  cases 
through  the  fees  he  pays  for  regis- 
tration and  licensing  of  motor  equip- 
ment. 

There    is    a    growing    tendency    to- 


ward the  more  indirect  form  of  tax- 
ation, an  impost  on  gasoline,  which 
is  easy  of  collection  and  which  may 
be  used  with  propriety  for  either  con- 
struction or  re-construction  or  main- 
tenance purposes. 

A  Truck  Manufacturer's  View. — 
Mr.  A.  J.  Brousseau  of  the  National 
Automobile  Chamber  of  Commerce 
in  a  recent  address  on  problems  in 
highway  financing  at  a  conference 
held  under  the  auspices  of  the  High- 
way Education  Board,  said  in  clos- 
ing: 

".  .  .  .  I  should  say  that  subject 
to  varying  condition  of  highway  develop- 
ment, of  valuation,  population  and  traffio 
in  the  several  states,  the  program  re- 
solves itself   into  this: 

"First.  The  preparation  of  a  'con- 
struction budget'  by  every  state,  esti- 
mating the  cost  of  the  primary  and  sec- 
ondary roads  to  be  built,  year  by  year, 
for  the  next  ten  years. 

"Second.  That  based  upon  the  stage  of 
development  of  that  program  at  this 
time,  the  cost  of  construction — all  or 
part — shall  be  met  by  bond  issues,  ex- 
cept in  those  states  where  the  construc- 
tion program  is  practically  complete. 

"Third.  That  a  budget  of  current  op- 
erating costs  be  set  up  to  defray — inter- 
est on  bonds,  amortization  charges,  and 
maintenance.  The  amount  necessary  to 
pay  interest  and  amortization  should  be 
included  in  the  general  tax  levy.  The 
cost  of  maintenance  should  be  assessed 
against  the  user. 

"Fourth.  That  all  expenditures  should 
be  under  the  control  of  the  state  highway 
departments. 

"Fifth.  That  regulatory  powers  should 
be  as  flexible  as  possible  and  lodged 
only  within  the  state  highway  depart- 
ment, to  be  administered  in  accordance 
with  the  needs  of  the  public. 

"As  a  summary  for  consideration  where 
state  highway  bond  issues  are  necessary, 
I  suggest  that: 

"First.  Bond  issues  should  be  serial  in 
form  and  issued  for  as  long  a  period  as 
50  years.  The  fund  should  be  expended 
under  rigid  engineering  control,  and  pro- 
vision must  be  made  for  sufficient  cur- 
rent income  to  pay  interest,  amortization 
charges  and  adequate  maintenance. 

"Second.  Interest  on  bonds  and 
amortization  should  be  paid  for  from 
general  taxation.  Maintenance  costs 
should  bq  charged  against  traffic. 

"Third.  Maintenance  shall  include  all 
charges  up  to  and  including  reconstruc- 
tion, save  extensions  or  added  replace- 
ment costs  where  an  inferior  is  re- 
placed by  a  superior  type  of  surface. 
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"Fourth.  Only  that  type  of  road  shall 
be  constructed  which  is  adequate  for  the 
needs  of  present  and  future  traffic.  This 
shall  be  determined  by  careful  surveys 
both  of  traffic  and  of  economic  possibil- 
ities.    .     .     .'» 

Mr.  Brousseau  is  the  president  of 
Mack  Trucks,  Inc.  His  corporation 
has  a  vital  interest  in  the  highway 
development  of  the  country  since  it 
is  much  concerned  in  the  manufac- 
ture and  widespread  use  of  transpor- 
tation equipment  and  it  is  refreshing 
to  have  him  take  so  broad-minded 
a  view  of  the  problem. 

The  writer  thinks  Mr.  Brousseau 
has  summed  up  the  matter  well  and 
completely. 


January, 


Transit  Notes  As  the  Draftsman 
Sees  Them 

What  many  a  draftsman  has  thought 
at  some  time  or  other  is  well  ex- 
pressed by  Will  A.  Blake,  Resident 
Engineer  of  the  Tennessee  State  High- 
way Department,  in  an  article  in  the 
October  issue  of  Tennessee  High- 
ways. We  quote  as  follows: 

Most  men  would  say  that  there  are 
two  kinds  of  transit  notes— good  and 
bad — but  a  draftsman  wouldn't  say 
that;  he'd  say  they  are  poor  and 
poorer.  I  wouldn't  go  quite  that  strong 
however — haven't  been  in  the  game 
long  enough — but  if  I  ever  did  see  a 
perfect  set  of  notes,  I  sure  can't  re- 
member it  just  at  present. 

Now  all  instrument  men  and  some 
few  engineers,  including  this  year's 
output  from  the  schools,  know  or 
should  know  just  what  goes  to  make 
up  a  good  set  of  transit  notes;  if  he 
doesn't  he  can  easily  find  out  by 
consulting  any  standard  work  on  high- 
way surveying.  Very  few  field  men 
do  keep  a  complete  set  of  notes.  Not 
long  ago  I  heard  an  old-timer  say: 
"They're  ain't  no  such  thing  as  a 
perfect  set  of  notes,"  but  he  was 
covering  a  whole  lot  of  time,  seems 
like  to  me. 

Why  will  a  man,  and  a  smart  man 
at  that,  persist  in  crowding  his  notes 
so  close  together  that  they  can't  be 
read,  and  on  top  of  that  use  a  soft 
pencil?  Paper  is  a  lot  cheaper  than 
eyes  or  time,  and  a  5H  pencil  will 
last  a  heap  longer  than  a  No.  1.  Of 
course,  if  it  makes  no  difference  if 
fives  look  like  sixes  and  threes  like 
eights,  a  soft  pencil  does  just  as 
well,  for  you  can't  read  the  notes 
anyway  after  a  little  while. 


Not  long  ago  I  had  to  work  up 
six  miles  of  transit  notes  into  road 
plans,  in  inch  to  a  hundred  feet  scale. 
These  notes  weren't  much  good,  in 
fact,  I  could  keep  as  good  myself, 
maybe  better;  anyway,  as  they  had 
all  the  usual  faults  and  some  faults 
not  so  usual,  I  want  to  tell  about  them. 
They  were  made  on  loose  leaf  sheets, 
not  a  page  numbered  or  dated  or 
signed,  100  ft.  to  the  line  and  made 
with  a  soft  pencil.  As  they  were  a 
year  and  a  half  old,  they  were  pretty 
hard  to  decipher.  No  magnetic  course 
was  carried  and  it  wasn't  always 
easy  to  determine  which  way  the  an- 
gles turned.  A  good  many  piusses 
were  left  out  and  a  good  many  bear- 
ings and  some  few  property  lines  left 
out,  too. 

Of  course,  not  all  notes  are  as  bad 
as  these  were,  but  it's  just  such  notes 
as  these  that  cause  a  draftsman  to 
shed  tears  and  make  uncouth  noises. 
Why  spend  a  lot  of  time  and  money 
on  an  exhaustive  survey  if  it  isn't 
properly  recorded?  It's  no  good  to  any- 
one if  the  notes  are  not  good — they 
will  just  have  to  be  made  over,  and 
it  costs  a  lot  more  to  send  out  a  fol- 
low-up party  than  it  does  to  take  good 
notes  in  the  first  place.  It  is  hard 
enough  to  work  up  a  good  set  of  plans 
from  the  best  notes  and  it  is  nearly 
impossible  to  make  any  kind  of  plans 
at  all  from  poor  ones. 

If  the  men  in  the  field  want  good 
plans  to  work  from,  they  should  send 
in  good  notes,  use  plenty  of  paper, 
25  ft.  to  the  line  is  not  one  bit  too 
much;  use  a  pencil  that  won't  blur 
when  it  gets  wet;  and  above  all 
things,  take  plenty  of  notes;  for  it's 
a  heap  better  to  have  something  you 
don't  need  than  it  is  to  need  some 
thing  that  the  field  man  forgot  to 
note.  Carry  a  magnetic  course  as 
a  check  against  angles;  number,  date 
and  sign  each  page,  and  index  all 
books  before  you  send  them  in. 

Of  course,  the  field  men  think  that 
all  draftsmen  are  necessary  evils  and 
picayunish  old  women  to  boot,  but  the 
draftsman  has  plenty  to  make  him 
just  that  and  more.  So  let's  pull  to- 
we  will  give  you  the  best  in  the 
gether— give  us  good  legible  notes  and 
shop. 
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Grade  Crossings  in  United  States  — 
According  to  records  of  U.  S.  Bureau 
of  Standards  there  are  251,939  railroad 
crossings  in  the  United  States. 
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State  Highway  Construction  in  1922  and  1923 


Reports  from  State  Officials  Showing  Mileage  and  Expenditures  Last 
Year  and  Proposed  Mileage  and  Funds  Available  for  This  Year 


NEW  ENGLAND  STATES. 


Maine. 


MAINE   HIGHWAYS   COMPLETED  IN  1922. 


Gravel  state  highways 

Gravel  state  aid  highways . . 
Bituminous  macadam  


Cement  concrete 


Av 

.  width 

Average  cost 

Miles. 

surface, 

Thickness. 

surface  and 

ft. 

base  per  mile. 

44.49 

18 

8",  8"  stone 

base 

6''  to  8" 

$14,413 

190.00 

18 

5,332 

35.29 

18 

2y2"  to  6"  with 
8"  stone  base 

28,749 

12.86 

18 

7"  with  8" 
gravel  base 

45,504 

UNCOMPLETED  HIGHWAY  WORK 
CARRIED   OVER    FROM    1922. 

Type  Miles. 

Gravel  state  highways 18.49 

Bituminous  macadam    2.55 

Cement  concrete    7.42 

NEW   HIGHWAY    WORK   PROPOSED 
FOR  1923. 

Type.  Miles. 

Gravel    47 

Gravel   (state  aid)    200 

Bituminous  macadam   34 

Cement   concrete    3 

AVERAGE  UNIT  PRICE  OF  ITEMS. 

1922.     1921. 
Price  Price 

Earth  excavation,  cu.  yd $1.24     $1.49 

Rock  excavation,  cu.  yd 3.54 

Borrow,   cu.  yd 1.27 

Stone  fill,  cu.   yd 2.99 

Gravel  base,  cu.  yd 2.42 

Stone   base,    gravel   finish,    cu. 

yd 2.91 

Stone  base,  crushed  stone  fin- 
ish, cu.  yd 3.50 

Gravel  sub-base,  cu.  yd 2.40 

Reconstructed  base  course,  cu. 

yd 

Stone  V-drain,  cu.  yd 3.50 

Side  underdrain,  cobble  filling, 

cu.  yd 3.48 

Class  "A"  concrete,  cu.  yd.... 28.43 
Class    "A"   concrete    (bridges), 

cu.  yd 35.00 

Class  "B"  concrete,  cu.  yd 23.75 

Class    "B"    concrete    (bridges), 

cu.  yd 20.00 

Class  "C"  concrete,  cu.  yd 24.50 

Class    "C"    concrete    (bridges), 

cu.  yd 25.00 

Cement  stone  masonry,  cu.  yd 35.00 

Cement    rubble    masonry,    cu. 

yd 9.00    18.50 

Cement         rubble         masonry 

(bridges),  cu.  yd 10.00 

Dry  rubble  masonry,  cu.  yd...  9.00 
Dry  rubble  masonry  (bridges), 

cu.  yd 

Wood   piling,    lin.   ft 

12-in.  C.  M.  P.,   lin.   ft..... 98 

14-in.  C.  M.  P.,  lin.  ft 1.02 

16-in.  C.  M.   P.,  lin.  ft 1.13 

18-in.  C.  M.  P.,  lin.  ft.. 1.36 

20-in.   C.   M.  P.,  lin.   ft 1.44 

24-in.   C.  M.  P.,  lin.  ft 1.78 

12-in.  concrete  pipe,  lin.  ft 

15-in.  concrete  pipe,  lin.  ft 1.43 

18-in.  concrete  pipe,  lin.  ft 1.62 

24-in    concrete  pipe,  lin.  ft 2.08 

12-in.   cast  iron  pipe,   lin.   ft...   1.40 
16-in.  cast  iron  pipe,   lin.   ft...   1.60 


5.00 
1.65 
2.75 


3.37 


4.19 
3.15 


4.00 
3.67 


3.17 
32.93 


36.88 
27.50 


29.63 


15.00 

6.00 
0.75 
1.10 
1.09 
1.38 
1.62 
1.64 
2.10 
3.00 
2.43 
3.00 
4.00 


18-in.   cast  iron  pipe,   lin.  ft...   1.80       

24-in.  cast  iron  pipe,   lin.  ft...   2.42       

Drop  inlets,  each 40.56     65.00 

Catch   basins,    each 87.50 

Cobble  gutter,  sq.  yd 1.40      1.23 

Sand-clay  road,  cu.  yd 3.88 

Gravel  road,  cu.  yd 2.69       3.47 

Broken  stone  base  course,   sq. 

yd 0.60       .... 

Bituminous    macadam    surface 

course,   cu.   yd 6.55 

($1.34  sy.  6-in.) 
Bituminous   material  app.    hot 

(tank  cars),   gal 0.078 

Bituminous   material   app.    hot 

(barrels),   gal 0.078 

Bituminous  material  app.  cold 

(tank  cars),  gal 0.055 

Concrete  pavement,  cu.  yd 8.01 

($1.63  sy.   8-in.) 

Steel  reinforcement,   lb 0.038 

Wood  guard  rail,  lin.  ft 0.59 

Iron  guard  rail,   lin.   ft 

Concrete  guard  rail,  lin.  ft....  5.00 

Sand-clay  base,  cu.  yd 1.00 

6-in.       waterbound      macadam 

road,  sq.  yd 

2% -in.     bituminous     macadam 

surf,  course,   sq.  yd 

Gravel  V-drain,   cu.   yd 

Side  underdrain,  gravel,  cu.  yd 

10-in.  vitrified  pipe,  lin.  ft 

12-in.  vitrified  pipe,  lin.  ft 

15-in.  vitrified  pipe,  lin.  ft 

Paul  D.  Sargent,  Augusta,  Me.,  is 
Chief  Engineer  State  Highway  Com- 
mission. 

New  Hampshire. 

HIGHWAYS  COMPLETED  IN  1922. 
Average  • 

width     Thick- 
surface. 
Type.  Miles.       Ft. 

Gravel    70  21 

Bit.    mac 10  18 

Cem.   cone 3  18 

Mod.  Topeka  8  18 

Macadam   surface 

treated    5  18  5 

Only  about  5  miles  of  uncompleted 
highway  work  was  carried  over  from 
1922. 

The  highway  program  for  the  pres- 
ent year  will  not  he  decided  until  the 
legislature  meets. 

Frederick  E.  Everett,  Concord,  N. 
H.,  is  State  Highway  Commissioner. 


8.03 


0.11 

0.074 

0.051 
7.34 

0.03 
0.71 
4.00 
5.50 


1.20 

0.73 
5.50 
3.71 
2.00 
2.00 
3.00 


ness. 

In. 

10 

3% 

7 

2 
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Massachusetts.  I.  W.  Patterson,  Providence,  R.  I.,  is 

The  Division  of  Highways,  Depart-  Chief  Engineer  State  Board  of  Public 

ment  of  Public  Works  of  the  State  of  Roads. 

Massachusetts    in    1922    completed    a  MIDDLE  ATLANTIC  STATES. 

total  of  206  miles  of  road  construction  New  York. 

at  a  cost  of  a  little  more  than  $4,000,-  During  1922  there  was  a  total  of  440 

000.  The  work  is  classified  as  follows:  miles  of  construction  and  reconstruc- 

u  tion  of  New  York  State  highways,  the 

£       •£                 g,,  cost  of  this  work  being     $17,000,000. 

4  .    «                 *  §  For  1923  it  is  planned  to  lay  about  600 

§       <S                 mtS  miles  of  pavement  at  a  cost  of  $20,- 

"%      .§     w          oSg  000,000.     Headquarters  of  the     State 

a                                 £     £           .x}h  Highway  Commission  are  at  Albany. 

H                          <i       EH     §          <  §  ft  Herbert     S.     Sisson  is  Commissioner 

Concrete  18&20      8      32    t$32,000  and  J.  C.  Finch  is  Secretary. 

Bit.  macadam 18      6      99        26,000  New  Jersey. 

MicadSS^CTavei*'     18    *2      10      f^'ooo  The  1922  construction  program  pro- 
Macadam,    gravel,       ^      6      ^      jj,ww  v.ded    for    the    construction    of    132.6 

*Over  4-in.  stone,    flncluding  steel  re-  miles  of  road;    123.922  miles  to  be  of 

inforcement.  the  hard  surface  durable  type,  the  re- 

About  10  miles  of  various  types  of  mainder  or  8.754  miles  to  be  graded 

uncompleted  work  were  carried  over  ana-  graveled  prior  to  the  construction 

from  1922  to  1923.    It  is  expected  that  of  permanent  pavement, 

total  work  for  1923  will  be  about  the  of    the    above    total    mileage,    77.8 

same  as  in  1922.  miles  of  road  have  actually  been  com- 

A.  W.  Dean,  Boston,  is  Chief  Engi-  pieted  at  the  time  of  writing.    Of  the 

neer  of  the  Division  of  Highways.  remaining  54.867  miles  of  road  to  be 

Vermont.  constructed,  50.374  miles  are,  at  the 


Type. 

Gravel    

Bituminous  macadam 
Earth    


HGHWi5 

lYS  COMPLETED  IN  1922. 

Av.  width 

Average  cost 

surface, 

Thickness, 

surface  and 

Miles. 

ft. 

in. 

base  per  mile. 

160 

18  and  21 

6  to  18 

$6,000  to  $20,000 

6 

18 

8 

24,000 

130 

UNCOMPLETED  HIGHWAY   WORK 
CARRIED  OVER  FROM  1922. 

Type.  Miles. 

Gravel     10 

Bituminous  macadam   2 

NEW     HIGHWAY     WORK     PROPOSED 
FOR  1923. 

Type.  Miles. 

Gravel     180 

Concrete     12 

Earth 130 

Thurman   W.   Dix,   Montpelier,   Vt., 
is  State  Highway  Commissioner. 
Rhode  Island. 


time  of  writing  (Dec.  18),  50  percent 
or  more  completed,  while  4.492  miles 
have  not  as  yet  been  started. 

The  mileages  and  costs  of  the  vari- 
ous type  pavements  as  provided  for  in 
the  1922  construction  program,  are  as 
follows: 

COST  AND  MILEAGE  OF  COMPLETED 
PAVEMENTS. 

Miles. 
Reinforced    cement   conc.49.501     $2,630,129 
Sheet   asphalt-cone,    base  8.563  497,595 

Warrenite  bit. -cone.  base. 10.032  673,344 


RHODE   ISLAND  HIGHWAYS   COMPLETED  IN  1922. 


Type. 
Asphalt  concrete 
Asphalt  macadam 
concrete     


Miles. 
19.2 
2.56 
4.20 


Av.  width 
surface, 
ft. 
18 
18 
18 


Thickness, 

in. 

8 


Average  cost 

surface  and 

base  per  mile. 

$17,580 

18,200 

23,850 


UNCOMPLETED   HIGHWAY   WORK 
CARRIED  OVER  FROM  1922. 

Type.  Miles. 

Asphalt  concrete   '. . .     8.89 

Asphalt  macadam 6.31 

Sheet   asphalt    1.32 

Concrete     1.80 

NEW     HIGHWAY     WORK     PROPOSED 
FOR   1923. 

Type.  Miles. 

Asphalt  concrete    5.47 

Asphalt    macadam    3.00 

Concrete     16.00 

Sheet  asphalt    0.8u 


Bit.  cone,   (shoulder  job). 
Gravel 


3.720 
5.994 


Total  mileage  complete. 77.810 
Storm  drain  (6,790  ft.) 


24,024 
79,793 


$3,904,887 
32,979 


Total  cost  of  construction  work 

completed    $3,937,867 

COSTS     AND     MILEAGES     OF     PAVE- 
MENTS APPROXIMATELY  NOW  50% 
DONE,  WHEN  COMPLETED. 
Miles. 
Reinforced  cement  cone.  .30.869     $1,944,305 
Sheet  asph.  on  cone,  base  6.065  678,197 
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Asph.  block  on  cone,  base    .874        122,644  nance  division  during  1922,  the  width 

Warrenite  bit. -cone.  base. 10. 576       1,224,420  0f    DavemPnt    avpraeintr    IS    ft 

Gravel    (includes    several  or    pavement   averaging   18    It 

thousand   yards   of   fill  In  addition  to  the  above  55.70  miles 

and  a  creosoted  timber  of    gravel   road    has    been    regraveled, 

bridge)    •  1-"°          85'196  the  width  of  same  varying  from  16  to 

Total  cost  of  work  now  20  ft. 

under      way,      when  At   the    time   of   writing,    the    state 

completed    50.374    $4,054,764  highway  construction  program  for  the 

CONTRACT  COSTS  AND  MILEAGE  OF  year  1923,  under  the  bond  issue,  has 

PAVEMENTS  NOT  YET  STARTED,  not  bppn  HpfinitPiv  riPPir]pd  linnn 

WHEN  COMPLETED.  mi?        «?  ?       „•     decided  upon. 

Miles  The     State     Highway     Department, 

Sheet  asphalt  on  cone,  base  1.181    $134,971  during    1922,    in    addition    to    regular 

Warrenite  bit.  on  cone,  base  2.541      196,546  state  highway  construction  and  main- 

Gravel   -77         11>371  tenance,    supervised    and    assisted    in 

Total   cost   of   work  not  tne  financing  of  41.5  miles  of  road  un- 

yet  started,   when  fin-  der  the  State  Aid  Act,  and  48.4  miles 

ished    4-492    $342,889  under  the  Motor  Vehicle  Aid  Act. 

Total  number  of  miles  of  work  un-  The  department  has  also  supervised 
der  contract  is  132.676  and  the  total  and  assisted  financially  with  a  con- 
cost  of  contracts  in  1922  construction  siderable  mileage  of  Township  roads, 
program  is  $8,335,521.  the    exact    mileage    of    which    is    not 

The  concrete  pavement  constructed  available  at  this   time,  as  the  yearly 
was  of  the  double  or  single  line  rein-  report  of  the  projects  division  has  not 
forced  type,  with  a  center  longitudinal  as  yet  been  submitted, 
joint,  and  constructed  either  one-half  T.    J.    Wasser,    Trenton,    N.    J.,    is 
or  full  width  at  a  time,  according  to  State  Highway  Engineer. 
local  conditions.     The  average  thick-  Pennsylvania. 
ness  of  the  pavement  is  8  ins.  uniform,  The  State  Highway  Department  ex- 
while  the  average  width  is  20  ft.    The  pects  to  complete  during  1922  approxi- 
average    cost    per    square    yard    was  mately  500  miles  of  modern  type  road- 
$2.72.  way. 

The   average  thickness   of  concrete  It  is  not  possible  at  present  to  give 

bases  laid  is  6  ins.,  while  the  average  any   information  as  to  a  program  of 

price  was  $1.65  per  square  yard.  road  development  for  1923  this  being 

Per  sq.  yd.  entirely  contingent  upon  the  policies 

The  average  cost  of  sheet  asphalt  of  the  incoming  administration,  which 

™lasQ ™Vo <;;'■;;;;•' a; *  w« ;;;«w; $1'37  wil1  take  office  about  the  middle  of 

i  ne    average    cost    of    W arrenite  T 

bitulithic 2.27  January. 

The  average  cost  of  asphalt  block    3.19  The  average  unit  bidding  prices  on 

The  average  cost  of  6-in.  gravel..      .24  certain  items  in  its  1922  work  was  as 

In  addition  to  the   above  construe-  follows* 

tion   work    there   are    725  8   miles   of      Excavat'ion>  per  cu.  yd $1.12 

road    in    the    highway    system,    all    of  Reinforced    concrete   pavement,    per 

which  must  be  maintained.    The  only         sq.  yd 2.96 

exceptions  are  those  roads  under  con-  ?.?„«££  ,£»  8aVne'a<ier  curt,;    "' 

struction,  in  which  cases  it  is  probable         per  sq.  yd 1.57 

that    detours    must   be    maintained    in       Bituminous  surface,  per  sq.  yd 1.52 

their  stead.    As  the  yearly  report  for  George  H.  Biles,  Harrisburg,  Pa.,  is 
the   maintenance   division   is   not  yet  Assistant    Commissioner    State    High- 
complete,   it  is   possible  to   give  only  way  Department, 
approximate   figures  covering   the  ac-  Delaware 
tivities  of  that  department.  The  fundg  for  the  1923  program  in 

Approximately  47.65  miles  of  maca-  this  state  depend  on  the  action  of  the 

dam  16  to  18  ft.  in  width,  have  been  Legislature  which   convenes   the   first 

resurfaced    and    surface    treated    this  Qf  the  year.     It  is  hoped  to  carry  out 

year.     By   resurfacing,    is    meant   the  a  program  of  work  of  about  75  miles 

laying  of  approximately  4    ins.  of  2y2  0f  hard  surfaced  pavement,  the  major 

ins.   cracked   stone,  water  bound  and  portion  cement  concrete  pavement, 

later   surface    treated    with   a   bitumi  During    1922    69    miles   of   plain   ce- 

nous  material.  ment    concrete    pavement    were    com- 

Approximately     0.4     of    a     mile     of  pleted.     The  average  width  was  16  ft. 

Amiesite,  0.5  of  a  mile  of  penetration  to  18  ft.  and  the  thickness  6  ins.  to  S 

macadam,  0.76  of  a  mile  of  sheet  as-  ins.     The  average   cost  per  mile  was 

phalt,  and  3.0  miles  of  bituminous  con-  $30,000.    In  addition  5.6  miles  of  14  ft. 

crete  have  been  laid   by   the  mainte-  to  16  ft.  penetration  macadam    (3  in. 

(47) 


48 


Roads  and  Streets  Monthly  Issue  of 


January, 


penetration  In  6  ins.  macadam  base) 
was  completed,  the  average  cost  per 
mile,  including  grading,  etc.,  being 
$22,000. 

The  uncompleted  highway  work  car- 
ried over  from  1922  consists  of  \y2 
miles  of  cement  concrete  and  y2  mile 
of  penetration  macadam. 

The  average  unit  bidding  prices 
were: 

Perm.  vd. 

Excavation    $0.90 

Cement  concrete  pavement    13  0) 

Class  A  concrete  masonry 25  00 

C.   D.    Buck,    Dover,    Del.,    is    Chief 
Engineer  State  Highway  Department. 
Maryland. 

The  status  of  state  road  construc- 
tion in  Maryland  is  shown  in  Table  I, 
the  figures  being  for  the  fiscal  year 
ending  Sept.  30,  1922: 


UNCOMPLETED       STATE       HIGHWAY 
WORK  CARRIED  OVER  FROM  1922. 

Miles. 

Concrete    42.65 

Bit.  macadam    56.57 

Macadam     77.99 

Gravel     8.45 

Soil-sand-clay    20.69 

Graded  only   10.34 

STATE    AID    HIGHWAYS. 

Miles. 

Concrete     1.77 

Bit.  macadam    24.20 

Macadam    24.27 

Gravel    23.82 

Soil-sand-clay    76.49 

Graded  only   24.17 

The  program  for  1923  is  indefinite 
as  practically  no  funds  have  been  pro- 
vided by  the  General  Assembly  for 
construction  purposes.  This  it  is 
hoped  will  be  rectified  in  the  near  fu- 
ture. 

G.  P.  Coleman,  Richmond,  Va.,  is 
State  Highway  Commissioner. 


TABLE   I.— ROAD   WORK 
Awarded 


IN  MARYLAND. 


Type 
of 


surfach 
Macadam 

ig. 

Miles 
952.30 

Concrete    . 

484  63 

Bit.  concrete   . 
Shell 

28.19 
73.55 

Gravel    . . . 
Brick     

210.91 
7.09 

Asphalt    . . 

..I 

40.52 

Total    . 
Mac.  recon 

,797.19 

Asphalt  resur. 

.  rds.   pre.   const. 

Cone.  sho.  adj.  to 

rds.   pre.   const. 

Grading  only   ... . 

9.13 

84.88 
0.48 

Const.    Carried    from         Const.  Carried 
previous     over     10-1-21    10-1-21   over  to       Total 

to  from  to  to  fiscal     const,  to  Total  cost 

10-1-21.    9-30-21.9-30-22.    9-30-22. year  1923.   9-30-22.         1922 

awards. 


Miles. 

Miles. 

Miles. 

Miles. 

Miles 
952.30 

30.18 

130.19 

66.82 

93.55 

551.45 
28.19 
73.55 

17.92 

42.32  ■ 

16.67 

43.57 

227.58 
7.09 

5.00 

3.05 

3.82 

4.23 

44.34 

A.v.  cost 
per  mile 

1922 
awards. 


$3,432,649 


53.10 

4.68 


1.08 


0.57 
0.55 


175.56 
23.30 


11.00 

6.78 


87.31 
14.35 


2.72 


9.57 
2.88 


141.35 
13.63 


1.89 


2.00 
4.45 


1.884.50 
14.35 


11.85 


94.45 
3.36 


360,193 
2i.L306 


$4,007,149 
$    204,733 


101.660 
88,893 


Grand    total.  .1,891.68         59.98       220.17       116.83       163.32    2.008.51       $4,402,437 


$26,366 

*'8',508 

70,264 

$'  8,786 

9.241 
13,111 

John  N.  Mackall,  Baltimore,  Md., 
Chairman  and  Chief  Engineer  of  the 
State  Roads'  Commission. 

SOUTH  ATLANTIC  STATES. 
Virginia. 


North  Carolina. 

During  the  past  17  months  the  State 

Highway    Commission   has    placed   2,- 

048   miles   of  road  under  contract  at 

a  cost  of  $36,187,000.    It  will  complete 


VIRGINIA  STATE  HIGHWAYS  COMPLETED  IN  1922,  INCLUDING  RECONSTRUC- 


TION   AND    RESURFACING. 


Type. 
Concrete 
Bit.  macadam 

Macadam    

Gravel     

Soil    

Graded  only   . . 


Miles. 
32.33 
48.37 
64.38 
58.81 
94.59 
18.90. 


Av.  width 

surface, 

ft. 

16-18 

16-18 

12-16 

22 

22 

Cuts  22- 

Fills  24 


Thickness, 

in. 

6-8-6 

8 

8 

10"  centre 

10"  centre 


*Per  sq.  yd. 


Concrete     

Bit.  macadam 
Macadam    . . . 

Gravel   

Soil-sand-clay 
Graded    only 


fPer  cu.  yd. 

STATE    AID  HIGHWAYS    COMPLETED    IN 

6.70  16  6-8- 

U.23  IK  7 

37.57  16  7 

21.02  14  9 

110.53  20  12 

36  60  22 


1922. 


*Per  sq.  yd.     fPer  cu.  yd. 
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Average  cost 
surface  and 

base  per 

cu.  or  so.  yd. 

$2.40* 

1  80* 

1  50* 

1  25t 

.65t 


$2.30* 
1.6^* 
1  20* 

not 

.60t 


1923 
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by  Jan.  1,  1923 — including  hard  surface 
and  other  types  of  road,  approximately 
800  miles.  This  means  that  it  will 
carry  over  nearly  1,200  miles  from 
1922,  or  approximately  700  miles  of 
hard  surface  and  500  miles  of  other 
types. 

The  hard  surface  construction  has 
been  somewhat  delayed  on  account  of 
the  scarcity  of  freight  cars  and  coal 
strikes,  as  well  as  the  fact  that  con- 
tractors were  delayed  in  opening  up 
quarries  and  local  material  develop- 
ments. Material  in  1923  will  be  some- 
what more  plentiful  and  greater  prog- 
ress should  result. 

In  1923  it  is  expected  to  place  under 
contract  approximately  800  miles  of 
all  types  of  roads,  the  cost  of  which 
will  be  approximately  $18,000,04)0. 

During  the  past  year  the  counties 
have    constructed    approximately    $7,- 


The  Highway  Commission  considers 
that  it  is  its  function  to  provide  a 
means  of  transportation  to  the  state 
and  in  doing  this  finds  it  necessary  to 
build  progressive  type  roads.-  There 
are  localities  where  a  hard  surface 
road  is  immediately  necessary  and 
there  are  being  constructed.  There  are 
other  localities  where  the  traffic  de- 
mands can  be  served  by  a  selected  soil 
road.  In  these  localities  such  roads 
are  being  built  and  when  the  time 
comes  that  the  country  develops  and 
the  traffic  demands  become  greater, 
then  this  selected  soil  road  will  be 
utilized  as  a  sub-grade  for  hard  sur- 
face. In  this  manner  the  traffic  all 
over  the  state  is  almost  immediately 
taken  care  of. 

Chas.    Upham,    Raleigh,    N.    C,    is 
State  Highway  Engineer. 
West  Virginia. 


SUMMARY  OP  WORK  LET  TO  CONTRACT   ON  WEST  VIRGINIA   STATE   ROADS 


TO   DATE,    DEC. 
ROADS. 


Type. 

Grading  and  draining  (only)    

Grading,  draining  and  cone,  paving  

Grading,  draining  and  bit.  mac.  paving   . . . 
Grading,  draining  and  bit.  cone,  paving   . . 

Grading,  draining  and  gravel  paving 

Grading,  draining  and  rock  asph.  paving   . 
Grading,  draining  and  W.  B.  mac.  paving 

Concrete   paving   (only)    , 

Rock  asphalt  paving  (only)   

Gravel  paving  (only)    


31,    1922. 


Totals 


Average 
cost  per 
mile. 
$14,282 
42,133 
30,619 
29,517 
14,323 
44,088 
22,049 
32,195 
31,233 
12,631 


(Average  cost  per  mile  all  roads,  $21,098.28). 


Total  cost. 

$4,054,902 

2,498,504 

1,795,250 

454,570 

913,853 

462,924 

447,382 

455,567 

93,700 

24,000 

$11,200,655 


000,000  worth  of  roads  and  it  is  ex- 
pected that  they  will  construct  ap- 
proximately $5,000,000  worth  of  roads 
during  the  coming  year. 

Federal  Aid  to  the  State  for  1922 
amounts  to  $1,709,334.  In  1923  this 
will  amount  to  $1,139,556. 

Besides  this  construction  program 
the  State  has  taken  over  for  mainte- 
nance approximately  6,200  miles  of 
road.  Of  this  amount  taken  over  from 
counties  only  about  300  miles  were 
hard  surface.  Allowing  for  the  2,000 
miles  now  under  contract,  the  state 
is  maintaining  3,900  miles  of  road,  in- 
cluding top  soil,  sand  clay  and  gravel 
types.  In  addition  to  this,  there  are 
approximately  600  miles  of  detours 
now  being  maintained  by  the  state. 
This  means  that  the  state  has  main- 
tained 4,500  miles  of  soil  roads,  and  it 
is  claimed  that  after  a  rain  this  en- 
tire mileage  (4,500  miles)  can  be 
dragged  and  put  into  shape  in  one  day. 
This  means  a  mileage  equivalent  to 
once  across  the  Continent  and  half 
the  way  back. 


BRIDGES. 


No. 

Concrete  substructures  (only)   12  $174,095 

Cone,  superstructures  (only).     5  36,835 

Concrete  complete    13  183.333 

Steel   superstructures    (only).   17  160,698 

Totals     47     $554,962 

Of  this  amount  of  work,  there  has 
been  completed  this  year  approximate- 
ly 22.5  miles  of  bituminous  macadam, 
40  miles  of  cement  concrete,  2,000,000 
cubic  yards  of  excavation,  2.5  miles  Of 
bituminous  concrete  and  5  miles  of 
all  other  types,  leaving  the  balance 
to  be  carried  over  into  1923. 

QUANTITIES    LET    TO    CONTRACT    TO 
DEC.  31,  1922. 

Excavation,  cu.  yds 6,045,353 

Bituminous  macadam,  sq.  yds...       725,985 

Cement  concrete,  cu.  yds 180.666 

Bituminous  concrete,  cu.  yds....       158,160 

Other  types,   sq.  yds 569,113 

AVERAGE    CONTRACT    COST    OP    VA- 
RIOUS   ITEMS    ENTERING    INTO 
ROAD  CONSTRUCTION  FOR 
-    THE  YEAR  1922. 
Unclassified  excavation,  per  cu.  yd..   $0.66 
Concrete  pavement,  per  sq.  yd......     2.41 

Bituminous  macadam,  per  sq.  yd.. . .     1.89 

Bituminous  concrete,  per  sq.  yd 1.89 

Class  A  concrete,  per  cu.  yd 19.12 
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Class  B  concrete,  per  cu.  yd 16.45  ried  over  into  1923.     The  approximate 

Cement  rubble  masonry,  per  cu.  yd.     9.11  cost   0f  this   work  is   $2,918,000.      The 

VYtSfle^cVye'pn|tPe?0pneCr'lPnerf,tln-..,t:::    IlSS  new  highway  work  proposed  for  1923 

Wire  rope  guard  rail,  per  lin.  ft 54  amounts  to  300  miles  and  calls  for  an 

Wood  guard  rail,  per  lin.  ft 49  approximate  expenditure  of  $6,000,000. 

C.   P.  Fortney,  Charleston,  W.  Va.,  j0e    S.    Boggs,    Frankfort,    Ky.,    is 

is  Chairman  State  Road  Commission.  state  Highway  Engineer. 

South  Carolina.  Tennessee. 

The  State  of  South  Carolina  built  The  Tennessee  Department  of  High- 
about  580  miles  of  road  in  1922  at  a  ways  has  to  date  completed  Federal 
cost  of  about  $5,200,000.  The  work  Aid  Bridge  construction  to  the  amount 
consisted  of  the  following:  80  miles  Gf  $519,780  and  Federal  Aid  Road  con- 
of  plain  and  asphaltic  concrete  in  16  struction  to  the  amount  of  225.96  miles 
and  18-ft.  widths,  6  in.  thick  at  the  at  a  total  contract  cost  of  $5,853,591. 
edge  and  8  in.  at  the  center,  average  it  has  at  present  under  contract 
cost  $24,025  per  mile;  500  miles  of  bridge  construction  to  the  amount  of 
top  soil  or  sand-clay  surface  of  an  $852,820  and  Federal  Aid  Road  con- 
average  width  of  20  ft.  at  a  cost  of  struction  consisting  of  353.26  miles  at 
$6,643  per  mile.  Two  major  bridges  estimated  contract  cost  of  $8,048,308. 
were  completed  at  a  cost  of  $229,000.  Tt   has    submitted    to    the    Bureau    of 

Work  under  contract  carried  over  Public  Roads,  not  yet  contracted,  pro- 
into  1923  consisted  of  30  miles  of  plain  jects  consisting  of  four  bridges  at  an 
or  asphaltic  concrete,  330  miles  of  top  estimated  cost  of  $226,075  and  21.56 
soil  or  sand-clay  surface,  and  four  miles  of  roadway  at  an  estimated  cost 
major  bridges  on  which  $438,000  was  of  $622,308.  The  present  1923  pro- 
spent  in  1922  and  about  $112,000  is  gram  consists  of  15  Federal  Aid  Pro- 
required  for  completion.  jects  having  a  total  length  of  133.62 

The  program  for  1923  calls  for  the  miles    to   be    constructed   at   an   esti- 
construction  of  25   miles  of  plain  or  mated  cost  of  $2,874,317.    For  the  con- 
asphaltic  concrete  at  $24,000  per  mile,  struction  of  all  the  above  mentioned 
325  miles  of  top  soil  or  sand-clay  at  projects,  the  State  of  Tennessee,  has 
$5,000    per   mile,    a    bridge    over   the  available  a  sufficient  amount  of  Fed- 
Savannah  River  to  cost  $600,000,  and  erai;  state  and  County  Highway  funds 
one   over   the    Ashley   River    to    cost  for  their  proper  prosecution. 
$800,000.     The  State  Highway  Depart-  w    p    Moore,   Nashville,   Tenn.,   is 
ment  is  located  at  Columbia — Charles  chief    Engineer    State    Highway    De- 
H.    Moorefield,    State    Highway    Engi-  partment. 
neer;  Robert  Gibbs  Thomas,  Engineer  Louisiana, 
in  Charge  of  Records.  The    Louisiana   Highway     Commis- 
Florida.  sion     completed     approximately     350 

Approximately  300  miles  of  high-  miles  of  hard  surfaced  road  in  1922 
way  were  built  by  the  State  Road  De-  at  a  cost  of  $4,000,000.  The  program 
partment  in  1922.  For  1923  it  is  for  1923  calls  for  the  construction  of 
planned  to  expend  about  $2,500,000.  about  400  miles  of  hard  surface  at  a 
Expenditures  by  the  counties  will  be  cost  of  $4,500,000.  Expenditures  by 
in  excess  of  this  amount,  so  that  total  the  various  parishes  will  probably 
road  construction  in  the  State  can  be  equal  those  by  the  State.  It  is  ex- 
counted  upon  to  exceed  $5,000,000  in  pected  that  the  Louisiana  Trunk  Line 
the  next  12  months.  System   will  be   completed   within   18 

William    F.    Cocke,    Tallahassee,    is  months,  or  by  the  middle  of  1924. 

State  Highway  Engineer.  Highway  Engineer. 

Georgia.  J.  M.  Fourmy,  Baton  Rouge,  is  State 

The    total    mileage    of   State    roads  Highway  Engineer, 

completed  in  1922  was  213.5.   The  cost  Alabama, 

was    approximately     $2,665,000.      This  From  Nov.  1,  1921  to  Nov.  1,  1922, 

work  was  done  under  the  direction  of  the   gtate   Highway  Department  com- 

W.  R.  Neel,  State  Highway  Engineer,  pieted  69.9  miles  of  road  and  two  large 

Atlanta.  state   bridges,   costing  $920,843.     The 

EAST  SOUTH  CENTRAL  STATES.  state     now     has     under     construction 

Kentucky.  496.28  miles  of  road  and  three  large 

During  1922  a  total  of  272  U  miles  of  bridges,  the  total  estimated  cost  being 

highway  was  completed  at  a  total  cost  $8,082,285.      Of    this    amount   of    con- 

of  $4  468,069.     A  total  of  160  miles  of  struction,    there    is    probably   50    per- 

uncompleted  highway  work  was   car-  cent  completed  which  means  that  the 
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balance  of  this  will  be  carried  over  in- 
to next  year.  There  is  no  line  in  the 
working  season  in  this  state,  as  prac- 
tically all  of  the  contractors  work  the 
entire  year. 
The  program  for  1923  is  as  follows: 
The  state  has  made  survey  and  exe- 
cuted agreements  with  the  U.  S.  Bu- 
reau of  Public  Roads  covering  282.9 
miles  of  road,  estimated  to  cost  $4,- 
254,876.  This  amount  of  work  will  be 
put  under  construction  just  as  fast  as 
the  plans  are  completed.  On  Decem- 
ber 5  bids  were  received  on  22.7  miles 
of  road  in  Shelby  County,  Alabama, 
which  is  part  of  the  Birmingham-Mont- 
gomery Highway.  This  road  will  be 
of  a  high  type  surface,  either  concrete 
or  bituminous  surface  on  concrete 
base.  The  estimate  on  this  project  is 
$953,000. 

All  the  above  work  is  what  the 
State  Highway  Department  is  doing 
and   includes   Federal  aid.     It  is  not 


Much  of  the  work  shown  above  as 
completed  in  1922  was  done  to  a  large 
extent  during  1921.  The  same  condi- 
tion applies  to  work  done  in  1922  and 
carried  over  in  1923,  a  large  number 
of  projects  being  almost  completed  at 
this  time. 

The  State  Highway  Department 
plans  the  expenditure  of  approximate- 
ly $2,500,000  during  1923. 

The  average  unit  prices  during  1922 
were  as  follows: 

Excavation,   0.20  ct.   per  cubic  yard. 

Gravel  surfacing,  1  mile  haul,  0.60  ct. 
per  cubic  yard. 

One-half  mile  unit  overhaul  of  gravel, 
0.15  ct.   per  unit. 

Concrete  surfacing,  $2.50  per  square 
yard. 

Class  "A"  concrete  (1:2:4  mix),  $20.00 
per  cubic  yard. 

Reinforcing  steel,  0.05  ct.  per  pound. 

H.   C.   Dietzer,    Jackson,    Miss.,    is 
State  Highway  Engineer. 
EAST    NORTH    CENTRAL    STATES. 
Ohio. 


OHIO  HIGHWAYS  COMPLETED  IN  1922. 


Type. 

Bitoslag    

Bitulithic    

Brick,  cone,  base  

Brick,  rolled  base   

Brick,   mono , 

Bituminous   cone.    . . . 
Bituminous  macadam 

Concrete,  plain 

Concrete,    reinforced 

Macadam,     W.     B 

Kentucky    rock     


Av.  width 

Average  cost 

surface, 

Thickness, 

surface  and 

Miles. 

ft. 

in. 

base  per   mile 

1.4 

16 

10 

$59,400 

2.0 

16 

10 

53,100 

36.8 

17 

11 

38,900 

22.5 

17 

13 

35.500 

13.3 

16 

10 

33,100 

22.3 

. . 

10 

30,500 

127.8 

11 

22,800 

39.5 

9   . 

38,200 

78.8 

8 

28.500 

61.3 

9 

20,200 

11.4 

10 

24,500 

possible  to  give  the  expenditures  or 
program  for  the  work  of  the  counties. 
There  is  expended  in  Alabama  every 
year  on  maintenance  and  work  of  con- 
struction by  the  counties  approximate- 
ly $2,500,000. 

W.  S.  Keller,  Montgomery,  Ala.,  is 
State  Highway  Engineer. 
Mississippi. 


UNCOMPLETED       HIGHWAY       WORK 
CARRIED  OVER  PROM  1922. 
Type.  Miles. 

Brick,  cone,  base  68.4 

Brick,  rolled  base   96.4 

Brick,   mono 33.4 

Bituminous   cone 14.4 

Bituminous  macadam   118.6 

Concrete,  plain  33.9 

Concrete,   reinforced    90.8 

Macadam,   W.  B 21.9 

Kentucky    rock    13 


Type. 
Gravel 
Graded 
Brick   .. 


♦Loose.     tGravel  base. 

UNCOMPLETED       HIGHWAY       WORK 
CARRIED  OVER  PROM  1922. 
Type.  Miles. 

Concrete    59.6 

Gravel     288.9 

Graded    95.3 

Asphalt    5.8 

NEW   HIGHWAY  WORK    PROPOSED 
FOR  1923. 
Type.  Miles. 

Concrete    40 

Gravel     100 

Brick    3 


FUGHW. 

ASTS   COMPLETED  IN   1922. 

Av.  width 

Average  cost 

surface,            Thickness, 

surface  and 

Miles. 

ft.                         in. 

base  per  mile. 

137.2 

14                           8* 

$10,000 

20.5 

6.000 

6.4 

16                           8f 

40,000 

The  program  for  1923  has  not  yet 
been  definitely  decided.  E.  C.  Blosser, 
Columbus,  O.,  is  State  Highway  Engi- 
neer. 

Minnesota. 

Statistics  of  State  road  work  in  Min- 
nesota in  1922  are  only  available  in 
combination  with  those  for  a  part  of 
1921.  During  the  20  months  ending 
Dec.   30,  1922,  the  State  graded  2,261 
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miles,  graveled  2,246  miles,  and  paved 
241  miles.  A  program  lor  1923  has  not 
yet  been  worked  out. 

Charles   M.   Babcock,   St.   Paul,     is 
State    Highway    Commissioner.     John 
H.  Mullen,  St.  Paul,  is  Chief  Engineer 
and  First  Assistant  Commissioner. 
Indiana. 


ed  In  1922  and  the  work  carried  over 
into  1923. 

UNCOMPLETED       HIGHWAY       WORK 
CARRIED  OVER  FROM  NOV.  30,  1922. 
Type.  Miles. 

Concrete    558.61 

Brick    6.94 

Gravel 27.92 

Macadam     0. 18 

Approximately  200  miles  of  paving 


Type. 
Concrete 


INDIANA   HIGHWAYS    COMPLETED   IN   1922 
Av.  width 
surface, 
Miles.  ft. 
85  18 


Brick 


18 


Average  cost 

Thickness, 

surface  and 

in. 

base  per  mile 

7-8-7 

$23,000 

[  Base  5" 
\  Brick  3" 

15,700 

23,000 

UNCOMPLETED       HIGHWAY       WORK 
CARRIED  OVER  PROM  1922. 
Type.  Miles. 

Concrete     20 

Brick    ...       5 

The  mileage  of  hard  surfaced  work 
to  be  done  in  1923  has  not  been 
definitely  settled,  but  it  is  quite  likely 
the  state  will  build  approximately  160 
miles  of  hard  surfaced  pavement  dur- 
ing the  coming  season.  Decision  as  to 
the  type  of  pavement  that  will  be  built 
is  not  made  until  after  the  awards  are 
made.  The  law  requires  that  bids  be 
received  on  three  types,  namely,  1- 
course  concrete,  bituminous  filled 
brick  on  a  5-in.  concrete  base,  and  bitu- 


advertised  for  letting  Dec.  21,  1922,  is 
not  included  in  above  table. 

The  average  unit  bidding  prices  on 
1922  work,  obtained  by  selecting  55 
sections  at  random  from  all  S.  B.  O. 
routes  upon  which  work  was  awarded 
this  year  were  as  follows: 

Per  sq.  yd. 

Concrete    pavement    *$0.586 

Earth   shoulders    0.065 

Earth   excavation    0.504 

Class  A  concrete   fl9.247 

*Does   not   include  cement. 
fDoes  not  include  reinforcing  steel. 
Clifford    Older,    Springfield,    111.,    is 
Chief  Highway  Engineer. 
Michigan. 


MICHIGAN 

HIGHWAYS 

COMPLETED 

IN 

1922. 

Av.  width 

Average  cost 

surface, 

Tbic 

surface  and 

Type. 

Miles. 

ft. 

in. 

base  per  mile 

Grading  and  drainage  struc- 

tures     

55.7 

22 

$  5,000 

One  course  gravel   or  stamp 

sand    

88.1 

16 

7.500 

Two  course  gravel    

203.7 

16 

10,000 

Stone  or  slag  gravel   

5.2 

16 

11,000 

Bit. -bituminous   macadam... 

11.0 

16 

18.000 

Waterbound  macadam   

20.0 

16 

15.000 

Concrete  pavement    

127.1 

18 

8 

27,000 

minous  concrete  on  a  6-in.  concrete 
base. 

The  concrete  design  for  the  season 
of  1923  is  a  uniform  slab,  8  in.  in  depth 
and  18  ft.  wide,  of  1:2:3  proportion. 

C.  Gray,  Indianapolis,  Ind.,  is  Chief 
Engineer  State  Highway  Commission. 
Illinois. 


Type. 
Concrete 
Brick    . . . 
Gravel    . . 
Macadam 
Earth     . . 


UNCOMPLETED       HIGHWAY       WORK 
CARRIED  OVER  PROM  1922. 

Miles. 
Grading  and  drainage  structures  . .  107 
One  course  gravel  or  stamp  sand  . .     58 

Two  course  gravel    373 

Stone  or  slag  gravel   6 

Bit.-bituminous   macadam    20 

Waterbound  macadam   35 

Concrete  pavement  144 


PLETED 

IN    1922, 
Av.  width 

TO 

NOV.    30, 

1922. 

Average  cost 

surface, 

Thickness, 

surface  and 

Miles. 

ft. 

in. 

base  per  mile. 

678.80 

18 

7    I 

6.37 

18-9 

14-9  J 

$26,500 

27.63 

10  to  16 

6-8  ( 

2.84 

10 

6-8  ) 

11.500 

150.00 

24-32 

About  $50,000,000  is  available  for 
highway  construction  in  1923.  The 
program  has  not  yet  been  announced, 
but  it  will  approximate  1,000  miles,  in- 
cluding uncompleted  work.  The  fol- 
lowing tables  show  the  work  complet- 


NEW     HIGHWAY     WORK     PROPOSED 
FOR  1923. 

Miles. 
One  course  gravel  or  stamp  sand..   190.5 

Two  course  gravel    251.5 

Stone  or  slag  gravel   4.0 

Bit.-bituminous  macadam   16.0 
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Waterbound  macadam    67.0 

Concrete     318.3 

Grading  and  drainage  structures  ..  131.1 

The  above  information  covers  only- 
contracts  awarded  and  to  be  awarded 
by  the  state  highway  department,  and 
does  not  include  work  let  by  the  va- 
rious County  Road  Commissions. 

Frank  F.  Rogers,  Lansing,  Mich.,  is 
State  Highway  Commissioner. 

Wisconsin. 


width,  with  an  average  thickness  of 
about  6  in.  These  are  of  the  feather- 
edge  type  and  will  average  about  8  in. 
in  the  center. 

The  uncompleted  work  is  about  100 
miles  of  concrete  paving.  Some  isolat- 
ed pieces  of  other  types  of  surfacings 
have  been  carried  over,  though  the 
amount  of  this  is  small. 

Information  regarding  work  pro- 
posed for  1923  is  not  completely  avail- 

TABL.E    I.— PRELIMINARY    REPORT    OP    1922    CONSTRUCTION    OP    WISCONSIN 

HIGHWAY    COMMISSION. 

Federal  Aid.  State  Aid. 


Graded  and  Surfaced — 

Concrete    

Bitu.  macadam   

Plain  macadam    

Gravel     

Miscellaneous    


Miles. 
44.0 

ih'.i 

98.7 
18.8 


Cost. 
$1,141,772 


Graded    and    surfaced    176.6 

Graded  only — 

Graded  and  drained    149.2 

Total  new  grading  325.8 

Surfaced  only — 

Concrete     4.77 

Stone    macadam    1.5 

Gravel     82.5 

Miscellaneous    18.4 

107.17 

Grand   totals 432.97 


159,130 
878,700 
139,450 

$2,319,052 

$1,008,870 


$    115,086 

20,000 

374,971 

65,931 

$    575,988 


Miles. 

311.0 
0.5 

15.8 
527.3 
127.1 

981.7 

605.2 

1,586.9 

5.6 

39.5 

198.6 

47.2 

290.9 


Cost. 

$  7,994,734 

9,377 

51,221 

1,706,776 

254,352 

$10,106,460 

$      893,886 


$      150,667 

248,681 

385,426 

39,291 

$      824,065 


$3,903,910         1,877.8       $11,734,411 


Graded  and  surfaced —  Miles. 

Concrete    

Bituminous  macadam   

Plain  macadam   

Gravel     175.7 

Miscellaneous    10.0 

Graded  and  surfaced 1 85.7 

Graded  only — 

Graded  and  drained 523.1 

Total   new   grading 708.8 

Surfaced  only — 

Concrete 

Stone  macadam 

Gravel    182.1 

Miscellaneous    34. 0 

216.1 

Grand  totals    924.9 

During  1922  a  total  of  1,958  miles  of 
highway  of  all  types  was  constructed 
by  the  State  Highway  Commission.  Of 
this  total  1,265  miles  were  the  gravel 
type.  Table  I  is  the  preliminary  re- 
port of  the  1922  construction. 

The  average  width  of  the  concrete 
pavement  constructed  last  year  was 
about  17  ft.  8  in.  This  means  that  the 
very  great  majority  was  18  ft.,  but 
there  was  some  16  ft.  concrete.  The 
thickness  was  7  in.  at  the  edges,  8  in. 
in  the  center.  The  macadam  roads 
will  average  16  ft.  in  width,  with  a 
compacted  thickness  of  about  7  in. 
The  gravel  roads  will  average  20  ft.  in 


Gang  maintenance 


$. 


Cost. 


387,557 
22,100 


$409,657 
$168,347 


181,084 
33,780 


$214,864 

$792,868 


Totals. 


Cost. 

$9,136,506 

9,377 

210,351 

2,973,033 

415,902 

$12,745,169 

$2,071,103 


Cost  per 

mile. 

$25,700 

18,754 

6,820 

3,710 

2,670 


$  1,620 


2,621.5 

10.37 
41.00 
463.2 


$  265,753  $25,600 

268,681  6.550 

941,481  2.035 

139,002  1,395 


614.17   $1,614,917 


3.235.67  $16,431,189 


able,  but  it  is  believed  about  350  miles 
of  new  concrete  paving,  plus  the  100 
miles  carried  over;  about  1,000  miles 
of  gravel  surfacing,  and  possibly  150 
miles  of  surfacing  of  other  types. 

A.  R.  Hirst,  Madison,  Wis.,  is  State 
Highway  Engineer. 

WEST    NORTH    CENTRAL    STATES. 
Kansas. 

The  contemplated  work  in  1923  of 
the  State  Highway  Commission  calls 
for  the  construction  of  196.4  miles  of 
highway,  this  figure  covering  all  types. 
In  1922,  223.8  miles  of  highway  were 
completed  and  212.8  miles  of  uncom- 
pleted work  carried  over.    The  follow- 
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ing   tables    show     the     mileages    and 
types: 

HIGHWAYS    COMPLETED    IN    1922. 


UNCOMPLETED   HIGHWAY   WORK 
CARRIED  OVER  FROM  1922. 

Type.  Miles. 

Paving   3.0 

Earth     *100.0 

Gravel    12.0 


&«d 

0) 

r, 

2*  . 

X 

<v 

^2o 

2 

s 

<*& 

H 

Type. 

Earth    

36.1 

18 
18 
18 

9 

47.8 

9 

Macadam    

8.9 

7 

120.9 

18 
18 

8* 

Brick    

10.1 

♦Approximately. 

The  program  for  1923  has  not  been 
decided  upon.  It  depends  on  action  of 
legislature. 

B.  H.  Morey,  Lincoln,  Neb.,  is  Chief 
State  Bureau  of  Roads  and  Bridges. 

North    Dakota. 


HIGHWAYS  COMPLETED  IN 


Total    223.8 

UNCOMPLETED   HIGHWAY  WORK 
CARRIED  OVER  FROM  1922. 

Type.  Miles. 

Earth     24.7 

Gravel    37.1 

Macadam    8.6 

Concrete    117.5 

Brick     24.8 


212.8 

Kan.,     is 


1922. 


JS  <D, 


120 
.150 


24 


9 


<>iu 


P$"r 


$6,500 


Total    

M.    W.   Watson,    Topeka, 
State  Highway  Engineer. 


Type. 
Gravel   surf. 
Earth   road    . 

UNCOMPLETED    HIGHWAY   WORK 
CARRIED  OVER  FROM  1922. 

Type.  Miles. 

Gravel  surface 30 

Earth  road    150 


IOWA  HIGHWAYS  COMPLETED  IN   1922. 


Type. 
Concrete  paving 
Brick    paving     . . 
Gravel   roads    . . . 
Earth  roads    


Miles. 

*3.16 

*98.26 

*432.00 

1,069.68 


Average 
width  sur- 
face,   ft. 
18 
18 
16 


Thickness, 
In. 


3-1-6 
!     to     0 


Average 
cost,    sur- 
face and 
base,  per 
mile. 
$28,774 
50,300 
1,905 
2.522 


No  bridges  included  in  costs  for  any  type. 

♦Price  for  surfacing  and  excavating  incidental  thereto. 

No  embankment  costs  included. 


UNCOMPLETED    HIGHWAY    WORK 
CARRIED  OVER  FROM   1922. 

Type.  Miles. 

Concrete  pavement   48.94 

Brick    pavement     1.77 

Gravel    roads     197.55 

Earth    roads    455.27 

NEW  HIGHWAY  WORK  PROPOSED 
FOR    1923. 

Type.  Miles. 

Concrete  pavement   100 

Gravel   roads    500 

Excavation     1,000 

Fred  R.  White,  Ames,  la.,  is  Chief 
Engineer  State  Highway  Commission. 
Nebraska. 


HIGHWAYS 

COMPLETED    IN 

1922. 

u 

03 

8* 

&c<x>  ft 

02 
® 

l 

V 

Avera 
surfac 
base, 
mile. 

Type. 

Earth     . 

300.0 

Gravel 

55.0 

20 

4 

Paving 

bithuli 

thic  . . 
6   in.; 

.     4.0*       ..           8* 
wearing  surface   2 

$42,153 

♦Base 

in. 

NEW  HIGHWAY  WORK  PROPOSED 
FOR    1923. 

Type.  Miles. 

Gravel  surface    140 

Earth  road    370 

AVERAGE  UNIT   PRICES  IN   1922. 

Earth  work,   $0.31  per  cu.   yd. 

Rock   work,    $3.50  per   cu.   yd. 

Overhaul,  $0.07  per  cu.  yd.  sta. 

Wood   guard   rail,    $0.60   per  lin.    ft. 

Riprap,  $6.00  per  cu.  yd. 

Gravel  surface,  $7.00  per  cu.  yd.  (Com- 
plete in  place.) 

(1:2:4)  Concrete,  $26.00  per  cu.  yd. 

(l:2y2:5)  Concrete,  $23.00  per  cu.  yd. 

W.  H.  Robinson,  Bismarck,  N.  Dak., 
is  Chief  Engineer  State  Highway  Com- 
mission. 

South    Dakota. 

In  1922  South  Dakota  completed  294 
miles  of  Federal  aid  road  at  a  cost 
of  $5,175  per  mile,  239  miles  of  gravel 
surfacing  at  $3,000  per  mile:  total 
construction  for  the  year,  $2,240,000. 
About  400  miles  of  grading  and  g.av- 
eling  is  projected  for  1923,  with  an 
estimated  expenditure  of  $2,500,000. 

F.  W.  Schreiber,  Pierre,  is  State 
Highway  Engineer. 
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Missouri. 

HIGHWAYS 

COMPLETEE 

IN 

1922. 

1 

i 

w 
o 

Average  cost 
surface  and 
base,  per 
mile. 

Type. 

Graded   earth 
Gravel    mac... 
Cement  cone. 
Asph.   cone.    . . 
Bit.  mac 

..232.1 
..116.8 
. .   58.6 
..0.1 
..     2.8 

24 
16 
18 
18 
18 
16 

'8 
7 
9 
9 
8 

$5,822 
8,351 
35,844 
29,577 
18,487 

Vit.   brick   .... 

..     1.7 

51,443 

UNCOMPLETED   HIGHWAY   WORK 

CARRIED  OVER 

PROM  1922. 

Type. 

Miles. 

Graded  earth  . 
Gravel    mac.    . 

.646.9 
.463.4 

24 
16 

'8 

$  5,156 
9,955 

WEST  SOUTH  CENTRAL  STATES. 
Oklahoma. 

State  road  construction  in  Okla- 
homa in  1922  totalled  229  miles  and 
cost  $6,861,080.  Uncompleted  con- 
struction amounting  to  162  miles  was 
carried  over  into  1923.  New  construc- 
tion in  1923  is  planned  to  include  327 
miles  at  a  cost  of  $4,650,000.  In  addi- 
tion to  this  there  is  other  new  con- 
struction under  consideration  but  not 
yet  definitely  decided  upon. 

Max  L.  Cunningham,  Oklahoma  City, 
is  State  Engineer. 

Texas. 

Nineteen  twenty-two  saw  the  com- 
pletion of  approximately  850  miles  of 
State  road  in  Texas,  the  cost  being 
about    $12,500,000.     About   1600   miles 


£arth  75 
Btcavafion 
and  so 
Borrow 

/fock 
Bccavafion 
160 


Qverhau?^ 


65.00 

Concrete 
Masonry 

2000 
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Fluctuation    in    Unit    Bidding    Prices    in    1922. 


Cement  cone. 

.    89.2 

18 

7 

45,688 

Asph.   cone.    . . 

.   13.1 

18 

9 

23,915 

Bit.    mac 

.   45.9 

18 

9 

20,574 

Vit.   brick   

.     2.1 

16 

8 

40,864 

The  accompanying  chart  shows  the 
fluctuation  in  unit  bidding  prices  in 
1922. 

For  1923  work  probably  will  be 
awarded  to  the  extent  of  approximate- 
ly $15,000,000.  Of  this  about  one-third 
will  be  high  type  surface,  one  third 
gravel  macadam  and  one-third  graded 
earth. 

B.  H.  Piepmeir,  Jefferson  City,  Mo., 
is  Chief  Engineer  State  Highway  Com- 
mission. 


of  road  work  in  various  stages  of  com- 
pletion was  carried  over  into  1923,  the 
total  estimated  cost  of  which  is 
$24,000,000.  About  one-half  of  this 
work  probably  will  be  completed  dur- 
ing the  year. 

J.  D.  Fauntleroy,  Austin,  is  State 
Highway  Engineer. 

Arkansas. 

Road  progress  in  Arkansas  during 
the  year  1922  has  been  materially  de- 
layed principally  for  two  reasons; 
first,  the  delay  caused  by  adjusting 
conditions  to  the  requirements  of  the 
Federal  Highway  Act  of  Nov.  9,  1921, 
and,  second,  the  severe  car  shortage 
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which  began  about  July  15  and  is  still 
preventing  the  shipment  of  road  build- 
ing materials. 

In  spite  of  these  serious  delays  Ar- 
kansas has  completed  955  miles  of 
highways  of  all  types  and  has  expend- 
ed approximately  $8,350,000  on  road 
work.  The  total  miles  now  included  in 
tthe  building  program  is  5,920  and  the 
itotal  estimated  cost  of  the  work  is 
$82,000,000.  Of  this  program  3,815  miles 
have  been  fully  completed  and  the 
*otal  expenditure  for  all  work  done  is 
$60,410,000. 

The  table  indicates  the  progress  of 
the  work  over  the  past  several  years; 


319  mileB,  representing  an  estimated 
cost   of   $2,868,500.    The   list   follows. 

PROJECTS   PROPOSED    FOR   CON- 
STRUCTION   IN    1923. 
Projects  on  Indiana  reservation.     100  pet 
cent  federal   aid   applied   for. 

Miles  Estimated 

F.A.No.  County.             length.  cost. 

84  G.L.G.  RooBeVelt   . . ■. ; .  21.0     $    168,000 

187  Yellowstone    ..  13.5            70,000 
186  Sanders    ......  12.0           83,500 

188  Big    Horn.....  16.5  97,000 

189  Valley   ........  15.0  163,00;) 

190  Glacier 40.0  419,200 

191  Flathead    .....  31.5  287,500 

192  Missoula    12.0  135,000 

193  Sheridan    7.0  56;70tj 

194  Missoula    .....       6.0           45,000 
166  Glacier    .......  18.0  160,000 


Miles 
Type.  pro- 

posed. 

Graded 992.74 

Gravel 3,369.95 


Macadam 

Surface  treated  macadam. 

Surface    treated    gravel. . . 

A  sphaltic    macadam 

Asphaltk:    concrete , 

C«ment    concrete , 


436.58 
110.46 
23.70 
385.10 
350.72 
247*78 

5,917.03 


Miles 

completed 

to  Dec. 

1,   1920. 

180.0 

273.0 

47.0 

20.0 

10.0 

48.0 

17.0 

20.0 


Many  contracts  are  being  carried 
'over  into  1923  and  in  addition  con- 
tracts will  be  awarded  for  approxi- 
mately 500  miles  of  new  work.  The 
estimated  expenditure  for  1923  for  im- 
proved roads  in  Arkansas  is  $12,000,- 
000.  It  is  hoped  that  with  favorable 
conditions  an  additional  1,200  miles  of 
improved  highways  will  be  completed. 

R.  C.  Limerick,  Little  Rock,  Ark.,  is 
State  Highway  Engineer. 

MOUNTAIN  STATES. 
Montana. 

Highways  completed  in  1922. 

1  a 

c  u  w 

•5  3d 


Type. 


15-18 


Gravel    92 

Graded  21         

Paved     6.31      18'-60'         6 

UNCOMPLETED   HIGHWAY 


•  *  , 

$  8,840 
7,116 
55,638 
WORK 


CARRIED    OVER    FROM    1922. 
Type.  Miles. 

Gravel 72 

Graded    23 

AVERAGE  UNIT  COSTS  IN  1922. 

Per  cu.  yd. 

Common   excavation    $  0.31 

Intermediate  excavation    0.54 

Rock  excavation    1.02 

Gravel  surfacing    2.02 

Crushed  rock  surfacing 4.07 

Class    "A"     concrete 21.34 

Class     "B"     concrete 16.66 

The  projects  proposed  for  1923  total 


Miles 
completed 
during 
1921. 
386.17 
1,349.92 
159.11 
22.20 
1170 
44.68 
207.69 
63.57 


Miles 
completed 
during 
1922. 
204.45 
633.18 
14,99 
3.69 


615.0 


2,246.04 


56.23 
19.70 
22.70 

954.94 


Miles  to 
be  com- 
pleted. 
222.12 
1.113.8J5 
213.48 
64.57 
1.00 
236.19 
106.33 
141.51 

2,101.05 


197 
200 


7.0 


50,000 


Sanders    ... 
Blaine    and 
Phillips   26.0  250,000 


225.50     $1,984,900 
All  the  above  are  gravel  type. 
OTHER  PROJECTS  PROPOSED; 
60-B  Park    12.0     $    100,000 


154 -B  Toole 


177 
181 
182 
183 
198 
199 


Gallatin 

Valley    . 

Cascade 

Mineral 

Powder 

Dawson 

Gallatin 


6.0 
0.5 


13.  S 

3.0 

River 15.0 

l.Ot 

3.0 


42.000 
5,500 

40,000 
115,000 

20,000 
125,000 

35,000 

20,600 


54.30      $503,100 
All    gravel    type    except    *  (bridge)    and 
t(paved). 

POSSIBLE   1923  PROJECTS  WHICH 

ARE   NOT   YET   DEFINITELY 

PROPOSED. 


84-H  Roosevelt     16.0     $ 


Missoula 
166        Gallatin  and  Park. 

171        Madison    

178        Jefferson    

184-B  Granite     


0.5 
3.0 
8.7 
2.0 
9.0 


70,000 
50,000 
78000 
79,500 
18,000 
85,000 


39.20   $380,500 

Helena,    Mont.,    is 
State   Highway   Corn- 


All    gravel   type. 

John    N.    Eddy 
Chief  Engineer 
mission. 

Idaho. 

The  following  report  covers  work  of 
the  past  two  years.  However,  ihe 
larger  part  of  it  was  handled  in  1922, 
as  1921  was  devoted  to  completing 
work  let  in  1920: 
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HIGHWAYS    COMPLETED    IN 
Average 


1922. 


width    Thick- 
surface,  ness. 
ft.       In. 


6.6.7 


Type.  Miles. 

Earth 107 

Gravel   :........     216  18 

Crushed   rock 60  18 

Bituminous     concrete        1.70        18 

Cement   concrete 12.64        18 

Forest  roads  (all 

earth)    200 

UNCOMPLETED  HIGHWAY  WORK 
CARRIED   OVER   FROM   1922. 

Type.  Miles. 

Earth    8 

Gravel    65 

Crushed  rock    15 

Concrete   paving    0 .  25 

Bridges 10 

It  is  impossible  to  give  an  outline  of 
proposed  work  for  1923  until  after  the 
legislature  has  expressed  its  desires. 


elude  the  state  aid  projects  that  will 
be  constructed  in  the  various  counties 
by  the  highway  department. 

Tentative  provision  is  made  in  the 
1923  budget  for  the  construction  of  38 
Federal  Aid  Projects,  totaling  37  miles 
of  concrete  paving;  57  miles  of  gravel 
surfacing;  six  miles  of  sand  clay  sur- 
facing; 32  miles  of  grading  and  drain- 
age, and  one  mile  of  bridges  and  ap- 
proaches. 

As  far  as  it  is  possible  to  estimate 
at  this  time  the  department  will  con- 
struct all  together  about  227  miles  of 
Federal  Aid  Projects,  including  the 
uncompleted  projects  the  coming  year. 

L.    D.    Blanvelt,    Denver,    Colo.,    is 
State  Highway  Engineer. 
Nevada. 


NEVADA   PROGRESS    OF   CONSTRUCTION 


ROAD   PROJECTS. 

Miles 
com- 
pleted, 
1917- 
Type    of    construction.  1920. 

Grading  only    89.03 

Grading  and  gravel,   shale,  crushed  rock  surface 64.26 

Grading  and  Portland  cement  concrete  surface 13.79 

Grading  and  asphalt  concrete  surface 

Gravel  surface,  projects  previously  graded 

Asphalt  macadam,  projects  previously  graded 


Miles 
com- 
pleted, 
1921- 
1922. 
16.29 
53.73 
21.43 

1.59 
35.88 

3.45 


Miles 
under 
con- 
tract. 
36.81 
94.15 


19.63 
15.57 


Totals. 

♦142.13 

212.14 

35.22 

1.59 


Totals     167.08       132.37       166.16 

Grand   total   miles   complete   or   under   contract    

*74.53  miles  of  these  142.13  have  been   or  are  being  surfaced. 


391.08 


The    legislature    meets    in    January, 
1923. 

D.  P.  Olson,  Boise,  Idaho,  is  Director 
of  Highways. 

Colorado. 

During  1922  the  State  Highway  De- 
partment completed  210  miles  of  Fed- 
eral Aid  roads  as  follows:  113  miles 
of  gravel  and  rock  surfacing;  20  miles 
of  concrete  paving;  47  miles  of  graded 
roads;  30  miles  of  sand  clay  surfacing, 
and  three  bridges. 

There  is  now  under  construction  110 
miles  of  Federal  Aid  Projects,  divided 
as  follows:  gravel  surfacing,  54  miles; 
concrete  pavement,  27  miles;  graded 
roads,  21  miles;  crushed  rock  surfac- 
ing, 1^2  miles,  and  six  bridges. 

An  unofficial  estimate  of  the  expen- 
ditures to  be  made  by  the  highway  de- 
partment in  1923  is  approximately  $9,- 
250,000.  This  includes  a  total  of  about 
$3,600,000  in  projects  to  be  carried 
over  from  this  year. 

This  work  will  probably  be  divided 
as  follows:  concrete  pavement,  64 
miles;  gravel  surfacing,  96  miles;  sand 
clay  surfacing,  6  miles;  grading  and 
drainage,  58  miles,  and  three  miles  of 
bridges  and  approaches. 

These  figures,  of  course,  do  not  in- 


BRIDGE   PROJECTS. 


Concrete  pile  trestles.. 
Concrete  girder  bridges 

Concrete    arches 

Timber  trestle 

Timber  truss  bridge   . . . 


Com- 

Com- 

pleted 

pleted 

1917- 

1921- 

1920. 

1922. 

2—306  ft. 

2—274 

1—  90  ft. 

1—  50 

2—115  ft. 

1—708 

1—110 

6—637  ft. 

6—1394 

completed 

,    2,031 

Total    length    bridges 
lin.   ft.  =  0.40  miles. 

Geo.  W.  Borden,  Carson  City,  Nev., 
is  State  Highway  Engineer. 

Utah. 
Total   mileage    of   roads    completed 
during  calendar    year    1922:     Gravel, 
36.23;  concrete,  41.24. 

Graded  roads   61.04 

Gravel  or  crushed  rock  surface....   109.38 
Cement   concrete    52.54 

Mileage  of  various  types  of  roads 
completed  during  the  calendar  year 
1922,  or  under  construction  Dec.  31, 
19*22  (included  in  above  mileage) : 

The  total  sum  expended  for  the  con- 
struction of  roads  in  the  state  of  Utah 
during  the  calendar  year  is  not  avail- 
able at  this  time.  The  data  are  now 
being  compiled  for  the  biennial  report, 
which  will  be  published  about  Feb.  1. 
Until  that  time  only  an  estimate  can 
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Thick- 
ness, in. 


Miles. 
468.9 
144.1 
3.95 
0.02 


be  made.  It  is  estimated  that  approx- 
imately $1,900,000  has  been  spent  for 
construction  on  state  roads  only.  No 
data  are  available  at  this  time  for 
forest  roads  handled  by  the  Bureau  of 
Public  Roads  or  for  county  roads.  Fig- 
ures on  forest  roads  will  be  compiled 
in  the  biennial  report. 

Sources  of  funds  are  not  available 
at  this  time  except  Federal  Aid  which 
to  date  for  1922  is  $949,545.  The  re- 
mainder has  been  obtained  from  state 
bonds,  state  road  tax  and  county 
bonds. 

The  tabulation  below  covers  approx- 
imate mileage  and  cost  of  construction 
of  state  roads  and  bridges  under  Fed- 
eral Aid  for  1923: 

TO    BE    COMPLETED    IN    1923    UNDER 
CONTRACTS  NOW  LET. 

Miles.         Cost. 

Gravel    78.82         $661,561 

Hard   surface    11.52  360,174 

Bridges    119,520 

PROPOSED        NEW        CONSTRUCTION 
FOR     1923. 

Miles.         Cost. 

Gravel    .39.38     $313,990 

Hard    surface 5.0  177,157 

Bridges    354,710 

"Bridges"  above  include  structures 
building  or  proposed  as  separate  proj- 
ects and  also  major  structures  in  road 
projects  in  order  that  mileage  costs 
may  be  comparable.  Under  "Pro- 
posed Construction"  is  listed  the  cost 
of  the  viaduct  over  the  Union  Pacific 
tracks  and  Weber  River  near  Ogden, 
estimated  to  cost  $220,000. 

The  work  listed  above  as  proposed 

CONTRACTS    COMPLETED  AND   INCOMPLETE    FOR    THE    YEAR    1922    (TO    DE- 


Wyoming. 

Wyoming  completed  616.97  miles  of 
state  highway  construction  in  1922, 
and  carried  over  285.0  miles  of  uncom- 
pleted work  into  1923.  About  100 
miles  of  new  construction  is  proposed 
for  1923.  The  work  of  1922  is  classi- 
fied as  follows: 

Width 

Type.  ft. 

Graded    24 

Gravel,   etc 16 

Concrete    10 

Bit.   concrete..     20 

The  gravel,  concrete,  and  bitumi- 
nous surface  work  completed  and  car- 
ried over  cost  approximately  $1,485,- 
000.  Uncompleted  work  consisted  of 
204.7  miles  gravel  surface,  62.3  miles 
earth,  and  18.0  miles  bituminous  con- 
crete. Proposed  new  work  for  1923  is 
estimated  to  cost  $2,500,000. 

Z.  E.  Sevison,  Cheyenne,  is  State 
Highway  Engineer. 

Arizona. 

The  Arizona  State  Highway  Depart- 
ment completed  about  500  miles  of 
road  construction  in  1922  at  a  cost  of 
$3,000,000.  For  1923  it  is  planned  that 
expenditures  of  about  $4,000,000  will 
be  made. 

Thomas  Maddock,  Phoenix,  is  State 
Highway  Engineer  and  F.  N.  Holm- 
quist  is  assistant. 

PACIFIC  COAST  STATES. 
California. 

The  following  tables  shows  the  con- 
tracts of  the  State  Highway  Com- 
mission for  the  year  1922  (to  Dec.  1) : 


CEMBER  1,  1922). 

Contracts- 
Corn-      Incom- 
pleted. 
133.0 


plete. 
149.2 


— Day  labor. — 
Com-     Incom- 


pleted. 
20.3 


plete. 
4.4 


Types. 

Concrete  base    

Concrete  shoulders  and  cone.  2d  story 

Concrete   shoulders    

Concrete  shoulders  and  asp.  surfacing 

Asphalt   concrete   pavement 

Asphalt  macadam  pavement 

Asphalt  concrete  surface 

Grading     

Grading  and  gravel  surface 

Gravel  surface    , 

Total     325.2         625.3         131.3         336.3 

*Includes    large   mileage   under   construction   by   convict   labor. 
Width  of  pavement,  15  to  18  ft. 
Thickness  of  pavement,  5  to  6  in. 


Total 

Com-  Incom- 
pleted,    plete. 


16.0 

10.8 

3.1 

9.3 

50.0 

5.7 

41.7 

0.5 

31.7 

23.2 

89.1 

1.00 

3.6 

58.8 

36.2 

9.3 

78.9 

167.5 

22.9 

*207.8 

9.1 

89.8 

3.3 

11.0 

30.7 

100.2 

153.3 
19.1 
50.0 
5.7 
0.5 
24.2 
58.8 

101.8 
12.4 
30.7 


153.6 

10.8 

9.3 

41.7 

31.7 

92.7 

45.5 

*375.3 

100.8 

100.2 


456.5         961.6 


was  originated  in  1922,  the  survey  hav- 
ing been  made  this  summer  (1922). 
The  1923  program  has  not  been  out- 
lined, but  two  projects  have  tentative- 
ly been  approved:  (1)  an  underpass 
and  adjacent  paving  at  an  estimated 
cost  of  $71,000  and  (2)  8  miles  of  pav- 
ing at  an  estimated  cost  of  $280,000. 

Howard  C.  Means,  Salt  Lake  City, 
Utah,  is  State  Road  Egineer. 


In  order  to  arrive  at  a  true  state- 
ment of  the  total  mileage  of  new  work, 
deductions  must  be  made  from  the 
total  figures  given  to  cover  the  mile- 
age of  widening,  second-story  work, 
asphalt  concrete  surfacing,  and  gravel 
surfacing.  Some  of  the  pavement  base, 
both  Portland  cement  concrete  and 
asphaltic    concrete,    likewise   overlaps 
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on  the  sections  which  had  been  pre- 
viously graded. 

The  estimated  total  expenditures  for 
1922  were  as  follows: 

Estimated  to- 
tal (based  on 
actual  expen- 
ditures to  Oct. 
Bond    issue    and    special        31,    1922). 

appropriation    $12,282,315.68 

Federal    aid 2,158,557.77 

Contributions    23,943.08 

Motor    vehicle 4,109,557.20 


$18,574,373.73 

The  program  for  1923  has  not  yet 
been  announced. 

Austin     B.     Fletcher,     Sacramento, 
Calif.,  is  State  Highway  Engineer. 
Washington. 

HIGHWAYS    COMPLETED    IN    1922. 


ft 
>» 
H 

Grading1   

Gravel  or  crushed 
rock  (inc.  grad- 
ing)     

Concrete,    20 

Concrete,    18 

Concrete,    27 4.78     27     8         36,700 

UNCOMPLETED   HIGHWAY  WORK 

CARRIED    OVER    FROM    1922. 
Type.  Miles. 

(trading    20.5 

Gravel  and  crushed  rock 19.1 

Paving    6. 9 

The  mileage  and  expenditures  for 
1923  probably  will  be  about  the  same 
as  for  1922. 

James  Allen,  Olympia,  Wash.,  is 
State  Supervisor  of  Highways. 


M 

l 

Av.   widt 

surface. 

Thicknes 

a** 

O  Cm 
« 

<<M    ft 

39.10 

8,900 

11.94 

48.65 
33.41 

14     7 
20     7% 
18     7% 

11,400 
25,500 
24,500 

Improved  Asphalt   Paving  Plant 

The  Austin  Machinery  Corporation 
has  produced  a  new  asphalt  plant, 
following  a  year  of  experiment,  test 
and  modification  with  a  plant  at  To- 
peka,  Kansas.  The  result  is  a  portable 
unit  consisting  of  three  pieces,  name- 
ly, the  dryer  and  power  plant,  and 
two  asphalt  kettles.  It  has  a  capacity 
of  from  1,000  to  1,400  square  yards  of 
2-in.  asphalt  top  per  8-hour  day. 

The  sand  dryer  will  handle  120  tons 
of  sand  at  350  degrees  Fahrenheit,  not 
to  contain  more  than  two  per  cent 
moisture.  It  is  composed  of  three 
drums,  built  into  a  unit,  equal  to  a 
single  continuous  drum  4  ft.  3  in.  in 
diameter  by  40  ft.  8  in.  long,  giving 
the  material  an  area  of  438  square 
feet  of  heating  surface.  This  amount 
multiplied  by  8  r.  p.  m.  and  the  total 
by  4  minutes,   the  time  required  for 


the  material  to  travel  through  the 
drums,  gives  an  area  of  12,912  square 
feet  with  which  it  must  come  in  con- 
tact. Thus,  the  highest  temperature 
required  is  secured  at  a  very  low  fuel 
cost. 

The  kettles  have  a  total  capacity 
of  2,500  gallons.  These  are  heated 
by  steam  through  jointless  coils, 
which  construction  prevents  any  pos- 
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Austin   Asphalt   Plant. 

sibility  of  damage  to  the  asphalt.  The 
pug  mill  of  1,000  pound  capacity  is 
chain  driven  and  discharges  through 
a  sliding  gate  in  the  bottom.  Extra 
large  steam  jacketed  steam  piping  is 
used  throughout.  Air  is  used  to  agi- 
tate the  asphalt.  The  hot  sand  bin 
is  of  three  compartments  with  a 
capacity  of  10  tons. 


Snow  Removal  from  Highways. — 
Snow  removal  is  not  like  road  building, 
that  can  be  done  as  other  work  is 
done.  It  is  more  like  fighting  a  fire — 
you  don't  know  where  the  alarm  will 
come  in,  or  where  it  will  be,  or  how 
serious.  The  only  way  is  to  be  ready 
for  any  emergency,  any  time,  any 
where.  And  the  biggest  reward  of  the 
man  who  goes  out,  at  midnight  per- 
haps, to  fight  the  driving  blizzard  that 
seems  bent  on  tying  up  a  state's  road 
traffic,  is  the  knowledge  of  the  SERV- 
ICE they  are  performing  for  the 
public. — The  Highwayman  of  New  Jer- 
sey. 


Fraternal  Organization  Purchases 
Road  Bonds. — The  Woodmen  of  the 
World  recently  purchased  road  district 
bonds  of  Pulaski  county,  Arkansas, 
which  includes  the  cities  of  Little 
Rock  and  North  Little  Rock,  at  a  cash 
price  of  $1,747,000.  It  is  said  to  be  the 
largest  deal  of  its  kind  ever  carried 
out  by  a  fraternal  organization. 
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Road  Construction  Through  Coachella  Desert 


Methods    of    Constructing     17-Mile    Section    of     California    State 
Highway  Under  Many  Difficulties 


Highway  contractors  and  engineer* 
in  this  country  contend  with  many 
difficulties — with  the  elements,  equip- 
ment and  supplies,  labor,  railway 
transportation,  financing,  organization 
and  many  other  sources  of  grief.  It 
would  be  difficult  to  pick  out  any  one 
project  and  say  that  that  particular 
one  contained  the  most  obstacles  for  a 
successful  completion  of  the  work  in 
respect  both  to  the  quality  of  the-work 
and  the  financial  result. 

In  the  writer's  opinion,  after  visiting 
some  53  road  projects  and  traveling 
over  20,000  miles,  from  coast  to  coast, 
during  the  past  season,  the  project  of 


from  Yuma  to  the  Coast  through  this, 
the  Coachella  Desert.  Later  the  white 
man  came  and  finally  the  Southern 
Pacific  put  through  a  railroad.  At  the 
present  time  a  hard  surface  road  is 
being  constructed,  which  will  eventu- 
ally connect  the  rich  Imperial  Valley 
to  the  Pacific  Coast  at  Los  Angeles. 

The  Kaiser  Paving  Co.  is  building 
a  17-mile  stretch  of  this  highway  from 
Whitewater  to  Indio.  This  highway  is 
concrete,  16  ft.  wide  and  5  ins.  thick 
in  the  center  and  7  ins.  thick  at  the 
sides,  with  y2  in.  reinforcing  bars 
placed  longitudinal  and  about  16  in. 
centers  transversely. 
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Location    of    17-Mile    State    Highway    Section    Between    Whitewater    and    Indio    In 

Southern   California. 


the  Kaiser  Paving  Co.,  in  Southern 
California,  qualifies,  as  the  most  diffi- 
cult. 

Let  us  start  with  a  word-map  of  the 
location  and  the  surrounding  country. 
Leaving  Los  Angeles,  the  grade  rises 
gradually  through  Riverside  and  on  to 
Banning,  in  the  rich  San  Bernardino 
Valley,  until  it  arrives  at  an  elevation 
of  about  2,300  ft.  Here  the  valley 
closes  in  like  the  neck  of  an  hour- 
glass, the  San  Bernardino  mountains 
rising  to  the  North  and  the  San  Jacin- 
to Range  to  the  South.  Several  miles 
East,  the  valley  gently  slopes  off  and 
the  grade  is  uniformly  downhill  until 
one  arrives  at  the  great  Salton  Sea, 
several  hundred  feet  below  sea  level. 
The  neck  of  this  venturi-shaped  valley, 
together  with  the  mountain  ranges  on 
either  side,  effectively  shuts  off  the 
moisture  from  the  West  and  concen- 
trating the  rays  of  the  sun,  forms  a 
hot  and  desolate  waste. 

Long  years  ago,  an  Indian  trail  lead 


Rough  Grading. — The  road  crosses 
numerous  washouts  and  passes  along- 
side of  several  gravel  deposits  and 
sand  dunes.  Considerable  study  as  to 
the  most  economic  place  to  put  the 
road,  resulted  in  a  location  some  50 
or  60  feet  above  the  lowest  part  of  the 
valley,  where  the  flood  conditions, 
which  has  caused  such  serious  damage 
to  the  Southern  Pacific  Railroad, 
might  be  avoided.  In  this  location 
there  is  much  excavating  to  be  done, 
and  a  Koehring  Crane,  rigged  for  a 
drag  line,  has  proven  very  successful 
in  handling  the  rough  work.  This 
machine  has  been  able  to  keep  well 
in  advance  of  the  mixing  and  placing 
crew. 

The  grade  is  brought  down  to  ap- 
proximately final  location  by  means  of 
fresnos  and  scrapers,  all  of  which  are 
drawn  by  means  of  tractors. 

All  the  material  handled  is  sand  or 
gravel.  In  some  spots  these  machines 
handle  practically  pure  sand,  while  in 
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other  places,  cuts  have  to  be  made 
through  gravel  banks  where  boulders 
up  to  24  ins.  are  encountered.  In 
these  places  It  is  quite  difficult  to  se- 
cure the  steel  forms  for  often  a  large 
stone  will  lie  in  the  path  of  a  stake 


finishing  machine  strikes  off  and 
tamps  the  concrete,  the  only  work  be- 
ing done  by  the  spreaders,  being  to 
spade  in  alongside  of  the  forms  and  to 
swing  the  chute  back  and  forth.  No 
difficulty   is    encountered    in   striking 


Constructing    Embankment    with    Crane- Excavator. 


and  has  to  be  removed  and  the  space 
filled  in  before  the  forms  can  be  set. 
Heltzel  steel  forms  are  used  and 
forms  are  set  on  an  average  of  1,500 
feet  ahead  of  the  paver.  A  Lakewood 
sub-grader  is  used  for  the  final  sub- 
grade. 

Mixing  and  Placing. — A  5-bag  Foote 
paver  equipped  with  a  derrick  for  un- 
loading batch-boxes  and  with  a  chute 
for  distributing,  mixes  the  concrete. 
Three  men  handle  the  batch-boxes  and 
two  men  spread  the  concrete.  One  man 
wets  down  the  sub-grade  which  is 
tested  by  a  drag,  cut  to  crown  and 
riding  on  the  forms,  and  pulled  ahead 
by  the  paver.  Re-inforcing  bars  are 
placed  by  two  men.  Most  of  this  rough 
work  is  done  by  Mexicans,  whose  effi- 
ciency, even  though  they  are  more 
acclimated  than  the  whites,  is  con- 
siderably lower,  and  the  speed  at 
which  the  work  is  done  with  such  few 
men,  is  the  result  of  the  careful  study 
and  application  of  those  in  charge. 

Finishing. — A  Maxon  concrete  road 


off  full  loads  and  the  concrete  is 
tamped  immediately  into  its  final  posi- 
tion. As  high  as  120  ft.  an  hour  has 
been  finished  on  this  project,  the  ex- 
treme heat  and  dryness  necessitating 
very  quick  action  in  placing  the  con- 
crete in  position  before  the  initial  set. 
A  longitudinal  float  is  used  to  sweep 
off   all   excess   moisture,   followed   by 


Industrial     Railway     Track     and     Ponded 
Road. 
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belting  and  edging,  the  concrete  be- 
ing covered  with  burlap  and  kept 
moist  immediately  after.  This  bur- 
lap is  often  unrolled  on  the  concrete 
within  25  minutes  after  the  concrete 
comes  from  the  mixer. 

Hauling  Aggregate. — Perhaps  the 
most  difficult  proposition  on  the  entire 
project  is  getting  material  to  the 
paver.  The  nature  of  the  sand  and 
gravel  country,  which  is  crossed  here 
and  there  by  Spring  washouts,  but  left 
dry  through  the  balance  of  the  year, 
makes  the  cost  of  hauling  by  truck 
prohibitive.     On  the  other  hand,  con- 


For  this  reason  the  trains  are  broken 
up  to  eight  or  ten  cars  each,  with 
two  batches  on  each  car,  while  the 
travelling  speed  is  increased  to  a  max- 
imum of  about  10  miles  an  hour.  The 
Koppel  track  with  five  ties,  stand  up 
very  well  and  the  section  crew  on  this 
work  have  made  a  very  straight  and 
even-graded  piece  of  work.  Two  Ply- 
mouth and  two  Whitcomb  gasoline 
locomotives  are  used  for  hauling,  to- 
gether with  a  12-ton  steam  dinky  on 
the  straightways  to  take  care  of  push- 
ing over  the  grades.  After  the  con- 
crete   is    placed    and    finished,    it    is 


The    Mixer    and   Tamper. 


siderable  grading  had  to  be  done  in 
establishing  an  industrial  track,  some 
mile  and  a  half  from  the  loading  point 
to  the  nearest  point  on  the  road.  While 
the  grades  on  this  part  of  the  indus- 
trial track  do  not  run  higher  than  \y2 
percent,  there  are  places  on  the  high- 
way under  construction  where  the  in- 
dustrial track  encounters  grades  as 
high  as  5  percent.  In  places,  grades 
of  3  percent  extend  for  several  miles 
and  although  the  haul  on  these  roads 
is  mostly  downhill,  several  bad  wrecks 
have  occurred  from  trains  breaking 
away  and  proceeding  down  the  grade 
to  the  end  of  the  track,  or  until  their 
own  speed  causes  them  to  be  derailed. 


ponded  in  the  typical  method  but 
many  places  where  the  grade  is  uni- 
form, the  dikes  are  broken  and  a 
steady  stream  of  water  flows  over  the 
road  for  long  stretches.  This  condi- 
tion allows  for  considerable  saving  in 
curing  the  road.  The  water,  to  pond 
the  road  and  supply  the  paver,  flows 
by  gravity  through  a  3-in.  pipe,  the 
Whitewater  River  being  tapped  some 
distance  up  and  developing  sufficient, 
head,  due  to  the  grade,  to  furnish  tne 
entire  project,  without  the  assistance 
of  any  pumping  apparatus.  In  fact, 
so  great  is  the  head  developed  that 
pressure-reducing  valves  have  to  be 
installed. 
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The  Gravel  Plant. — The  choice  of  a 
location  for  the  gravel  plant  was  a 
rather  difficult  one.  It  was  necessary 
to  locate  it  on  the  railroad  or  at  con- 
siderable expense  build  a  siding  for 
some  distance,  in  order  to  get  a  well 
balanced  aggregate.  The  plant  is  a 
semi-permanent  one  situated  on  the 
Southern  Pacific  tracks  about  two 
miles  East  of  Whitewater  and  the 
greatest  difficulty  seems  to  be  the  dis- 
posal of  the  excess  sand.     Mining  is 


plant,  when  running  full  capacity,  can 
furnish  enough  material  for  1,000  ft. 
of  road  a  day  and  with  the  present 
equipment  the  contractors  have  been 
able  to  lay  as  high  as  120  ft.  in  an 
hour. 

High  Temperature  and  Sand  Diffi- 
culties.— The  greatest  difficulties  en- 
countered on  the  job  are  those  due 
to  temperature  and  sand.  During  the 
summer  months,  temperatures  of  130° 
F.  are  not  exceptional,  the  thermome- 


The  Sand  and  Gravel  Plant. 


accomplished  mainly  by  means  of 
dragline,  but  for  the  purpose  of  in- 
creasing the  proportion  of  stone  to 
somewhat  balance  the  excess  of  sand, 
industrial  tracks  run  out  from  the 
plant  to  particularly  good  deposits  of 
gravel  and  these  gravel  deposits  are 
loadetl  into  V-shaped  dumping  bodies 
by  means  of  a  steam  shovel  and 
hauled  to  the  crusher.  The  largest 
stones  encountered  in  this  pit  are 
about  20  ins.  in  diameter  but  the  great 
bulk  of  stone  does  not  run  over  15  ins. 
and  can  be  easily  hauled  with  the 
Allis   Chalmers   crusher  in  use.     The 


ter  for  weeks  at  a  time  staying  up 
above  100°  day  and  night.  This  re- 
duces the  efficiency  of  everyone  on 
the  work,  the  surprising  part  being 
that  any  work  can  be  done  at  all.  How- 
ever, the  operation  started  the  latter 
part  of  August,  when  the  heat  was  at 
its  height. 

The  fall  of  the  year  seems  to  be  the 
only  time  when  weather  conditions 
are  favorable  to  laying  concrete.  The 
winter  brings  on  high  winds,  and  sand- 
storms; in  fact,  telegraph  posts  are 
shod  with  sheet-steel,  in  order  to  pro- 
tect them  from  the  grinding  action  of 
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the  moving  Sand  and  gravel.  In  the 
springtime  the  melting  of  the  snows 
and  cloudbursts  form  dangerous  flood 
conditions,  a  part  of  the  mountains 
surrounding,  being  very  precipitous. 

Great  ingenuity  has  been  shown  in 
dealing  with  this  condition,  the  road 
being  depressed  with  apron-walls 
wherever  washouts  have  been  shown 
and  the  Whitewater  River  being 
crossed  with  a  long  bridge  with  ample 
space  beneath  for  the  heaviest  flood 
condition. 

The  labor  difficulties  are  those  of 
great  turnover  in  reference  to  the 
Mexicans  and  the  fact  that  skilled 
men  to  run  the  various  pieces  of  equip- 
ment are  scarce  in  that  part  of  the 
country,  and  are  only  held  in  their 
places  by  means  of  extra  pecuniary 
consideration,  or  by  the  fascination 
that  these  difficult  projects  have  for  a 
certain  type  of  men.  Many  of  these 
men  have  come  from  such  work  as  the 
South  American  railroads,  the  Pana- 
ma, Canal,  Mexican  oil  fields,  gold 
dredging  in  Alaska,  engineering  pro- 
jects in  India,  China  and  the  Anti- 
podes. These  men  are  out-spoken  and 
independent  but  100  percent  human; 
they  are  ideal  companions,  both  at 
work  and  during  hours  of  ease. 

It  takes  a  particular  type  of  con- 
tractor to  undertake  such  a  hazardous 
project.  On  this  work  the  Kaiser  Pav- 
ing Co.  have  considered  every  possible 
detail  and  have  organized  themselves 
against  emergencies.  Everything  is 
done  with  thoroughness.  The  work  is 
a  credit,  not  only  to  the  contractor  but 
to  the  engineers  who  laid  out  and  in- 
spect it.  Those  who  are  familiar  with 
highway  construction  can  very  well 
appreciate  that  the  building  of  a  road 
under  these  conditions  is  an  engineer- 
ing feat  of  the  highest  order. 


Cost     of     Street     Cleaning     and 
Sprinkling  at  St.  Paul,  Minn. 

The  city  of  St.  Paul  has  391  miles 
of  streets,  graded  only,  o2  miles  of 
macadam  roads,  11  miles  of  graveled 
roads,  102  miles  of  pavement,  and  6 
miles  of  paved  alleys.  The  following 
information  on  the  work  of  the  Bureau 
of  Sanitation  in  taking  care  of  these 
streets  is  taken  from  the  recently  is- 
sued 1921  report  of  H.  C.  Wenzel,  Com- 
missioner of  Public  Works. 

The  paved  areas — streets,  bridges 
and  alleys — amount  to  2,942,230  sq.  yd. 
Of  this  58  miles  or  an  area  of  1,365,- 
000  sq.  yd.  are  cleaned  by  hand  sweep- 
ing under  the  patrol  system.  The  force 
consists  of  an  inspector  at  $150     per 


month,  one  assistant  inspector  at  $125 
per  month,  106  to  125  sweepers  and 
10  shovelers  at  $3.50  per  day,  and  10 
teams  at  $1.00  per  hour.  The  average 
cost  per  1,000  sq.  yd.  patrolled  for  the 
season  was  $54.50.  The  sweeping  or 
patrolled  districts  run  from  3,200  sq. 
yd.  in  the  business  section  to  17,000 
sq.  yd.  in  the  residential  sections  per 
man.  In  the  business  district,  paved 
alleys  are  swept  once  a  week  by  a 
crew  consisting  of  four  men  and  a 
team.  Rubbish  receptacles  at  street 
corners  have  their  contents  removed 
by  a  single  team,  two  men  to  assist. 
The  balance  of  the  paved  area  is  kept 
clean  by  ward  crews. 

Snow  removal,  including  the  sand- 
ing of  walks  and  steps,  cost  $11,326.  Of 
this,  the  street  railway  company  paid 
as  their  portion  $3,198. 

In  addition  to  the  sweeping  service, 
all  paved  streets  are  cleaned  with 
water  periodically.  This  is  done  with 
Studebaker  flushers  and  one  auto 
ilusher.  In  the  retail  district,  7  miles 
of  paved  streets  or  an  area  of  146,400 
sq.  yd.  is  flushed  every  night.  In  the 
outlying  districts  flushing  is  done  at 
intervals.  33,386,200  gal.  of  water 
were  used  in  this  service.  The  cost 
of  flushing  the  downtown  district  was 
$34.61  per  1,000  sq.  yd.  for  the  season 
and  the  average  cost  of  flushing  out- 
lying paved  streets  was  $0,293  per 
1,000  sq.  yd.  for  one  flushing. 

There  are  105  tank  wagons,  horse 
drawn,  and  4  Kinney  auto  oilers  in  the 
sprinkling  service.  Teamsters  in  the 
water  sprinkling  service  are  paid  $200 
per  month.  186  miles  of  streets  were 
water  sprinkled  and  177  treated  with 
oil  during  the  season.  The  rate  for 
sprinkling,  four  trips  per  day,  was 
$0,098  per  frontage  foot,  or  $3.40  for  a 
40  ft.  lot.  The  rate  for  oiling,  two 
oilings  per  season,  an  average  width 
of  27  ft.  was  $0,076  per  frontage  ft., 
or  $3.02  for  a  40  ft.  lot. 

The  Auto  oiler  distributed  625,500 
gal.  of  road  oil.  In  1918  oil  cost 
$0,086  per  gallon,  in  1919  $0.65  per  gal- 
lon, in  1920  $0,089  per  gallon  and  in 
1921  $0,074  per  gallon.  The  cost  of 
spreading  oil  was  $9.86  per  1,000  gal. 


Road  Expenditures  in  1904  and- 1922 
— In  1904  the  expenditures  on  roads 
amounted  to  $59,527,000.  In  1922  some 
$775,000,000  was  spent  on  roads. 


Grade  Crossing  Elimination. — In 
1921  only  399  railroad  crossings  were 
eliminated,  the  average  cost  being 
$50,000. 
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The    Use    of    Intercepting 

Ditches    in    Highway 

Construction 

By  F.  M.  BALSLEY, 

Engineer-Inspection,   Wisconsin  Highway 
Commission. 

In  the  planning  of  road  projects  it 
is  believed  that  not  enough  attention 
is  paid  to  the  necessity  of  installing 
intercepting  ditches  above  the  top  of 
the  back  slopes  in  cuts  and  outside  the 
toe  of  slopes  where  the  ground  slopes 
toward  the  fill.  This  is  particularly 
true  in  side  hill  construction  where 
there  is  a  considerable  drainage  area 
above  the  road. 

Practically  all  highway  specifica- 
tions   call   for    a    neat    and    smoothly 


furrow  toward  the  cut.  It  is  not  al- 
ways necessary  to  clean  out  this  ditch 
by  hand,  but  it  is  essential  to  have  the 
course  of  the  furrow  run  in  such  a  di- 
rection as  to  maintain  as  near  as  pos- 
sible an  even  grade  all  the  way  down 
the  hillside.  Where  the  slope  is  fair- 
ly even  the  ditch  may  be  very  close 
to  parallel  to  the  top  of  the  cut,  but  in 
rough  ground,  of  course,  this  is  not 
true.  This  intercepting  ditch  should 
be  cut  immediately  after  the  slope 
stakes  are  set,  then  the  work  is  pro- 
tected while  it  is  under  construction. 
In  cases  where  farm  fences  inter- 
fere and  it  is  necessary  to  cut  the  in- 
tercepting ditch  inside  the  fence  line, 
it  has  been  found  that  it  is  fairly  easy 
to  convince  the  property  owner  that 
the  ditch  will  be  a  protection  to  his 
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Intercepting  Ditch  , 


Plan  and  Section  of  Special  Type  of  Culvert  and    Down    Spout. 


trimmed  back  slope  in  the  ,  cuts.  In 
order  to  preserve  this  neat  appearance 
it  is  essential  that  all  water  from  the 
area  above  the  top  of  the  cut  be  pre- 
vented from  running  down  the  face  of 
these  slopes.  The  simplest  means  for 
preventing  this  erosion  is  in  the  use 
of  intercepting  ditches  placed  far 
enough  from  the  top  of  the  slopes  so 
that  there  will  be  no  tendency  for  the 
erosion  of  the  ditch  itself  to  cause  the 
bank  to  cave. 

Where  the  drainage  area  is  not 
large  we  simply  specify  that  one  fur- 
row shall  be  plowed  from  4  to  10  ft. 
back  of  the  slope  stakes,  turning  the 


property  rather  than  a  damage.  If  the 
erosion  of  the  slopes  is  not  headed  off, 
eventually  the  banks  will  cave  in  and 
the  fence  will  go  with  them. 

Where  fills  are  made  on  sloping 
ground  it  is  essential  that  an  inter- 
cepting ditch  be  cut  beyond  the  toe 
of  the  slope  to  protect  the  fresh  fill 
from  being  washed  out  by  the  first 
flood.  Many  of  our  contractors  and 
county  commissioners  fail  to  protect 
their  work  in  cases  of  this  kind.  One 
furrow  at  the  right  point  will  form  a 
ditch  that  will  protect  the  toe  of  the 
slope  and  prevent  material  from  wash- 
ing out. 
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The  plan  shows  a  special  type  of 
culvert  and  down  spout  that  was  de- 
signed to  take  care  of  the  water  from 
the  intercepting  ditch  on  Wisconsin 
Project  No.  41  in  Grant  County,  Wis- 
consin. In  this  case  there  was  a  large 
drainage  area  above  the  road  and  the 
slope  of  the  hillside  was  extremely 
steep.  The  ditch  was  first  plowed  and 
the  loosened  material  removed  with 
a  slip  scraper.  The  culverts  were 
placed  in  such  a  position  that  it  was 
possible  to  drain  the  intercepting  ditch 
directly  into  the  culverts,  thereby 
relieving  the  road  ditch  from  a  large 
amount  of  water.  The  grade  on  the 
finished  road  is  7  per  cent,  and  it  can 
readily  be  seen  that  if  the  accumulat- 
ed water  from  the  road  surface  itself, 
plus  the  water  from  the  side  hill,  were 
carried  in  the  road  ditch  it  would  be 
impossible  to  maintain  the  road  at 
anything  like  a  reasonable  cost.  The 
wing  ditch  shown  in  the  plan  runs  to 
a  point  back  of  the  inlet  to  the  down 
spout  and  heads  off  water  that  would 
otherwise  follow  the  down  spout  and 
wash  out  the  fill  that  covers  it.  A  re- 
cent visit  to  this  project  indicates 
that  this  installation  will  never  cause 
any  trouble  and  it  has  been  giving  ex- 
cellent service  for  the  last  three  years. 

In  making  a  survey  in  rough  country 
the  notes  should  indicate  the  points 
where  an  intercepting  ditch  will  be  re- 
quired and  information  relative  to  the 
size  of  a  ditch  necessary  to  carry  the 
water.  The  typical  sections  for  the 
finished  work  should  also  show  the 
installation  of  an  intercepting  ditch  in 
the  cut  as  well  as  the  fill  section.  If 
the  ditch  is  large  bids  can  be  asked 
for  on  a  cubic  yard  basis.  Where  a 
plowed  ditch  is  sufficiently  large  bids 
should  be  asked  for  at  so  much  per 
linear  foot  of  ditch.  In  the  state  of 
Wisconsin,  where  we  must  maintain 
roads  after  they  are  constructed,  the 
matter  of  protecting  the  work  as  it 
progresses  is  of  the  utmost  impor- 
tance. In  spite  of  this  fact,  many  of 
our  engineers  fail  to  realize  that  a 
cheap,  easily  constructed  intercepting 
ditch  will  save  many  times  its  cost  in 
maintenance  thereafter. 


Pinchot,  famous  conservationist  and 
newly  elected  Governor  of  Pennsyl- 
vania, and  John  Barton  Payne,  conser- 
vationist and  president  of  the  Amer- 
ican Red  Cross  Society.  The  exact 
date  of  the  conference  will  be  an- 
nounced later. 


State   Park  Conference  in   May 

The  Turkey  Run  Reservation  in 
Parke  County,  Indiana,  has  been  se- 
lected for  this  year's  conference  of 
the  National  Association  of  State 
Parks  in  which  some  35  states  are  rep 
resented.  Among  the  leaders  in  this 
organization  are  Stephen  T.  Mather, 
Director  of  National  Parks;     Gifford 


Causes  of  Rythmic  Corruga- 
tions in  Gravel  Roads 

Extract    from     a    Committee    Report 

Presented    Nov.    28    at    Annual 

Meeting  of  Advisory  Board 

on  Highway  Research. 

The  most  extensive  research  work 
in  connection  with  this  most  perplex- 
ing problem  has  been  done  by  the  U. 
S.  Bureau  of  Public  Roads.  Geo.  E. 
Ladd,  Economic  Geologist  for  the  Bu- 
reau, has  written  a  report  covering 
their  investigations.  Studies  were 
made  in  Maine,  New  Hampshire,  Ver- 
mont, Massachusetts,  Connecticut, 
New  Jersey,  Michigan  and  Wisconsin. 
It  was  found  that  the  distance  from 
crest  to  crest  averages  about  31  ins. 
and  that  the  maximum  height  from 
the  bottom  of  the  trough  to  the  top  of 
the  crest  is  iy2  ins.  The  cause  of  the 
corrugations  are: 

1.  The  kick  back  of  surface  ma- 
terials arising  from  the  spin  of  the 
rear  wheels  of  automobiles  as  they 
descend  after  a  bounce  over  some  ob- 
stacle of  depression. 

2.  From  impact  of  both  the  front 
and  the  rear  wheels  of  automobiles. 

This  latter  class  of  corrugation  is 
more  prevalent  when  the  clay  condi- 
tion of  the  gravel  is  high  and  especi- 
ally where  the  gravel  particles  are 
well  rounded.  In  the  case  of  the  first 
named  corrugations,  the  location  of 
the  corrugations  remain  fixed.  In  the 
case  of  the  second  class  of  corruga- 
tions they  seem  to  swing  on  an  axis 
located  near  the  center  of  the  road.  In 
some  cases  the  swinging  movement 
was  so  great  that  corrugations  which 
were  originally  at  right  angles  to  the 
road  took  a  position  only  a  few  de- 
grees from  the  axis  of  the  road.  Grav- 
el roads  subject  to  a  traffic  of  not  more 
than  200  or  300  cars  per  day  remain 
practically  free  from  corrugations,  if 
occasionally  dragged.  As  soon,  how- 
ever, as  traffic  reaches  400  or  500  cars 
per  day  corrugations  develop  very 
rapidly.  Quoting  further  from  the  re- 
port: "The  fact  that  these  corruga- 
tions are  so  general  and  occur  in  all 
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sections  of  the  United  States  makes  it 
evident  that  nearly  all  gravel  roads 
are  subject  to  the  development  of  this 
nuisance  and  menace,  if  they  serve 
sufficient  traffic,  although  the  meth- 
ods of  construction  and  kinds  of  grav- 
el vary  widely.  The  situation,  how- 
ever, is  not  hopeless.  Several  high- 
way officials  have  expressed  the  opin- 
ion that  less  corrugation  trouble  is 
found  where  the  gravel  is  angular 
than  where  it  is  composed  of  highly 
rounded  particles.  It  is  claimed  that 
where  the  road  is  constructed  of  grav- 
el more  uniform  in  size  than  pit  run, 
and  especially  where  everything  over 
one  inch  is  excluded,  that  corrugations 
are  slower  in  developing  and  more 
easily  eliminated  by  maintenance 
methods."  *  *  *  *  "During  the 
writer's  investigations  in  the  state  of 
Maine  it  was  noted  that  roads  with  a 
relatively  high  percent  of  clay-silt 
binder  were  comparatively  free  from 
corrugations." 

The  report  concludes,  "This  prob- 
lem remains  for  future  solution  and 
must  be  worked  out  by  a  combination 
of  field  observations  and  laboratory 
tests.  In  this  connection  it  may  be 
stated  that  the  present  standard  tests 
of  gravel  are  unsatisfactory  in  that 
they  do  not  include  determination  of 
the  nature  and  qualities  of  natural 
binder  originally  in  the  gravel.  The 
so-called  cementing  value  test  has  to 
do  only  with  the  products  of  abrasion 
of  individual  gravel  particles.  While 
it  is  important  to  determine  this  fac- 
tor, there  must  also  be  a  determina- 
tion, in  addition  to  the  facts  brought 
out  by  mechanical  analysis  as  to  the 
quantity  of  clay-silt  binder,  of  the  ce- 
menting value  of  this  fine  material. 
The  writer  is  now  engaged  in  experi- 
ments connected  with  the  testing  of 
different  mixtures  of  gravel,  sand  and 
clay-silt  binders,  and  their  behavior 
under  different  degrees  of  compacting 
and  with  different  amounts  of  water 
present.  In  future  investigations  ob- 
servations must  be  made  over  a  wide 
area  and  under  varying  conditions  as 
to  the  relation  between  the  amount 
and  kind  of  natural  binder  in  the  road 
and  the  behavior  of  the  road  under 
traffic.  Another  interesting  problem 
in  this  connection  is  the  question  of 
migration  of  clay  binders  toward  the 
surface,  and  their  ultimate  loss  to  the 
road  through  the  combination  of  rain, 
wind  and  traffic  influences." 

The  Vermont  State  Highway  Com- 
mission have  attacked  the  problem  of 
rhythmic  corrugations  but  have  not 


issued  a  formal  report.  Commissioner 
Dix,  however,  in  a  letter  states  that 
corrugations  in  his  state  are  confined 
almost  entirely  to  flats  and  straight 
of  ways  and  appear  to  be  formed  by 
high  speed  vehicles.  The  presence  of 
moisture  is  a  great  asset  in  the  forma- 
tion of  corrugations.  A  small  percent 
of  clay  is  also  helpful  for  the  reason 
that  it  retains  the  moisture.  He  be-- 
lieves  that  a  traffic  of  400  to  500  vehi- 
cles per  day  will  cause  corrugations 
unless  the  road  is  treated  with  calcium 
chloride  or  tar. 


Improved  Expansion  Joint 

The  "Elastite"  expansion  joint  made 
by  The  Philip  Carey  Company  of  Cin- 
cinnati has  recently  been  brought  out 
in  the  improved  form  shown  in  the 
accompanying  illustration. 

This  joint  was  developed  to  fill  the 
specific  need  of  a  longitudinal  joint 
for  concrete  roads  that  would  do  three 
things : 

1.  Prevent  spalling  and  crushing 
of  concrete  at  the  joint  due  to  slab 
movements. 

2.  Maintain  at  all  times  a  water- 
tight seal  in  spite  of  possible  move- 
ments of  adjacent  slabs. 


Elastic     Tongue    and     Groove     Expansion 
Joint. 

3.  By  interlocking  action  hold  ad- 
jacent slabs  to  same  surface  align- 
ment, thus  making  it  impossible  for 
one  slab  to  be  forced  up  above  or  set- 
tle below  its  neighbor. 

The  advantage  of  the  tongue  and 
groove  joint  in  fulfilling  the  third  of 
the  above  purposes  is  obvious;  while 
for  the  other  two  functions  it  should 
prove  fully  as  good  as  its  predecessor. 
The  manufacturers  recommend  a  *4 
in.  thickness  for  longitudinal  joints 
and  a  y2  in.  thickness  for  transverse. 
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Rubber    Tired    Concrete    Mixers 

for  Paved  Streets 

The  Cement  Machine  Company  is 
now  putting  out  two  types  of  concrete 
mixers  equipped  with  pneumatic  rub- 
ber tires.  This  development  was 
brought  about  by  the  many  difficulties 
and  troubles  arising  from  the  use  of 
small  steel  wheels  on  mixers  hauled 
by  trucks.  The  steel  wheel  types  were 
developed  for  use  with  horse  or  mule 


Boss  Highway  Special  Mixer  on  Pneu- 
matic-Tired Trucks.  Handy  Size  Pack- 
ard Tilting  Mixer  on  Two  Wheel  Ford 
Trailer  Truck. 


traction,  at  speeds  almost  never  ex- 
ceeding 3^  miles  per  hour,  and  very 
naturally  they  have  proved  unsatis- 
factory at  the  higher  rate,  up  even  to 
20  miles  per  hour,  at  which  they  are 
hauled  by  trucks.  The  jolting  and 
strain  of  these  higher  speeds  have 
resulted  in  the  loosening  of  bolts, 
throwing  parts  out  of  alignment,  dam- 
age to  battery  and  engine  parts,  and 
other  troubles  all  leading  to  delays 
and  consequent  expense.  Damage  to 
pavements  by  the  steel  wheel  has  led 
to  serious  objection  and  protest  in 
numerous  cities. 

In  making  the  change  to  pneumatic 
tfres,  the  Cement  Machine  Company 


has  provided  Its  equipment  with 
wheels  to  take  standard  Ford  tires  as 
the  most  economic  for  the  purpose, 
and  it  is  stated  that  the  extra  cost  is 
far  more  than  offset  by  the  savings 
on  delays  and  breakdowns.  The  ac- 
companying pictures  show  the  "Handy 
Size  Packard  Tilting  Mixer"  on  two 
wheel  Ford  trailer  truck,  and  the 
"Boss  1-bag  Mixer"  on  four  wheel 
truck. 

To  relieve  the  tires  of  strain  while 
the  mixer  is  in  operation,  the  axles 
are  blocked  up  to  lift  the  wheels  clear 
of  the  ground. 


Improved  25-50  Tractor 

The  Improved  Avery  25-50  H.  P. 
Tractor  pictured  below  differs  from 
its  well  known  predecessor  in  ap- 
pearance and  in  many  details. 

Among  the  new  features  of  this 
model  are  an  increase  in  power,  a 
new  cooling  system  with  cellular  ra- 
diator, water  pump  and  fans,  and  the 
Madison-Kipp  mechanical  lubricator, 
for  oiling  the  motor.    The  four  cylin- 


New  Avery  Tractor. 

der  horizontal  Avery  motor  with 
which  it  is  equipped  has  an  inch 
longer  stroke  and  is  now  6^  in.  bore 
by  8  in.  stroke.  It  has  the  usual  fea- 
tures found  in  the  Avery  tractor  mo- 
tors— namely,  valves-in-head,  renew- 
able inner  cylinder  walls,  centrifugal 
gasifiers  for  burning  kerosene,  adjust- 
able main  crankshaft  bearings  and 
extra  strong  crankshaft.  It  also  has 
the  Avery  direct-drive  transmission 
with  beltp  ulley  on  the  end  of  the 
crankshaft  and  the  drawbar  pull 
through  all  straight  spur  gears. 

The  new  tractor  is  adapted  to  the 
handling  of  a  10  ft.  load  grader,  a  14 
in.  moldboard  plow  or  12  disc  plows 
under  ordinary  conditions, 
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Adjustable    Paving    Gauge    and 
Strike-Off 

A  one-man-propelled  gauge  adapted 
for  use  on  all  types  of  pavement  and 
to  any  form  of  crown  is  made  by  the 
Roughen  Adjustable  Paving  Gauge 
Company,  of  Fond  du  Lac,  Wisconsin. 
The  illustration  shows  the  general 
character  of  the  gauge  and  its  use. 
The   gauge   is   so    designed   that   one 


Kerosene   Burning  Steam  Loco- 
motives for  Confined  Places 

The  locomotive  pictured  below  was 
designed  and  built  by  the  Bloomsburg 
Locomotive  Works,  of  Bloomsburg, 
Pa.,  for  use  in  tunnels  or  other  places 
where  the  disposal  of  combustion 
gases  constitutes  a  serious  problem. 
The    locomotive    is    of    6-ton    weight 


Roughen  Adjustable  Paving  Gauge  with  One   Man   Propeller. 


man  can  check  the  sub-grade  and 
strike  off  the  base  and  each  succeed- 
ing course  with  very  great  accuracy. 

The  machine  is  provided  with  an 
arrangement  for  the  quick  raising  or 
lowering  of  the  template  through  con- 
siderable ranges  in  level,  as  between 
sub-grade  and  top;  and  with  a  precise 
adjustment  to  one-eighth  of  an  inch 
at  any  desired  point. 

The  templates  are  made  for  any 
ordinary  width  of  pavement  and  for 
any  desired  form  of  crown,  parabolic 
or  otherwise;  and  the  template  shoes 
ire  rounded  like  sled  runners  to  se- 
cure maximum  compression  and  even- 
ness of  work.  One  of  the  features  of 
the  gauge  is  a  two-speed  propelling 
gear.  The  height  adjustment  is  pro- 
vided with  an  automatic  lock  work- 
ing at  all  points,  and  is  therefore  as 
nearly  fool-proof  as  possible.  Special 
running  wheels  are  provided  for  use 
on  straight  curb  or  curb  and  gutter 
when  necessary. 

A  simpler  form  of  gauge  without 
the  propelling  mechanism  is  also  made 
by  the  Roughen  Company. 


equipped  with  20  H.  P.  engine  and  30 
H.  P.  semi-flash  type  boiler,  fired  with 
kerosene  and  using  super-heated 
steam.  The  condensing  system  is 
specified  for  70  percent  operation  but 


Miuj.il  .d^wrm^ 


6-Ton   Condensing    Locomotive  for  Under 
Ground  Work. 

a6tually  gives  very  much  higher  re- 
sults. Fuel  consumption  is  from  10 
to  15  gallons  per  day,  and  water  from 
40  to  50  gallons. 

Roller  bearings  are  used  through- 
out, and  numerous  automatic  features 
are  incorporated  as  protection  against 
accidents  or  careless  operation, 
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Portable  Triplex  Pumps 

The  portable  pumping  unit  illus- 
trated below  is  made  by  the  Aldrich 
Pump  Company  of  Allentown,  Penn., 
and  is  given  the  trade  name  "Utility." 
It  is  designed  and  bu'lt  for  hard  usage 
on  road  building  and  other  construe- 
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"Utility"    Pump,    Single    Reduction    Direct 

Geared    to    Gasoline    Engine    at    Side 

Mounted  on  Channels,  with   Truck. 

tion  jobs.  These  units  have  the  even- 
flowing  and  continuous  discharge  pe- 
culiar to  pumps  of  this  type,  and  are 
particularly  adapted  to  high  pressure 
requirements  or  to  use  with  long  pipe 
lines.  They  are  entirely  self-contained 
and  assembled  on  truck  frames  of 
heavy  steel  channels,  the  whole  being 
mounted  on  wide-faced  wheels.  No 
other  foundation  is  necessary. 


The  Austin  "Pup" 

The  Austin-Western  Machinery 
Company  of  Chicago  has  undertaken 
to  supply  the  need  of  a  small  size  road 
roller  at  moderate  cost  by  putting  out 
what   has    been     named   "The   Pup," 


Austin    Road    Roller — "The    Pup." 

which  is  shown  in  the  picture  below. 
This  roller  has  a  total  length  of  12  % 
ft.  and  a  width  of  5  ft.  Its  wheel  base 
is  8  ft.,  and  the  rear  wheels  are  of  42 


in.  diameter  with  18  in.  faces.  The 
total  weight  is  6,000  lbs.  and  the  com- 
pression under  the  rear  rolls  114.4  lbs. 
per  lineal  inch. 

The  power  plant  is  that  of  the  Ford- 
son  tractor  which  affords  very  great 
advantages  in  construction  cost  and 
consequently  in  selling  price,  and 
makes  it  entirely  easy  to  secure  re- 
newal parts.  It  operates  at  two 
speeds  only — 1.48  miles  per  hour  low 
and  2.73  miles  per  hour  high,  the 
Fordson  high  speed  having  been 
blocked  out  as  too  fast  for  the  opera- 
tion of  a  road  roller. 


High 


Gasoline     Locomotive    of 
Drawbar  Pull 

In  the  7  ton,  4  speed,  gear  drive 
gasoline  locomotive  announced  by  The 
Fate-Root-Heath  Co.,  Plymouth,  Ohio, 
the  manufacturers  claim  that  in  actual 
haulage  test  it  developed  and  main- 
tained a  drawbar  pull  of  5,250  lbs.  on 


% 


Plymouth    7    Ton,    4    Speed,     Gear    Drive 
Gasoline   Locomotive. 

sanded  rail.  The  four  speeds  are  2Y2, 
4,  8  and  12  miles  per  hour,  either 
forward  or  reverse.  This  remarkable 
showing  is  claimed  to  be  due  to  the 
unique  design  and  construction  of  the 
transmission. 

The  gears  are  large,  an  exclusive 
feature  being  the  final  driving  gear, 
14%  in.  diameter  by  4  in.  face.  This 
gear  places  the  sprocket  shaft  which 
it  drives  on  the  same  plane  with  the 
axles,  so  that  no  jackshaft  is  required. 

The  sliding  gears  are  in  pairs  on 
the  second  driving  shaft,  giving  extra 
long  hub  length,  and  reducing  wear 
to  a  minimum.  Forward  and  reverse 
speeds  are  obtained  by  large  bevel 
gears  with  internal  teeth  into  which 
the  pinion  that  drives  the  main  gear 
meshes,  thus  doing  it  j,y  with  jaw 
clutches.  All  gears  are  of  alloy  hard- 
ened  steel,   mounted  *on  extra  large 
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shafting  and  ball  bearings.  The  final 
drive  is  by  means  of  two  short,  heavy 
chains,  one  to  each  axle,  driven  di- 
rectly from  the  transmission. 

The  power  plant  is  a  Buda  heavy 


Partially  Assembled   Transmission,   Show- 

ing    Reveising    Gearing    and   4    in.    by 

14V2   in.   Final   Driving   Gear. 

duty  engine,  equipped  with  Bosch 
magneto,  starting  and  lighting;  Pierce 
governor  and  Stromberg  carbureter. 

Clutch  is  dry  plate  type  with  nine 
driving  discs. 

Axles  are  mounted  on  Hyatt  heavy 
duty  roller  bearings,  with  hardened 
steel  sleeves.  Axle  end  thrust  is  taken 
by  bronze  thrust  plates  placed  in  the 


Built    Up   Transmission    with   Cover 
Removed. 

axle  boxing  caps.  Axle  springs  are 
12%  in.  long,  so  that  wheels  readily 
follow  uneven  track,  make  easy  rid- 
ing and  give  excellent  traction. 

The  frame  is  of  massive  construc- 
tion and  built  close  to  the  track. 
Bumpers  are  arched  so  as  not  tP  de- 
rail cars  in  rounding  sharp  curves. 

Brakes,  sanding  equipment  and 
other  important  features  are  all  care- 
fully designed  and  built  to  give  eco- 
nomical and  -^satisfactory  service. 


Asphalt  Surfaces  for  High- 
way Bridge  Floors 

Extracts    from    a    Short    Talk    Given 
Nov.  15  Before  Bridge  Specifications 
Committee    of   American    So- 
ciety of  Civil  Engineers. 

BY  W.  E.  ROSENGARTEN, 


Traffic    Engineer, 


The    Asphalt   Associa- 
tion. 


Too  much  importance  can  not  be  at- 
tached to  the  selection  and  design  of 
the  road  surfacing  for  a  highway 
bridge.  The  designing  bridge  engi- 
neer looks  upon  the  highway  surfac- 
ing as  a  side  issue  but  to  the  user  of 
a  highway  bridge  it  is  of  primary  im- 
portance. The  bridge  engineer  is  more 
likely  to  receive  the  commendation 
or  condemnation  of  the  public  based 
on  the  floor  surfacing  rather- than  for 
any  fault  or  feature  in  the  design  or 
construction  of  the  main  trusses  so 
long  as  the  bridge  does  not  actually  go 
down. 

The  bridge  engineer  studies  in  detail 
the  economy  of  various  truss  designs 
or  span  lengths  and  I  would  strongly 
recommend  that  equal  diligence  be  ex- 
ercised in  the  selection  and  design  of 
the  road  surface.  The  surface  which 
has  the  lowest  first  cost  is  not  always 
the  most  economical.  The  length  of 
service  and  the  cost  of  maintenance 
are  factors  which  vitally  affect  the 
actual  cost. 

The  asphaltic  types  find  a  strong 
point  in  their  favor  in  the  fact  that 
they  cause  a  minimum  of  delay  to 
traffic  both  during  construction  and 
later  when  repairs  are  necessary.  The 
roadway  can  be  opened  to  traffic  im- 
mediately upon  completion  of  con- 
struction. 

It  is  necessary  that  the  road  sur- 
face be  supported  adequately  from  be- 
low, if  satisfaction  is  to  be  obtained. 
This  support  is  usually  offered  by 
some  type  of  subflooring  spanning  be- 
tween the  stringers.  The  most  com- 
mon are  creosote  timber,  reinforced 
Portland  cement  concrete  or  steel 
buckle  plates. 

The  steel  buckle  plates  present  a 
surface  which  is  quite  irregular.  This 
should  be  levelled  with  a  filling  ma- 
terial before  placing  the  surfacing. 
For  this  purpose  an  asphalt  concrete 
mixture  similar  to  that  used  in  as- 
phaltic concrete  base  construction  on 
highways  is  applicable. 

As"  a  surfacing  material  on  highway 
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bridge  floors  and  shipping  piers  the 
asphalt  block  is  well  suited  and  ex- 
tensively used.  Such  blocks  composed 
of  an  asphaltic  concrete  mixture  are 
formed  under  high  pressure  while  still 
hot  and  usually  measure  2  ins.  x  5  ins. 
x  12  ins.  These  are  laid  cold  on  a 
thin  sand-cement  cushion.  The  as- 
phalt block  is  composed  of  a  dense 
material  and  is  laid  as  a  unit  system 
which  requires  no  special  tools  or 
equipment  on  the  job.  The  blocks  can 
also  be  shipped  to  the  job  at  any  time 
in  small  or  large  quantities  as  re- 
quired. This  is  an  important  consider- 
ation especially  on  bridges  in  outlying 
sections.  State  Highway  departments, 
railroads  counties  and  cities  have 
made  extensive  use  of  this  type  of  sur- 
facing on  more  than  100  bridges  in 
the  vicinity  of  New  York.  The  Dela- 
ware Lackawanna  &  Western  R.  R.  on 
its  viaduct  through  East  Orange,  N.  J. 
is  using  small  asphalt  blocks  8  ins.  x 
4  ins.  x  114  ins.  to  protect  the  water- 
proofing membrane  from  the  ballast 
and  ties. 


One- Man  Road  Maintainor 

A  light  road  machine  hauled  by  a 
Fordson  tractor  and  operated  by  one 
man  is  now  being  manufactured  by 
the  C.  D.  Edwards  Manufacturing 
Company,   of   Albert   Lea,   Minnesota. 


,er  on  a  6-foot  radius,  the  tractor  be- 
ing under  complete  control  of  the  op- 
erator regardless  of  its  angle  to  the 
grader. 


Tractor  and  Grading  Units 

The  Moline  Plow  Company  has 
brought  out  an  earth-moving  machine, 
and  the  Stockland  Road  Machinery 
Company  has  produced  a  road  grader 
especially  adapted  to  use  with  the 
Moline  Plow  Company's  newly-devel- 
oped 10-20  road  tractor  known  as 
Model  "E." 

The  most  striking  feature  of  the 
earth  mover  is  its  long,  shallow  one- 
yard  bucket,  permitting  the  taking  on 
of  the  latter  part  of  the  load  with  less 
resistance  than  is  experienced  with 
the  shorter  and  deeper  types  where 
the  material  piles  up  against  the  back 
before  loading  is  complete.  The  out- 
fit is  arranged  to  work  backward  and 
forward  in  narrow  cuts  without  turn- 
ing. On  hauls  of  300  feet  or  even 
more  a  round  trip  can  be  made  in 
2%  minutes.  For  such  lengths  it  is 
quickest  to  turn  instead  of  back.  With 
fair  footing  this  equipment  will  back 
up  a  35  to  40-per  cent  grade. 

The  grader  is  of  the  same  weight 
and  strength  as  a  regular  15-20  horse- 
power tractor  grader.  The  standard 
blade  is  7*4  ft.  although  an  8-ft.  blade 


Edwards- Fordson     One-Mao     Maintainer. 


The  machine  is  made  with  two  types 
of  rear  wheels  and  with  mold  boards 
7,  8,  9  or  10  feet  long. 

The  Fordson  will  turn  on  a  12-foot 
radius  and  the  rear  wheel  of  the  grad- 


is  furnished  when  desired.  The  blade 
has  a  9-inch  lift,  and  can  be  adjusted 
to  almost  any  position. 

The  Model  "E"  tractor  is  a  surplus 
powered  10-20  weighing  5200  lb. 
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Mental  Camelitis 


"A  great  many  people  unfortunately 
believe  that  their  minds  have  the  odd 
capacity  of  the  camel.  By  drinking 
deeply  at  the  fountain  of  knowledge 
in  school  or  college  they  consider 
themselves  stocked  up  for  life."  In 
saying  this  F.  B.  Robinson,  Dean  of 
the  School  of  Business  of  the  College 
of  the  City  of  New  York,  has  correctly 
indicated  the  nature  of  a  disease  that 
afflicts  many  "educated"  men;  we  may 
call  it  mental  camelitis. 

It  is  astounding  but  true  that  school- 
ing usually  fails  to  train  students  to 
remain  students.  Yet  the  main  object 
of  formal  education  should  be  to  teach 
men  to  teach  themselves.  On  the 
contrary,  the  effect  of  school  and  col- 
lege training  seems  usually  to  produce 
mental  camelitis,  Those  afflicted  with 
this  disease  have  a  persisting  distaste 
?or  articles  and  books  of  an  informa- 
tive nature.    They  speak  of  their  edu- 


cation in  the  past  tense,  never  in  the 
present  or  future  tense.  Always  it 
is:  "I  was  educated  at  such  and  such 
a  place."  Never  is  it:  "I  am  being,  or 
shall  be,  educated."  Education  with 
them  is  a  gallon  long  ago  pouched 
away;  never  a  daily  drinking. 

Camelitis  afflicts  us  all  at  times,  but 
fortunately  it  is  a  disease  that  yields 
quickly  enough  if  treated  in  the  fol- 
lowing manner:  Select  a  definite 
economic  problem  (business  or  engi- 
neering) in  which  you  are  interested, 
but  whose  solution  is  not  too  easy.  Go 
to  a  library  and  search  for  all  the 
available  information  bearing  upon 
the  question.  Let  the  search  be  pro- 
longed and  thorough.  Analyze  the  in- 
formation, and,  if  possible,  arrive  at  a 
definite  solution.  Repeat  this  dose 
until  the  mind  constantly  craves  in- 
formation that  can  be  used  in  attack- 
ing the  economic  problems  that  arise 
daily. 

If  mental  camelitis  were  wiped  out 
in  America  our  national  productivity 
would  be  doubled  in  less  than  twenty 
years. 
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Why    Only    Two    Civil 

Engineers   Graduated 

from  Columbia 

During  the  past  eight  years  Colum- 
bia University  has  been  experimenting 
with  a  six-year  course  for  all  engi- 
neers. The  result  is  that  the  total 
enrollment  in  engineering  courses  has 
dwindled  to  barely  200,  and  last  June 
only  two  civil  engineering  degrees 
and  four  mining  engineering  degrees 
were  granted.  Twenty  years  ago  Co- 
lumbia was  commonly  regarded  as  hav- 
ing the  best  mining  course  in  America, 
and  its  civil  engineering  course  ranked 
with  the  highest.  Possibly  both  of 
these  courses  are  better  today  than 
they  were  then.  But,  if  so,  it  seems 
certain  that  they  have  become  too 
good  for  common  use. 

President  Butler,  in  his  annual  re- 
port, speaks  complacently  of  the  great 
shrinkage  in  attendance  at  Columbia's 
engineering  schools,  and  says  that 
"Probably  no  one  would  counsel  going 
back  to  the  former  policy  of  accepting 
students  for  the  Schools  of  Mines,  En- 
gineering and  Chemistry  direct  from 
the  secondary  schools,"  that  is  with- 
out some  schooling  in  "the  college 
proper."  The  editor  believes  that  a 
vote  of  Columbia's  engineering  gradu- 
ates would  show  a  great  majority  in 
favor  of  reverting  to  the  old  four-year 
course  without  any  intermediate 
"arts"  course.  The  editor  took  a  four- 
year  course  in  mining  engineering  at 
Columbia,  and  would  take  the  same 
Course  again  if  he  were  repeating  his 
schooling,  but  he  would  not  go  to 
Columbia  or  any  other  university  that 
required  him  to  spend  ten  successive 
years  in  high  school  and  college.  It 
is  bad  enough  to  keep  a  youth  im- 
mersed in  school  work  till  he  is  twen- 
ty-three, for  his  habits  are  past  crys- 
tallizing in  the  early  twenties,  and  he 
needs  to  form  other  habits  than  those 
formed  at  school.  We  believe  it  was 
William  James,  who  said  in  his  psy- 
chology that  few  men  form  new  habits 
after  the  age  of  26  or  27.  If  this  is 
even  approximately  true — and  our  ob- 
servation has  indicated  that  it  is — it 
is  a  profound  mistake  to  keep  a  young 
man  in  college  much  after  he  reaches 
the  age  of  21,  if  the  young  man  plans 
to  be  an  economist  either  in  engineer- 
ing or  in  business.  Since  the  great 
majority  of  engineering  students  aim 
to  become  engineering  economists, 
they  should  be  forced  to  solve  many 


economic  problems  of  a  practical  na- 
ture early  in  life.  Engineering 
courses  contain  altogether  too  few 
problems  of  this  nature,  whereas  en- 
gineering practice  teems  with  such 
problems.  For  this  reason,  if  the 
choice  were  between  the  two  extremes 
of  a  six-year  and  a  three-year  engi- 
neering course,  we  should  unhesitat- 
ingly choose  the  three-year  course. 
Yale's  old  three-year  engineering 
course  was  exceedingly  popular. 
Would  it  not  be  wise  to  make  a  care- 
ful survey  of  Yale's  engineering 
alumni  to  ascertain  whether  or  not 
they  have  been  handicapped  by  the 
brevity  of  their  three-years  in  college? 
As  we  read  President  Butler's  brief 
discussion  of  this  matter,  we  fail  to 
discern  a  scientific  treatment  of  it. 
There  is  not  a  suggestion  of  any  at- 
tempt to  measure  the  results  obtained 
by  long  and  short  courses  in  engi- 
neering. All  there  is  is  speculation 
and"  assertion.  The  speculation — 
well,  it  is  mere  speculation.  The  as- 
sertion is  easily  met  with  counter  as- 
sertion. All  is  left  classically  nebu- 
lous as  is  the  wont  of  classically 
trained  minds. 


To    Study    Arch    Dams 

A  nationwide  study  of  arch  dams  is 
about  to  be  undertaken  by  the  Engi- 
neering Foundation  in  co-operation 
with  the  engineers  of  the  West.  To 
aid  in  investigating  the  whole  ques- 
tion of  arch  dams,  the  Foundation,  as 
a  part  of  its  general  plan  of  promoting 
industrial  research,  has  named  the 
following  committee  of  civil  engi- 
neers: Arthur  P.  Davis,  Washing- 
ton, director  of  the  U.  S.  Reclamation 
Service;  A.  B.  Fletcher,  director  of 
Public  Works,  Sacramento,  Cal.;  M. 
M.  O'Shaughnessy,  city  engineer,  San 
Francisco;  H.  Hobart  Porter  and 
Silas  H.  Woodard  of  New  York;  Prof. 
C.  Derleth,  Jr.,  University  of  Califor- 
nia; F.  A.  Noetzli,  San  Francisco;  H. 
Hawgood,  Los  Angeles;  D.  C.  Henny, 
Portland,  Ore.  The  plan  is  to  make 
measurements  of  existing  dams  and 
those  which  are  to  be  constructed  in 
the  near  future,  to  learn  as  much  as 
possible  about  their  performance  un- 
der different  conditions  of  tempera- 
ture and  of  depth  of  water  in  the  res- 
ervoir. It  is  also  proposed  to  build 
one  or  more  small  dams  for  experi- 
mental purposes  upon  which  tests  can 
be  made  to  try  various  theories  and 
get  information  not  possible  to  be  got- 
ten by  measurements  of  existing 
dams. 
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Collection  of  Utilities  Bills 

To  the  Editor:  I  have  read  your 
editorial  on  page  115  of  your  water- 
works issue  of  Dec.  13,  entitled  "Why 
Not  Courtesy?'  and  while  it  may  sound 
very  nice  to  those  whose  duties  do  not 
require  the  collection  of  utilities  bills, 
it  would  appeal  more  to  me  if  it  con- 
tained the  suggestion  of  a  way  to  en- 
force the  collection  of  such  bills  with- 
out the  "bullying  language"  you  criti- 
cise. 

I  have  for  several  years  been  con- 
nected with  municipally  owned  utili- 
ties in  a  capacity  which  required  the 
supervision  of  collections  of  the  vari- 
ous utilities  bills,  and  it  has  been  my 
experience  that  the  only  way  that 
these  bills  can  be  collected  without 
loss  to  the  owners  of  the  utilities  is 
to  have  a  date  on  which  service  will 
be  discontinued  if  the  bill  is  not  paid, 
and  so  far  as  I  know .  there  is  not  a 
well  managed  utility  in  the  country, 
either  privately  or  municipally  owned, 
that  has  not  adopted  this  practice. 

It  seems  that  your  objection  is  not 
to  the  principle  involved,  which  you 
must  agree  is  necessary,  but  to  the 
fact  that  bills  state  that  service  will 
be  discontinued  on  a  certain  stated 
date,  without  further  notice,  unless 
payment  is  made  and  I  desire  to  take 
issue  with  you  on  this  point. 

At  the  different  places  where  I  have 
been  connected  with  the  various  utili- 
ties such  as  water,  sewers,  electric 
light  and  power,  in  an  official  capacity, 
I  have  also  been  a  subscriber  to  the 
services  of  certain  other  utilities  such 
as  telephone,  gas  and  etc.,  with  which 
I  have  had  no  connection,  and  at 
various  times  I  have  either  forgotten 
or  neglected  to  pay  my  bills  to  these 
utilities  and  regardless  of  the  courte- 
ous or  discourteous  wording  of  the 
bills,  my  service  has  always  been 
promptly  discontinued  and  it  seems  to 
me  that  the  only  excuse  I  could  have 
found  to  criticise  the  utility  companies 
in  these  cases  was  the  fact  that  their 
bills  did  not  state  in  plain  language 
that  the  service  would  be  discontinued 
on  a  certain  date  if  the  bills  were  not 
paid. 

following  system: 

Our  rates  were  increased  sufficiently 
to  allow  us  to  give  a  discount  of  10  per 
cent  and  make  the  net  rates  the  same 
as  before  the  raise.  We  then  fixed  a 
certain  date  on  which  all  consumers 
whose  bills  were  paid  previous  to  the 


In  a  certain  city  where  I  previously 
srved  as  city  manager  I  adopted  the 


specified  date  would  be  given  the  10 
per  cent  discount.  The  day  following 
this  date  a  second  notice  was  mailed 
to  each  delinquent  consumer  advising 
the  amount  of  the  bill,  stating  that  no 
payment  had  been  received,  that  no 
discount  would  be  allowed  on  the  bill 
and  that  unless  the  bill  was  paid  with- 
in three  days  the  service  would  be  dis- 
continued without  further  notice. 
This  was  literally  enforced  and  with- 
in two  or  three  months  from  the  time 
this  system  was  adopted  our  cut  off 
list  dropped  from  300  to  400  each 
month  to  less  than  a  dozen  and  con- 
sumers who  previously  would  be  very 
much  exasperated  if  called  on  the  tel- 
ephone and  advised  that  their  bills 
had  not  been  paid,  on  receipt  of  their 
second  notice,  as  we  called  our  fol- 
low-up cards  would  come  in  and  make 
some  jesting  remark  about  having 
lost  their  discount,  but  it  was  very 
seldom  that  anyone  was  ever  angered. 
In  fact,  they  seemed  to  appreciate  the 
fact  that  we  were  looking  after  their 
interests  and  that  they  were  receiv- 
ing exactly  the  treatment  that  was 
being  given   others. 

I  would  be  very  glad  to  have  any 
suggestions  from  yourself  or  others 
as  to  any  courteous  and  efficient 
methods  of  collecting  utilities  bills 
without  as  you  say,  using  "bullying 
language." 

OSCAR    DOBBS, 
City  Manager. 

Nowata,  Okla. 


The  Service  Charge 

To  the  Editor:  In  your  December 
Water  Works  monthly  issue  appears 
a  letter  entitled  "The  Service  Charge" 
by  L.  P.  Sawin,  Everett,  Mass.,  which 
is  of  interest  as  it  appears  to  express 
the  popular  misconception  of  what 
the  "Service  Charge"  actually  is.  The 
author's  conclusion  seems  to  be  that 
all  water  sold  by  a  municipality  shoulq 
be  charged  against  consumers  at  a 
fixed  unit  price  for  the  water  and  pref- 
erably at  a  uniform  price  regardless 
of  the  quantity  of  water  delivered  to 
the  consumer. 

The  above  method  of  charging  for 
water  takes  no  consideration  of  the 
actual  cost  of  service.  Carried  to  its 
logical  conclusion,  a  private  water 
company  should  receive  for  fire  ser- 
vice only  a  sum  equal  to  the  cost  of 
water  actually  used  for  fire  protection 
at  the  same  price  as  that  paid  by  a 
domestic  consumer  per  1,000  gal.  for 
water    actually    consumed.      This,    of 
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course,  in  itself  would  indicate  the 
absurdity  of  such  a  method  of  pay- 
ment. 

The  service  charge,  moreover,  is  not 
to  be  confused  with  the  meter  charge. 
The  former  includes  in  part  the 
proper  overhead  or  capacity  costs  en- 
tailed by  a  service  and  plant  up  to  the 
actual  delivery  of  water.  The  meter 
charge,  however,  considers  only  the 
cost  or  rental  of  the  meter  which  is  a 
fractional  part  of  the  actual  capacity, 
or  demand,  expense  of  a  service,  be 
it  large  or  small. 

Referring  to  the  illustration  in  Mr. 
Sawin's  letter  and  to  the  cost  of 
weighing  coal.  The  city  scale,  of 
course,  is  a  single  unit  which  is  made 
sufficiently  large  to  accommodate  all 
loads  anticipated.  To  be  comparable 
to  the  water  service,  there  should  be 
provided  many  scales  sufficient  to 
weigh  up  to  a  fixed  limit  of  say  500 
and  1000  lb.,  one,  two,  three,  four,  and 
five  tons  and  so  on.  The  water  ser- 
vice contemplates  the  use  of  service 
lines  and  meters  ranging  from  V2  inch 
to  6  or  8  in.  with  varying  capacities 
and  costs  of  installation.  There  is  no 
comparison,  therefore,  between  the 
one  scale  for  all  purposes  and  the  me- 
tered sale  of  water. 

In  the  same  way,  the  sales  of  milk 
by  the  quart  or  by  the  eight  quart 
measure  are  not  comparable  as,  ob- 
viously, the  scale  of  prices  mentioned 
is  not  at  all  equitable  or  logical.  The 
costs  of  the  containers  are  not  charge- 
able as  indicated. 

The  use  of  a  uniform  charge  for 
water  regardless  of  the  quantity  of 
water  delivered  daily  or  yearly  per 
consumer  is  popular  because  it  favors 
the  small  consumer.  However,  such 
a  charge  takes  no  account  of  the  de- 
mand expenses  or  of  the  fact  that  a 
large  consumer  benefits  the  small  con- 
sumer by  permitting  a  lower  charge  to 
the  smaller  consumer  than  would  be 
possible  were  the  service  discontinued 
to  the  large  consumer.  The  large  con- 
sumer, however,  should  pay  a  larger 
capacity  or  service  charge  than  the 
smaller  but  his  charge  per  1000  gal. 
of  water  sold  should  be  less  in  propor- 
tion to  the  quantity  used;  that  is,  if 
we  are  to  make  the  charges  propor- 
tionate to  the  costs  of  services.  This, 
of  course,  is  the  only  rational  method 
of  charging  for  any  service  rendered 
by  any  utility. 

The  writer  recently  assisted  in  the 
adjustment  of  water  rates  in  a  small 
city  where  the  water  company  serves 
a  large  consumer  at  a  comparatively 


low  unit  cost  per  1000  gal.  The  city 
fathers  wish  to  increase  the  cost  to 
the  larger  consumer  in  proportion  to 
the  cost  to  the  small  consumer  and  to 
a  charge  higher  than  the  large  con- 
sumer would  pay.  By  a  simple  com- 
putation, the  city  authorities  were 
shown  that  the  sale  of  water  to  the 
large  consumer  at  a  low  rate  actually 
permitted  the  company  to  sell  water 
to  the  small  consumers  as  a  whole  at 
rates  about  two-thirds  of  those  that 
would  be  required  were  the  large  con- 
sumer to  discontinue  the  use  of  the 
public  supply  and  to  install  his  own 
supply. 

Too  much  has  been  written  relative 
to  the  service  charge  to  dwell  further 
upon  it  here  but  the  writer  would  re- 
gret to  see  Mr.  Sawin's  letter  pass 
without  comment.  As  a  matter  of  fact 
a  rate  schedule  containing  a  service 
charge  is  the  only  rational  and  equit- 
able form  of  rate  schedule. 

PHILIP  BURGESS, 
of  Burgess  &  Niple, 
Columbus,  O.     Consulting  Engineers. 


Prizes  for  Labor  Saving  Machines  in 
Lumber  Industry. — The  National  Lum- 
ber Manufacturers'  Association  has 
again  offered  a  series  of  prizes  which 
will  be  awarded  to  those  who  contrive 
the  best  method,  the  newest  machine 
or  device,  which,  in  practical  applica- 
tion, will  result  in  an  appreciable  sav- 
ing of  labor,  time,  material  or  expense 
in  the  lumber  manufacturing  industry. 
Heretofore  a  single  prize  of  $1,000  was 
offered  each  year  to  the  successful 
contestant.  At  the  present  time  the 
National  Lumber  Manufacturers'  As- 
sociation is  offering  prizes  amounting 
to  $2,000,  which  will  be  divided  as  fol- 
lows: First  prize,  $1,000;  second 
prize,  $500;  three  prizes  of  $100;  four 
prizes  of  $50. 


19,000,000  Acres  of  Irrigated  Land 
in  U.  S. — According  to  the  annual  re- 
port of  the  Bureau  of  Public  Roads, 
United  States  Department  of  Agricul- 
ture, in  1920  the  area  irrigated  in  the 
United  States  amounted  to  approxi- 
mately 19,000,000  acres  and  the  an- 
nual gross  returns  from  irrigated 
lands  is  now  nearly  half  a  billion  dol- 
lars. 


New  High  Record  for  Panama  Canal 
Traffic. — Traffic  on  the  Panama  Canal 
established  another  new  high  record 
in  October,  with  a  total  of  1,446,000 
tons  of  cargo,  of  which  649,000  were 
carried  in  American  vessels. 
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Relations  of  Water  Company  and  Consumer 

How  a  Utility  Gained  the  Good  Will  and  Confidence  of  the  Public 

By  EUGENE  CARROLL, 

Vice  President  and  General  Manager,  Butte   Water  Co.,  Butte,  Mont. 


The  article  by  Mr.  Dow  Gwinn,  pres- 
ident and  manager  of  the  Terre  Haute 
Water  Co.,  in  your  issue  of  Dec.  13, 
was  extremely  interesting  to  the 
writer  as  many  of  the  points  men- 
tioned are  along  the  line  of  his  activi- 
ties extending  over  an  experience  of 
nearly  40  years  in  the  construction 
and  operation  of  privately  owned 
water  works.  The  success  of  a  water 
company  depends  upon  good  service, 
attractive  surroundings  at  the  pump 
stations  and  reservoirs,  courtesy  of 
employes  to  consumers,  and  co-opera- 
tion and  contentment  among  em- 
ployes, all  of  which  tend  to  gain  the 
confidence  and  good  will  of  the  public 
without  which  no  advertising  will 
avail.  When  the  writer  became  man- 
ager of  the  Butte  Water  Co.  in  1891, 
he  found  the  community  of  Butte  al- 
most unanimously  opposed  to  the 
company.  This  was  not  an  unusual 
condition  at  that  time,  particularly  in 
small  communities,  as  corporation  of- 
ficials had  not  yet  begun  to  realize 
the  great  importance,  particularly  to 
public  utilities,  of  the  good  will  and 
confidence  of  the  public. 

Attitude  of  Employes  to  Consumers. 
— The  first  principle  established  by 
this  organization  in  relation  to  the 
attitude  of  the  company  employes  to- 
wards consumers  was  based  on  the 
theory  that  no  consumer  or  citizen 
of  this  community  is  so  small,  that  the 
corporation  can  afford  to  make  an 
enemy  of  him.  Along  this  line  orders 
were  issued  that  no  one  except  the 
manager  was  permitted  to  threaten  to 
"turn  off  water"  of  a  consumer,  and 
no  employe  was  permitted  to  argue 
with  a  disgruntled  customer,  but  must 
refer  all  such  to  the  manager.  For 
the  first  two  years  hardly  a  day  passed 
without  one  or  more  consumers  be- 
ing referred  to  the  manager,  who  to- 
day is  rarely  called  upon  to  settle 
disputes.  As  soon  as  the  public  found 
°ut  that  we  were  using  every  en- 
deavor to  improve  conditions,  that 
we  played  no  favorites,  but  treated 
all  equally,  and  were  inclined  to  be 
fair  in  all  of  our  dealings,  most  of  the 
unrest  and  dissatisfaction  ceased.  Of 
course,  without  satisfactory  service, 
and  excellent  quality  of  supply,  such 


results  could  not  be  obtained.  Our 
experience  during  the  winter  of  1920 
when  we  were  threatened  with  a 
water  famine  on  account  of  unusual 
condition  beyond  our  control,  illus- 
trates the  success  our  system  has  had 
with  the  community.  During  this 
winter  we  made  a  systematic  dis- 
play advertising  campaign  through  the 
daily  newspapers  in  which  we  took  the 
public  into  our  confidence,  appealing 
to  them  for  their  assistance,  and  ac- 
complished wonderful  results  along 
the  line  of  co-operation,  thus  saving 
the  situation  which  would  have  been 
impossible  without  the  good  will  and 
confidence  of  the  public. 

We  operate  a  pump  station  30  miles 
from  the  city  besides  two  storage  and 
two  distributing  reservoirs.  The 
grounds  at  these  points  are  beautified 
and  maintained  as  public  parks.  Our 
employes  stationed  at  these  various 
points  are  housed  in  modern  houses, 
rent  free,  and  are  encouraged  to  beau- 
tify their  yards.  At  the  pump  station 
we  maintain  a  modern  vegetable  gar- 
den, in  addition  to  trees,  grass,  and 
flowers.  The  garden  is  very  attractive 
to  the  public  and  the  vegetables  are 
consumed  by  the  emplAyes.  Nothing 
impresses  the  public  more  than  clean, 
attractive  surroundings  for  reservoirs 
and  pump  stations.  At  one  of  our  res- 
ervoirs, 13  miles  from  the  city,  which 
is  maintained  as  a  public  park,  we 
often  have  over  a  thousand  people  on 
holidays.  We  provide  tables  under 
the  trees,  ovens  for  cooking  and  per- 
mit nothing  to  be  sold  on  the  prem- 
ises. It  is  a  favorite  park  for  family 
picnics  with  occasional  church  and 
Sunday  school  picnics,  though  we  dis- 
courage picnics  by  organizations. 

Importance  of  Esprit  de  Corps 
Among  Employes. — Next  to  maintain- 
ing a  good  service  and  securing  the 
confidence  of  the  consumers,  esprit 
de  corps  among  employes  is  second  in 
importance.  In  order  to  insure  co- 
operation among  employes  we  are 
divided  into  four  departments — office, 
operation,  inspection,  and  construc- 
tion. The  heads  of  each  department 
are  urged  ta  consult  with  each  other 
and  act  in  co-operation  with  the  end 
in  view  of  securing  the  best  general 
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service  for  the  company  and  the  pub- 
lic. Any  differences  which  may  arise 
between  the  heads  of  departments  are 
promptly  settled  by  the  management 
and  consultations  between  all  heads 
of  departments  and  the  manager  are 
frequent  when  the  general  policy  of 
the  company  is  discussed.  Friction 
and  jealousy  between  departments  is 
thus  minimized  to  the  end  that  they 
all  give  and  take  for  the  benefit  of 
the  general  good.  Department  heads 
are  imbued  with  the  idea  of  not  as- 
suming authority  outside  of  their  own 
department,  and  criticisms  of  other  de- 
partments- are  discouraged  except  in 
the  presence  of  the  head  of  that  de- 
partment. From  experience  at  other 
places  in  the  past,  the  writer  fully 
realizes  the  undesirability  of  friction 
between  departments,  the  only  result 
of  which  is  decreased  service  and  in- 
creased expense,  while  the  company 
stands  the  loss.  A  manager  cannot  be 
too  careful  along  these  lines  as  no 
other  factor  has  so  much  to  do  in 
causing  success  or  failure. 

Employes  are  encouraged  to  make 
suggestions  and  all  are  impressed 
with  the  idea  of  keeping  the  service 
up  to  the  highest  standard  without 
extravagance,  and  to  strive  for  the 
commendation  of  the  public.  The 
public  is  a  peculiar  factor  to  deal  with. 
They  feel  it  their  duty  to  advise  all 
public  officials,  but  the  employes  of 
this  company  realize  that  if  it  makes 
them  feel  better,  it  is  good  policy  on 
our  part  to  quietly  listen  to  such  ad- 
vice and  thank  them  for  their  inter- 
est. A  cross  word  or  a  threat  from 
one  of  our  employes  may  create  se- 
rious difficulties  often  impossible  to 
overcome. 

Community  Work. — Having  only  a 
comparatively  small  number  of  em- 
ployes, the  personal  equation  enters 
more  largely  into  our  community  work 
than  can  be  done  in  larger  corpora- 
tions. At  the  same  time,  the  principle 
is  the  same  and  while  different  meth- 
ods may  be  used  the  same  good  results 
can  be  obtained  by  installing  into  the 
thoughts  of  all  employes  the  feeling  of 
the  one  big  family,  all  striving  for  the 
same  object,  and  all  working  under 
one  policy. 

In  order  to  have  co-operation  and 
good  feeling  among  our  employes,  we 
have  frequent  functions  in  which  so- 
ciability among  their  families  is  en- 
couraged. The  company  carries  group 
life  insurance  on  all  regular  employes 
starting  at  $500  after  six  months'  ser- 
vice,   and    gradually   increasing   each 


year  until  the  maximum  of  $2,000  is 
reached  after  fifteen  years  service. 

We  maintain  a  small  hall  in  one  of 
our  buildings  for  the  benefit  of  the 
employes  and  their  families.  This  is 
furnished  with  piano,  victrola,  card 
tables,  chairs,  and  a  complete  set  of 
dishes  and  gas  stove  and  can  accom- 
modate about  80  people.  Employes 
and  their  families  can  use  this  free 
of  cost  on  giving  due  notice.  Fre- 
quent employes'  dances  are  held  in 
this  hall  during  the  winter  months 
and  the  privilege  is  enjoyed  by  many 
individuals  for  private  card  and  danc- 
ing parties. 

Once  a  year  at  one  of  the  pump 
stations,  the  company  gives  a  picnic 
for  all  employes  and  their  families  at 
which  dancing,  fishing,  games,  two 
meals,  and  free  transportation  are  pro- 
vided without  cost.  On  Christmas 
every  employe  is  presented  with  a 
turkey  by  the  company  and  vacations 
are  granted  each  year  on  full  pay,  one 
week  after  three  years'  service  and 
two  weeks  after  five  years'  employ- 
ment. The  manager  usually  enter- 
tains at  a  dinner  dance  at  the  country 
club  on  the  anniversary  of  his  arrival 
in  Butte  and  has  been  frequently  en- 
tertained by  his  employes  on  such  an- 
niversaries as  his  wedding,  25th  wed- 
ding anniversary,  20th  and  30th  anni- 
versary of  his  arrival  in  Butte. 

While  many  of  these  activities  were 
more  or  less  hobbies  of  the  writer, 
when  he  first  started  industrial  life, 
the  results  of  the  past  32  years  with 
this  company  have  been  extremely 
satisfactory.  Over  30  per  cent  of  our 
employes  have  been  in  service  over 
fifteen  years  and  the  loyalty  of  the 
whole  organization  is  beyond  question. 
It  is  a  matter  of  great  satisfaction  to 
the  management  that  with  the  excep- 
tion of  an  occasional  strike  by  the 
common  labor,  he  has  never  been  so- 
licited by  an  employe  for  an  increase 
in  salary.  Our  system  has  always 
been  to  start  employes  at  a  low  sal- 
ary, increasing  it  as  their  efficiency  in- 
creases. The  writer  feels  that  unless 
an  employe  is  entitled  to  an  increase 
in  salary  after  six  months'  service  it 
is  better  to  dispose  of  his  services,  and 
get  somebody  better  fitted  for  the 
position. 

The  present  superintendent  started 
as  foreman  laying  pipe  31  years  ago; 
the  present  chief  engineer  started 
with  the  company  as  rodman  on  con- 
struction work  some  30  years  ago; 
the  present  head  of  the  inspection  de- 
partment started  as  water  boy  on  con- 
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struction;  the  head  bookkeeper  of  the 
office  started  her  career  as  telephone 
girl;  the  cashier  started  as  office  boy, 
showing  that  this  system,  so  far  as 
applied  to  this  company,  has  worked 
out  in  splendid  shape.  Several  of 
the  clerks  in  the  general  office  started 
as  office  boys  and  are  gradually  work- 
ing up  to  higher  positions.  The  dis- 
cipline during  office  hours  at  both  the 
general  office  and  the  shop  is  beyond 
criticism.  We  all  feel  from  the  man- 
ager down  that  during  work  hours 
the  company  is  entitled  to  our  entire 
time  and  attention  and  business  is 
transacted  in  an  orderly  and  conscien- 
tious manner. 

The  Good  Will  of  the  Public— With 
jo-operation  among  our  employes  and 
:he  standardized  policy  of  our  em- 
>loyes  towards  the  public,  we  feel  that 
we  have  secured  the  good  will  and 
confidence  of  the  public  who  realize 
that  at  all  times,  no  matter  what  con- 
ditions may  arise,  courteous  and  fair 
treatment  is  accorded  all  consumers 
and  citizens  of  our  community.  Our 
publicity  work  is  minimized,  though 
the  most  cordial  relations  exist  be- 
tween the  company  and  the  daily 
newspapers,  and  when  occasion  arises 
the  widest  publicity  and  most  cordial 
treatment  is  given  to  the  company  by 
the  various  daily  papers.  In  general 
community  work  the  company  is  lib- 
eral and  does  its  share  in  all  such 
activities.  We  fully  realize  the  ad- 
vantage of  the  right  kind  of  publicity 
and  have  always  endeavored  to  be 
fair  with  the  public  in  all  advertising 
matter.  Long  before  the  matter  of 
pure  water  for  public  supplies  was 
taken  under  control  by  the  state  au- 
thorities, this  company  installed  puri- 
fying methods  which  have  since  been 
approved  and  enforced  by  the  state 
authorities  in  other  plants  in  the 
state,  the  company  has  always 
realized  the  necessity  of  maintaining 
the  highest  standard,  as  to  the  purity 
)f  the  supply,  irrespective  of  cost. 

While  the  experience  of  the  writer 
las  been  confined  entirely  to  privately 
>wned  water  works,  from  observation, 
le  is  impelled  to  suggest  that  many 
3ommunities  would  be  greatly  benefit- 
ted, if  their  public  officials  in  charge 
of  the  utilities  would  exercise  the 
same  care  to  secure  the  good  will  of 
the  public  as  is  done  by  private  man- 
agers. It  is  hardly  to  be  hoped  that 
men  can  be  found  who  will  give  the 
same  service  to  a  public  corporation 
as  is  given  to  private  corporation;  at 
the  same  time,  it  would  be   a  great 


boon  to  a  long  suffering  public  if 
such  a  condition  could  be  brought 
about. 


Loss    of    Head    in    Sudden 
Enlargements  in  Cir- 
cular Pipes 

By   F.   W.   MEDAUGH, 

Instructor  in  Civil  Engineering-,  The  Johns 
Hopkins  University. 

Experiments  made  recently  by  the 
writer  on  sudden  enlargements  in  cir- 
cular pipes  indicate  that  a  few  of  the 
minor  conclusions  arrived  at  by  Mr. 
W.  H.  Archer  (Trans.  Amer.  Soc.  Civ. 
Eng.,  Vol.  76,  1913)  are  incorrect.  Mr. 
Archer  states  that  the  dead  water  in 
the  corner  of  the  sudden  enlargement 
acts  as  a  diffuser  of  solid  material. 
If  a  pipe  is  gradually  enlarged,  more 
or  less  impact  takes  place  along  the 
entire  length  of  the  enlargement  and 
a  gradual  increase  in  pressure  re- 
sults. It  is  hard  to  understand  how 
a  body  of  dead  water  could  perform 
the  same  function.     If  it  were  truly 


Fig.  1. 

a  body  of  dead  water  its  pressure 
head  at  any  given  level  should  be  con- 
stant throughout,  and  the  hydraulic 
gradient  for  that  portion  should  be 
very  nearly  horizontal.  Figure  1  is  a 
reproduction  of  a  photograph  of  an  act- 
ual hydraulic  gradient  containing  just 
such  a  stretch  of  horizontal  gradient 
on  the  downstream  side  of  the  plane 
of  enlargement.  The  great  length  of 
this  level  stretch  of  gradient  when 
high  velocities  and  large  pipe  area  ra- 
tios are  used  argues  against  the  dead 
water  acting  as  a  diffuser.  Another 
argument  against  it  is  the  fact  that 
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if  the  sudden  enlargement  is  near  the 
end  of  the  pipe  line  and  the  velocity 
is  increased  sufficiently,  the  level  por- 
tion of  the  hydraulic  gradient  will 
drop  below  the  surface  of  the  pipe, 
showing  that  the  dead  water  space  is 
now  occupied  by  air. 

A  more  plausible  explanation  of 
what  occurs  is  that  when  the  stream 
of  water  reaches  the  sudden  enlarge- 
ment, the  dead  water  takes  the  place 
of  the  pipe  walls  and,  being  at  a  low- 
er pressure,  gives  the  particles  of 
water  a  component  of  velocity  at 
right  angles  to  the  axis  of  the  pipe. 
The     particles    then    pursue    curved 


Fig.  2. 

paths,  no  impact  taking  place  until 
they  reach  the  walls  of  the  enlarged 
pipe.  The  particles  at  the  periphery 
of  the  stream  suffer  impact  a  little  in 
advance  of  those  at  the  center,  hence 
the  curved  appearance  of  the  hydrau- 
lic gradient  and  the  gradual  increase 
in  pressure.  A  pressure  head  is  au- 
tomatically maintained  in  the  dead 
water  space  just  sufficiently  below 
the  pressure  head  of  the  entering 
water  to  give  the  water  a  right  angle 
component  of  velocity  which  when 
suddenly  stopped  by  the  pipe  walls 
will  produce  the  pressure  that  should 
exist  in  the  downstream  section  after 
allowing  for  losses. 

The  conditions  existing  when  water 
enters  a  sudden  enlargement  in  a  pipe 
are  very  similar  to  those  existing 
when  it  flows  by  the  downstream 
opening  of  a  Pitot  tube.  Here  too  the 
pressure  in  the  dead  water  space  may 
be  reduced  below  atmospheric  if  the 
pressure  in  the  pipe  is  low  and  the  ve- 
locity is  increased  sufficiently. 

Experiments  were  also  conducted 
on  a  wooden  pipe  semi-circular  in  sec- 
tion and  containing  a  sudden  enlarge- 
ment. The  hydraulic  gradient  ob- 
tained by  inserting  piezometer  tubes 
along  the  center  line  of  the  flat  wall 
of  the  pipe  was  probably  similar  to 
the  hydraulic  gradient  which  existed 
for  the  central  stream  line  in  the  pipe 
of  circular  section,  and  was  very 
much  like  that  obtained  for  the  outer 
stream  lines  but  the  drop  in  pressure 
just  below  the  plane  of  enlargement 
took  place  a  little  more  slowly.     The 
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dotted  line  in  Fig.  2  represents  the 
hydraulic  gradient  for,  the  stream 
lines  along  the  flat  side  of  the  pipe. 

Meterage    Reduces    Water    Con- 
sumption at  Hegewisch 

A  reduction  in  domestic  consump- 
tion at  Hegewisch,  a  section  of  Chi- 
cago, from  433  gal.  per  capita  to  75 
gal.  was  brought  about  by  the  instal- 
lation of  water  meters,  according  to 
the  recently  issued  report  of  the  De- 
partment of  Public  Works  of  Chicago 
covering  the  year  1921.  We  quote 
from  the  report  as  follows: 

During  1920  meters  were  installed 
on  every  service,  about  850  in  number, 
in  the  town  of  Hegewisch,  with  re- 
markable results  in  regard  to  reduc- 
tion in  consumption.  A  test  made  on 
Jan.  31,  1920,  showed  the  total 
average  consumption  in  Hegewisch 
amounting  to  2,730,000  g.p.d.  On  Nov. 
10,  1920,  when  the  meters  were  about 
one-half  installed,  the  total  average 
consumption  was  1,640,000  g.p.d.  Dur- 
ing 1921  these  meters  were  read  on 
different  occasions  and  efforts  made 
to  stop  the  waste  and  reduce  the  loss 
due  to  leaky  plumbing  and  the  use  of 
hopper  closets,  resulting  in  further 
reduction  in  this  section.  Final  test 
made  on  Oct.  20,  1921,  indicated  an 
average  daily  consumption  of  620,000 
g.p.d.  which  is  less  than  25  per  cent 
of  the  original  consumption.  Follow- 
ing is  an  interesting  comparison  be- 
tween the  flows  before  and  after  the 
installation  of  meters: 

January,  October, 

1920.  1921. 

Total  flow.  g.  p.  d 2,730,000  620,000 

Industrial  and  Burnham, 

g.    p.    d 130,000  160.000 

Domestic,    g.    p.   d 2,600,000  460,000 

Domestic,    g.    p.    d.    per 

capita     433  75 

The  difference  in  domestic  consump- 
tion per  capita,  between  433  gal.  in 
January,  1920,  and  75  gal.  in  October, 
1921,  is  entirely  due  to  the  installation 
of  meters.  Meter  readings  indicate 
that  530  services,  more  than  60  per 
cent  of  the  total,  are  using  less  than 
23  gal.  per  capita  per  day. 


Hydroelectric  Developments  in  Aus- 
tria.—The  Finance  Minister  of  Austria 
has  been  authorized  to  spend  20  bil- 
lion crowns  for  hydroelectric  construc- 
tion. A  co-operative  scheme  has  been 
launched  which  contemplates  supply- 
ing electric  service  to  about  60  coun- 
try districts  and  a  number  of  indus- 
trial enterprises  near  Gross-Siegharts. 
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Historical  Examples  and  Evolution  of  the  Theory  of  Design 

By  EDWARD  WEGMANN, 
Consulting    Engineer,    New   York   City. 

A  slight  condensation  from  a  paper  presented  before  the  International  Con- 
gress of  Engineers  at  Rio  de  Janeiro,  1922,  and  here  printed  in  Two  Parts- 
Part  I  appearing  in  Engineering  and  Contracting  Dec.  13,  1922. 


PART  II. 
The  Author's  Investigations  of  Pro- 
file.— The  author's  experience  in  de- 
signing masonry  dams  began  in  1884, 
when  he  entered  the  service  of  the 
Aqueduct  Commissioners  of  the  city 
of  New  York  who  were  to  build  a 
new  aqueduct  from  the  Croton  River 
to  New  York  and  additional  storage 
reservoirs  in  water  shed  of  this  river. 
I  At  that  time,  no  high  masonry  dam 
had  been  built  in  America,  and  but 
very  few  abroad,  the  highest  being 
the  Furens  Dam,  near  St.  Etienne, 
France,  which  had  a  maximum  height 
above  the  foundation  of  50  meters 
(164  feet).  In  this  dam  the  maximum 
pressures  in  the  masonry  had  been 
limited  to  6  kilos  per  square  centi- 
meter (about  6  short  tons  per  square 
foot). 

One    of   the    first    problems    of    the 
Aqueduct      Commissioners      was      to 
choose  between  a  high  masonry  dam 
across  this  river,  near  its  mouth,  and 
dams     of     less     height     across     the 
branches   or   affluents   of   the   Croton. 
The  commissioners  finally  decided  in 
favor  of  the  former  dam,  to  be  built 
at  a  site  about  five  miles  above  the 
mouth    of    the    Croton    River,    named 
from   a   bridge   near  by,   the    Quaker 
Bridge  site.    This  dam  was  to  have  a 
height    of    about    275    feet— 111    feet 
more  than  the  altitude  of  the  famous 
Furens  Dam.    The  design  of  this  dam 
was   entrusted   to   the   late  Alphonse 
Fteley,  then  Executive  Engineer,  and 
later  for  many  years   Chief  Engineer 
of  the  Aqueduct  Commissioners.    The 
mathematical   studies   for   the   design 
of  the    profile    were   assigned   to   the 
author.     Prolonged    investigations    of 
the  best  methods  of  designing  a  ma- 
sonry dam  were  made,  and   different 
profiles,  based  on  various  data,  were 
drawn  up  and  compared. 

In  Fig.  2  the  principle  profile  types 
that  had  been  proposed  up  to  that 
time  (1884)  are  shown  and,  also,  a 
Profile    (Practical    Type    No.    1)    de- 


signed by  the  author.  A  glance  at  this 
plate  will  show  how  much  the  profile 
types  designed  by  distinguished  engi- 
neers differ  from  each  other.  For  a 
height  of  50  meters  (164  feet)  the 
maximum  .pressures  in  most  of  these 
types  is  limited  to  about  6  kilos  per 
square  centimeter  (6  short  tons  per 
square  foot),  but  for  a  height  of  275 
feet  such  a  limit  of  pressure  would 
have  led  to  ridiculous  profile,  and  to 
obtain  a  rational  design  for  the 
Quaker  Bridge  Dam,  the  maximum 
pressure  at  the  base  of  the  dam  was 
fixed  at  16  tons  per  square  foot,  a 
considerable  departure  from  what  had 
been  assumed  by  other  engineers  up 
to  that  time. 

Great  opposition  arose  to  the  con- 
struction of  the  Quaker  Bridge  Dam, 
on  account  of  its  unprecedented 
height  and  the  great  pressures  to 
which  the  masonry  would  be  exposed. 
This  caused  a  delay  of  about  ten  years 
before  the  dam  was  finally  built,  and, 
as  a  matter  of  compromise  with  pow- 
erful land  owners,  its  site  wras  moved 
about  1%  mile  up-stream. 

In  the  meantime,  the  Bonzey  Dam 
in  France  had  failed,  and  engineers 
were  discussing  the  advisability  of 
including  upward  pressure  and  ice 
pressure  in  the  design  of  a  masonry 
dam.  For  the  reasons  already  given, 
Mr.  Fteley  disregarded  these  forces 
for  the  Quaker  Bridge  Dam,  which 
was  built  in  1895-1907,  its  name  being 
changed  to  that  of  the  New  Croton 
Dam.  The  profile  adopted  for  this 
dam  was  the  only  one  finally  designed 
for  the  Quaker  Bridge  Dam.  At  the 
new  site  the  total  height  of  the  dam 
from  the  lowest  foundation  is  297 
feet. 

The  author  had  no  connection  with 
the  preparation  of  the  final  plan,  as 
he  was  in  charge  of  the  construction 
of  a  division  of  the  New  Croton 
Aqueduct,  when  this  plan  was  made, 
and  while  the  construction  of  the  New 
Croton    Dam   according   to    this    plan 
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has  proved  to  be  successful  in  every 
respect,  this  plan  contains  certain  in- 
consistencies, which  the  author  has 
pointed  out  in  Trans.  Am.  Soc.  C.  E., 
Vol.  LVIII,  p.  398. 

Mathematical  Analysis. — It  may  he 
of  some  interest  to  discuss  the  mam- 
ematical  formulas  that  were  used  in 
the  design  of  the  profile  of  the  pro- 
posed Quaker  Bridge  Dam,  which  was 
based  upon  the  conditions  laid  down 
by  Prof.  Rankine,  omitting  to  take 
the  vertical  component  of  the  water 
pressure  into  account,  as  the  small 
error  thus  made  in  a  dam  having 
little  slope  on  its  up-stream  face  in- 
creases the  stability  of  the  wall. 

The  theory  of  masonry  dams  is 
based  upon  a  few  simple  principles 
and  conditions,  but  the  mathematics 
to  which  they  give  rise,  when  applied 
to  the  design  of  an  economical  profile 
are  rather  appalling.  If  we  follow  the 
methods  proposed  by  the  French  engi- 
neers Sazilly  and  Delocre,  we  have 
to  solve  very  lengthy  equations,  some 
of  them  of  the  sixth  degree.  More- 
over, there  is  often  some  uncertainty 
which  equation  should  be  used  and 
the  only  way  of  finding  the  right  one 
is  by  trial.  If  we  wish  to  adopt  a 
logarithmic  profile  of  the  type  pro- 
posed by  Rankine,  but  change  me 
data  he  adopted  as  regards  limit  of 
pressure  in  the  masonry,  etc.,  we  are 
obliged  to  make  trial  with  the  sub- 
tangents  of  logarithmic  curves.  In 
contradistinction  to  these  scientific 
methods,  we  find  Prof.  A.  R.  Har- 
lacher  of  Prague,  and  other  promi- 
nent engineers  recommending  trial 
calculations  as  the  best  practical 
method  of  designing  the  profile  of  a 
masonry.  This  is  the  manner  in  which 
the  author  found  the  first  trial  pro- 
files for  the  Quaker  Bridge  Dam.  He 
took  a  vertical  axis  of  moments,  at 
some  convenient  distance  up-stream 
from  the  back  face  of  the  dam,  as- 
sumed the  latter  to  be  divided  into 
courses  of  hypothetical,  horizontal 
joints,  whose  lengths  were  found  by 
trial,  and  verified  by  taking  moments 
about  the  above  vertical  axis. 

An  Ingenious  Time  Saver. — This 
method  was  not  as  laborious  as  might 
be  thought,  as  the  author  assumed  a 
cubic  foot  of  masonry  as  his  unit  of 
weights,  so  that  the  area  of  a  course 
of  masonry  in  square  feet  was  equiva- 
lent to  its  weight  in  the  calculations. 
As  the  work  progressed,  the  author 
improved  on  the  trial  calculations  by 


January, 


devising  simple,  exact  equations  for 
finding  the  length  of  each  assumed 
joint  of  the  profile,  beginning  at  the 
crest.  They  are  very  easy  to  solve, 
none  being  over  the  second  degree.* 

More  Consistent  Pressure  Limits. — 
As  the  author  continued  his  studies 
of  the  subject  of  masonry  dams,  he 
departed  more  and  more  from  the 
profile  types  of  equal  resistance,  pro- 
posed by  the  early  French  writers  on 
dams  and  by  Prof.  Rankine.  What 
was  the  advantage  of  limiting  the 
pressures  in  the  upper  part  of  a  high 
dam  to  6  or  8  tons  per  square  foot, 
when  you  were  obliged  to  raise  this 
limit  to  14  or  16  tons  per  square  foot 
at  the  base,  to  avoid  an  absurd  width 
at  the  base?  It  seemed,  therefore, 
more  logical  to  design  a  profile  in 
which  the  pressures  in  the  masonry 
increased  gradually  from  the  top  to 
some  assumed  horizontal  joint,  where 
the  maximum  safe  pressure  was 
reached.  From  this  joint  to  the  base, 
the  profile  should  be  so  designed  that 
the  maximum  pressures  in  the  ma- 
sonry at  each  face  should  be  kept 
at  the  adopted  limits  of  safe  pres- 
sure. 

While  the  above  assumption  is  ra- 
tional, it  is  restricted  by  one  consid- 
eration which  must  never  be  lost 
sight  of,  viz.:  the  lines  of  pressure 
for  reservoir  full  or  empty  must  be 
kept  within  the  center-third  of  the 
profile  so  as  to  avoid  tension  in  the 
masonry.  In  fact,  in  the  upper  part 
of  a  dam,  the  latter  consideration  is 
the  controlling  principle  in  the  design, 
and  in  order  to  obtain  a  profile  of  a 
minimum  area,  the  line  of  pressure 
for  reservoir  full  should  intersect  each 
of  the  assumed  joints  exactly  at  the 
limit  of  its  center-third.  The  same 
condition  should  obtain,  as  far  as 
possible,  for  the  line  of  pressure,  res- 
ervoir empty.  This  leads  us  to  the 
simple  triangular  profile  (Fig.  8) 
proposed  by  the  author  in  1888,  in  the 
first  edition  of  his  book  on  "Design 
and  Construction  of  Dams." 

The  Triangular  Profile. — The  pres- 
sure of  water,  due  only  to  its  weight, 
is  shown  graphically  by  a  triangle  and 
the  logical  profile  of  a  dam  that  is 
just  strong  enough  to  resist  this  pres- 
sure is  a  triangle  until  a  depth  is 
reached,  at  which  the  pressure  in  the 
masonry  must  be  limited  by  increas- 


*See  "The  Design  and  Construction  of 
Dams,"  published  by  John  Wiley  &  Sons, 
Inc.,  New  York. 
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ing  the  width  of  the  dam.  The  width 
of  the  dam  at  this  depth  depends  upon 
the  weight  of  the  masonry  and  can  be 
obtained  by  a  simple  quadratic  equa- 
tion. In  such  a  triangular  profile, 
which  we  will  call  Theoretical  Type 
A,  the  lines  of  pressure  for  reservoir 
lull  or  empty,  can  easily  be  made  to 


Fig.  3. — Wegmann's   Practical   Type  No.  1. 

fall  just  at  the  limits  of  the  center- 
third  of  each  assumed  horizontal 
joint.  (Fig.  9.)  This  is  the  ideal  pro- 
jflle  of  a  masonry  dam  if  it  has  only 
to  resist  the  hydrostatic  pressure  of 
water,  but  in  practically  all  cases,  a 
dam  has  also  to  resist  the  shocks 
caused  by  waves  and  floating  bodies, 
and,  besides  this,  it  has  generally  to 
be  given  more  or  less  width  at  the 
crest,  to  serve  as  a  bridge  across  the 
valley,  either  for  foot  passengers  only, 
or  also,  for  vehicles.  What  this  width 
should  be,  depends  solely  on  practical 
considerations.  It  varies  in  dams  that 
have  been  thus  far  built  from  3  feet 
for  low  structures  to  23  feet  for  high 
dams.  As  a  general  rule,  the  top 
width  of  a  dam  may  be  made  one- 
tenth  of  its  height,  unless  it  has  to 
be  increased  to  provide  space  for  a 
road  on  top  of  the  dam. 

While  it  is  advisable  in  calculating 
the  stability  of  a  dam,  to  assume  the 
highest  water  level  in  a  reservoir  at 
the  crest  of  the  dam,  the  wall  should 
be  so  designed  that  its  top  is  a  cer- 
tain height  above   the  normal  water 


level,  at  which  the  spillway  is  usually 
placed.  The  super-elevation  of  the 
crest  of  the  dam  depends  largely  on 
the  height  of  the  waves  in  a  reser- 
voir, and  varies  from  about  1.5  foot 
for  small  reservoirs,  where  there  is 
practically  no  wave  action,  to  20  feet 
for  large  storage  basins. 

Reverting  now  to  the  simple  trian- 
gular profile  (Fig.  9)  the  simplest 
way  of  giving  it  the  required  top 
width  is  by  increasing  its  thickness 
at  the  top  by  placing  there  an  in- 
verted triangle  of  masonry  as  shown 
in  Fig.  8.  This  simple  profile  type 
could  be  used  safely  for  dams  up  to 
200  feet  in  height,  in  which  the  maxi- 
mum pressures  at  the  base  of  the  dam, 
for  ordinary  masonry,  weighing  about 
145  lbs.  per  cubic  foot  would  amount 
to  14  tons  per  square  foot — about  2 
tons  less  than  the  pressures  existing 
in  the  New  Croton  Dam.  By  rounding 
off  the  angle  on  the  front  face,  near 
the  top,  to  a  convenient  radius,  the 
appearance  of  the  dam  is  improved. 

Objections  to  the  Profile  and  An- 
swers to  Them. — The  only  objections 
which  could  be  made  to  this  profile 
type,   from   a  theoretical  or  practical 


Fig.  9. — Wegmann's   Theoretical  Type  A. 

standpoint,  are:  first,  that  it  does  not 
contain  a  minimum  area  of  profile,  as 
the  weight  of  the  small  inverted  tri- 
angle at  the  top  of  the  wall  has  not 
been     taken     into     consideration     in 
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making  the  design;  second,  that  the 
line  of  pressure  for  reservoir  empty 
falls,  in  certain  parts  of  the  dam, 
slightly  outside  of  the  center-third  of 
the  profile.  This  deviation  of  this  line 
of  pressure  from  the  center-third  of 
the  profile  is  so  slight  as  to  he  of  no 
practical    importance.     In    the    profile 


Fig.  10. — Wegmann's  Theoretical  Type  B. 

designed  by  Rankine  the  same  devia- 
tion occurs,  and  in  those  proposed  by 
Prof.  Harlacher  and  Crugnola  these 
deviations  are  greater. 

Profile  of  Minimum  Area. — To  ob- 
tain a  profile  of  minimum  area,  the 
author  designed  by  means  of  his 
formulas  a  profile  with  a  top  width 
equal  to  one-tenth  of  its  height,  in- 
cluding the  weight  of  the  small  in- 
verted triangle  at  the  top  of  the  dam 
in  the  calculations.  The  result  is 
shown  in  Fig.  10,  which  the  author 
has  called  "Theoretical  Type  B."  To 
convert  this  into  a  practical  design, 
all  that  is  required  is  to  simplify  its 
polygonal  outlines  by  using  a  few 
straight  lines  and  a  curve  at  the  angle 
point  near  the  top.  The  slight  changes 
made  in  this  way  (Fig.  11)  have  prac- 
tically no  effect  on  the  stability  of 
the  dam. 

Comparison  of  Profiles. — For  com- 
parison we  give  in  the  following  table 
for  different  depths  of  water  the  areas 
of  our  theoretical  types  A  and  B  and 
our  practical  types  1  and  2,  taking 
the  area  of  Theoretical  Type  A — the 


simple  triangular  profile   without 
width — as  unity. 

COMPARISON  OF  PROFILES. 

Theoretical         Practical 
Depth  of  Types  Type 

water,  A  B 


in  ft. 
0 

20 

40 

60 

80 
100 
120 
140 
160 
180 
200 


Area.    Area. 
.     0        0.000 


3.055 
1.561 
1.186 
1.064 
1.027 
1.013 
1.007 
1.004 
1.002 
1.002 


1 

Area. 
0.000 
3.055 
1.583 
1.259 
1.146 
1.093 
1.065 
1.047 
1.037 
1.029 
1.023 


2 

A  refi . 
0.000 
3.055 
1.579 
1.196 
1.080 
1.041 
1.027 
1.022 
1.018 
1.016 
1.015 


An  examination  of  this  table  shows 
that  differences  between  the  areas  of 
practical  Profiles  Nos.  1  and  2  are 
small  near  the  top  and  near  the  base, 
and  reach  a  maximum  of  6.6  per  cent 
at  a  depth  of  80  feet,  but  if,  for  a  dam 
of  this  height,  the  top  width  were 
made  only  8  or  10  feet,  instead  of  20 
feet,  as  assumed  in  the  above  table, 
these  differences  would  be  much  less. 

On  account  of  the  simplicity  of  its 
outlines  and  the  fact  that  its  up- 
stream face  is  vertical  for  its  whole 
height,  Practical  Profile  No.  1  is  gen- 
erally to  be  preferred  to  No.  2,  and 
can  be  safely  adopted  for  dams  up  to 
200  feet  in  height. 

Upon  the  recommendation  of  the 
author,  acting  as  Consulting  Engineer, 
this  profile  was  adopted  for  the  ma- 
sonry dam,  168  feet  high,  built  across 
the  Medina  River,  near  San  Antonio, 
Texas,  in  1911-13  by  the  San  Antonio 
Irrigation  Company.  The  top  width 
of  this  dam  is  only  16  feet,  but  to 
provide  sufficient  span  for  a  highway 
on  top  of  the  dam,  the  width  of  the 
wall  was  increased  by  7  feet,  by 
building  piers  at  regular  intervals,  on 
the  front  face  of  the  dam,  and  joining 
them  by  masonry  arches. 

Steepening  the  Up-Stream  Face. — 
The  steeper  the  up-stream  face  of  a 
dam  is  kept,  the  greater  is  its  sta- 
bility. Theoretically,  some  advantage 
might  be  had  by  making  the  back 
face  of  a  dam  slope  up-stream,  but 
practically  the  ideal  condition  is  to 
have  the  up-stream  face  of  a  dam 
vertical  until  the  pressures  in  the  ma- 
sonry reach  the  limit  of  safety. 

From  the  early  profiles  of  Sazilly 
and  Delocre  to  those  of  the  most 
recent  dams,  there  has  been  a  grad- 
ual tendency  of  the  designers  to 
make  the  up-stream  face  steeper  and 
steeper.  In  the  New  Croton  Dam 
(1895)  this  face  was  kept  vertical  for 
70    feet,    in    the    Olive    Bridge    Dam 
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(1907)  the  up-stream  face  is  vertical 
for  110  feet  from  the  top,  and  in  the 
Kensico  Dam  (1909)  the  most  recent 
of  the  dams  built  for  the  city  of  New 
York,  the  face  is  vertical  for  125  feet. 
In  the  Medina  Dam  the  back  face  is 
vertical  for  the  whole  height,  from 
the  foundation  to  the  top,  164  feet,  in 
accordance  with  the  type  which  the 
author  has  advocated  for  many  years. 
Why  are  engineers  so  afraid  of  build- 
ing a  vertical  wall,  the  pressures  in 
which  are  reduced  as  soon  as  the 
reservoir  is  filled? 

The  profile  of  the  Don  Pedro  Dam 
in  California,  which  is  279  feet  high, 
is  designed  according  to  the  author's 
Practical  Profile  Type  No.  2.  The  San 
Antonio  Dam,  built  by  the  Ebro  Irri- 
gation and  Power  Company  in  the 
Spanish  Pyrenees,  across  the  Noguera 
Palleresa  River  in  1914-17,  has  a  maxi- 
mum height  of  82  meters  (269  feet) 
above  the  river-bed.  The  profile  is 
very  much  like  the  author's  Practical 
Type  No.  2,  the  down-stream  face 
being  kept  on  one  batter  from  the 
base  of  the  dam  to  a  point  near  the 
top  where  the  angle  formed  by  the 
sloping  face  and  the  vertical  face  at 
the  top  of  the  dam  is  rounded  off  by  a 
curve,  as  in  Type  No.  2.  On  the  up- 
stream side,  the  profile  of  the  San  An- 
tonio Dam  is  sloped  at  the  crest  on  a 
batter  of  1:20  for  32  meters  and  then 
made  vertical  to  the  foundation. 

Excess  in  the  Top  Section. — At  the 
top  of  the  dam  there  is  always  an 
excess  of  strength,  depending  upon 
the  top-width  that  has  been  adopted, 
and,  therefore,  in  most  profiles  pro- 
posed for  dams,  to  obtain  the  mini- 
mum area,  both  faces  are  kept  verti- 
cal until  one  of  the  limiting  conditions 
of  the  design  has  been  reached,  which 
is  in  the  upper  parts  of  the  dam 
always  the  necessity  of  keeping  the 
lines  of  pressure,  for  reservoir  full  or 
empty,  within  the  center-third  of  the 
profile.  To  comply  with  this  condi- 
tion, the  front  (down-stream)  face  has 
to  be  battered  sooner  than  the  back 
face.  If  the  back  face  of  the  San 
Antonio  Dam  had  been  designed  to  be 
vertical  for  a  certain  depth  from  the 
crest,  the  area  of  the  profile  would, 
doubtless,  have  been  somewhat  re- 
duced, but  as  the  top-width  in  this 
dam  is  only  4  meters,  while  this  di- 
mension is  6  meters  in  Practical  Type 
No.  2,  the  reduction  of  area  of  pro- 
file that  might  have  been  obtained 
may  not  have  amounted  to  much,  and 
the   designers,    therefore,    sloped   the 


back-face  of  the  profile  to  the  point 
from  which  it  was  made  vertical  to 
the  base  of  the  dam. 

On  account  of  its  great  height,  the 
San  Antonio  Dam  required  a  wider 
base  than  Practical  Type  No.  2,  which 
was  designed  for  a  height  of  200  feet 
(about   60   meters).    For   this   reason 


Fig.    11. — Wegmann's    Practical    Type. 

the  batter  of  the  front  face  of  the  San 
Antonio  Dam  is  made  1  vertical  to 
0.852  horizontal  against  1  to  0.665  in 
Type  No.  2.  The  design  for  the  San 
Antonio  Dam  was  made  in  accordance 
with  the  French  method  of  Maurice 
Levy,  which  we  have  already  men- 
tioned. The  author  is  informed  by 
engineers  who  were  connected  with 
the  design  of  the  San  Antonio  and 
Camarasa  Dams,  that  the  profiles  de- 
termined by  the  Levy  method,  and 
those  found  by  using  the  author's  for- 
mulas, differed  but  slightly  from  each 
other.  The  profile  of  the  Camarasa 
Dam,  335  feet  high,  is  very  similar  to 
that  of  the  San  Antonio  Dam. 

References. — The  author  is  pleased 
to  see  the  advantages  of  the  trian- 
gular profile  type  being  gradually  ap- 
preciated by  engineers.  As  far  as  he 
has  been  able  to  ascertain,  he  was  the 
first  to  propose  this  type,  in  1888,  in 
the  first  edition  of  his  book  on  dams. 
How  much  it  differed  from  the  profiles 
proposed  by  various  engineers  up  to 
that  time  is  seen  in  Fig.  2. 
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Of  late  years,  more  attention  has 
been  paid  to  triangular  profiles  for 
masonry  dams  and  this  type  has  been 
discussed  by  Kresnik  (1)  in  1904; 
Platzmann  (2)  in  1908;  Kreuter  (3) 
in  1909;  in  1910  by  E.  Link  (4),  who 
wrote  an  interesting  pamphlet  of  61 
pages  on:  "The  determination  of  the 
area  of  dams  and  weirs  with  the  tri- 
angular profiles,"  in  which  this  type 
of  profile,  with  no  top-width  and  va- 
rious slopes  on  either  face  of  the 
dam,  is  fully  discussed.  For  those 
interested  in  this  matter,  references 
to  the  above  writers  are  herewith 
given: 

(1)  Kresnik:  Das  Kleinstmogliche 
Querprofil  der  Talsperrenmauern, 
Zeitschr.  d.  osterr.  Ing. — u.  Arch.  Ver. 
1904,  S.  534-537. 

(2)  Platzmann:  Uber  den  Quer- 
schnitt  der  Staumauern,  Leipzig,  Ver- 
lag  von  Wilh.  Englemann,  1908. 

(3)  Kreuter:  Beitrag  zur  Berech- 
nung  und  Ausfuhrung  der  Staumauern, 
Nunchen  und  Berlin,  Druck  u.  Verlag 
von  R.  Oldenbourg,  1909. 

(4)  E.  Link:  Die  Bestimmung  der 
Querschnitte  von  Staumauern  und 
Wehren  aus  dreieckigen  Grundformen, 
Berlin,  1910. 

Straight  vs.  Curved  Plan. — Thus  far, 
we  have  considered  only  the  profile 
of  the  dam.  Let  us  now  take  up  the 
question  of  how  a  dam  should  be 
built  in  plan,   straight  or  curved. 

The  advantages  of  constructing  a 
dam  as  a  horizontal  arch,  providing 
the  valley  at  its  site  is  not  too  wide, 
are  obvious.  The  early  Spanish  dams 
were  built  with  either  curved  or 
polygonal  plans.  Delocre  discussed  in 
his  memoir,  to  which  we  have  already 
referred,  the  additional  strength  that 
may  be  obtained  by  curving  the  plan 
of  a  dam  where  the  valley  is  not  too 
wide  and  the  reduction  in  area  of 
profile  that  might  be  made.  If  the  width 
of  the  valley  is  considerable,  the 
curved  plan  may  require  much  more 
masonry  than  the  straight  plan,  on 
account  of  its  greater  length,  and  the 
pressures  resulting  from  arch  action 
may  exceed  those  which  would  occur 
in  a  "gravity  section." 

This  question  was  thoroughly  dis- 
cussed when  the  plans  for  the  Quaker 
Bridge  Dam,  which  was  to  have  a 
crest  length  of  about  1,200  feet,  were 
being  prepared.  The  engineers  of  the 
Aqueduct  Commissioners  advocated  a 
straight  plan,  which  was  finally  adopt- 
ed,  but   a   board    of   eminent    expert 


engineers,  who  were  appointed  by 
said  commissioners  to  examine  the 
plans  for  the  Quaker  Bridge  Dam, 
before  they  were  carried  out,  recom- 
mended a  curved  plan,  stating  that 
while  a  gravity  dam,  built  in  plan  on 
a  curve  of  long  radius,  would  derive 
r.o  appreciable  aid  from  arch  action 
so  long  as  the  masonry  remains  in- 
tact, in  case  of  a  yielding  of  the  ma- 
sonry, the  curved  form  might  prove 
to  be  of  advantage,  and  that  this 
form  would  accommodate  itself  to 
changes  of  volumes,  caused  by  rise  or 
fall  of  temperature.  The  reports  of 
their  engineers  about  the  design  of 
the  Quaker  Bridge  Dam,  and,  also, 
the  report  of  the  board  of  expert  en- 
gineers were  published  by  the  Aque- 
duct Commissioners  in  1889. 

Examples  of  Curved  Dams. — Some 
remarkably  bold  curved  dams,  which 
owe  their  stability  solely  to  arch 
action,  have  been  built.  The  first  of 
these  structures  was  the  Zola  Dam  in 
France,  which  was  constructed  about 
the  year  1843.  This  dam  has  a  height 
of  36.5  meters  (about  120  feet)  above 
the  foundation  and  a  crest  length  of 
62.5  meters  (205  feet).  Its  width  on 
top  is  5.8  meters  (19  feet)  and  at  the 
base  12.75  meters  (42  feet).  When  the 
reservoir  is  full,  the  resultant  pressure 
falls  3.5  (11.5  feet)  outside  of  the  wall 
at  the  base  of  the  dam.  For  many 
years  this  was  the  only  masonry  dam, 
which  owed  its  stability  to  arch 
action. 

A  still  bolder  curved  dam,  known 
as  the  Bear  Valley  Dam,  was  built  in 
1884  in  the  Bernardino  Mountains  in 
California.  This  dam  was  curved  up- 
stream to  a  radius  of  335  feet  and  had 
a  crest  length  of  about  300  feet.  Its 
maximum  height  above  the  foundation 
was  64  feet.  The  top-width  was  3.17 
feet.  At  a  depth  of  48  feet  below  the 
crest,  the  width  of  the  wall  was  8.42 
feet.  Down  to  this  level,  the  down- 
stream face  was  kept  vertical  and  its 
up-stream  face  was  sloped.  An  offset 
of  2  feet  was  made  at  this  depth  on 
each  face  and  the  dam  was  then  bat- 
tered equally  on  both  faces  to  the 
base,  which  was  20  feet  wide.  When 
the  reservoir  was  full,  the  line  of 
pressure  was  almost  entirely  outside 
of  the  profile.  After  standing  success- 
fully for  26  years,  the  dam  was  re- 
placed in  1911  by  a  safer  structure, 
built  a  short  distance  farther  down- 
stream. 

In    1896-1906    thirteen    curved    con- 
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crete  dams  were  built  in  New  South 
Wales,  Australia.  The  thickness  of 
these  dams  at  different  depths  of 
water  was  determined  by  the  simple 
cylindrical  formula: 
R  P 

T= 

S 
in  which 

T  =  Thickness  of  wall  in  feet,  at  a 
given  depth; 

R  =  Radius  of  dam  in  feet; 

P  —  Water    pressure    in    tons    per 
square  foot; 

S  :=  Pressure  on  the  masonry. 

For  details  of  these  remarkable 
dams,  in  which  the  pressures  due  to 
arch  action  varies  from  10-25  long 
tongs  per  square  foot,  see  paper  by 
Leslie  A.  B.  Wade  in  Proc.  Inst.  C.  E., 
Vol.  178,  p.  1. 

Studies  in  Curved  Dams. — The  effect 
of  curving  the  plan  of  a  dam  has  been 
investigated  mathematically  by  the 
following  engineers:  The  French  en- 
gineers Delocre  and  Pelletreau  (An- 
nates des  Ponts  et  Chanssees  1866 
and  1876-77);  Silas  H.  Woodward, 
Trans.  Am.  Soc.  C.  E.,  Vol.  53,  p.  108; 
Edgar  T.  Wheeler,  Engineering  News, 
August  10,  1905;  and  F.  A.  Noetzli, 
Trans.  Am.  Soc.  C.  E.,  Vol.  84,  p.  1. 

While  these  studies  are  very  inter- 
esting, they  are  based  largely  on  the 
modulus  of  elasticity  of  the  masonry, 
which  has  a  very  uncertain  value  for 
the  kind  of  material  (large  blocks  of 
stone,  embedded  in  concrete)  of  which 
most  masonry  dams  are  constructed. 
We  have  not  yet  reached  a  point 
where  we  can  have  implicit  confidence 
in  such  formulas,  but  experience  has 
shown  that  the  simple  cylindrical 
formula  given  above  is  safe  to  use  for 
ordinary  curved  dams. 

U.  S.  Reclamation  Service  Dams. — 
Based  upon  the  investigations  of  Mr. 
Wheeler,  the  U.  S.  Reclamation  Serv- 
ice constructed  in  1905-1910  two 
curved  masonry  dams  across  narrow 
canyons  in  Wyoming,  known  as  the 
Pathfinder  and  Shoshone  dams.  They 
have'  similar  profiles.  Each  has  a 
top-width  of  10  feet,  and  is  curved 
up-stream  to  a  radius  of  150  feet  to 
the  center  of  the  roadway  on  the 
crest.  In  the  former  dam  the  up- 
stream face  is  battered  uniformly  to 
0.15  feet  per  foot  and  on  the  down- 
stream face  to  0.25  feet  per  foot  to 
bed-rock. 

The  same  profile  was  adopted  for 
the  Shoshone  Dam  for  a  depth  of  243 


feet  to  the  river-bed,  below  which 
both  faces  were  made  vertical  to  bed- 
rock, the  width  of  this  part  of  the 
wall  •  being  108  feet.  The  maximum 
height  of  the  crest  of  this  wall  above 
the  lowest  point  in  the  foundation  is 
about  325  feet. 

The  U.  S.  Reclamation  Service  has 
built  several  more  high  curved  ma- 
sonry dams,  but  as  they  were  located 
in  wide  valleys  they  were  given  a 
"gravity  section,"  and  curved  to  ob- 
tain additional  strength  and  to  allow 
for  expansion  and  contraction.  These 
dams  are: 

Date     Maximum  Crest 
of  con-      height,  length. 
Name.  struction.        ft.  ft. 

Roosevelt  Dam  ....1905-11  280  1,125 
Elephant   Butte 

Dam    1902-16         318         1,674 

Arrowrock   Dam 1912-15         349         1,100 

The  heights  given  for  these  dams 
are  the  elevations  above  the  lowest 
point  in  the  foundation.  If  we  take 
for  the  height  of  a  dam  and  the  ver- 
tical distance  from  the  roadway  on 
top  to  the  lowest  foundation  below 
the  roadway,  then  the  height  of  the 
Arrowdock  Dam  is  about  326  feet. 
Measured  in  this  manner,  the  Cama- 
rasa  Dam,  in  Spain,  is  335  feet  high, 
which  makes  it  the  highest  dam  built 
to  date. 

Cracks,  Expansion  Joints  and  In- 
spection Galleries. — In  the  earlier  de- 
signs for  masonry  dams,  no  attention 
was  paid  to  expansion  and  contrac- 
tion in  the  masonry  and  consequently 
what  have  been  called  temperature 
cracks  occurred  in  all  of  these  dams 
that  were  built  straight  in  plan.  While 
these  cracks  do  not  seem  to  have  im- 
paired the  strength  of  the  dams,  they 
cause  leakage,  which  should  be 
avoided. 

This  difficulty  has  been  obviated  in 
the  dams  built  for  the  city  of  New 
York  since  1908,  by  providing  the 
structure  with  expansion  joints  at  in- 
tervals of  about  84  feet.  The  expan- 
sion joints,  which  extend  from  the 
top  of  the  wall  to  the  foundation,  are 
staggered  in  plan,  one  side  being 
made  of  concrete  blocks,  which  are 
coated  at  the  joint  with  a  lubricant 
to  prevent  the  masonry  on  the  other 
side  from  adhering  to  the  blocks. 

In  each  of  these  recent  dams,  two 
inspection  galleries  are  constructed 
in  the  masonry,  one  near  the  up- 
stream face  at  the  normal  flow-line 
and  one  near  the  base  of  the  dam. 
These  galleries  are  joined  by  drain- 
age wells  made  of   blocks   of  porous 
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concrete,  of  a  1:2:14  mixture,  each  of 
these  blocks,  which  are  placed  one  on 
top  of  the  other,  is  provided  with  a 
16-inch  hole  at  its  center.  The  wells 
formed  in  this  manner  are  placed  10 
feet  apart  horizontally,  and  are  10 
feet  from  the  up-stream  face  at  the 
top  and  about  30  feet  at  the  bottom. 
The  seepage  collected  in  these  wells 
flows  into  a  gutter  in  the  lower  in- 
spection gallery. 

In  1884,  when  the  author  began  his 
studies  of  the  subject  or  masonry 
dams,  the  Boyd's  Corners  Dam,  78 
feet  high,  in  the  Croton  Watershed 
was  the  highest  masonry  dam  in  the 
United  States.  In  other  parts  of  the 
world,  about  sixteen  masonry  reser- 
voir walls,  over  100  feet  high,  had 
been  constructed,  the  highest  being 
the  celebrated  Furens  Dam,  France, 
which  had  a  height  of  50  meters  (164 
feet)  above  the  foundation.  At  the 
present  time,  more  than  sixty  ma- 
sonry dams,  over  one  hundred  feet  in 
height  have  been  constructed  in  va- 
rious parts  of  the  world,  and  many 
more  will,  doubtless,  be  built  in  the 
future,  in  connection  with  the  devel- 
opment of  water  power.  South  Amer- 
ica will  present  a  great  field  for  such 
works,  and  it  is  with  this  in  mind 
that  the  author  has  prepared  the 
present  paper  for  the  International 
Engineering  Congress,  to  be  held  at 
Rio  de  Janeiro,  Brazil. 


Method  of   Measuring   Depth  of 
Water   in   Deep   Well 

During  the  testing  of  the  new  deep 
well  recently  drilled  in  Dewitt,  la., 
the  height  of  the  water  in  the  well, 
both  before  pumping  and  while  pump- 
ing, was  measured  by  means  of  an 
electric  current.  The  method  em- 
ployed is  described  by  Mr.  J.  G. 
Thorne  in  Municipal  and  County  En- 
gineering. 

A  No.  14  gauge,  rubber-insulated 
copper  wire  was  fitted  on  one  end 
with  a  %-in.  iron  pipe  2  ft.  long,  to 
act  as  a  weight,  securely  tied  to  the 
wire.  The  wire  was  cut  off  about  an 
inch  below  the  end  of  this  pipe  and 
the  insulation  was  allowed  to  extend 
slightly  below  the  end  of  the  copper 
wire.  The  other  end  of  this  wire  was 
connected  to  one  terminal  of  a  fuse 
block,  while  another  wire  was  run  to 
the  second  terminal  on  the  fuse  block 
and  grounded  on  the  iron  drop  pipe. 
From  the  third  and  fourth  terminals 


of  the  fuse  block  a  connection  was 
made  to  the  110  volt  city  electric  cur- 
rent. A  volt  meter  was  connected  to 
the  first  two  terminals  of  the  fuse 
block  to  indicate  when  the  circuit  was 
made.  While  the  wire  was  being  low- 
ered into  the  well  the  hand  on  the  volt 
meter  stood  at  zero  until  the  water 
was  reached,  when  it  would  move 
up  four  or  five  points.  By  working 
the  wire  up  and  down  several  times 
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Sketch   Showing    Apparatus    Used   to   De- 
termine  Elevation  of  Water  in 
Deep  Wells. 

the  exact  point  was  indicated  where 
the  hand  on  the  volt  meter  would 
commence  to  move.  In  this  way  the 
exact  height  of  the  water  in  the  well 
was  measured  very  quickly.  A  string 
with  a  wooden  float  was  used,  but  was 
not  successful  on  account  of  the  scar- 
city of  room  between  the  drop  pipe 
and  the  well  casing.  An  electric  bulb 
was  tried  instead  of  the  volt  meter, 
but  did  not  give  results.  The  whole 
apparatus  is  very  simple  and  easy  to 
install,  and  gives  the  results  desired 
without  question  of  their  being  cor- 
rect. 


Meeting  of  Indiana  Engineering  So- 
ciety.— The  43rd  annual  meeting  of 
the  Indiana  Engineering  Society  will 
be  held  at  the  Lincoln  Hotel,  Indian- 
apolis, Jan.  18  and  19. 
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Economic  Aspect  of  Water  Works  Management 

Advantages  of  Putting  Municipally  Owned  Water  Plants  on  Business 

Basis  Described  in  Paper  Presented  Before  the  Four  States 

Section  of  the  American  Water  Works  Association 

By   V.    BERNARD    SIEMS, 

Associate   Civil  Engineer,   Water  Depart- 
ment,   Baltimore,    Md. 


As  a  general  rule  the  water  depart- 
ments in  most  cities  show  a  deficit 
at  the  end  of  each  year.  The  primary 
causes  for  such  losses  are:  Insuffi- 
cient rates — water  being  sold  below 
cost;  free  water,  i.  e.,  water  distrib- 
uted to  other  municipal  departments, 
such  as  public  schools,  hospitals,  and 
other  institutions,  and  for  the  clean- 
ing of  streets  and  kindred  uses,  in 
practically  unlimited  quantities  and 
without  receiving  any  revenue  there- 
for; and  unrestricted  water  waste, 
both  on  the  distribution  system  and 
from  the  defective  plumbing  fixtures 
■of  private  individuals. 

Facts  in  Determining  Water  Rates. 
— The  determination  of  a  water  rate 
which  is  fair  both  to  the  operators  of 
the  waterworks  and  to  the  consumer 
demands  a  consideration  of  many  fac- 
tors. These  are  briefly  suggested: 
Necessary  operating  expenses;  ample 
allowance  for  the  maintenance  of  the 
system;  depreciation  charges;  inter- 
est charges  on  investment;  quantity 
of  free  water  supplied;  and  the  quan- 
tity of  water  wasted  by  the  consum- 
ers. Bearing  these  outstanding  points 
in  mind  the  consideration  of  a  system 
of  charges  may  be  begun. 

The  basis  of  any  system  of  charges 
for  service  rendered  by  a  public  utility 
should  be  in  conformity  with  the  prin- 
ciples of  equity,  that  is,  the  charges 
should  be  exactly  proportionate  to  the 
amount  of  service  rendered,  and  the 
amount  of  water  service  received  can 
only  be  measured  by  having  a  water 
meter  on  each  water  supply  service.  It 
is,  therefore,  advisable  that  the  sys- 
tem be  100  per  cent  metered. 

Front  footage  water  service  rates 
are  unjust  in  that  there  is  absolutely 
no  relationship  between  the  width  of 
the  dwelling  and  the  amount  of  water 
consumed,  and  besides  an  unmetered 
supply  permits  of  much  waste.  A  rate 
based  upon  the  number  of  water  fix- 
tures in  a  building  is  also  an  unjust 
system,  as  there  is  no  relation  be- 
tween the  number  of  fixtures  and  the 
number  of  occupants.  The  consump- 
tion is  dependent,  however,  upon  the 


number  of  occupants  or  the  character 
of  business  carried  on  at  the  property 
supplied. 

State  Regulation  of  Municipal 
Plant.— The  regulation  of  privately- 
owned  utilities  is  now  an  accom- 
plished fact,  and  it  has  unquestion- 
ably worked  both  to  the  advantage  of 
the  utility  and  the  consumer.  There 
can  be  no  sound  objection  to  state 
regulation  of  municipally-owned  utili- 
ties, for  if  these  enterprises  are  prop- 
erly and  successfully  conducted,  then 
everyone  interested  therein  should 
welcome  the  opportunity  to  give  the 
widest  publicity  to  their  activities. 
The  hearings  and  reports  of  the  va- 
rious public  service  commissions  af- 
ford such  publicity  and  embody  the 
experience  of  men  trained  to  analyze 
utility  operations.  It  should  be  a 
source  of  gratification  to  all  citizens 
to  know  that  such  a  body  of  experts 
under  the  guidance  of  responsible 
commissioners  are  available  to  con- 
sider complaints  and  to  supervise  the 
finances  of  the  municipal  enterprise. 

The  Supreme  Court  of  the  United 
States  has  ruled  in  a  number  of  in- 
stances that  public  service  commis- 
sions have  no  jurisdiction  over  the 
rates  of  municipally-owned  utilities, 
but  it  is  believed,  however,  that  by 
special  legislative  enactment  such 
powers  can  be  granted.  This  principle 
is  recognized  by  the  state  of  Wiscon- 
sin, and  referring  to  the  "Public  Serv- 
ice Magazine,"  issue  of  January,  1922, 
we  find  that  the  tax  commissioners  of 
the  state  of  Wisconsin  are  to  levy 
an  impost  on  the  municipality  of 
Stoughton,  which  had  made  itself 
amenable  to  state  taxation  by  extend- 
ing its  electric  service  outside  the 
city  limits.  Stoughton  has  applied  to 
the  public  service  commission  for  per- 
mission to  increase  its  rates  to  meet 
the  tax. 

Municipal  plants  do  not  pay  taxes 
and  therefore  their  rightful  share  of 
taxation  is  absorbed  by  the  public, 
and  not  being  subjected  to  such  rigid 
regulations  and  supervision  as  are  the 
privately-owned     utilities,     taxpayers 
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are  sometimes  misled  regarding  the 
actual  financial  situation  as  any  deficit 
is  supplied  by  additions  to  the  tax 
rate. 

Suggested  Measure  for  Making  a 
Waterworks  Self-Supporting. — A  spe- 
cific instance  will  best  illustrate  the 
characteristics  of  a  self-supporting, 
municipally  operated  public  utility 
and  the  salient  features  of  the  plan 
advocated  are  therefore  briefly  il- 
lustrated by  applying  the  suggested 
measures  to  the  operation  of  the  Bal- 
timore City  Water  Department. 

The  investment  in  plant  and  prop- 
erty of  the  water  department  of 
Greater  Baltimore  is  estimated  to  be 
$35,000,000.  By  applying  a  5  per  cent 
rate  of  return  to  this  capital  invest- 
ment, the  net  return  would  be  $1,750,- 
000.  It  is  the  general  practice,  how- 
ever, of  the  public  service  commis- 
sions of  the  country  to  allow  a  rate 
of  return  of  at  least  7  per  cent  to 
public  service  corporations.  As  it  is 
the  purpose  of  a  municipally-owned 
utility  to  furnish  service  to  the  public 
at  cost,  the  net  return  of  $1,750,000, 
which  is  in  addition  to  operating  and 
maintenance  costs,  will  cover  the  an- 
nual sinking  fund  and  interest  on  the 
present  water  loans,  and  will  create 
a  reserve  amount  to  finance  future 
additions  or  enlargements  to  the  wa- 
ter  system. 

The  estimated  sinking  funds  and  in- 
terest payments  are  considered  to  be 
constant  for  the  duration  of  the  loan. 
The  accumulative  reserve  amount,  in 
the  intervals  between  its  use  by  the 
water  department  for  financing  ex- 
tensions, could  be  used  by  the  city 
comptroller  for  temporary  financing, 
and  would  obviate  any  short-time  bor- 
rowing by  the  city.  In  order  that  the 
necessary  increase  of  this  sum  would 
not  be  interrupted,  however,  it  would 
be  necessary  that  the  market  rate  of 
interest  be  paid  on  such  loans. 

The  annual  depreciation  covers  the 
cost  of  renewing  the  parts  of  the  im- 
pounding, purification,  pumpage  and 
distribution  works  which  have  de- 
teriorated or  have  been  damaged  by 
use;  $350,000,  or  1  per  cent  of  the 
value  of  the  plant  being  so  charged. 

By  adding  together  the  fair  net  re- 
turn of  $1,750,000,  or  5  per  cent  on  the 
approximate  investment  in  the  pres- 
ent plant  and  the  private  water  com- 
panies, and  an  annual  depreciation  of 
$350,000,  or  1  per  cent  on  the  assumed 
valuation,  together  with  the  operating 
expenses,  aggregating  $1,715,000,  of 
the   present   department   and   private 


water  companies,  $3,815,000  is  ob- 
tained as  the  total  service  revenue  re- 
quired to  make  the  enlarged  water 
department  self-sustaining.  Having 
determined  the  total  service  revenue- 
required,  the  necessary  allocation  can 
be  made  so  that  the  charges  will  be 
equitably  distributed  and  in  direct 
proportion  to  the  cost  of  delivering 
water  to  the  respective  consumers. 

The  total  service  revenue  may  be 
divided  into  that  received  from  pub- 
lic fire  protection  and  that  derived 
from  general  water  service.  The 
amount  to  be  charged  to  public  fire 
protection  is  determined  by  multiply- 
ing the  total  number  of  fire  hydrants 
in  the  city  by  a  unit  charge  of  $40,  the 
result — $192,000 — being  5  per  cent  of 
the  total  service  revenue.  The  amount 
of  water  that  must  be  potentially- 
available  for  fire  protection  increases 
enormously  the  capital  expenditure 
on  a  water  distribution  system.  The 
general  tax  levy  is  the  proper  source 
from  which  the  entire  cost  of  public 
fire  protection  should  be  received,  as 
it  is  then  paid  in  proportion  to  the 
value  of  the  property  protected. 

By  deducting  the  public  fire  protec- 
tion revenue  from  the  total  revenue 
the  general  water  service  revenue,  ag- 
gregating $3,623,000,  is  obtained.  This 
sum,  which  includes  the  revenue  to 
be  received  from  private  fire  protec- 
tion services,  is  the  amount  received 
from  the  water  consumer.  In  order 
that  the  water  service  rates  may  be 
in  direct  proportion  to  the  cost  of 
furnishing  water  to  each  consumer, 
the  general  water  service  revenue  is 
subdivided  into  the  amount  to  be  re- 
ceived from  the  fixed  service  charge 
and  that  to  be  received  from  the  con- 
sumption charge.  By  taking  40  per 
cent  of  the  general  water  service 
revenue,  the  fixed  service  charge  of 
$1,449,200  is  obtained. 

The  fixed  charge  covers  the  cost  of 
service,  and  does  not  vary  as  the 
amount  of  water  consumed,  but  is  a 
constant  charge  comprising  two  ele- 
ments of  cost;  namely,  the  capacity 
or  readiness  to  serve  cost,  and  the 
consumer's  cost.  The  capacity  or 
readiness  to  serve  cost  is  the  cost  of 
labor,  material  and  interest  appurte- 
nant to  that  part  of  the  plant  which 
is  idle  when  the  normal  demand  ex- 
sists,  but  which  is  held  in  readness  to 
supply  the  maximum  demand.  The 
consumer's  charge  covers  the  cost  of 
reading  meters,  etc.,  and  varies  but 
little.  This  charge  of  $362,300  is  ob- 
tained by  deducting  the  readiness  to 
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serve  cost  from  the  fixed  service  cost. 
The  sum  of  $2,173,800  to  be  received 
from  the  consumption  charge,  is  ob- 
tained by  deducting  the  fixed  service 
revenue  from  the  general  water  serv- 
ice revenue. 

Determining  Water  Rates. — Having 
obtained  the  proper  allocation  of  the 
revenue,  the  water  service  rates,  con- 
sisting of  a  fixed  service  charge  and  a 
consumption  charge,  can  be  deter- 
mined. As  previously  stated,  the 
fixed  service  charge  comprises  the  ca- 
pacity or  readiness  to  serve  charge 
and  the  consumer's  charge.  In  order 
that  the  capacity  charge  may  be  pro- 
portional to  the  maximum  capacity  of 
the  different  sized  meters,  ratios  were 
ascertained  by  taking  the  flow  of  a 
%-in.  meter  as  unity  and  determining 
the  ratios  of  larger  meters  thereby. 
By  dividing  the  capacity  or  readiness 
to  serve  charge  revenue  by  the  total 
number  of  units,  the  yearly  unit  capac- 
ity charge  of  $4.30  per  meter  is  ob- 
tained. The  consumer's  charge  rev- 
enue divided  by  the  total  number  of 
services  gives  a  yearly  consumer's 
charge  of  $2.35  per  meter.  The  yearly 
fixed  service  charge,  that  is,  the  year- 
ly unit  capacity  charge  of  $4.30  and 
the  yearly  consumer's  charge  of  $2.35 
therefore  varies  from  $6.65  for  a  %-in. 
meter  to  over  $1,400  for  a  12-in.  meter. 
This  fixed  service  rate  is  chargeable 
whether  the  consumer  has  used  water 
or  not,  as  the  water  plant  must  be 
held  in  readiness  at  all  times  to  de- 
liver his  maximum  demand. 

The  next  step  in  devising  the  sche- 
dule of  rates  is  to  determine  the  rate 
per  unit  of  water  to  be  assessed  in 
addition  to  the  fixed  service  charge. 
By  deducting  the  fixed  service  charge 
revenue  from  the  general  water  serv- 
ice revenue,  the  water  service  rev- 
enue of  $2,173,190.75  is  obtained,  and 
considering  a  revenue  bearing  wa- 
ter consumption  of  over  three  billion 
cubic  feet  per  year  the  average  water 
service  rate  would  be  70  ct.  per  1,000 
cu.  ft.  As  the  cost  per  unit  decreases 
as  the  demand  increases,  a  sliding 
scale  of  rates  has  been  devised,  allow- 
ing four  classes  of  consumption  and 
varying  from  80  ct.  per  1,000  cu.  ft., 
for  small  consumers,  to  28  ct.  for 
those  using  5,000,000  cu.  ft.  per  year. 
Domestic  services  are  to  be  charged 
a  minimum  fixed  meter  service  rate 
of  $12.50,  allowing  a  yearly  consump- 
tion of  7,300  cu.  ft.  based  upon  the 
use  of  30  gal.  per  capita  per  day  for 
an  average  family,  any  excess  there- 
over to  be  charged  for  at  the  sliding 


scale  rate.  The  majority  of  the 
smaller  residential  properties  will 
come  under  this  class. 

The  preceding  schedule  of  water 
rates  is  just,  reasonable,  and  not  dis- 
criminatory; and  devised  to  meet  con- 
ditions which  must  be  provided  for  in 
any  efficiently  managed  utility.  It 
cannot  be  argued  that  rates  are  ex- 
cessive which  provide  revenue  only 
sufficient  to  take  care  of  operating 
and  maintenance  expenses,  sinking 
funds,  interest  on  the  various  bond 
issues,  and  a  small  surplus  to  be  used 
for  any  necessary  extensions.  Of  the 
amount  designated  as  a  fair  net  re- 
turn any  excess  over  interest  charges 
is  to  be  applied  to  the  retiring  of  the 
existing  bond  issues,  and  to  the  crea- 
tion of  a  surplus  for  the  financing  of 
any  future  additions  or  improve- 
ments. 

While  the  subject  of  bond  issues  is 
touched  upon,  it  may  be  said  that  it  is 
unwise  to  extend  the  term  of  bonds 
over  a  greater  number  of  years  than 
the  effective  life  of  the  work  which 
they  are  to  finance,  as  the  direct 
benefit  of  the  improvements  is  se- 
cured by  the  present  generation,  al- 
though the  usual  loans  extend  over 
such  a  long  period  of  time  that  the 
following  generation  is  still  taxed 
without  receiving  any  proportionate 
benefit.  This  opinion  is  also  ex- 
pressed by  that  portion  of  the  Con- 
stitution of  Maryland  which  reads 
that  "no  debt  shall  be  hereafter  con- 
tracted by  the  General  Assembly  un- 
less such  debt  shall  be  authorized  by 
a  law  providing  for  the  collection  of 
annual  tax  or  taxes  sufficient  to  pay 
the  interest  on  such  debt  as  it  falls 
due,  and  also  to  discharge  the  prin- 
cipal thereof  within  15  years  from  the 
time  of  contracting  same. 

Other  Municipal  Functions. — The 
foregoing  discussion  has  dealt  exclu- 
sively with  the  financial  operation  of 
a  water  department.  The  essential 
difference  between  such  a  department 
and  other  municipal  operations  must 
next  be  considered  and  such  distinc- 
tions judged  from  the  viewpoint  of 
the  advisability  of  their  operations 
as  self-supporting  financial  units. 

Still  continuing  to  apply  our  reas- 
oning with  the  city  of  Baltimore  as  an 
example  the  various  municipal  activi- 
ties apart  from  the  sale  of  water  must 
be  considered.'  Second  in  importance 
to  a  supply  of  potable  water  is  an  effi- 
cient system  for  the  disposal  of  waste, 
that  is,  the  sewer  division.  Any 
charge  levied  on  the  individual  con- 
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sumer  to  make  this  department  self- 
supporting  would  partake  in  general 
of  the  characteristics  of  a  flat  rate. 
If  a  flat  rate  is  to  be  levied,  a  far  more 
convenient  method  of  payment  would 
be  by  including  this  charge  in  the  tax 
rate  proper,  which  is,  in  fact,  the 
present  method  of  supporting  the  sew- 
erage system.  As  there  is,  however, 
a  direct  and  unvarying  relation  be- 
tween the  amount  of  water  consumed 
on  each  premise  and  the  amount  of 
waste  water  issuing  therefrom,  a  rev- 
enue bearing  system  for  sewerage 
service  could  be  constructed,  based 
upon  the  metered  consumption  of  the 
property.  This  carries  us  back  to  one 
of  the  first  statements  made  in  this 
paper — it  is  absolutely  essential  that  a 
city  be  100  per  cent  metered. 

The  disposal  of  garbage  and  ashes 
is  another  municipal  function.  As  it 
would  not  be  feasible  to  weigh  or 
otherwise  make  a  definite  unit  charge 
for  each  cubic  foot  of  matter  re- 
moved, a  flat  rate  charge  would  again 
have  to  be  assessed,  and  the  general 
tax  levy  is  the  proper  place  for  such 
charges  to  be  made.  The  Street 
Cleaning  Department — responsible  for 
the  cleanliness  of  all  thoroughfares — 
is  another  city  unit  which  serves 
every  citizen,  but  the  individual  prop- 
erty owner  cannot  be  expected  to  pay 
for  the  benefit  derived  according  to 
the  front  footage  of  his  property.  The 
expenses  of  this  department  should, 
therefore,  be  taken  from  the  general 
tax  levy.  The  maintenance  of  the 
municipal  hospital  and  almshouses  in- 
directly benefits  each  and  every  citi- 
zen, but  as  the  patient  is  rendered 
free  attention  the  charge  must  be 
distributed  over  the  entire  population, 
that  is,  taken  from  the  tax  rate.  The 
various  activities  of  the  Health  De- 
partment also  fall  within  this  cate- 
gory. By  this  elimination  of  all  other 
municipal  activities  the  Water  De- 
partment stands  forth  alone  as  an  or- 
ganization capable  of  being  made  into 
an  efficient  self-supporting  organiza- 
tion, selling  service  at  cost  to  all  citi- 
zens who  are,  moreover,  not  merely 
consumers  and  therefore  revenue  pro- 
ducers, but  as  citizens  of  the  mu- 
nicipality, also  owners  of  the  plant 
itself. 

Weaknesses  of  Municipally  Owned 
Waterworks. — One  of  the  foremost  au- 
thorities on  waterworks  known  for 
the  keenness  of  his  reasoning— I  re- 
fer to  Mr.  Nicholas  S.  Hill,  Jr.,  of  New 
York  City — has  given  much  consid- 
eration  to   the    efficient   management 


of  municipally-owned  waterworks  am 
as  chairman  of  a  committee,  delivere( 
a  report  on  waterworks  and  watei 
supply  at  the  1921  convention  of  the 
American  Society  for  Municipal  Im- 
provements. Mr.  Hill  gave  a  resume 
of  the  characteristic  features  of 
great  majority  of  municipally-owne< 
waterworks  and  then  gave  a  franl 
discussion  of  the  essential  weak- 
nesses of  these  organizations  and  the 
imperative  need  of  radical  changes. 
Such  topics  as  personnel — the  ques- 
tionable practice  of  employing  medi- 
ocre engineers  on  insufficient  salar- 
ies; the  absolute  absence  of  justly  ap- 
portioned water  rates;  the  practice  of 
meeting  deficits  by  appropriations 
taken  from  the  tax  levy  and  the  need 
of  an  adequate  accounting  system  and 
a  uniform  scheme  of  reports  were  all 
touched  upon  in  some  detail.  Such 
subjects  as  the  standardization  of  ma- 
terials and  equipment,  the  efficiency 
of  various  types  of  machinery,  the 
need  of  adequate  rainfall  and  run-off 
records,  the  design  of  works  for  the 
collection  and  distribution  of  water, 
standards  for  water  quality,  the  need 
of  water  softening  and  water  purifica- 
tion, and  the  relation  of  the  water 
supply  and  various  diseases  were  also 
discussed. 

What  I  especially  wished  to  bring 
to  your  attention,  however,  is  the  fol-v 
lowing  quotation  from  his  paper: 

"There  is  no  aspect  of  the  problem 
of  waterworks  management  and 
maintenance  which  has  been  given  so 
little  attention  on  the  part  of  mu- 
nicipal officials  as  the  economic  as- 
pect of  the  problem,  and  there  is  a 
great  opportunity  in  this  country  for 
placing  municipally-owned  waterworks 
on  a  sound  financial  basis  by  the  es- 
tablishment of  rate  structures  which 
will  not  only  provide  the  money  neces- 
sary for  their  maintenance  and  opera- 
tion but  which  will  not  unjustly  and 
unfairly  discriminate  between  differ- 
ent classes  of  consumers." 

The  above  paragraph  states  an 
idea  worthy  of  the  deepest  considera- 
tion. 


New    Barrage    Project     in    India. — 

Some  activity  is  being  shown  in  con- 
nection with  the  proposed  Sukkur  Bar- 
rage project  in  India,  according  to  a 
report  from  U.  S.  Trade  Commission- 
er C.  C.  Batchelder,  though  no  defin- 
ite steps  have  been  taken  which 
would  indicate  that  actual  construc- 
tion work  is  to  begin  in  the  near  fu- 
ture. 
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An  Investigation  of  Herschel  Type  of  Weir 


Results  of  Tests  to  Determine  Effect  of  Various  Modifications  in 
Construction   of   Weir   for   Gaging   in   Open   Channel   De- 
scribed in  October  Issue  of  Mechanical  Engineering 

Bq  RICHARD  H.  MORRIS  and  A.  J,   R.  HOUSTON 


The  great  multiplicity  of  weir  types 
and  the  corresponding  multiplicity  of 
weir  formulas  early  led  Mr.  Clemens 
Herschel  to  believe  that  the  problem 
of  measuring  large  quantities  of  water 
was  being  attacked  from  the  wrong 
angle.  As  early  as  1898  he  protested 
against  the  usual  method  of  making 
weir  observations  and  suggested  that 
the  measurements  be  taken  at  the 
crest.  When  The  American  Society 
of  Mechanical  Engineers  appointed  a 
committee  to  draft  a  revised  form  of 
Power  Test  Code  in  1917,  Mr.  Her- 
schel was  made  a  member  and  the  En- 
gineering Foundation  made  an  appro- 
priation to  be  expended  by  him  in  re- 
search work  on  weirs.  In  September, 
1919,  in  the  Hydraulic  Laboratory  of 
the  Massachusetts  Institute  of  Tech- 
nology, he  built  and  tested  a  weir 
which  he  briefly  described  in  an  arti- 
cle entitled  "An  Improved  Weir  for 
Gaging  in  Open  Channels,"  as  fol- 
lows: 

The  fundamental  idea  followed  in 
the  design  of  the  new  weir  was  to 
have  the  water  to  be  measured  con- 


Fig.  1. — Herschel  Type  Weir  as  Arranged 
for    Testing. 

ducted  over  the  weir  in  a  gentle  man- 
ner, and  so  as  to  have  it  flow  smooth- 
ly and  regularly  from  the  time  it  first 
encounters  the  weir  construction  until 
it  leaves  it.  Instead  of  allowing  the 
body  of  water  to  impinge  with  more 
or  less  violence,  according  to  the  ve- 


locity with  which  it  approaches  the 
weir,  against  a  perpendicular  wall  in 
its  path  (the  upstream  face  of  the 
ordinary  weir),  it  is  gently  led  to  the 
crest  by  a  2:1  slope.  Instead  of  strik- 
ing  on    or   being   torn   over   a   sharp 


-Detail  of  Crest  of   Herschel  Type 
Weir. 

edge  at  the  crest,  the  crest  is  made  in 
the  form  of  an  arc  of  a  circle;  and  in- 
stead of  bothering  about  air  under  the 
nappe,  the  nappe  is  supported  on  an- 
other 2:1  slope  downstream  from  the 
crest.  Moreover,  the  crest  is  made 
hollow  so  that  observations  of  the 
pressure  or  lack  of  full  pressure, 
whichever  the  water  may  elect  to  ex- 
ercise, can  be  taken  at  the  crest,  not 
at  a  distance  upstream  from  the  crest 
at  a  distance  varying  according  to  the 
fancy  of  the  experimenter. 

If  the  quantity  passing  over  the 
weir  turn  out  to  be  a  function  of  this 
observed  pressure,  well  and  good.  If 
not,  we  will  see  what  virtue  there 
is  in  the  difference  of  water  eleva- 
tions or  pressures,  the  one  taken  up- 
stream from  the  weir  and  the  other 
taken  by  means  of  the  hollow  weir 
crest. 

The  difference  referred  to  above 
proved  to  be  the  sought-for  solution 
of  the  problem  at  hand.  ...  A  United 
States  patent  has  been  applied  for 
covering  the  weir  construction  here- 
in described. 

Our  weir  crest  had  a  radius  of  0.198 
ft.,  and  the  outside  surface  was  hard 
and  smooth  oil  paint. 

The  results  of  this  test*  were  pre- 


*See      Engineering 
March   10,   1920. 
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sented  to  The  American  Society  of 
Mechanical  Engineers  at  their  spring 
meeting  in  May,  1920.  Mr.  Her3chel's 
tests  showed  that  for  discharges  of 
from  0  to  9.55  cu.  ft.  per  second  per 
foot  of  weir  length  (the  limits  cov- 
ered by  the  experiments)  the  quantity 
of  water  flowing,  Q,  was  directly  pro- 
portional to  the  difference,  d,  in  two 
pressures,  one  measured  just  up- 
stream from  the  weir,  and  the  other 
measured  at  the  crest,  the  formula 
being  Q=^5.50  d. 

Nature -of  the  Investigation  Under- 
taken.— The  work  herein  described 
constitutes  an  investigation  of  a  Her- 
schel-type  weir  from  six  distinct 
points  of  view.  First,  an  attempt  was 
made  to  check  the  work  of  Mr.  Her- 
schel.  Next,  it  was  desired  to  find  the 
effect  on  the  action  of  the  weir  of  the 
following  five  modifications  in  its 
construction: 

1.  The  degree  of  smoothness  of  the 
crest  and  slopes. 

2.  The  radius  of  the  crest. 

3.  The  position  at  which  the  up- 
stream measurement  is  made. 

4.  Increasing  or  decreasing  the  ve- 
locity of  approach. 

5.  Changing  the  position  of  the 
orifices  in  the  crest. 

Undeniably,  the  work  should  have 
included  an  investigation  of  the  ef- 
fect of  different  slopes.  However, 
neither  time  nor  funds  were  available 
for  such  extensive  work  as  this  would 
require. 

Definitions  of  Terms. — Throughout 
this  paper  whenever  any  of  the  fol- 
lowing terms  are  used  their  meaning 
will  be  covered  by  the  definitions  here 
given. 

Crest:  The  brass  tube  set  at  the 
juncture  of  the  two  slopes,  forming  a 
smooth,  slightly  curved  surface  over 
which  the  water  flows. 

Weir  Length:  The  length  of  the 
crest  at  right  angles  to  the  direction 
of  flow. 

Velocity  of  Approach:  The  mean 
forward  velocity  of  the  water  in  the 
section  of  the  weir  box  at  the  foot  of 
the  upstream  slope,  computed  by  the 
formula  V  =  Q/A. 

Sharp-Crested  Weir:  The  ordinary 
type  of  weir  in  which  the  crest  and 
sides  are  made  of  a  thin  slab  of 
metal  so  constructed  that  the  nappe 
or  overfalling  water  touches  only  the 
sharp  upstream  corner  or  edge  of  the 
crest. 

The  Apparatus  Used. — The  tests  to 
be  described  were  performed  in  the 
Hydraulic  Laboratory  of  the  Univer- 


sity of  California.  Among  other  things 
this  laboratory  is  equipped  with  six 
electrically  driven  centrifugal  pumps, 
two  calibrated  measuring  tanks,  and 
two  storage  tanks.  A  sharp-crested 
weir  is  arranged  to  overflow  into  one 
of  the  calibrated  tanks.  The  Her- 
schel-type  weir  to  be  tested  was  built 
on  top  of  the  sharp-crested  weir.  All 
six  of  the  pumps  were  arranged  to 
discharge  into  the  new  weir.  From 
it  the  water  ran  into  one  of  the  cali- 
brated tanks,  which  in  turn  over- 
flowed into  the  other  calibrated  tank. 
By  means  of  a  sliding  gate  the  water 
could  be  diverted  from  the  calibrated 
tanks  into  one  of  the  storage  tanks 
without  stopping  the  pumps.  The 
combined  capacity  of  the  six  pumps 
was  approximately  7y2  cu.  ft.  of  water 
per  second. 

In  external  appearances,  as  shown 
in  Fig.  1,  the  new  weir  very  much  re- 
sembles a  long,  narrow  box  with  its 
sides  braced  on  the  outside.  The  box 
was  ny2  ft.  long,  5  ft.  high,  and  a  lit- 
tle over  2  ft.  wide.  The  crest  was 
2.0335  ft.  long  and  was  made  of  a 
brass  pipe  with  a  line  of  %-in.  holes 
along  its  length,  spaced  1  in.  apart. 
Two  different  sizes  of  pipe  were  tried, 
one  being  a  standard  4-in.  pipe  and 
the  other  about  2  in.  in  diameter.  The 
actual  external  radii  of  these  pipes 
were  0.1878  ft.  and  0.0792  ft.,  respec- 
tively. The  crest  was  placed  3  ft. 
above  the  floor  of  the  weir.  The  ap- 
proach to  and  from  the  crest  had  a 
slope  of  2:1,  that  is,  1  ft.  rise  for  each 
2  ft.  horizontal  distance.  The  whole 
construction,  except  the  pipe,  was  of 
wood,  the  supporting  timbers  being 
4  in.  by  4  in.,  the  braces  2  in.  by  4  in., 
and  the  sides,  floor  and  slope  %-in. 
tongued  and  grooved  flooring.  The 
weir  was  fitted  with  three  orifices  for 
measuring  the  upstream  pressure. 
These  were  flush  with  the  side,  %  ft. 
below  the  level  of  the  crest,  and,  re- 
spectively, 6  ft.,  1?A  ft.,  and  SY2  ft. 
upstream  from  the  crest.  From  these 
orifices  rubber  tubing  led  to  a  water 
manometer  constructed  on  an  angle 
as  is  the  conventional  draft  gage. 
The  angle  at  which  the  manometer 
was  set  was  such  that  3  ft.  along  the 
slope  corresponded  to  1  ft.  rise  ver- 
tically. It  was  calibrated  by  com- 
parison with  a  vertical  gage.  The 
pressure  from  the  crest  was  also  led 
to  this  same  manometer,  where  suit- 
ably arranged  valves  made  it  possi- 
ble to  read  the  pressure  at  any  of 
the  three  orifices  or  the  crest.  Baffle 
plates  were  used  to  steady  the  flow. 
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In  order  to  increase  the  velocity  of 
approach  a  raised  floor  or  false  bot- 
tom was  sometimes  set  in  the  weir. 
It  was  2  ft.  above  the  original  floor 
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Fig.    3. — Effect    of    Roughness   of    Surface 
on    Discharge. 

and  terminated  9^  ft.  upstream  from 
the  crest  in  a  1:1  slope. 

Laboratory  Procedure. — At  first  the 
4-in.  pipe  was  fitted  with  the  %-in. 
orifices  at  right  angles  or  normal  to 
the  upstream  slope  (position  III,  Fig. 
2).  A  preliminary  test  of  10  runs  was 
made  with  the  sides  and  slopes  cov- 
ered with  rough  asphaltum  paint.  The 
small  cracks  between  the  wooden 
slopes  and  the  brass  pipe  were  left 
open. 

These  cracks  were  then  filled  and 
smoothed  with  modeling  clay  and  the 
sides  and  slopes  were  scraped,  oiled 
and  polished.  Another  test  of  23  runs 
was  then  made. 

After  completion  of  these  tests  the 
orifices  in  the  crest  were  changed  to 
the  vertical  position  (II)  and  thirty- 
five  more  runs  taken.  A  test  of  13 
runs  was  then  taken  with  the  orifices 
at  right  angles  to  the  downstream 
slope  (position  I,  Fig.  2).  It  was 
found  that  pressure  conditions  were 
too  unsteady  with  the  orifices  in  po- 
sitions I  and  II,  so  they  were  changed 
back  to  position  III  and  a  further  test 
of  25  runs  was  then  made.  The 
velocity  of  approach  was  next,  in- 
creased by  fitting  in  the  weir  the 
raised  floor  and  nine  runs  made. 


With  this  raised  floor  still  in  place, 
the  large  pipe  in  the  crest  was  re- 
placed by  the  small  one  and  the  orifies 
set  at  right  angles  to  the  upstream 
slope.  A  test  of  10  runs  was  made 
with  these  conditions.  The  raised 
floor  was  then  removed  and  11  runs 
made. 

The  work  of  constructing  the  weir 
was  begun  on  June  3,  1920,  the  first 
run  was  made  on  the  28th  of  the  same 
month,  and  the  last  run  was  finished 
on  July  23. 

The  typical  procedure  in  taking  a 
run  was  as  follows:  The  sliding  gate 
was  set  so  as  to  divert  the  stream  of 
water  into  one  of  the  storage  tanks. 
Whatever  pumps  it  was  desired  to 
use  were  then  started  and  the  throttle 
valves  regulated  to  give  the  desired 
reading  on  the  differential  gage.  The 
hook  gages  on  the  measuring  tanks 
were  then  read.  After  the  flow  be- 
came steady  the  sliding  gate  was 
pushed  under  the  stream  so  as  to  al- 
low it  to  flow  into  the  measuring 
tanks.  The  stop  watch  was  started 
just  as  the  gate  moved  under  the 
stream.  Readings  were  taken  on  the 
differential  gage  of  the  pressure  both 
at  the  crest  and  at  each  of  the  three 
upstream  orifices.  Usually  there  was 
time  to  take  several  sets  of  readings 
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Fig.    4. — Effect    of    Radius    of    Crest    and 
Velocity  of  Approach. 

and  the  mean  of  each  was  used  in 
calculating  the  results.  When  the 
tanks  were  sufficiently  full  the  sliding 
gate  was  pulled  back  into  its  first  po- 
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sition  so  as  to  again  divert  the  water 
into  the  storage  tank,  and  the  watch 
was  stopped.  Hook-gage  readings 
were  then  taken  of  the  water  level  in 
the  measuring  tanks. 

It  was  found  that  if  this  weir  was 
treated    as    an    ordinary    broadcasted 
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Fig.   5. — Effect   of    Position    of   Orifice. 

weir  of  irregular  section  and  the 
quantity  discharged  plotted  on  loga- 
rithmic co-ordinate  paper  against  the 
upstream  reading,  the  result  was  a 
very  good  straight  line.  Therefore 
the  measuring  tanks  were  not  always 
used,  but  instead  sometimes  the 
quantity  discharged  was  read  off  this 
logarithmic  calibration  curve. 

Calculation  of  Results.  —  Curves 
were  plotted  of  head  due  to  velocity 
against  quantity  for  both  the  full 
depth  and  the  raised  floor.  It  was 
then  unnecessary  to  figure  out  the 
velocity  head  for  each  run.  Instead 
it  was  merely  read  off  the  curve  from 
the  corresponding  quantity.  The  fol- 
lowing is  a  sample  of  the  compu- 
tations made  for  the  full-depth  curve: 

Quantity  =  Area  X  Velocity,  or  V  e= 
Q/A 

Velocity  Head  =hv  =  V2/2g 
where  g  is  the  gravitational  constant. 
Q  is  measured  in  cubic  feet  per  sec- 
ond per  foot  of  length  of  crest.  Then 
the  area  per  foot  of  length  of  crest 
equals  the  height  of  the  crest  above 
the  bottom  of  the  weir  plus  the  ob- 
served measured  head  upstream. 

From    the    logarithmic     calibration 


curve  of  the  weir  with  full  depth  a 
quantity  of  3.00  cu.  ft.  per  second  per 
foot  of  length  of  crest  corresponds  to 
an  upstream  head  of  0.810  ft.  The 
crest  is  3.015  ft.  above  the  floor. 
Therefore  the  area  per  foot  of  length 
of  crest  is  3.015  +  0.810  —  3.825  sq. 
ft.  Then— 
V  =  Q/A  e^  3.00/3.825  =  0.785    ft.    per 

second. 
hv  =  V2/2g  =i  (0.785) 2/g  =  0.615/64.36= 

0.00956  ft. 
Summary  of  Results. — In  plotting 
the  accompanying  curves  from  the 
data  obtained  the  two  following  rules 
were  always  used:  (1)  V2/2g  was  al- 
ways added  to  the  difference  between 
the  crest  and  upstream  pressures.  (2) 
When  a  curve  did  not  pass  through 
the  origin  on  rectangular  co-ordinate 
paper,  the  value  of  the  quantity 
where  the  curve  cut  the  line  of  zero- 
difference  was  subtracted  from  each 
quantity  when  plotted  on  logarithmic 
paper,  giving  an  equation  of  the  form 
(Q— K)  =  Cd«. 

From  an  examination  of  the  curves 
it  is  evident  that  all  the  factors  men- 
tioned earlier  in  the  paper  affect  the 
discharge  to  some  extent.  The  dis- 
charge  constant   varies   over    a   wide 
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Weir. 

range,   depending     upon  the  existing 
conditions. 

Friction  greatly  affects  the  dis- 
charge of  this  type  of  weir  and,  as  is 
shown  in  Fig.  3,  this  variation  may  be 
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as  great  as  12  per  cent.  This  is  a 
disadvantage  and  will  have  a  bearing 
upon  the  change  of  slope,  the  effect 
being  proportional  to  some  function 
of  the  velocity — probably  the  square. 
Friction  and  contraction  are  the  two 
limiting  factors  of  the  discharge,  and 
from    Bazin's    experiments    it    seems 
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(For   0.0792    ft.    crest,    Q(full    depth)    = 
4.3d1.8*;   Q(reduced  depth)  =  4.5d1.B2s.) 


that  a  2:1  slope  represents  the  point 
where  the  combined  effect  is  about  a 
minimum  and  the  discharge  a  maxi- 
mum. In  order  to  offer  a  basis  of 
comparison,  it  would  be  well  if  future 
experimenters  would  do  their  work 
with  surfaces  that  are  capable  of  fair- 
ly accurate  reproduction,  such  as  ce- 
ment, hardwood  flooring  or  german- 
stone. 

Figs.  4,  6  and  8  indicate  that  the 
formula  for  the  discharge  is  material- 
ly affected  by  the  size  of  the  pipe 
forming  the  crest.  This  may  be  ex- 
plained in  several  ways.  Generally 
speaking,  by  decreasing  the  radius  of 
the  crest  a  sharp-crested  weir  is  ap- 
proached, and  the  smoothness  of  flow 
is  thereby  altered.  Thus  the  size  of 
the  crest  affects  the  contraction  and 
consequently  the  actual  discharge.  On 
the  other  hand,  it  will  be  seen  that 
the  size  of  the  crest  affects  the  crest 
gage  reading  and  therefore  the  formu- 
la for  the  weir.  For,  since  the  holes 
are  normal  to  the  upstream  slope,  the 
size  of  the  crest  determines  the  dis- 
tance from  the  top  of  the  crest  to  the 
orifices.  Therefore  the  size  of  the 
crest  will  vary  the  component  of  the 
velocity  that  enters  the  orifices.  It  is 
not   known,   how*  /er,   whether   these 


two  effects  tend  to  increase  or  oppose 
each  other. 

The  particular  curvs  (Figs.  6  and  8) 
of  the  small  crest  seem  to  indicate 
that  each  size  of  crest  has  definite 
limits  between  which  the  discharge 
varies  as  a  straight-line  function. 

Upstream  measurements  taken  with 
three  gages  were  identical  below 
about  Zy2  cu.  ft.  per  second  per  foot 
length  of  crest.  Above  that  quantity 
the  gage  nearest  the  crest  showed  a 
slight  drop,  indicating  that  the  upper- 
surface  curve  extended  at  least  6  ft. 
upstream  from  the  crest. 

That  the  velocity  of  approach  can- 
not be  corrected  for  by  means  of  the 
simple  formula  VV2g  is  shown  in 
Figs.  4  and  7.  The  velocity  of  approach 
was  increased  nearly  300  per  cent, 
with  a  corresponding  difference  of 
about  7  per  cent  in  the  corrected  dis- 
charge curves.  The  weir  is  there- 
fore similar  to  a  sharp-crested  weir  in 
this  respect,  because  both  Bazin  and 
Francis  specify  that  the  height  of  the 
crest  above  the  floor  of  the  weir  box 
must  fall  within  certain  limits  if  their 
formulas  are  to  be  applicable. 

The  most  important  factor  is  the 
position  of  the  orifices  in  the  crest  as 
shown  by  Fig.  5.  The  discharge  is  a 
straight   line-function   only  when  the 
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Fig.  8. — Logarithmic   Rating   Curves   of   a 
Herschel    Type   Weir. 
(For  0-1878  ft.  crest,  Q  =  4.16d  +  0.07.) 

holes  are  normal  to  the  upstream 
slope,  or  nearly  so.  The  constant  may 
be  varied  almost  at  will  by  rotating 
the  orifices  with  respect  to  the  hori- 
zontal axis  of  the  crest.  It  is  doubt- 
ful, however,  if  the  constant  5.50  as 
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obtained  by  Mr.  Herschel  could  have 
been  obtained  with  the  weir  used  in 
these  experiments,  due  to  the  differ- 
ence of  about  0.01  ft.  in  the  crest 
radii. 

Conclusion. — The  results  of  this  in- 
vestigation tend  to  show  that  when  a 
weir  of  the  Herschel  type  is  properly 
constructed  there  is  a  constant  ratio 
between  the  quantity  of  water  passii  g 
over  the  weir  and  the  difference  in 
the  two  observed  pressures.  How- 
ever, so  many  are  the  determinant 
factors  and  so  great  is  their  influence 
upon  the  discharge  formula  that  a 
wier  of  this  type,  in  its  present  state 
of  development,  would  probably  be 
valueless  unless  calibrated  by  actual 
tests.  It  is  believed  that  further  ex- 
tended research  may  remedy  this  dif- 
ficulty. Probably  the  chief  advantage 
of  the  new  weir  lies  in  the  fact  that 
for  the  same  upstream  head  it  dis- 
charges about  20  per  cent  more  water 
than  the  ordinary  type  of  weir. 


Bacterium  Coli  and  Bacter- 
ium Aerogenes  in  Swim- 
ming Pools 

Paper     Presented     Before     the     Iowa 

Section  of  the  American  Water 

Works  Association. 

By   MAX   LEVIN   and    C.    H.   WERK- 

MAN. 

Associate  Professor  of  Bacteriology  and 
Bacteriologist,  Engineering  Experiment 
Station;  Graduate  Assistant,  Depart- 
ment of  Bacteriology,  Iowa  State  Col- 
lege, Ames,  la. 

The  methods  of  bacterial  examina- 
tion of  swimming  pools  are  at  present 
practically  identical  with  those  em- 
ployed in  water  analysis.  Of  course  a 
swimming  pool  is  not  a  drinking 
water,  except  in  so  far  as  the  novice 
may  utilize  it  as  such,  neither  is  it 
to  be  considered  an  enlarged  bath  tub. 
Nevertheless,  from  the  point  of  view 
of  bacterial  contamination  it  must  be 
recognized  that  the  water  may  serve 
as  a  vehicle  of  infectious  diseases  ex- 
actly as  does  drinking  water,  and  that 
a  swimming  pool  may  be  utilized  by 
many  not  merely  as  a  form  of  exer- 
cise but  also  (unintentionally  per- 
haps) as  a  cleansing  agent.  Undoubt- 
edly some  other  form  of  bacterial  an- 
alysis than  is  now  employed  would 
be  desirable  but  for  the  present  the 
determination  of  the  total  number  of 
bacteria  and  the  prevalence  of  intes- 
tinal forms  serves  in  a  general  way  to 


give  some  idea,  (1)  as  to  the  likeli- 
hood of  transmitting  intestinal  dis- 
eases in  case  the  water  is  inadvertent- 
ly swallowed,  and  (2)  it  may  also  in- 
dicate roughly  to  what  extent  the 
pool  has  been  used  as  a  body  cleanser. 

In  the  bacterial  examination  of 
water  considerable  emphasis  is  placed 
upon  the  detection  of  gas-forming  bac- 
teria, particularly  members  of  the 
colon  group.  It  is  now  quite  well  rec- 
ognized that  all  members  of  the  colon 
group  are  not  the  true  Bacterium  coli 
of  intestinal  origin.  At  previous 
meetings  of  this  section  it  has  been 
repeatedly  brought  to  your  attention 
that  there  are  two  distinct  types  of 
such  bacteria,  one  of  which,  the  Bact. 
coli  is  characteristic  of  human  and 
animal  sewage,  and  the  other,  which 
is  spoken  of  as  Bact.  aerogenes,  is 
rarely  encountered  in  such  djecta  but 
constitutes  the  predominating  type  in 
the  soil  and  on  grains.  Thus,  for  ex- 
ample, among  4,371  cultures  from  the 
intestinal  contents  of  man  and  va- 
rious animals,  only  286  (6.5  per  cent) 
were  of  the  Bact.  aerogenes  type, 
whereas  the  remaining  4,085  (93.5  per 
cent)  were  of  the  Bact.  coli  type.  On 
the  other  hand,  among  1,041  cultures 
obtained  from  the  soil  and  from 
grains,  there  were  but  144  (12.7  per 
cent)  of  the  Bact.  coli  and  997  (87.3 
per  cent)  of  the  Bact.  aerogenes  type. 
We  have  therefore  suggested  that  in 
water  analysis  an  attempt  should  be 
made  to  distinguish  these  two  types 
of  bacteria  as  they  may  yield  valuable 
information  regarding  the  source  of 
pollution.  This  differentiation  may  be 
readily  made  for  the  purpose  of  rou- 
tine analyses  by  employing  the  sim- 
plified Eosine-methylene-blue  agar. 

It  is  the  purpose  of  this  paper  to 
point  out  that  such  differentiation  was 
found  to  be  a  valuable  aid  in  locating 
the  source  of  contamination  in  swim- 
ming pools. 

In  the  examination  of  two  swim- 
ming pools,  one  of  which  is  used  ex- 
cusively  by  men  and  the  other  by 
women,  it  was  found  that  the  gas- 
forming  organisms  when  present  were 
usually  of  the  Bact.  coli  type  in  the 
case  of  the  men's  pool,  whereas  in 
the  women's  pool  the  gas-formers 
were  practically  always  Bact.  aero- 
genes. The  incidence  of  Bact.  coli 
and  Bact.  aerogenes  in  the  men's  and 
women's  swimming  pools  is  given  in 
Table  I. 

Among  318  samples  of  10  c.c.  exam- 
ined from  the  men's  pool,  31  (9.8  per 
cent)  contained  gas  formers,  as  com- 
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tabu: 


Fool. 


.—INCIDENCE    OP    GAS    FORMERS  IN  POOLS  IN  10  c.c.   SAMPLES. 
Gas  forming  organisms  present 


No.  of 

tubes 

observed. 


Men's     318 


Women's 


234 


Tubes 

showing 

gas. 

31 

92 


Bact.  coli 
alone. 

19 

(61.3) 

0 


Figures  in  (  )  indicate  %  of  tubes  show  ing  gas. 


Bact. 

aerogenes 

alone. 

3 

(9.7) 

74 

(80.4) 


Bact.  coli 

and 

aerogenes. 

8 

(25.8) 

15 
(16.3) 


Other  gas 

formers. 

1 

(3.2) 


(3.3) 


pared  with  92  (39.3  per  cent)  of  the 
234  samples  observed  from  the  wom- 
en's pool.  Of  the  31  tubes  showing 
gas  in  the  men's  pool  19  (61.3  per 
cent)  contained  Bact.  coli  alone,  only 
3 '(9.7  per  cent)  Bact.  aerogenes  alone, 
and  8  (25.8  per  cent)  a  mixture  of  the 
two  bacteriological  types.  On  the 
other  hand,  among  the  92  gas-forming 
tubes  from  the  women's  pool,  Bact. 
aerogenes  was  the  sole  colon  form 
present  in  74  (80.4  per  cent)  and  Bact. 
aerogenes  together  with  Bact.  coli 
was  found  in  15  (16.3  per  cent)  of  the 
tested  samples.  In  no  instance  was 
Bact.  coli  present  alone  in  a  positive 
fermentation  tube. 

Considering  the  foregoing  statement 
regarding  the  distribution  of  the  Bact. 
coli  and  Bact.  aerogenes  in  nature,  we 
expected  to  find  the  true  Bact.  coli 
forms  predominating  in  both  pools. 
The  results  obtained  were  therefore 
quite  anomalous.  It  appeared  incon- 
ceivable that  the  intestinal  flora  could 
be  appreciably  different  with  the 
sexes,  and  as  the  two  pools  were  re- 
ceiving the  same  amount  of  chemical 
treatment  (0.5  p.p.m.  CuS04  twice  a 
week  and  1.0  p.p.m.  of  bleaching  pow- 
der once  a  week),  it  was  thought  that 
possibly  the  differences  might  be  due 
to  the  fact  that  the  men's  pool  was 
equipped  with  a -filter  and  the  wom- 
en's pool  was  not.  It  was  found,  how- 
ever, that  after  the  installation  of  a 
filter  in  the  women's  pool  the  results 
remained  the  same.  Bact.  aerogenes 
was  the  prevailing  and  almost  exclu- 
sive gas  lormer,  and  gas-producing 
bacteria  were  much  more  prevalent 
in  this  pool  than  in  the  men's. 

The  two  pools  differ  in  one  other  re- 
spect, namely  location.  The  men's 
pool  is  situated  on  the  ground  floor. 
It  is  lighted  by  windows  well  up  above 
ground  (10  or  12  ft.)  which  are  rarely 
opened  and  there  is  a  balcony  pro- 
vided for  visitors.  The  approach  to 
the  pool  is  so  arranged  that  it  is  prac- 
tically impossible  to  track  in  any  ap- 
preciable quantities  of  mud  or  street 
dirt. 

The  women's  pool  is  situated  in  a 
basement    and    is    lighted    artificially 


and  by  windows  which  are  below  the 
level  of  the  ground  and  usually  open 
to  assist  in  ventilation.  There  is  no 
provision  for  visitors  nor  are  the  ar- 
rangements for  approach  to  the  pool 
such  as  would  prevent  tracking  in  of 
street  dirt.  Visitors,  when  present, 
enter  with  street  shoes  and  soil  the 
runways  around  the  pool,  thus  facili- 
tating seeding  with  soil  organisms 
and  considerable  dust  must  inevitably 
find  its  way  into  the  pool  through  the 
windows.  This  circumstance,  namely 
that  one  pool  is  admirably  protected 
against  dust  and  street  washings, 
whereas  the  other  is  subject  to  con- 
tamination from  these  sources,  ade- 
quately explains  the  bacterial  find- 
ings. 

The  results  obtained  serve  to  con- 
firm our  previous  contentions  (1)  that 
Bact.  coli  and  Bact.  aerogenes  are 
characteristically  of  different  origin 
and  (2)  that  differentiation  of  these 
forms  in  water  analysis  is  desirable 
as  an  aid  to  the  determination  of  the 
source  of  contamination. 


Effect    of    Tile    Drains    on    Soil 
Temperature. 

One  of  the  advantages  that  has 
long  been  claimed  for  tile  drains  is 
that  they  "warm"  the  soil,  while  it  is 
not  difficult  to  arrive  at  this  conclu- 
sion from  a  theoretical  standpoint, 
few  satisfactory  demonstrations 
based  upon  long-continued  records 
have  been  made.  The  record  kept 
by  the  U.  S.  Bureau  of  Public  Roads 
will  therefore  add  an  important  con- 
tribution to  the  existing  data  on  this 
subject.  By  the  use  of  the  soil  therm- 
ograph a  continuous  record  was  kept 
for  one  year  beginning  May  1,  1921, 
on  a  tile-drained  tract  and  on  an  ad- 
joining undrained  tract,  on  the  col- 
lege farm  at  Athens,  Ga.  The  results 
showed  that  at  a  depth  of  18  in.  be- 
low the  surface  the  average  tempera- 
ture of  the  drained  soil  was  nearly 
2°  higher  than  that  of  undrained  soil 
at  the  same  depth.  A  similar  record 
is  now  being  kept  at  Athens  and  also 
on  the  experimental  farm  at  Summer- 
ville,  S.  C,  for  a  depth  of  12  in. 
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Design  and  Construction  of  a  Rectangular   Sus- 
pended Gunite  Flume 


Severe  Conditions  of  Construction  and  Operation  Determine  Both 
Type  of  Conduit  and  Methods  of  Work — Cost  Data  Given 

By  W.  A.  KUNIGK, 

Superintendent  of  Water  Works,  Tacoraa,  Wash. 

The  city  water  department  of  Ta-      ing  the  dead  load  of  the  flume  plus 


coma  put  in  service  during  last  May, 
at  the  Green  River  crossing  of  the 
gravity  water  system,  a  rectangular 
flume  of  gunite. 

Purpose  of  Flume.  —  The  gunite 
flume  replaces  a  wooden  flume  across 
the  Green  River  bridge,  a  250-ft.  rivet- 
ed Baltimore  truss,  and  an  extension 
of  the  flume  off  the  bridge  for  an  addi- 
tional distance  of  200  ft.  At  the  up- 
stream end  the  flume  connects  with  a 
concrete  chamber  pier  within  which 
the  water  rises  to  the  elevation  of  the 
hydraulic  gradient.  Thence  the  water 
is  conveyed  across  the  bridge  and 
through  the  remainder  of  the  gunite 
flume  with  a  free  board  of  approxi- 
mately 8  in.  At  the  downstream  end 
the  flume  connects  with  a  60-in.  diam- 
eter continuous  wood  stave  pipe.  On 
account  of  this  connection  the  last  33 
ft.  of  flume  had  to  be  built  with  a  re- 
inforced top  tapering  from  rectangu- 
lar to  circular  section. 

Design. — The  cross-section  of  the 
flume  on  the  bridge  is  5  ft.  wide  by  4 
ft.  3  in.  deep.  The  flume  hangs  from 
18  in.  I-beams  12  ft.  6  in.  on  centers 
across  the  bridge.  At  each  girder  the 
flume  is  suspended  by  four  U-bolts 
made  up  of  %  in.  round  rods.  The 
threaded  ends  of  the  U-bolts  pass  up- 
ward through  the  flanges  of  short  6  in. 
23.8  lb.  H-beams  placed  across  the 
main  supporting  girders  and  fastened 
thereto  by  small  lug  bolts.  The  flume 
proper  is  connected  to  the  U-bolts  by 
hanger  rods  made  up  of  %  in.  round 
rods  cast  into  the  side  walls  of  the 
flume.  It  will  be  noticed  that  this 
construction  detail  will,  within  cer- 
tain limits,  permit  of  a  lesser  rate  of 
expansion  or  contraction  in  the  flume 
that  which  is  simultaneously  affecting 
the  steel  bridge — a  condition  that 
arises  when  the  flume  is  full  of  water 
and  a  sudden  change  of  temperature 
occurs. 

The  side  walls  are  made  3  in.  thick 
with  6  in.  by  7  in.  coping  beams. 
These  side  walls  act  as  continuous 
beams  suspended,  as  described,  along 
the  full  length  of  the  bridge,  earry- 


the  weight  of  the  water.  The  stresses 
due  to  this  beam  action  are  very  low, 
However,  it  was  not  considered  de- 
sirable, for  practical  reasons,  to  use 
lighter  slabs.  The  lateral  water  pres- 
sure is  taken  care  of  by  designing  the 
side  walls  as  slabs  freely  supported 
at  the  lower  end  anchored  into  the 
flume  bottom  and  at  the  upper  end 
tied  into  the  coping  beams  which  are 
prevented  from  spreading  by  3  in.  by 
6  in.  concrete  cross  ties  placed  at  in- 
tervals of  6  ft.  along  the  flume.  The 
bottom  slab  of  the  flume  is  made  ZV2 
in.  thick,  designed  as  a  slab  freely 
suspended  from  the  side  walls.  Here 
the  stresses  in  the  gunite  are  790 
lb.  per  square  inch  and  in  the  steel 
15,300  lb.  per  square  inch. 

At  the  upstream  end  of  the  flume, 
which  corresponds  to  the  anchor  end 
of  the  bridge,  all  horizontal  reinforc- 
ing bars  are  imbedded  and  grouted  in- 
to the  drill  holes  in, the  concrete  of 
the  chamber  pier.  At  the  roller  or 
expansion  end  of  the  bridge  a  large 
copper  expansion  joint  is  provided, 
made  up  of  3/32  in.  by  12  in.  copper 
plate.  In  order  that  the  effectiveness 
of  this  joint  might  not  be  impaired 
by  the  accummulation  of  silt  and  sand 
it  was  filled  with  oakum  and  a  soft 
asphaltic  roofing  compound  called 
"Tokoseal." 

Off  the  bridge  the  width  of  the  flume 
is  increased  to  6  ft.  6  in.  continuing 
to  a  point  near  the  end,  where  the  rec- 
tangular section  gradually  is  drawn 
into  a  60  in.  diameter  circular  sec- 
tion. The  section  of  the  flume  off  the 
bridge  is  designed  in  a  similar  manner 
as  the  flume  on  the  bridge,  the  only 
difference  being  that  here  the  flume 
is  supported  on  a  concrete  trestle  with 
bents  spaced  approximately  12  ft.  cen- 
ters. Expansion  joints  made  up  of 
3/32  in.  by  6  in.  copper  plate  are  here 
provided  at  every  other  support. 
These  joints  were  filled  with  strips  of 
"Elastite"  %  in.  thick. 

Construction  Plant  and  Methods. — 
The  construction  plant  consisted  of 
the    following    equipment:     1    trailer 
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gasoline-driven  compressor  of  approxi- 
mately 250  cu.  ft.  capacity;  1  N-2  ce- 
ment gun:  1  home-made  sand  dryer; 
1  ^-in.  mesh  screen  and  1  4  cu.  ft. 
gasoline-driven  batch  mixer. 

On  account  of  the  fact  that  the  old 
flume  had  to  be  maintained  in  ser- 
vice until  the  new  flume  was  ready 
for  use  with  very  little  clearance  be- 
tween the  new  and  the  old  structure, 
it  was  necessary  to  arrange  the  work 
in  such  a  manner  that  guniting  could 
be  done  from  the  inside  of  the 
forms.  The  concrete  trestle  was  first 
constructed  up  to  the  under  side  of 


sagging  of  the  gunite  during  the  fin- 
ishing. The  whole  inside  of  the  flume 
was  first  floated  and  then  troweled 
with  a  steel  trowel,  presenting  a  very 
smooth  finish.  Practically  all  gunit- 
ing operations  had  to  be  carried  on 
under  canvas  cover  on  account  of 
rain,  snow  and  high  winds  that  pre- 
vailed during  the  greater  part  of  the 
construction  period.  A  number  of 
times  oil  stoves  had  to  be  placed  in- 
side the  flume  to  prevent  freezing  of 
the  green  gunite.  Other  facts  that 
contributed  to  the  out-of-the-ordinary 
expenses  of  this  work  were  the  inac- 


Gunite  Flume  at  Green  River  Crossing  of  Tacoma   Gravity  System. 


the  gunite  work.  Then  the  outer  form 
of  the  flume  was  built,  suspended 
from  the  main  girders  on  the  bridge, 
and  off  the  bridge  supported  on  or- 
dinary false  work  resting  on  the 
ground.  After  the  inside  of  the  forms 
had  been  painted  with  Standard  Oil 
Co.'s  "Form  Oil"  the  reinforcing  steel, 
expansion  joints  and  suspenders  on 
the  bridge  were  put  in  place  in  their 
order.  The  writer  wishes  here  to  call 
particular  attention  to  the  necessity 
of  oiling  forms  where  they  are  to  be 
used  in  connection  with  gunite  work, 
as  otherwise,  on  account  of  the  close 
adhesion  of  gunite  to  wood,  consider- 
able trouble  may  be  experienced  in 
stripping  forms. 

The  guniting  work  was  then  started 
by  shooting  the  bottom  slab  first  in 
one  layer.  The  sides  were  then  shot 
in  about  three  applications  of  1-in. 
thickness  each  in  order  to  avoid  the 


cessibility  of  the  site;  trouble  in  haul- 
ing the  men  to  and  from  work;  the 
expense  of  paying  for  main  line  train 
charges  every  time  that  a  car  of  ma- 
terial was  unloaded;  and  the  contin- 
uous annoyance  of  a  badly  leaking 
flume  immediately  alongside  of  the 
new  work.  The  cross  ties  at  the  top 
of  the  flume  were  made  of  poured  1:3 
cement  mortar.  All  concrete  used  was 
of  1:2:4  mix,  and  all  gunite  was  made 
of  1:3  cement  and  sand,  respectively, 
measured  in  loose  volume.  The  sand 
used  was  a  1:1  mixture  of  fine  clean 
and  sharp  plaster  and  concrete  sand 
with  the  voids  in  this  combination 
running  less  than  30  per  cent. 

Testing  of  Flume  and  Bridge. — In 
view  of  the  cold  weather  prevailing 
during  construction,  the  last  gunite 
shot  was  left  30  days  to  cure  before 
the  forms  were  stripped.  Adjustment 
for  equal  stress  on  the  hanger  rods  on 
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the  bridge  was  then  made.  This 
proved  a  delicate  operation.  Before 
the  forms  were  stripped  the  equaliz- 
ing of  the  stress  on  the  different 
hangers  was  accomplished  by  taking 
up  on  the  nuts  above  the  supporting 
cross  beams  and  by  sounding  the  rods 
with  a  hammer  until  the  sound  of  all 
rods  was  pitched  to  the  same  key. 
A  perfect  adjustment  was  secured  in 
this  way.  A  wooden  bulkhead  was 
then  placed  in  the  bell  end  of  the 
flume,  and  the  water  was  gradually 
admitted  through  a  small  pipe,  tak- 
ing several  hours   for  the   filling  op- 


appeared  and  dried  up,  indicating  that 
they  were  temperature  checks  only, 
caused  by  the  cold  water  in  contac 
with  the  bottom. 

Precautions  Taken  to  Guard  Flume 
Against  Action  of  Chlorine  Gas  on  the 
Inside  and  Effect  of  Weather  on  the 
Outside. — In  order  to  provide  addi 
tional  protection  against  the  action 
of  chlorine  gas,  the  flume  was  drie( 
out  after  the  test  and  the  whole  I 
the  inside  was  given  two  coats  o: 
parafiine  wax  applied  hot.  On  the 
outside  the  flume  was  given  two  coats 
of  concrete  paint  in  order  to  preven 


Inside  of  Flume  on  Bridge,  Bottom  Completed;    SIdewalls    Partly    Completed. 

eration.     Before   filling  of  the   flume  rust  spots  from  showing  on  the  face 

was  started,  levels  were  taken  across  of  the  gunite  wherever  the  reinforc- 

the  250-ft.  span  showing  a  camber  of  ing  steel  had  come  too  close  to  the 

.15  of  a  foot  at  the  center  panel.   This  forms.     It  was  also  desirable  to  har- 

camber  was  gradually  reduced  during  monize   the   color   of  the   flume  with 

filling  to  about  .03  of  a  foot  when  the  tha.t   of   otheV   structures   in  that  vi- 

flume   was    full   without    the    gunite  cinity. 

showing  the  slightest  sign  of  distress  .c.ost  Data.— The  appropriation  pro- 
due  to  this  deflection.  However,  when  viding  for  the  work  was  $11,000  and 
at  the  beginning  of  the  filling  opera-  the  total  cost  of  tne  work  was  ?10>- 
tion  the  depth  of  the  water  in  the  347.94,  made  up  of  the  following 
flume   had   been   brought   to   about  6  items: 

or  8   in      Rnmp  1ft  or  19  trarmvprsp  air        Excavation  and  backfilling   $      308.50 

or  8  in.,  some  1U  or  It  transverse  air  Concrete  trestle  and  foundations 

cracks  developed  in  the  bottom  slab,  (labor  and  material) 330.00 

about  half  of  them  on  the  bridge  and  Re-laying  about  60  ft.  of  60  in. 

thp    nthpr   half    in    the*    flume    off    the  diameter  wood  stave  pipe  and 

tne    otner   nan    in   trie   nume    on   tne  making   connection    to    gunite 

bridge.     These    cracks   were    so    fine         flume  210.55 

that  they  were  barely  visible  to  the  Closing  chamber  pier  outlet  of 

naked   eye,   and   except   for   the    few  ^nXg  '^'Kvimi'  reclaim! 

beads  of  water  on  the  under  side  of  ing  lumber  and  building  walk- 

the    flume    bottom,    they      no      doubt  way  across  bridge  370.77 

would  have  been  overlooked.     When  45nl"tn-  ";  jL^JJiL  ^me  com'    q  nfi7  ™ 

..       _  .  „      „  ,      .     ,    ,.  piete,  at  $^o.io  per  ft 9,Ub7.ou 

the  flume  was  full,  all  cracks  had  dis-         Total  cost  .. $10,347.54 
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The  itemized  cost  of  the  flume  per 

lineal  foot  was  as  follows: 

Per  lin.  ft. 

Forms,  form  oil,  nails  for  new  flume, 
as  well  as  blocking-  and  shoring 
for  old  flume,  including  all  labor.  $  4.00 

Reinforcing  and  structural  steel — 
61  lb.   (material  only)    3.62 

Gutting,  bending  and  placing  re- 
inforcing steel  and  placing  and 
adjusting  structural  steel   1.87 

Copper  expansion  joints  (labor  and 

material)     .60 

Cement    2.13 

Sand   .84 

Gunite— labor  of  placing  2.23 

Stripping  forms    22 

Painting  2  coats  paraffine  wax  in- 
side and  2  coats  concrete  paint 
outside  (labor  and  material) 93 

Wooden  cover  with  3 -ply  roofing 
paper  (labor  and  material) 58 

Miscellaneous  items  such  as  gaso- 
line, oil,  hardware,  truck  hire, 
freight  on  equipment  and  main 
line  stop  charges,  etc 1.81 

Superintendence,     engineering    and 

testing    1.32 

Total  cost  per  lineal  foot   $20.15 

In  connection  with  the  compara- 
tively high  cost  of  the  form  work,  it 
must  be  borne  in  mind  that  about  one- 
half  of  the  total  length  of  the  forms 
had  to  be  suspended  from  the  bridge 
and  the  other  half  had  to  be  support- 
ed on  sloping  ground  that  was  con- 
tinuously being  undermined  by  leak- 
age from  the  old  flume. 


Detail   of   Hanger. 

The  prices  paid  for  material  deliv- 
ered at  the  site  were  as  follows: 

Cement,  per  bbl $  3.62 

Sand,  per  cu.  yd 2.50 

Gravel,  per  cu.  yd 2.81 

Lumber,  per  M  ft.  B.  M 13.60 

Reinforcing  steel  (corrugated  %  in., 

round) ,  per  cwt 5.93 

The  wages   paid  for  labor  and  su- 
perintendence were  as  follows: 


Construction  engineer,  per  month.  .$175.00 

Sub-foreman,  per  day 5.50 

Carpenter  foreman,  per  day  8.00 

Carpenters,  per  day  7.00 

Cement  finishers,   per  day 8.50 

Cement    gun    nozzle    operator,    per 

day    7.00 

Cement  gun  operator,  per  day 4.75 

Laborers,  per  day 4.75 

Compressor  operator,  per  day 5.50 
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Half  Section  of  Flume. 


The  labor  cost  of  the  cement  gun 
organization  was  as  follows: 

1  compressor  operator  at  $5.50  per 
day    $  5.50 

1  cement  gun  nozzle  operator  at 
$7.00  per  day 7.00 

1  cement  gun  nozzle  operator  help- 
er at   $4.75   per  day   4.75 

1  cement  gun  operator  at  $4.75  per 
day    4.75 

1  cement  gun  loader  at  $4.75  per  day    4.75 

2  cement  finishers  at  $8.50  per  day.  17.00 
4  laborers,      drying,      mixing      and 

screening    material,    at    $4.75    per 

day    19.00 

Total  cost  of  cement  gun  crew  per 

8-hour  day    $62.75 

This  crew  would  place  up  to  7  cu 
yd.  of  gunite  per  day.  However,  the 
average  run  per  day  was  approxi 
mately  5.31  cu.  yd.  The  actual  quan 
titites  of  material  used  per  1  cu.  yd 
of  1:3  gunite  in  place  were  3.12  bbl 
of  cement  and  1.78  cu.  yd.  of  sand, 
making  the  cost  of  the  material  at 
the  aforementioned  prices,  $15.68. 
The  labor  cost  per  cubic  yard  of  plac- 
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ing  the  gunite  was  $11.81.  Total  cost 
of  gunite  in  place,  $27.49. 

This  cost  of  gunite  is  higher  than 
it  would  be  under  more  favorable  con- 
ditions; for  instance,  on  a  job  of  res- 
ervoir lining  involving  some  26,000  sq. 
ft.,  which  the  writer  recently  com- 
pleted, conditions  were  more  favor- 
able and  with  practically  the  same 
equipment  and  organization,  a  2-in. 
layer  of  1:3  gunite  was  placed  with  a 
steel  troweled  surface  at  a  total  cost 
of  labor  and  material  (not  including 
reinforcing)  of  12.38  cts.  per  square 
foot,  or  $20.06  per  cubic  yard.  For 
depreciation  of  plant  there  should  be 
added  about  $1.07  per  cubic  yard  of 
gunite  in  place,  which  represents  a 
depreciation  of  3  per  cent  per  month 
figured  on  a  $7,200  plant  investment. 

Comment  and  Conclusions. — Work 
of  this  nature  can  be  carried  out  to 
considerable  better  advantage  and  at 
greatly  reduced  costs  when  weather 
and  working  conditions  are  more 
favorable,  as  is  apparent  from  the 
figures  quoted.  However,  the  writer 
feels  well  satisfied  with  the  results 
obtained  and  a  number  of  engineers 
who  viewed  the  flume  during  con- 
struction and  after  completion  regard- 
ed the  work  a  success  in  every  way. 


Cross  Section  of  Forms  for  Flume  on 
Bridge. 

Nevertheless,  there  are  certain  fea- 
tures in  connection  with  the  design 
and  construction  of  this  flume  that 
the  writer  wishes  to  call  particular 
attention  to  for  the  benefit  of  engi- 
neers who  have  to  design  and  con- 
struct gunite  work.  For  instance,  the 
coping  section  along  the  top  of  the 
sides  of  the  flume  would  have  been 
considerably  easier  to  shoot  if  all 
sharp  corners  had  been  avoided  by  a 


slight  gradual  enlargement  of  the 
slab  near  the  top  which  would  have 
served  just  as  well  from  a  structural 
standpoint. 

Another  difficult  part  to  shoot  was 
the  space  between  the  forms  and  the 
reinforcement  in  the  side  walls,  which 
had  to  be  watched  very  closely  by  the 
nozzleman  so  as  to  avoid  sand  pock- 
ets. In  a  few  places  such  defects  had 
to  be  repaired  by  plastering. 

Considerable  trouble  and  labor 
could  have  been  avoided  if  local  con- 
ditions would  have  permitted  the 
shooting  of  the  side  walls  from  the 
outside,  using  inside  forms.  Wher- 
ever possible,  wire  mesh  or  expanded 
metal  should  be  used  for  gunite  re- 
inforcement in  preference  to  bars.  If 
bar  reinforcement  must  be  used,  good 
results  can  be  obtained  by  shooting 
the  gunite  from  both  sides  against 
the  bars,  using  portable  wood  panels 
for  backing  up  the  first  coat. 

In  regard  to  carrying  on  guniting 
operations  during  wet  and  cold 
weather,  this  work  has  proved  to  the 
writer  that  it  can  readily  be  done  if 
the  work  is  organized  for  such  an 
emergency.  Wet  sand  with  a  moist- 
ure content  up  to  6  or  7  per  cent  is 
not  objectionable,  but  the  air  used 
must  be  dried  before  it  gets  to  the 
gun,  otherwise  clogging  of  the  hose 
or  gun  will  result.  A  simple  and  ef- 
fective home-made  air  dryer  that  the 
writer  has  used  on  various  gunite 
jobs  was  described  by  him  in  an  ar- 
ticle on  gunite  work  appearing  in  "En- 
gineering and  Contracting,"  issue  of 
April  12,  1922,  and  in  "Engineering 
News-Record,"  issue  of  June  1,  1922, 
where  also  other  pointers  will  be 
found  in  reference  to  designing  and 
laying  out  of  gunite  construction 
work. 

The  gunite  flume  described  here 
was  completed  during  November, 
1921,  but  on  account  of  operating  con- 
ditions in  the  Green.  River  gravity 
supply  system,  it  was  not  feasible  to 
make  use  of  it  until  May,  1922.  The 
structure  has  passed  through  the 
temperature  changes  of  one  summer, 
fall  and  part  of  this  winter  with  some 
very  severe  weather  during  the  early 
part  of  December,  without  showing 
any  sign  of  effects  due  to  these 
weather  changes. 

The  work  was  designed  and  con- 
structed under  the  personal  supervi- 
sion of  the  writer,  with  O.  A.  Abelson 
as  Designing  and  Constructing  Engi- 
neer. Mr.  Ira  S.  Davison  is  the  Com- 
missioner of  the  Light  and  Water  De- 
partment of  the  city  of  Tacoma. 
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Features  of  Hydroelectric  Power  Plant  Designs 

Development  and  Application  of  Backwater  Suppressor  for  Utilizing 
Waste  Water  During  Flood  Periods  Described  in  Paper  Pre- 
sented. Before  Amer.  Society  of  Mechanical  Engineers 

By  J.  A.  SIRNIT, 

Designing   and   Electrical   Engineer,   Alabama  Power  Co. 


There  are  many  power  plants  and 
possible  sites  for  such  plants  where 
the  supply  of  water  is  very  irregular, 
and  where,  owing  to  the  nature  of  the 
surrounding  country,  it  is  impossible 
to  provide  sufficient  storage  for  the 
utilization  of  all  the  water  flowing  in 
the  stream. 

In  many  hydraulic  power  plants, 
now  in  operation  or  proposed,  there 
is,  or  will  be,  a  great  loss  of  power 
annually,  due  to  the  fact  that  during 
flood  conditions  when  water  is  being 
wasted  over  the  spillway,  the  level 
of  the  water  in  the  tail  race  at  the 
outlets  of  the  draft  tubes  leading 
from  the  turbines  is  raised,  thus  re- 
ducing the  head  on  the  turbines,  and 
in  turn  their  capacity  and  the  output 
of  the  power  plant.  There  are  many 
notable  examples  of  these  conditions, 
and  in  some  cases  reduction  in  effec- 
tive head  on  the  turbines  becomes  so 
great  at  times  as  to  completely  shut 
down  the  power  plant.  The  Hales 
Bar  plant  on  the  Tennessee  River  is 
an  example  of  where  these  conditions 
occur  during  the   spring  floods. 

In  many  cases  of  proposed  develop- 
ments, engineers  have  hesitated  in 
recommending  the  carrying  out  of  the 
development  on  account  of  backwater 
conditions  in  the  tail  race,  which  can 


Fig.  1 — Action  of  Spillway  Water  on  Tail 
Water. 

(H  =  head  above  tail  water;  d  =  depth 
of  water  above  spillway;  h  =  total  water 
column  balanced;  Qd  =  quantity  through 
draft  tube.) 

be  foreseen  and.  predicted  very  close- 
ly. The  proposed  development  at  the 
Great  Falls  on  the  Potomac,  which 
has  been  under  discussion  for  many 
years,  represents  an  example. 


Engineers  for  many  years  have 
wrestled  with  this  problem  and  have 
tried  to  overcome  this  difficulty  by  in- 
stalling a  greater  number  of  gener- 
ating units  where  it  was  possible  to 
do  so,  to  compensate  for  the  loss  in 
capacity  of  each  unit;  of  course  such 
a  procedure  necessarily  makes  the  in- 
stallation more  expensive,  with  the  re- 


Fig.  2 — Design  of  Testing   Flume 


suiting  increase  of  production  costs. 
Attempts  have  also  been  made  to 
counteract  this  loss  in  head  by  admit- 
ting water  into  the  draft  tube  through 
jets  at  a  relatively  high  velocity  which, 
by  accelerating  the  velocity  of  the 
combined  turbine  discharge  and  jet 
water  through  the  draft  tube,  produce 
a  negative  head  which  is  added  to  the 
head  on  the  turbine.  A  number  of  va- 
riations in  the  place  and  manner  of 
introducing  this  jet  into  the  draft  tube 
have  been  tried  and  results  published. 
But  the  results  have  not  been  entire- 
ly satisfactory. 

The  most  logical  and  simplest  way 
to  maintain  the  normal  head  on  the 
water  wheel,  and  thereby  the  full  ca- 
pacity of  the  plant,  during  flood  pe- 
riods, is  to  remove  the  high  tail  water 
from  the  discharge  opening,  and  cred- 
it is  due  to  O.  G.  Thurlow,  chief  en- 
gineer of  the  Alabama  Power  Com- 
pany, who  conceived  the  idea  of  utiliz- 
ing the  waste  water  to  accomplish 
this  fact,  thereby  successfully  solving 
the  problem.  The  development  of  this 
conception  resulted  in  what  is  now 
known  as  the  Thurlow  backwater  sup- 
pressor. 

The  Thurlow  Backwater  Suppressor. 
— It  is  a  well-known  phenomenon  that 
water  flowing  over  a  masonry  dam 
having  a  downstream  face  of  ogee 
section,  leaves  the  apron  in  a  thin 
sheet  at  high  velocity.  At  a  point 
below   the   dam    the   water   rises   tur- 
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bulently,  forming  a  so-called  "stand-  table    i— suppressing    perporm- 

ing  wave"  "hydraulic  jump,"  or  "back-  ANCE  OF  Jfo^lf N  SHOALS 

roll."     The    thickness    of   this    sheet  „ 

and  the  velnritv  of  the  water  denend  Water  over          Head  without  Head  with 

ana  tne  velocity  or.  tne  water  aepena  Overbed,             suppressor,    suppressor, 

upon   the    height    and    shape    of   the  jn.                           in.                in. 

downstream   face   of   the   dam,   upon  o    96  — 

the  depth  of  water  at  the  crest  of  the  $ lf/f  \\^ 

dam,  and  upon  the  quantity  of  water  19  4  \  \  \  \  \  \  \  \  \  \  \  \      77                96% 

flowing   over  the   dam.     The   energy  2014 75%  96^ 

developed  in  this  thin  sheet  of  water  f^ J4%  97 

has  generally   been  regarded  hereto-  22% .'!!.'.".'.".'.' .".'.' .'      73%             96% 

fore  as  solely  of  a  destructive  nature,  22% 73% 

but  in  the  backwater  suppressor  the  |*% 7^%  96j/2 

energy  of  the  spillway  water  is  so  di-  24% .!..'!!  '. '.'.'.'. '. '.      71%             88 

rected   as   to   remove   the   backwater  26    70  87 

from  over  the  draft-tube  orifice,  sweep-  f^2 {j|%  73 

ing  it  downstream,  thus  freeing  the  29%'. '.'.'.'.'.'.'.'. '.'.'.'.      66% 

draft  tube  from  this  pressure  of  water  30% 65%  73 

over  it  and  maintaining  a  practically  jj4y 62  68% 

uniform  head  on  the  turbine  as  long  ih^'. '.'.'.'.'.'.'.'.'. '.'.'.      55 %             66% 

as  the  spillway  water  is  able  to  sweep  46 50  56% 

the  backwater  away  from  the  draft- 

tube  orifices.     In  Fig.  1  is  shown  dia-  „„.„„,„„     anA    ^n    k««v««*a«    i,™,, 

gramatically  the  action  of  the  over-  ^)  wahy'    **iJ£l^£Z™L*£ed 

a~™  .«4ii«,»«  w«+««  ««  +v,«  <■»«]  „„♦„  could  be  conveniently  determined, 

flow  spillway  water  on  the  tail  water.  Wpirq  wprp  nqpd  in  admitting  water 

The  energy  of  the  spillway  water  not  .    w,e' rs,^f *%"?» cl„ \t*? 5£ *f*  *:®I 

only  removes  the  height  of  tail  wate.  fj^  £*%££$  nieaSured      TW 

from  the  draft-tube  orifice,  but  even  couia   ?e  accurately  measured      lhis 

lowers  the  normal  tail-water  level  to  Tr°r^^\^m^Lf  ?  *%£***% 

a  pre-determined  depth.  charge 

Models  Tested. — In  order  to  sub-  Bear-trap  logs  were  provided  at  the 
stantiate  the  idea  and  evolve  a  def-  end  of  the  wasteway  by  which  the 
inite  theory  on  which  to  base  the  cal-  height  of  the  water  in  the  wasteway 
culation,  a  model  was  constructed  could  be  varied  to  stimulate  back- 
on   a    1  :  24    scale   at   East  Lake   in  water. 

Birmingham,  Ala.,  where  a  small  flow  Calculated  and  Observed  Results.— 

at  3  ft.  head  was  available.     The  re-  The    j^g^    of    tne    standing    wave, 

suits    obtained    were    so    interesting  taking  a  section  of  unit  width  (1  ft.) 

that,  to  check  the  data  obtained  and  and  neglecting  losses  due  to  the  fric- 

to  increase  the  accuracy  of  measure-  tion   of   the   moving  water   over  the 

ments,  a  second  and  larger  model  was  Spiiiway,  can  be  approximated  by  the 

constructed  on  a  1  :  10  scale  at  Jack-  ttW^4w*„ol    *^™„iQ    v,  ^_  w/»3/2-ui/2     ,•„ 

son  Shoals,  Ala.,  where  a  greater  flow  ^mP^lcaJ   f?Qrm,i1*   ?  ^Y d  4 555    £ 

and  head  were  available  which     d     is      depth     of     water     in 

and  head  were  avaiiame.  feet  oyer  the  spillway  and  H  the  head 

The  results  obtained  with  the  two  jn  feet  aDove  the  spillway  apron.  This 

models,    when   reduced   to    the   same  does  not  take  into  account  the  effect 

scale,   were   in   close   agreement   and  of  the  turbine  water.    This  factor  will 

the   observed    results   followed   those  mcreaSe  the  height  of  standing  wave, 

calculated  for  similar  conditions.  so    that    the    actuai    results    will    be 

Figure  2  shows  diagramatically  the  somewhat  better   than   as   shown   by 

essential   elements    of   these    models.  the  formula. 

Each  consists  of  a  forebay  for  stilling  The  figures  of  Table  I  were  com- 
the  water,  a  spillway  having  the  usu-  piled  from  three  separate  tests  made 
al  ogee  section,  a  draft  tube  with  at  different  times  and  show  the  per- 
its  orifice  located  directly  under  the  formance  of  the  Jackson  Shoals  mod- 
spillway,  and  a  tail-water  wasteway.  el  with  18  ins.  of  water  over  the  spill- 

The  heights  of  the  water  in  the  fore-  way  in  suppressing  various  heads  of 

bay,  wasteway   and   draft   tube   were  backwater. 

measured  in  glass  gages  convenient-  The  effect  on  the  turbine  head  of 
ly  located  on  central  platforms.  By  different  amounts  of  water  over  the 
means  of  these,  measurements  corres-  spillway  of  the  East  Lake  model  is 
ponding  to  the  pond-level  head  above  shown  in  Fig.  3.  It  should  be  noted 
the  river  bed,  the  effective  turbine  that  very  small  amounts  cause  a  de- 
head,   the    depth   of   water   over   the  crease  in  head  because  sufficient  ve- 
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locity  has  not  been  given  to  the  draft- 
tube  water  to  cause  a  thinning  of  the 
sheet  over  the  draft-tube  orifice,  but 
when  the  ratio  of  spillway  to  draft- 
tube  water  increases  to  about  1  :  1 
the  curve  takes  a  decided  course  up- 
ward and  reaches  its  peak  and  starts 
falling  off  again  due  to  a  greater  quan- 
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Fig.   3 — East    Lake   Curve. 

tity  of  water  passing  over  the  orifice, 
with  practically  no  increase  in  velocity 
above  that  of  the  point  of  maximum 
head.  This  curve  does  not  represent 
the  best  performance  possible  but  it 
is  typical  of  the  ideal  theoretical  curve 
which  is  shown  in  the  same  figure. 

The  curve  in  Fig.  4  shows  the  over- 
all performance  of  the  test  as  com- 
pared to  that  without  the  suppressor. 
It  will  be  noticed,  that  the  head  drops 
off  slightly  as  the  backwater  in- 
creases, due  to  a  greater  quantity  of 
water  necessary  to  hold  the  standing 
wave,  until  a  point  is  reached  where 
the  standing  wave  is  13.26  in.  high 
and  the  curve  turns  sharply  down. 
This  point  represents  the  critical 
stage  or  the  maximum  height  of  back- 
water capable  of  being  suppressed  by 
a  given  amount  of  spillway  water. 
This  could  be  increased  by  having  a 
design  of  spillway  permitting  a  great- 
er discharge. 

Even  after  this  point  is  reached  a 
substantial  increase  in  head  is  ob- 
tained, and  at  the  last  point  plotted, 
with  backwater  50  per  cent  of  the  to- 
tal head,  an  increase  of  5  in.  is  re- 
corded. Pig.  5  ilustrates  the  condi- 
tion of  backwater  after  the  critical 
stage  has  been  passed. 

Design   of  Draft-Tube   Orifice. — Sev- 


eral shapes  of  draft-tube  orifices  were 
tested.  That  shown  in  Fig.  6  leaves 
very  little  to  be  improved  upon  for 
getting  a  maximum  height  of  standing 
wave  and  a  maximum  head  on  turbine. 
This  design  can  be  modified  to  give  a 
greater  head  on  the  turbine,  but  only 
at  a  sacrifice  in  the  height  of  the 
standing  wave. 

The  location  of  point  x  is  of  great 
importance  as  it  controls  the  increase 
in  head  on  turbine,  and  its  relation 
to  the  elevation  and  angle  of  dis- 
charge of  the  spillway  apron  must  be 
very  exact  or  a  poor  performance  will 
result;  also  consideration  for  the  tur- 
bine "run-off''  during  the  period  when 
the  suppressor  is  not  in  action  must 
be  kept  in  mind. 

The  length  of  tangent  t  must  be 
such  that  it  will  direct  the  spillway 
water  well  along  the  line  ab,  and  it 
should  be  at  least  5  ft.  for  heads  up 
to  25  ft.  and  7  ft.  to  10  ft.  for  heads 
varying  from  30  to  100  ft.  The  amount 
of  water  flowing  over  the  spillway  will 
cause  this  length  to  change,  but  for 
depths  up  to  15  ft.  this  range  will 
hold  good. 

The  distance  out  of  point  x  is  de- 
termined by  the  amount  of  water 
passing  through  the  draft  tube.  The 
area  of  the  draft-tube  orifice  subject 
to  the  action  of  the  sheet  of  spillway 
water  must  be  proportioned  so  that 
a  back  pressure  in  the  draft  tube  is 
not  necessary  to  force  the  two  waters 
to  mix.  The  curve  of  R8  is  great 
enough  so  that  the  centrifugal  force 
of  the  fast-moving  sheet  of  water  will 
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Fig.  4 — East   Lake   Performance  Curve. 

not  cause  it  to  leap  clear  of  the  con- 
crete surface.  R2  makes  a  smooth 
transition,  connecting  point  x  and 
R3,  and  is 'about  V2  R3- 

The  standing  wave  is  held  just  be- 
yond tangent  R3.  The  total  distance 
from  the  lip  of  spillway  apron  to  the 
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point  of  wave  must  not  be  greater 
than  good  design  of  the  other  features 
will  permit,  as  the  friction  of  the 
high-velocity  water  diminishes  the 
height  of  the  standing  wave,  there- 
by causing  a  greater  amount  of  waste 
water  necessary  to  operate. 

The    river    channel    below    tangent 


Fig.    5 — Flood    Conditions    of    Model. 

R3  must  be  finished  with  neat  con- 
crete for  a  distance  of  four  heights 
of  the  standing  wave,  in  the  case  of 
heads  up  to  25  ft.,  and  five  to  six 
heights  for  heads  varying  from  30  to 
100  ft.  This  is  necesary  for  good 
performance  although  a  rough  bed  or 
water  pocket  can  be  used,  but  a  great 
waste  of  water  is  required  and  heavy 
undercurrents,  due  to  an  imperfect 
standing  wave,  might  scour  the  river 
bed  badly  or  undermine  the  protecting 
apron. 

This  is  of  great  importance  if  the 
rock  strata  are  poor,  as  open  seams 
will  allow  the  high  static  pressure 
beyond  the  wave  to  be  transmitted 
back  under  the  protecting  apron,  caus- 
ing an  uplift.  This  uplift  must  be 
given  attention,  even  when  the  apron 
is  carried  out  to  the  desired  point 
and  provision  made  for  its  secure  an- 
chor. 

Dividing  Walls. — Each  unit  must  be 
provided  with  dividing  walls  to  pre- 
vent the  water  from  coming  in  on 
the  sides  and  to  allow  any  one  unit  to 
-*         operate  independently. 

The  correct  height  and  length  of 
these  walls  is  determined  by  the 
backwater  and  discharge  curves  of 
the  river  at  the  location  of  the  power 
house.  Section  A-A,  Fig.  6,  shows  the 
condition  for  the  installation  of  four 
units.  The  three  intermediate  walls 
are  at  an  elevation  shown  by  the 
backwater  curve  when  the  required 
amount  of  water  to  operate  four  tur- 
bines and  three  suppressors  is  passing 
the  point.  When  the  fourth  suppres- 
sor is  brought  into  action  the  condi- 
dition  is  as  shown  by  the  dotted  line 
in  Unit  No.  2,  and  these  walls  simply 


act  as  a  guide  to  hold  better  condi- 
tions at  the  point  of  wave  and  prevent 
surging. 

The  two  outer  walls  are  designed 
for  extreme  flood  conditions,  as  any 
water  passing  over  the  walls  into  the 
suppressor  sheet  will  cause  a  loss  in 
head  on  the  turbine  and  in  height  of 
standing  wave.  However,  if  there 
should  be  spillway  gates  on  both  sides 
of  the  power-house  section  equal  to 
the  width  of  two  units,  it  need  not 
be  at  the  maximum  high-water  eleva- 
tion, but  at  the  stage  shown  by  the 
combined  discharge  passing  the  pow- 
er-house and  side  spillway.  This  is 
due  to  the  fact  that  although  a  per- 
fect standing  wave  is  not  formed  at 
the  toe  of  the  side  spillways,  a  lower 
elevation  is  created  than  will  be  fur- 
ther downstream,  where  the  true 
backwater  elevation  is  measured. 

Power  Plant  with  Backwater  Sup- 
pressor.— Encouraged  by  the  splendid 
results  of  the  model  tests  and  the  eco- 
nomic advantages  of  the  undertak- 
ing disclosed  by  careful  analysis,  the 
Alabama  Power  Co.  decided  to  apply 
the  backwater  suppressor  at  Mitchell 
Dam  on  the  Coosa  River  in  Alabama, 
which  is  now  under  construction.  The 
estimates  showed  that  not  only  was 
the  cost  of  suppressor-type  plant  not 
higher  than  that  of  a  conventional- 
type  plant  of  equal  output,  but  even 
lower  in  cost  for  the  same  number  of 
units,  and  therefore  for  a  given  out- 
put the  suppressor-type  plant  was  con- 
siderably less  expensive. 

The  principal  and  most  outstanding 


Fig. 


6 — An     Excellent     Design     of     Draft 
Tube    Orifice. 


feature  in  this  plant  is  the  location  of 
the  power  units  on  separate  founda- 
tions in  the  river  on  the  upstream 
side  of  the  dam  (Fig.  7).  Although 
this  was  not  necessarily  the  only 
possible  way  to  build  the  power 
house,   it   was   the   most   economical. 
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The  river  at  this  point  being  compar- 
atively narrow,  the  entire  length  of 
the  dam  was  required  for  spillway, 
and  since  the  prime  requisite  of  this 
type  of  plant  is  that  the  draft-tube  dis- 
charge directly  under  the  spillway 
section,   the   units   had  to   be   so   lo- 


room  is  covered  with  a  low  roof,  which 
is  designed  in  two  sections,  joined 
on  the  transverse  line,  mounted  on 
rollers;  each  section  moving  in  op- 
posite direction.  In  normal  operation 
the  generator  room  is  completely  pro- 
tected from  the  weather,  but  for  hand- 
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Fig.  7 — General  Plan  and   Elevation  of  Alabama    Power  Co.'s  Dam  and   Power  House 

on  Coosa   River. 


cated  that  they  would  not  obstruct 
any  part  of  the  spillway  section. 

The  individual  and  separate  power- 
house units  offer  the  added  advantage 
that  trash  racks  do  not  present  a  solid 
front,  which  helps  materially  in  clean- 
ing them  and  affords  an  easy  and 
convenient  way  of  diverting  the  trash 
past  the  power  house  and  over  the 
spillway. 

The  usual  power-house  building  is 
entirely    eliminated.      The    generator 


ling  large  parts  of  the  machinery, 
this  roof  can  be  opened  and  a  crane 
utilized  for  performing  the  necessary 
work. 

A  single  gantry  crane  (Fig.  7)  with 
full  travel  over  the  entire  length  of 
power-house  section  is  so  designed 
that  everything,  with  the  exception  of 
spillway  gates,  can  be  handled  by  it. 
It  is  equipped  with  one  125-ton  and 
one  20-ton  hook,  the  former  for  hand- 
ling heavy  machinery  and  the  latter 
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for  raising  and  lowering  penstock 
gates,  handling  racks,  stop  logs  and 
all  other  lighter  parts. 

An  outdoor  transformer  and  high- 
voltage  switching  station  is  located 
on  the  bridge  over  the  spillway.  This 
plant  is  designed  for  operation  on 
unit  system,  i.e.,  the  generator  and 
its  bank  of  step-up  transformers  are 
conected  as  a  unit  and  all  principal 
switching  is  to  be  done  with  the  high- 
voltage  circuit  breakers.  In  stations 
where  units  are  of  large  capacity,  as 
in  the  20,000  kva.  plant  under  discus- 
sion, the  unit  system  is  very  econom- 
ical and  preferable,  as  it  presents  the 
simplest,  yet  sufficiently  flexible,  form 
of  operation. 

The  entire  operating  floor  is  on  the 
one  floor  level.  The  generators,  gov- 
ernors, switchboard,  low-tension 
switches,  bus  galleries  and  offices  are 
easily  reached  without  climbing  stairs 
or  ladders.  This  materially  adds  to  the 
convenience  of  operators  and  makes 
the  supervision  and  inspection  of  the 
plant  more  effective.  This  feature 
of  providing  easy  accessibility  to  all 
important  parts  of  the  station  is  very 
frequently  lost  sight  of  by  power- 
house designers  and  the  lack  of  these 
conveniences  has  been  the  cause  of 
inefficient  operation  or  even  of  break- 
downs, due  to  the  fact  that  operators 
have  neglected  the  equipment  to  a 
lesser  or  greater  degree. 

The  generators  are  so  installed  that 
the  hot  air  from  the  generator  is  dis- 
charged into  a  separate  compartment 
under  the  main  floor  and  is  expelled 
into  the  atmosphere  through  side 
openings  of  that  room  in  summer 
time,  thereby  keeping  the  generator 
room  reasonably  cool.  In  winter,  how- 
ever, when  heat  in  the  rooms  is  de- 
sired, the  outside  openings  can  be 
closed  and  through  registers  in  the 
floor  the  warm  air  enters  the  gener- 
ator room. 

The  penstock  does  not  represent  a 
true  scroll  casing  but  rather  a  com- 
bination of  scroll  effect  and  open 
flume.  The  water  velocities  in  the 
penstock  being  low,  approximately  4 
ft.  per  sec,  this  combination  affords 
a  better  design. 

The  location  of  power-house  units 
on  the  upstream  face  of  the  dam 
lengthened  the  discharge  tunnel  to  a 
distance  of  about  120  ft.  from  the  cen- 
ter line  of  the  unit.  Although  the  ve- 
locity of  the  discharge  is  only  4  ft. 
per  sec,  the  effect  of  this  long  column 
of  moving  water  had  to  be  carefully 
investigated  and  studied.     This  prob- 


lem was  solved  satisfactorily  by  in- 
creasing the  governor  action  3*&  sec 
and  setting  the  turbine  to  the  lowest 
practical  level.  Turbine  settings  al- 
ways should  be  as  low  as  possible, 
especially  where  improved  draft 
tubes  are  employed.  Many  of  th« 
troubles  in  existing  power  plants, 
such  as  pitting  of  runners,  excessive 
vibration,  etc.,  can  be  directly  traced 
to  high  wheel  settings,  patricularlj 
with  high-specific-speed  runners. 

Figure  7  shows  that  26  spillwaj 
gates  of  the  Tainter  type  are  pro- 
vided, each  15  ft.  high  and  30  ft. 
wide.  These  gates  are  capable  of 
passing  the  maximum  flood  water 
known  to  have  existed  in  the  past. 
There  are  also  six  bays,  two  on  the 
east  and  four  on  the  west  end  of 
the  dam,  which  are  designated  as 
emergency  spillway  openings.  The 
crest  of  these  openings  is  level  witl 
the  top  of  the  spiliway  gates  anc 
their  function  is  to  provide  additional 
spillway  capacity  in  case  of  unprece- 
dented floods  when  water  would  rise 
above  normal  pool  level. 

Although  little  has  been  said  about 
the  electrical  equipment,  it  is  one  of 
the  most  important  parts  of  the  in- 
stallation and  should  always  receive 
close  study  and  serious  consideration 
if  economical  and  efficient  operation 
is  expected. 


Mechanical  Engineers  Wanted. — TLv. 
U.  S.  Civil  Service  Commission,  Wash- 
ington, D.  C,  has  announced  open  com- 
petitive examinations  for  the  follow- 
ing positions:  Mechanical  engineer, 
$3,000  to  $5,000  a  year;  electrical  engi- 
neer, $3,000  to  $5,000;  mechanical  and 
electrical  engineer,  $3,000  to  $5,000; 
associate  mechanical  engineer,  $2,500 
to  $3,000;  associate  electrical  engineer, 
$2,500  to  $3,000;  assistant  mechanical 
engineer,  $2,000  to  $2,500;  assistant 
electrical  engineer,  $2,000  to  $2,500. 
Vacancies  in  the  Chemical  Warfare 
Service,  Edgewood  Arsenal,  Maryland, 
at  the  salaries  indicated,  and  in  posi- 
tions requiring  similar  qualifications, 
at  these  or  higher  or  lower  salaries, 
will  be  filled  from  these  examinations. 


Convention  of  American  Concrete 
Pipe  Association. — The  annual  con- 
vention of  this  association  will  be  held 
Jan.  18,  19  and  20  at  the  Hotel  Sher- 
man, Chicago.  M.  W.  Loving,  111 
West  Washington  St.,  Chicago,  is 
secretary. 
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How  Long  Should  Water  Works  Bonds  Run? 

Relation  of  Reasonable  Period  to  Life  and  Depreciation  of  Property 

Discussed  in  Paper  Presented  Dec.  12  Before  New 

England  Water  Works  Association 

By  CHARLES  W.  SHERMAN, 

Of  Metcalf  &  Eddy,  Consulting  Engineers,  14  Beacon  St.,  Boston,  Mass. 

The  reasonable  or  proper  term  for  of  the  oldest  parts  of  the  plant.     In 

which  water  works  bonds  may  be  is-  this    country    we    have    instances    of 

sued  has  no  relation  to  the  laws  of  cast  iron  pipe  75  years  old  and  still 

Massachusetts  or  of  any  other  state;  in   service;    but   the   average   age   of 

and,  the  laws  of  Massachusetts  relat-  the     distribution     system     containing 

ing  to  the  issuance  of  bonds  for  water  these  pipes  is  likely  to  be  less  than 

works   construction  show   very  little,  20  years,  because  so  large  a  propor- 

if    any,    consideration    for    the    reas-  tion  of  the  system  has  been  added  in 

onable   term   of   life  of   the   property  recent  years, 

covered  by  the  bonds.  It  is  possible  to  make  a  fair  esti- 

Term   and  Amount  of  Bonds   Inter-  mate  of  the  average  useful  life  of  an 

related. — The    reasonable    period    or  average  or  typical  water  works  sys- 

term  of  a  bond  is  intimately  connect-  tern,  and  such  a  figure  will  be  of  sig- 

ed  with  the  life  of  the  property  cov-  nificance  as  a  basis  of  comparison,  al- 

ered  by  the  bond.     It  is  also  related  though  it  should  be  used  with  caution 

to  the  depreciation  or  loss   in  value  in  application  to  any  particular  case, 

of  the  property.    Indeed,  the  two  mat-  In  a  paper*  by  Metcalf,  Kuichling 

ters   of   term   and   amount    of   bonds  and  Hawley,  presented  to  the  Ameri- 

cannot  be  separated  in  a  discussion  of  can  Water  Works  Association  in  1911, 

the   proper    or   reasonable    length   of  they  gave  the  percentages  of  the  to- 

term  of  bonds.  tal  values  of  a  large  number  of  water 

Property    Covered    by    Bonds    Must  works     plants,     represented    by    the 

Provide   Ample    Security. — It   is    self-  principal   parts   of   such  works.     Av- 

evident  that  bonds  on  a  water  works  eraging  the   figures   presented  I   find 

property,    like    a    mortgage    on    resi-  that  the  value  of  the  "typical'-  water 

dence  property,  should  be  amply  se-  works,   based    upon    these    particular 

cured;  that  is,  the  bondholder  should  statistics,  is  divided  as  follows: 

know  that  the  value  of  the  property  Percent. 

is  sufficient  at  all  times  to  cover  the  Land  and  water  rights  6 

loan  and  to  repay  it  at  maturity.  W^f^T^. .":"::: \    1? 

Life  of  a  Water  Works  Plant.— If  a  Distributing  reservoirs   6 

water  works  plant  were  like  the  "One  Purification  works  11 

HOSS   Shay,"  which,  at  the  end  Of  its  Distribution  pipe  system   . . . .  JJ1 

life,  went  to  pieces, —  100 

"All  at  once  and  nothing  first, —  _.            ,  ,.   ..»         -     **,««*   BflTOroi 

Just  as  bubbles  do  when  they  burst,"  ™%USefulJlf°    .°!     *?   v%w  wi 

and  could  be  depended  upon  to  ren-  Par,ts   f™m  th.e   P0"1*    °*    ™L he™ 

der  service  until  that  time,  then  bonds  under    discussion   may   be    taken   ap- 

might    be   issued    against   it   for   the  proximately  as— 

term  of  its  life,  but  with  provision  for  ^  years  for  land  and  water  rights. 

.    ,  .         »       i    ,                     .,       ,  75  vears  for  water  supply  worKs. 
a  sinking  fund  to  repay  the  loan  at  30  years  for  pumping  works, 
maturity,    since    the    property    would  40  years  for  distributing  reservoirs   (in- 
then  have  only  a  junk  value;  or,  what  eluding  stand^ipes)^  wor]sa 
is  similar  in  many  ways,  with  serial  5g  Jearl  for  distribution  systein  (includ- 
maturity  of   bonds    for   repayment   of  ing  services  and  meters). 
principal.  Then  the  average  life  of  the  entire 

But   a   water   works    is   a   complex  svstem  will  be  51^  years,  or  in  round 

plant,  made  up  of  many  items  having  numbers    50  years. 

widely  different  expectancies  of  life; ' 

and    in   growing   towns    it   is    continu-  *Some   Fundamental   Considerations    in 

ally  being  added  to,   SO   that  the   dis-  the   Determination  of  a   Reasonable   Re- 

f*4Kn-i-«A«.     „„„+ *'       ,•„„+„ „„„      „„,,  turn  for  Public  Fire  Hydrant  Service,  by 

tnbution    system,    for    instance,    con-  Leonard    Metcalf,    Emil    Kuichling    and 

sists   of  many   parts    varying   in   age  William  C.    Hawley.— Proc.   Am.  W.  W. 

from  less  than  one  year  to  the  age  Assoc,  1911,  p.  55. 
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Note.— The  U.  S.  Census  Bureau  "Uni-  sively  the  rate  at  Which  the  remain- 
form  Accounts  for  Systems  of  Water  ing  itfe  decreases.  Indeed,  after  a 
^MJntil  further1  study  and  experience  or  time  the  remaining  expectancy  Of  life 
a  series  of  inspections  and  appraisals  at  no  longer  decreases  but  remains  sub- 
fixed    intervals     furnish     more    accurate  stantially  constant, 

data,  the  average  life  of  the  various  ,-,».  J  .  wfM1i,*  u^  tt,p  phhp  Uh, 
parts  of  the  fixed  properties  of  a  water-  Tnat  SUCh  WOUltt  06  the  case  DC- 
supply  enterprise  may  be  assumed  to  be  comes  Obvious  from  a  consideration  Of 
approximately  as  follows:  For  horses,  the  conditions;  and  that  it  does  as  a 
carriages,  automobiles  and  laboratory  tf  nf  »flpf  v,^  hPPTl  arnnlv  Proved 
apparatus  and  appliances,  10  years;  wa-  matter  Ot  ract,  nas  Deen  amply  provea 
ter  meters,  service  pipes,  office  furniture  by  the  figures  of  the  large  number  Of 
and  general  operating  equipment,  15  valuations  of  water  works  which  have 
years;  boilers,  steam  pipes  and  filtration  »  ^  w  nindp  of  nlantrt  Of  fill  si7Ps 
equipment,  20  years;  engines,  pumping  n0w  keen  maae  oi  plants  01  ail  Sizes 
machinery  and  wood  pipes,  25  years;  ma-  and  a  wide  range  Of  ages; 
sonry  of  filtration  plant,  cribs,  iron  water  Average  Remaining  Life  la  PrdpSr 
pipes,  intakes  and  connections,  fire  hy-  -r.-^  *?„  oA*,4e  Tho  avorriP-o  hv 
drants,  standpipes  and  buildings,  50  Term  for  BortdSr— Tne  average  ex- 
vears;  reservoirs,  tunnels  and  aqueducts,  pectahCy  of  life  remaining  after  it  nO 
100  years;  and  for  the  water-supply  sys-  longer  decreases  is  tttOh  a  suitable 
tern  as  a  whole,  50  years.  All  these  ap-  .  *  f  which  Winds  mav  hp  issued 
proximations  are  subject  to  modification  terh\  tor  wmcn  Donas  may  qe  issueu 
by  reason  of  any  unusual  conditions  in  the  case  Of  the  assumed  typical 
which  may  shorten  or  prolong  the  life  plant.  This  remaining  life  of  the 
estimated  above.  plant  wm  fee  the  game  nQW>  next  yeai.( 

The  Committee  on  Depreciation  of  and  five  years  from  now. 
the  American  Water  Works  Associa-  The  above  statement  is  not  precise 

tion,  in  its  final  reportt,  suggests:  fn    its    application   to   any   particular 

For  storage  reservoirs,  dams  works,  but  is  nearly  so  with  any  grow- 

and  large  aqueducts  .....75  to  150  years  ing    plant,    or    even      in      one    whose 

FOdriaCmIterr°n.  *}**.*.*?:%  to  125  years  growth  has  ceased,  provided  that  re- 

For    cast    iron    distribution  placements  and  renewals  are  made  as 

pipe 30  to   90  years  they    become    necessary.     That   is   to 

^Hipf  '."^.^^Sto   40  years  say,  the  effect  of  the  long  life  ahead 

For  services   15  to   80  years  of  new  plant  added  for  renewals  and 

For  distributing  reservoirs.. 50  to   75  years  extensions  will,  on  the  average,  offset 

vol  St,pcs . : : : : : : : : : : :  :S8  £  So  1S£  u»>  "^er  remaining  me  of  the  old 

For  pumping  machinery 15  to    60  years  plant,  due  to  increasing  age.    In  prac- 

For  boilers  15  to   30  years  tice  the  expectancy  of  future  life  gen- 

I o°r  SS*"!8 ,::::■::: :8 S  ■  8 ISIS  era»y  ^creases   gradually   during   a 

B  ^n  ,  .iM  term  of  years,  while  only  minor  ex- 

The  average  figure  of  50  years   life  tensions  and  renewals  are  made,  and 

for  a  "typical     water  works  plant  is  then  increases  abruptly  when  impor- 

of  no  direct  use,  since  it  presupposes  tant  additi0ns  to  plant  are  made;  the 

that  all   items  of  the  plant  are  new  average  result  corresponding  to  a  rel* 

at  the  same  time,  and  that  no  renew-  atively  uniform   expectancy  of  life, 
als  are  necessary.     Starting  with  an  Determination  of  Remaining  Life.— 

entirely   new   plant,   of  the     typical  The  average  remaining  life  expected 

character  assumed,  it  does  represent  is   rarely  estimated   or   stated   in   re* 

the  average  .expectancy  of  life;  if  no  ports   of  valuations.     The  amount  of 

extensions  are  required  after  5  years  the  accrued   depreciation  upon   exist- 

the   remaining  life  will   be  45   years  ing  plant  is    noweVer,   practically  al- 

but  if  extensions  have  been  required  ways  stated,  and  its  ratio  to  the  re- 

the  average  remaining  life  may  be  46  production  cost   (or  original  cost)   of 

years  or  more.     The  remaining  life  of  existing  plant  is  easily  obtained.    The 

the  plant  does  not  decrease  uniformly  relation  between  accrued  depreciation 

from  50  years  to  0,  since  the  effect  of  and    elapsed   proportion   of   the   total 

extensions    and    replacements    which  life  is  a  direct  one;  and  if  the  average 

add  new  elements  to  the  plant  at  fre-  total  life  can  be  taken  as  a  constant 

quent  intervals  is  to  reduce  progres-  _say,   50   years— the  remaining     life 

"tJoTir.  Am.  W.  W.  Assn.,  1919,  p.  85.  follows  directly. 

The   Committee    of   the   American   So-  For   this    estimation     the     total   ac- 

ciety  of  Civil  Engineers  on  Valuation  of  crued  depreciation,  including  that  on 

Public  Utilities*  gives  on  page  1559  some  ahandonpd  structures    should  bp  used 

data  upon  life  of  water  works  structures  aoanaonea  structures    snouia  oe  usea, 

which   had   been   abandoned.     As   would  and  compared  with  the  total  cost,  m- 

be  expected,  these  related  to  works  which  eluding   that  of   the    same   abandoned 

had  been   outgrown   or  otherwise   super-  structures      The     figures     should      bp 

seded,   and    therefore   had   much   shorter  structures,      ^e     ngures     snouia     De 

lives  than   would  normally  be  the  case.  based     upon     complete     records     for 

The    figures    are    therefore    of    no    sig-  

nificance  in  this  connection.  JTrans.  Am.  Soc.  C.  E..  1917,  p.  1311. 
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works  of  a  considerable  age,  not  less 
than  20  years;  figures  for  works  of 
which  the  record  of  abandoned  struc- 
tures is  lacking  or  incomplete  are  less 
satisfactory,  and  require  some  adjust- 
ment before  being  used. 

A  sufficient  number  of  complete  rec- 
ords, covering  both  large  and  small 
works,  automatically  includes  the 
normal  percentage  of  complete  depre- 
ciation, due  to  accident,  obsolescence, 
or  other  causes  resulting  in  less  than 
the  usual  life  for  some  structures,  and 
the  figures  obtained  from  these  rec- 
ords furnish  a  basis  for  approximate 
adjustment  of  data  covering  only  the 
depreciation  Of  existing  plant. 

In  a  paper  entitled  "Practical 
Cheeks  UpOn  Water  Works  Deprecia- 
tion E&timates,"**  Mr.  Leonard  Met- 
calf  has  submitted  a  table  of  "Depre- 
ciation Records  Of  Some  Old  Water 
Works"  which  contains  11  such  com- 
plete records;  and  other  data  not  in- 
cluded in  the  published  paper  bring 
the  number  to  13.  The  total  accrued 
depreciation  in  these  13  cases  aver- 
ages 19.7  per  cent,  the  range  being 
from  7.2  to  27.0  per  cent.  Omitting 
the  lowest  record  as  abnormal,  in  view 
of  its  divergence  from  the  others,  as 
well  as  the  known  circumstances  mak- 
ing for  a  low  depreciation,  the  range 
is  from  13.3  to  27.0  per  cent,  and  the 
average  20.7  per  cent. 

Assuming  that  depreciation  accrues 
on  the  basis  of  a  geometrical  progres- 
sion, corresponding  to  the  growth  of 
a  sinking  fund  earning  4  per  cent  in- 
terest, a  total  accrued  depreciation  of 
20.7  per  cent  on  a  plant  of  50  years' 
total  life  corresponds  to  an  age  of  20 
years,  and  a  remaining  life  of  30 
years.§  The  range  of  depreciation  from 
13.3  to  27.0  per  cent  corresponds 
to  remaining  life   of  36  to  26  years. 

On  the  basis  of  these  figures  the 
conclusion  is  obvious  that  under  nor- 
mal circumstances  the  fair  term  for 
water  works  bonds  is  30  years,  and 
that  in  individual  cases  it  should  sel- 
dom be  less  than  25  or  more  than  35 
years. 

Residual  Value. — These  same  fig- 
ures of  accrued  depreciation  indicate 
that  there  is  still  remaining  in  nor- 
mal works  a  value  of  approximately 
80  per  cent  of  their  cost,  the  range 
being  from  73  per  cent  to  87  per  cent. 
(The  figures  given  have  been  based 
upon  reproduction  rather  than  origi- 
nal, or  actual,  cost,  but  the  propor- 
tions would  differ  but  slightly  if  at  all 


if  figures  of  actual   cost     had     been 
used.) 

In  reference  to  cost  or  value  in 
this  paper  the  physical  plant,  only,  is 
meant.  Items  of  value  not  represent- 
ed by  the  plant  are  omitted  from  con- 
sideration as  having  no  bearing  upon 
life  of  the  property,  or  upon  the  part 
of  the  value  which  may  properly  be 
covered  by  bonds. 

An  examination  of  the  records  of 
accrued  depreciation  for  a  large  num- 
ber of  other  water  works,  mainly 
those  for  which  there  is  no  record  of 
abandoned  property,  indicates  that  the 
above  figures  are  conservative.  After 
adding  reasonable  allowance  for  the 
effect  of  abandoned  property,  there 
seems  to  be  a  decided  majority  of 
plants  in  which  the  accrued  deprecia- 
tion is  less  than  20  per  cent,  and  but 
few  in  which  this  figure  is  materially 
exceeded. 

Reasonable  Term  for  and  Amount 
of  Water  Works  Bonds. — It  therefore 
appears  that  the  fair  or  reasonable 
term  for  water  works  bonds  is  30 
yeara,  and  that  80  per  cent  of  the  cost 
may  be  covered  by  bonds,  which  will 
be  suitably  secured  by  the  property 
covered.ft  TJnder  exceptional  cir- 
cumstances the  term  may  be  reduced 
to  25  years  and  the  percentage  of  cost 
to  be  covered  by  bonds  to  75. 

Municipal  Water  Works  Bonds.— In 
the  case  of  bonds  of  municipal  works, 
the  property  is  not  the  sole  security 
for  the  bonds,  as  the  credit  of  the  mu- 
nicipality is  pledged.  The  bondholder 
is,  therefore,  suitably  safeguarded 
even  if  the  entire  cost  of  works  be 
raised  by  bonds.  Indeed,  such  pro- 
cedure is  usually  the  only  one  possible 
in  the  case  of  new  works,  and  is  jus- 
tified by  the  fact  that  the  anticipated 
life  of  the  works  at  that  time  is  50 
years  or  more;  but  in  the  case  of  en- 
largements or  extensions  it  is  certain- 
ly the  case  that  conservative  financ- 
ing would  require  that  such  works  be 
self-supporting  and  that  neither  the 
amount  nor  term  of  bonds  be  greater 
than  would  be  proper  in  case  of  pri- 
vate corporation  ownership. 

Conclusion.    —    Summarizing      the 


**Jour.  Am.  W.  W.  Assn.,  1919,  p.  371. 


8Tf  the  average  total  life  were  60  years 
the  remaining  life  corresponding  to  20 
ner  cent  depreciation  would  be  33  years, 
and  for  a  70-year  total  life,  the  remain- 
ing life  would  he  35  years. 

t+This  statement  must  not  he  taken  to 
mean  that  it  would  be  good  corporate 
financing  to  issue  bonds  to  the  extent  of 
80  per  cent  of  its  physical  property;  nor 
that  items  of  intangible  property  should 
be  omitted  from  capitalization. 
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statements   in  this  paper,  its  conclu- 
sions are: 

1.  The  average  life  for  a  "typical" 
water  works  plant  in  this  country  is 
about  50  years.  It  will  rarely  be  less 
than  this  in  individual  cases,  and  may 
be  as  much  as  60  years  or  more  for 
some  works. 

2.  Complete  records  of  depreciation, 
including  abandoned  structures,  of  a 
number  of  water  works  plants  of  con- 
siderable age  show  that  the  total  ac- 
crued depreciation  of  the  physical 
plant  of  such  works  is  about  20  per 
cent  of  the  cost.  Departures  from 
this  mean  are  not  great.  Records  of 
depreciation  suffered  by  the  plant  still 
in  service,  modified  by  a  suitable  al- 
lowance for  plant  abandoned,  confirm 
this  as  a  reasonable  normal  figure. 

3.  The  corresponding  average  age 
for  works  of  50  years'  life  is  20  years, 
leaving  30  years'  average  remaining 
life.  If  the  average  useful  life  were 
60  years  instead  of  50,  the  average 
age  would  be  27  years  and  the  remain- 
ing life  33  years.  Thirty  years  is  a 
fair  estimate  of  the  average  remain- 
ing life  of  any  water  works  plant  in 
normal  condition,  and  therefore  a 
proper  term  for  which  water  works 
bonds  should  run. 

4.  If  the  works  have  suffered  a  de 
preciation  of  20  per  cent,  including 
abandoned  property,  there  is  a  resid- 
ual value  of  80  per  cent  of  cost  of  the 
physical  plant.  Water  works  bonds 
may  therefore  safely  be  issued  up  to 
80  per  cent  of  the  normal  cost  of  the 
works. 

5.  Municipally  owned  water  works 
should  be  self-supporting,  and  their 
financing  should  be  on  the  same  gen- 
eral basis  as  that  of  private  corpora- 
tions. 

6.  The  clause  of  the  present  Massa- 
chusetts law  which  limits  bonds  for 
the  extension  of  municipally  owned 
water  works  to  a  term  of  5  years  is 
illogical  and  burdensome,  and  should 
be  repealed. 

7.  Special  legislation  for  particular 
cases,  made  necessary  by  the  exist- 
ence of  the  5-year  limit,  is  undesirable 
from  every  point  of  view. 

8.  Suitable  control  over  municipal 
bonds  for  water  works  purposes  can 
be  exercised  by  requiring  the  approval 
of  the  Public  Utilities  Commissioners 
in  exactly  the  same  way  as  for  bonds 
of  a  private  water  company. 

9.  Misuse  of  water  revenues  can  be 
avoided  by  legislation  limiting  their 
uses  to  water  works  purposes. 


Laboratory  Control  of  Filtra- 
tion 


Abstract  of  a  Paper  Presented  Nov.  16 

at  Special  Session  for  Filter  Plant 

Operators    at    Annual    Meeting 

of    North    Carolina    Section 

of    American    Water 

Works  Association 

By  GEO.  D.  NORCOM, 

Wilmington,  N.  C,  Watpr  Works. 

Mechanical  filtration  is  primarily  a 
chemical  process  and  in  order  to  op- 
erate intelligently  both  chemical  and 
bacteriological  tests  are  necessary. 
The  best  scheme  to  follow  is  to  insti- 
tute a  series  of  routine  tests  on  each 
unit  of  the  plant  and  to  record  the 
results  each  day.  It  is  then  easy  to 
detect  the  failure  of  any  unit  and  to 
repair  it  before  any  great  damage  is 
done.  For  the  purpose  of  testing  the 
ordinary  mechanical  plant  is  composed 
of  the  following  units:  sedimentation 
basins,  filters,  clear  well,  chlorinator, 
storage  reservoir  and  distribution  sys- 
tem. 

Determination  of  Alkalinity. — In  a 
well  designed  plant,  in  satisfactory 
mechanical  condition,  successful  filtra- 
tion depends  very  largely  on  the 
proper  treatment  of  the  raw  water  in 
the  sedimentation  basins.  The  first 
thing  to  do  in  treating  a  water  is  to 
determine  its  alkalinity.  This  indi- 
cates whether  the  addition  of  an  alka- 
li is  necessary  to  bring  about 
complete  precipitation  of  the  alum. 
From  the  color  and  turbidity  (and  pos- 
sibly the  odor)  the  operator  can  ar- 
rive at  a  trial  dose  of  alum.  I  say  a 
trial  dose  because  it  may  be  neces- 
sary to  change  the  treatment  depend- 
,  ing  on  the  results  of  subsequent  tests 
on  the  basin  effluent.  At  this  stage 
the  appearance  of  the  effluent  and  the 
floe  in  the  basin  is  of  the  utmost  im- 
portance. The  most  accurate  way  to 
determine  the  trial  dose  of  alum  is 
the  so-called  flocculation  test.  To 
carry  out  this  test  a  series  of  jars  or 
bottles  are  filled  with  measured  quan- 
tities of  the  raw  water  and  treated 
with  alum  and  alkali  in  varying  pro- 
portions. For  this  purpose  I  use 
standard  solutions  of  filter  alum  and 
hydrated  lime,  prepared  so  that  when 
1  cc.  of  either  solution  is  introduced 
into  1  liter  of  the  water  to  be  tested 
the  resulting  treatment  equals  one 
grain  per  gallon.  The  jar  showing 
satisfactory  clarification  with  the 
most  economical  dosage  of  chemicals 
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indicates  the  amount  to  be  used  on  a 
plant  scale.  With  a  little  practice  this 
test  can  be  carried  out  in  a  very  short 
time.  In  ordinary  practice  it  will  be 
found  that  for  highly  colored  waters 
each  grain  per  gallon  of  alum  will  re- 
quire about  4  parts  per  million  of  alka- 
linity while  on  turbid  waters  with 
little  color  the  figure  is  about  6  p.  m. 
Tests  on  the  Wilmington  plant  indi- 
cate that  when  the  highly  colored 
Cape  Fear  River  water  is  treated 
with  2.5  or  more  grains  per  gallon  of 
filter  alum  the  clarified  basin  effluent 
will  have  a  pH  of  about  4.2  when 
coagulation  is  at  its  best.  This  con- 
dition has  been  called  the  optimum 
point  for  good  coagulation.  Observers 
dealing  with  other  waters  report  that 
the  optimum  point  is  around  pH  =5.5. 
It  appears  that  different  types  of  water 
show  different  points  of  optimum  coag- 
ulation. In  the  case  of  raw  waters 
with  high  alkalinities  it  has  been  pro- 
posed to  add  acid  prior  to  coagula- 
tion so  that  after  the  reaction  has 
taken  place  the  optimum  point  will  be 
more  nearly  reached.  This  procedure 
is  still  in  the  experimental  stage  but 
improved  results  have  been  reported 
by  Mr.  Baylis  at  Baltimore  and  Mr. 
Catlett  in  his  work  on  North  Carolina 
plants.  It  seems  that  one  of  the  most 
useful  applications  of  the  hydrogen 
ionization  determination  is  in  the  con- 
trol of  the  basin  treatment. 

It  generally  happens  that  after  coag- 
ulation has  taken  place  at  the  opti- 
mum point  the  resulting  clarified  efflu- 
ent will  be  too  corrosive  to  turn  into 
the  mains.  It  is  therefore  customary 
to  add  a  secondary  dose  of  normal  al- 
kali to  absorb  aggressive  carbon  diox- 
ide and  to  bring  the  pH  of  the  final 
effluent  to  a  point  where  corrosion  of 
metals  is  unlikely.  Here,  too,  the  hy- 
drogen ionization  seems  to  be  of  great 
value.  However,  this  point  has  not 
been  definitely  determined  and  it  is 
probable  that,  like  the  optimum  point, 
it  is  variable  for  different  types  of 
water.  The  most  logical  assumption 
would  be  that  slightly  alkaline,  pH  7.0 
to  7.5,  would  be  the  best  condition  in 
which  to  turn  the  water  into  the  mains 
in  order  to  avoid  both  corrosion  and 
lime  deposition. 

Results  at  Wilmington  Plant. — At 
the  Wilmington  plant  we  have  been 
allowing  a  lower  pH  than  this  in  the 
finished  water,  namely  pH  equal  to  6.0 
or  greater  (alkalinity  5  or  greater). 
There  are  several  reasons  for  this. 
First,  the  treatment  ordinarily  applied 
is  such  that  the  final  affluent  has  ap- 


proximately the  same  pH  as  the  raw 
water.  Its  alkalinity  is  frequently 
lower  than  that  of  the  raw  water  and 
it  contains  20  to  30  p. p.m.  more  per- 
manent hardness.  In  this  condition 
it  has  proved  to  be  somewhat  corro- 
sive to  small  piping  and  fixtures  espe- 
cially in  bends  and  contractions,  but 
complaints  from  the  city  on  this  score 
have  been  remarkably  few.  Second, 
the  raw  water  is  naturally  very  soft 
and  in  the  past  the  addition  of  suffi- 
cient lime  to  bring  the  final  alkalinity 
to  a  point  above  1.0  p.p.m.  has  resulted 
in  lime  deposits  on  the  sand  grains 
and  on  condenser  tubes.  Third,  we 
have  been  waiting  until  something 
definite  could  be  ascertained  concern- 
ing the  point  at  which  corrosion  is 
least,  and  at  the  same  time  where 
after-deposition  of  lime  is  unlikely. 
Up  to  the  present  we  have  failed  to 
determine  this  point  for  the  Wilming- 
ton supply  and  so  we  are  continuing 
to  feed  the  minimum  amount  neces- 
sary to  satisfy  the  above  mentioned 
requirements. 

At  Wilmington  the  sedimentation 
period  is  theoretically  about  10  hours 
during  which  much  of  the  floe  settles 
out.  The  secondary  dose  of  lime  is 
added  near  the  end  of  the  sedimenta- 
tion period.  At  this  point  the  floe  in 
suspension  is  completely  precipitated 
and  we  have  experienced  no  trouble 
from  re-solution  of  the  floe  by  the 
caustic  lime.  In  fact  if  the  secondary 
treatment  is  kept  below  the  amount 
necessary  for  complete  neutralization 
of  the  free  C02  and  is  applied  evenly  in 
dilute  solution,  there  seems  to  be  no 
reason  to  anticipate  re-solution.  How- 
ever, in  cold  weather  there  are  times 
when  the  filter  alum  is  not  completely 
decomposed  and  passes  the  filters  in 
colloidal  solution  to  precipitate  later 
in  the  stored  water.  For  this  condi- 
tion we  have  found  no  remedy  as  yet. 
Very  unsatisfactory  results  have  been 
obtained  from  the  logwood  test  for 
alum  and  at  Wilmington  aluminum  is 
determined  by  precipitation  with  am- 
monia. 

The  secondary  lime  treatment  is 
often  added  to  the  clear  well  and 
while  this  is  preferable  to  adding  it 
immediately  after  coagulation  has 
taken  place,  in  my  experience  it  is 
not  altogether  satisfactory.  The  addi- 
tion of  from  0.75  to  1.0  grs.  per  gal. 
of  hydrated  lime  to  the  clear  well  at 
the  Wilmington  plant  resulted  in  the 
production  of  slight  opalescence,  and 
at  times  a  distinct  turbidity,  in  the 
final  effluent.    For  this  reason  the  ap- 
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plication  of  lime  to  the  clear  well  was 
discontinued  and  it  is  now  applied,  as 
formerly,  just  prior   to  filtration. 

Routine  Laboratory  Work  at  Wil- 
mingtonj — Wilmington  does  not  have 
a  model  plant  hut  it  might  be  of  in- 
terest to  outline  the  routine  laboratory 
work  which  is  carried  on  for  its  con- 
trol. The  plant  is  located  on  tide- 
water and  the  sampling  is  done  at  the 
turn  of  the  tide  since  in  this  way 
maximum  and  minimum  values  are  se- 
cured. Each  24  hours  the  following 
tests  are  made: 

Raw  Water — 

4  samples  for  color,  turbidity  and  bac- 
teria. 

2  samples  for  alkalinity. 

2  samples  for  hydrogen  ion  concentra- 
tion. 

1  sample  for  free  C02. 

1  (or  more)  sample  for  chloride. 
Sedimentation  Basin   Effluent — 

1  sample  for  bacteria. 

1  sample  for  alkalinity. 

1  sample  for  hydrogen  ion  concentra- 
tion. 

4  samples  for  observation  of  floe. 
Filtered  Water — 

1  sample  for   color,   turbidity  and  bac- 
teria. 

1  sample  for  free  C02. 
Final  Affluent— 

4  samples  for  color,  turbidity  and  bac- 
teria. 

2  samples  for  alkalinity. 

2  samples  for  hydrogen  ion  concentra- 
tion. 
1  (or  more)  samples  for  chloride. 
1  sample  for  free  chlorine. 

This  represents  the  ordinary  pro- 
cedure but  it  may  be  varied  to  meet 
special  conditions.  In  addition  to  this 
four  determinations  of  hardness  and 
oxygen  consumed  are  made  each 
month.  Occasionally  complete  chemi- 
cal analyses  of  the  raw  and  treated 
water  are  made.  Filter  chemicals  are 
analyzed  when  received.  In  addition 
to  this  a  number  of  miscellaneous 
analyses  are  made.  A  complete  rec- 
ord of  all  determinations  is  kept  for 
reference. 

It  is  not  my  intention  in  this  paper 
to  enter  into  a  discussion  of  the  rela- 
tive merits  of  the  chemical  and  bac- 
teriological examinations.  In  my 
opinion  each  forms  a  valuable  corol- 
lary to  the  other.  The  routine  chem- 
ical tests  such  as  alkalinity,  free  C02, 
free  chlorine  and  pH  are  absolutely 
necessary  for  the  control  of  the  plant. 
Determinations  of  free  C02  and  dis- 
solved oxygen  are  useful  in  studies  of 
corrosion.  The  nitrogens,  oxygen  con- 
sumed and  chloride  are  valuable  for 
showing  how  much  organic  matter  the 
raw  water  contains  and  to  what  ex- 
tent it  is  being  removed  by  the  purifi- 


cation process.  There  is  a  great  need 
for  more  complete  chemical  tests  than 
those  now  in  common  use.  For  exam- 
ple, it  is  very  difficult  to  determine  ac- 
curately the  color  and  turbidity  of  a 
highly  colored  water.  For  colors 
above  100  with  low  turbidity  it  is 
helpful  to  prepare  sets  of  color  and 
turbidity  standards  in  bottles  the  same 
size  and  shape  as  the  sample  bottles, 
and  compare  the  samples  as  taken 
with  these  standards.  When  the  sam- 
ple is  very  turbid  a  satisfactory  color 
determination  can  be  made  by  filter- 
ing the  sample  through  a  Berkefield 
filter.  A  rapid  method  for  detecting 
aluminum  in  water  would  be  extreme- 
ly valuable.  There  are  many  other 
opportunities  for  improving  the  chem- 
ical methods  of  water  analysis. 

Value  of  Bacteriological  Tests. — 
Bacteriological  tests  indicate  the  effi- 
ciency of  each  unit  and  of  the  entire 
process.  By  means  of  them  it  is  possi- 
ble to  detect  a  filter  which  is  giving 
bad  water  or  to  trace  any  other  con- 
dition which  may  be  causing  increas- 
ing bacteria  in  the  final  effluent.  At 
Wilmington  we  endeavor  to  keep  the 
monthly  average  on  the  effluent  with- 
in the  standard  of  the  U.  S.  Public 
Health  Service  for  waters  used  on 
common  carriers.  To  be  of  real  value 
in  the  control  of  a  water  purification 
plant  bacteriological  tests  should  be 
made  daily.  An  occasional  test  is 
very  misleading  for  the  reason  that 
a  plant  effluent  may  vary  greatly  from 
day  to  day  and  hour  to  hour.  The 
ideal  way  is  to  have  the  laboratory  an 
integral  part  of  the  plant  and  to  have 
tests  carried  out  often  enough  to  de- 
tect and  stop  any  source  of  contami- 
nation. This  is  not  possible  every- 
where and  in  cases  where  lack  of 
funds  or  other  cause  prevents  the 
maintenance  of  a  complete  laboratory 
the  operator  must  depend  on  his  sim- 
ple chemical  tests  and  the  occasional 
bacteriological  analyses  made  by  some 
central  laboratory.  Where  possible,  I 
am  in  favor  of  making  total  counts  on 
both  gelatine  and  agar.  While  the 
agar  count  is  doubtless  the  more  im- 
portant the  gelatine  count  is  often 
valuable,  especially  for  comparison 
with  earlier  data  from  other  plants. 
The  raw  Cape  Fear  water  shows  the 
gelatine  count  to  be  higher  than  the 
agar  in  winter  and  lower  in  summer. 
During  the  spring  and  fall  there  is  a 
period  when  the  counts  are  approxi- 
mately equal.  This  relation  holds  to 
some  extent  on  the  treated  water. 
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Practice     in     Sewer     Construction     Under     Various     Underground 
Conditions   as   Described   in   The   Contract   Record 

By  W.  G.  CAMERON, 

Assistant  Engineer,  Sewer  Section,  Works    Department,  City  of  Toronto,  Ont. 


In  the  ordinary  course  of  events, 
when  it  is  decided  that  a  tunnel  must 
be  built  in  wet  ground,  compressed 
air  is  used  to  facilitate  the  execution 
of  the  work.  The  first  problem  is  to 
decide  the  size  of  the  pump  or  pumps 
(for  two  are  generally  used)  and  the 
pressure  which  will  be  required.  The 
required  capacity  of  the  pumps  can 
usually  be  determined  by  obtaining 
a  knowledge  of  the  conditions  of  the 
ground  and  considering  the  size  of  the 
future  tunnel.  On  the  other  hand, 
we  can  never  be  sure  of  the  pressure 
that  will  be  required.  Of  course,  we 
have  to  consider  that  it  is  necessary 
to  slightly  more  than  balance  the 
pressure  of  the  incoming  water,  but 
this  amount  of  pressure  cannot  be  ac- 
curately ascertained  until  the  work 
is  under  way. 

Perhaps  the  water  lies  in  a  seam 
of  sand  or  gravel,  overlying  an  im- 
pervious seam.  Then  determining  the 
pressure  is  a  simple  problem,  for,  as 
a  rule,  it  is  a  plain  case  of  head.  On 
the  other  hand,  if  the  water  lies  un- 
der an  impervious  seam,  it  may  come 
from  anywhere  and,  perhaps,  gain  an 
entrance  miles  away  and  likely  at  a 
much  higher  elevation.  In  another 
case,  the  natural  outlet  for  the  water 
may  be  larger  than  the  natural  inlet, 
so  that  the  water  on  running  out 
creates  a  vacuum  behind  it  which, 
from  time  to  time,  will  counterbalance 
by  suction  the  head  pressure,  and  the 
result  will  be  that  the  required  air 
pressure  will  vary.  Then  again  the 
water  may  be  contained  in  small  pock- 
ets with  only  a  local  source  of  supply. 
This  condition  is  similar  to  the  first 
and  the  problem  which  presents  itself 
is  a  simple  case  of  head.  Again,  we 
have  the  case  where  the  tunnel  must 
cross  an  old  water  course,  which  may 
have  been  long  since  filled  in  and  is 
covered  with  many  feet  of  earth.  But 
in  the  bed  of  the  old  channel  will  be 
sand,  gravel  and  boulders,  with  water 
present  in  quantity. 

There  are  many  variations  of  these 
cases  which  may  be  met  with  locally 
and  will  have  to  be  dealt  with  as  they 
are  found.  Roughly,  it  may  be  esti- 
mated   before    commencing   work   on 


any  job  that  V2  lb.  of  pressure  will 
be  required  for  every  foot  of  depth 
and  a  tentative  installation  of  two 
units  of  750  lb.  capacity  each  may  be 
made,  with  two  50  H.  P.  motors  for 
driving  them.  This  installation  will 
be  ample  in  most  cases,  but  where  ex- 
treme conditions  are  encountered,  this 
plant  may  be  augmented  if  found 
necessary.  The  above  mentioned 
cases  will  be  taken  up  and  the  most 
economical  method  of  doing  the  work 
will  be  indicated. 

Water  in  a  Stratum  Over  an  Im- 
pervious Seam. — The  first  case  men- 
tioned is  where  the  water  lies  in  a 
stratum    over    an    impervious    seam. 


Fig.    1. 


-Wedge  Used  to  Seal  Space  Over 
Lock  or  Future  Tunnel. 


This  water  may  be  in  great  quantity 
or  may  be  only  a  seepage.  In  both 
these  cases,  the  required  volume  of 
compressed  air  will  depend  largely 
on  the  size  of  the  required  tunnel, 
the  class  and  looseness  of  the  ma- 
terial through  which  the  tunnel  must 
pass  and  the  class,  density  and  thick- 
ness of  the  overlying  earth.  It  is 
likely,  unless  the  cover  is  quite  deep, 
that  the  excavation  for  the  installa- 
tion of  the  air  lock  on  each  side  of 
the  shaft  must  be  made  in  open  cut 
(approximately  30  ft.).  Should  the 
locks  be  built  in  tunnel  it  is  impos- 
sible not  to  leave  a  space  over  them 
between  the  masonry  and  the  solid 
ground  where  the  air  will  escape  from 
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the  heading.  It  is  customary,  there- 
fore, to  build  a  concrete  wedge  over 
each,  as  shown  in  Fig.  1,  or  to  sink 
a  small  excavation,  the  width  of  the 
tunnel,  over  each  lock  and  block  this 
space  with  concrete.    Even  where  the 


Fig.  2. — Needle  Beam  Timbering  Support- 
ing Sheeting. 

locks  are  built  in  open  cut,  these  pre- 
cautions are  sometimes  taken.  After 
the  locks  are  completed,  the  open  cut 
is  filled  in,  leaving  a  space  in  the 
center  for  a  shaft  which  is  lined  with 
masonry  to  a  point  above  the  possible 
water  line. 

Types  of  Timbering. — When  the 
tunnelling  is  connected,  should  the 
material  through  which  the  tunnel 
must  pass  be  fine  sand,  care  should 
be  taken  to  closely  timber  the  crown 


sand  in  the  crown  will  dry  out  and 
pulverize,  falling  in  a  continuous 
shower  of  fine  dry  dust.  Sometimes 
it  is  advisable,  when  this  sand  gets 
too  dry,  to  shut  down  for  a  day  or 
two,  turn  off  the  air  pressure  and 
allow  the  sand  to  settle  and  the  mois- 
ture to  return.  In  this  type  of  work, 
the  necessary  timbering  for  construc- 
tion will  be  either  the  needle-beam, 
Fig.  2,  cap  and  leg,  Fig.  3,  or  crutch 
method,  Fig.  4,  depending  on  the  size 
of  the  tunnel  and  the  kind  of  ground. 
If  the  ground  is  of  a  loose  nature, 
either  of  the  first  two  methods  men- 
tioned will  be  used,  while  in  firm 
ground  and  if  the  tunnel  is  not  too 
large,  the  crutch  method  is  more  suit- 
able. Even  where  the  tunnel  is  large 
and  the  medium  through  which  it 
passes  is  loose  material,  it  is  seldoi 
economical  to  construct  more  than 
800  or  900  ft.  before  new  locks  arc 
built  and  possibly  a  new  shaft  sunk. 
If  the  work  is  in  a  city,  it  is  likely 
that  several  corners  must  be  turned 
in  this  distance  and  therefore,  the  line 
should  be  tested.  This  is  best  done 
by  driving  a  large  pipe  from  the  sur- 
face ahead  of  the  work  and  on  line, 
capping  it  and  boring  a  small  hole  in 
this  cap  large  enough  for  a  plumb-bob 
line  to  pass  through.  The  plumb-bob 
is  then  dropped  through  the  pipe  and 
the  cap  is  turned  until  this  hole  is 
on  line.  Then  we  are  all  set  and 
when  the  tunnel  comes  to  the  pipe, 
we  can  check  on  the  line  below. 
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Fig.    3. — Cap    and    Leg    Timbering. 


to  prevent  the  caving-in  of  this  ma- 
terial. Otherwise,  a  greater  pressure 
of  air  being  required  for  the  invert 
of  the  tunnel,  than  for  the  crown,  the 


Water  in  a  Stratum  Under  an  Im- 
pervious Layer. — In  the  second  case 
mentionetd  above  we  have  water  ly- 
ing in  a  stratum  under  an  impervious 
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layer.    Should  this  water  be  In  quan- 
tity, it  is  likely  that  a  vertical  aircock 
will  have  to  be  built  in  the  shaft  in 
lieu  of  open  cut,  to  be  used  only  tem- 
porarily until  such  time  as  tunnelling 
has   progressed   far   enough   to   build 
permanent  horizontal  locks.    The  ver- 
tical lock  is  not  used  longer  on   ac- 
count of  the  difficulty  of  taking  ma- 
terial in  and  out.     There  will  likely 
be  very  little  escape  of  air  here  un 
less   this   impervious  layer   has   been 
punctured  in  the   vicinity   before,   in 
which   case  the  water  will  likely  be 
above  as  well  as  below,  and  the  prob- 
lem then  will  be  similar  to  the  for- 
mer  one,    until   this   hole    is   passed, 
with  any  variation  depending  on  the 
size    and    number    of   the    punctures. 
Should  there  be  no  former  punctures, 
however,  the  volume  of  air  required 
will   be   fairly   constant  and   will   de- 
pend on  the  size  of  the  tunnel  and  the 
thickness  of  the  impervious  layer  en- 
tirely  and   the    pressure,    too,    which 
will   vary   little,   will   depend   on   the 
amount  of  head  of  water  to  be  coun- 
terbalanced.    The  great  difficulty,  as 
in  the  former  case,  will  be  in  the  size 
of  the  evacuation,  for  should  the  tun- 
nel be  large,  the  amount  of  pressure 
required   to   balance   the   water  pres- 
sure in  the  invert  will  be  greater  than 
that  in  the  crown.     The  solution  of 
this   difficulty  will  be  mainly  in  the 
design    and    method    of   construction, 
which  will  be  dealt  with  later. 

Where  Outlet  Is  Larger  Than  In- 
let.— The  third  case,  where  the  outlet 
is  larger  than  the  inlet,  is  similar 
to  the  problem  just  described,  with 
this  difference  that  streams  come  in 
at  a  few  points  instead  of  the  medium 
being  saturated  with  water  through- 
out. Usually  the  material  through 
which  the  tunnel  must  pass  is  of  a 
fine  sandy  nature,  vefj  compact  and 
with  a  small  admixture  of  clay.  This 
material  remains  quite  hard  when 
water  is  absent  and  more  often  than 
not  has  to  be  removed  by  dynamite, 
but  is  easily  puddled  and  worked  up 
when  water  is  present,  will  readily 
cave  in  and  create  a  dead  weight  on 
the  crown  timbers.  Generally  a  low 
pressure  is  all  that  is  required  to  dry 
this  material  and  there  will  be  little 
escape  of  air. 

The  fourth  case  is  similar  to  the 
third,  with  the  exception  that  we  are 
more  sure  of  the  pressure  required 
which  will  vary  but  little. 

In  the  fifth  case,  where  the  tunnel 
crosses  the  channel  of  an  old  water 
course,   the    uncertainty    will    depend 
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largely  on  the  nature  of  the  material 
composing  the  filling  and  the  result 
will  be  a  similarity  to  the  first  or  sec- 
ond problems,  except  that  this  condi- 
tion will  be  local. 

As  before  stated,  there  are  many  va- 
riations of  these  problems.  In  each 
case  it  has  been  assumed  that  the 
tunnel  lies  wholly  in  the  stratum  dealt 
with,  but,  of  course,  the  strata  may  be 
thin  and  change  rapidly  from  one 
kind  to  another.  Thus  the  tunnel 
may  lie  in  several  strata;  hence  the 
variations  of  treatment  which  must 
be  dealt  with  locally. 

Needle  Beam  Timbering. — As  stat- 
ed before,  the  three  methods  of  tim- 
bering generally  used  are  the  needle- 
beam,  cap  and  leg,  and  crutch  meth- 
ods.     These    are    the    most    efficient 


Fig.  4. — Details   of  Crutch   Timbering. 

methods  for  this  class  of  work.  When 
the  needle-beam  method  is  used,  a 
small  cap  and  leg  drift  must  first  be 
driven  ahead  of  the  work,  the  caps 
of  which  must  be  above  the  outside 
of  the  future  lining.  When  this  drift 
is  completed,  the  beam  is  carried  for- 
ward into  it.  The  rear  end  of  the 
beam  is  blocked  up  from  the  finished 
invert  of  the  tunnel  until  it  is  at  a 
point  near  the  center.  The  front  end 
is  blocked  up  from  the  bottom  of  the 
drift,  until  it  is  at  the  approximate 
center  of  the  future  tunnel.  The 
beam  then  serves  as  a  hub  from  which 
spokes  or  needles  radiate  for  the  sup- 
port of  the  sheeting.  The  top  spokes 
take  the  weight  of  the  caps  of  the 
above  mentioned  cap  and  leg  drift 
and  the  legs  being  removed,  the  ex- 
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cavation  proceeds  gradually  until  it  is 
completed. 

Cap  and  Leg  Method. — The  cap  and 
leg  method,  Fig.  3,  is  used  generally 
in  the  case  of  tunnels  where  the  sand 
is  fine  and  wet  and  where  there  is 
not  enough  clay  present  to  give  the 
ground  the  consistency  for  using  oth- 
er methods.  Of  course,  none  of  the 
timbering  can  be  removed  in  this 
case,  therefore,  it  is  the  most  ex- 
pensive method.  Enough  excavation 
is  made  to  set  up  one  set  of  cap  and 
legs.  Sheeting  is  then  driven  over 
the  cap  and  the  earth  is  excavated 
just  behind  the  points  of  these  planks 


Fig.    5. 


-Typical    Sections   Used    in    Com- 
pressed    Air  Methods. 


until  enough  has  been  removed  to 
place  another  set.  The  cap  in  this 
new  set  is  placed  low  and  the  next 
sheeting  driven  over  it,  the  rear  ends 
of  the  planks  being  under  the  preced- 
ing cap,  thus  giving  them  always  an 
ing  is  driven  ahead  its  full  length,  a 
filler  is  placed  between  the  two  lots. 
The  tops  of  the  legs  are  cut  on  the 
slant  so  that  the  cap  always  tilts  up- 
ward and  the  sheeting  then  rests  even- 
ly upon  it. 

Crutch  Timbering.  —  The  crutch 
method  of  timbering  is  used  in  tun- 
nels where  the  ground  is  dry  and  re- 
quires only  light  sheeting  and  that 
in  the  crown.  A  narrow  drift  is  driv- 
en the  length  of  the  required  exca- 
vation and  in  the  center,  the  top 
corresponding  with  the  top  of  the 
completed  tunnel.  A  plank  is  then 
placed  in  position  in  the  crown,  sup- 
ported temporarily  by  screw  jacks  at 
the  front  end.  The  drift  is  widened 
slowly,  enough  to  insert  one  plank  at 
a  time  on  each  side.  When  the  ex- 
cavation is  completed,  timbers  as 
shown  in  Fig.  4,  are  placed  as  often 
as  is  thought  necessary  for  the  sup- 
port of  the  planks.  These  heavy  tim- 
bers for  the  support  of  the  sheet- 
ing are  removed  one  set  at  a  time 
as  the  masonry  lining  approaches 
them.  One  advantage  of  this  method 
is   that   the    lower   half  of  the  circle 


can  be  completed  before  any  of  the 
timbers  are  removed.  The  top  half 
is  then  built  and  the  sets  are  re- 
moved, the  masonry  taking  the  weight 
of  the  crown  planks. 

Types  of  Linings. — In  designing  tun- 
nels in  these  different  classes  of 
ground,  we  have  a  choice  of  four  de- 
signs— the  straight  barrel-shaped  lin- 
ing, (Fig.  5),  barrel-shaped  with  a 
square  bottom,  (Fig.  5),  and  the  egg- 
shaped,  with  or  without  a  square  bot- 
tom. The  straight  barrel-shaped 
lining  is  probably  efficient  in  all 
classes  of  ground,  but  in  some  cases 
where  the  ground  is  all  sand  and  wet, 
it  is  advisable  to  build  a  square  bot- 
tom and  where  the  tunnel  is  large,  to 
reinforce  it  if  there  is  any  possibility 
of  the  lining  any  time  in  the  future 
being  undermined  in  such  a  way  that 
the  wet  ground  will  run  out  from  un- 
der the  lining. 

Needle-Beam  Timbering  Unsuitable 
for  Wet  Sand. — It  should  be  noted  in 
passing  that  where  fine  wet  sand  is 
met  with,  it  is  inadvisable  to  use  the 
needle-beam  method  of  timbering  for 
the  reason  that  as  the  needles  or 
spokes  supporting  the  overhead  tim- 
bering are  removed,  the  weight  will 
rest  on  the  green  masonry,  which  in 
turn,  is  very  likely  to  spread,  pro- 
ducing cracks  both  in  the  crown  and 
invert.  Cap  and  leg  timbering  is  best 
for  this  class  of  ground.  In  a  case 
where  we  have  a  solid  bottom  below 
the  springing  line,  the  needle-beam 
may  be  used  to  support  the  crown 
timbers  in  a  large  tunnel,  while  the 
crutch  method  may  be  used  for  small- 
er tunnels.  In  the  case  of  a  large 
tunnel  in  loose,  sandy,  wet  ground, 
a  higher  pressure  of  air  will  be  re- 
quired to  dry  the  invert  than  is  re- 
quired to  dry  the  crown  and  some- 
times this  is  difficult  to  obtain,  in 
which  case  it  might  be  advisable  to 
vary  the  square  bottom  if  such  is 
used,  in  such  a  way  as  to  avoid  tak- 
ing out  the  corners  and  timbering 
the  sides.  A  three  or  five-sided  bot- 
tom is  suggested,  (Fig.  5). 


Engineers,  Laboratory  Assistants, 
Etc.,  for  Bureau  of  Standards. — The 
U.  S.  Civil  Service  Commission  has 
announced  open  competitive  examina- 
tions to  fill  the  following  vacancies 
in  the  U.  S.  Bureau  of  Standards: 
Junior  engineer,  junior  physicist,  ju- 
nior technologist,  $1,200  to  $1,500  a 
year;  laboratory  assistant,  senior 
grade,  $1,200  to  $1,380. 
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Importance    of    Filter    Sand 
and  Gravel  in  Filtra- 
tion Plants 


Abstract  of  a  Paper  Presented  Nov.  16 
At    Special    Session    for    Filtration 
Plant  Operators  at  Annual  Meet- 
ing of  North  Carolina  Sec- 
tion of  American  Water 
Works  Association 

By  A.  0.  TRUE, 

Sanitary   Engineer,    Proximity   Mfg.    Co., 
Greensboro,  N.  C. 

The  writer  believes  it  has  been 
demonstrated  that  natural  quartz  sand 
of  the  proper  size,  uniformity  and 
purity  is  the  most  efficient  filtering 
medium  obtainable  for  water  purifica- 
tion purposes.  Among  its  desirable 
physical  qualities  for  this  purpose,  the 
most  important  is  indestructibility.  It 
is  practically  unaffected  by  the  ele- 
ments, and  to  no  large  extent  by  the 
physical  conditions  encountered  in  a 
filter.  Water  has  no  considerable 
solvent  action  on  sand,  nor  is  sand 
subject  to  any  depreciation  with  the 
possible  exception  of  a  slight  amount 
of  abrasion  from  the  contact  of  grains 
in  the  process  of  washing. 

Perhaps  next  to  permanency,  the 
most  valuable  quality  of  sand  as  a 
filtering  medium  is  its  high  specific 
gravity.  This  is  an  especially  desir- 
able and  necessary  quality  in  the  mod- 
ern type  of  rapid  filter  in  which  the 
filtering  material  must  resist  by  grav- 
ity the  rapid  upward  flow  of  wash 
water  if  it  is  to  remain  in  the  filter. 
The  greater  weight  and  resistance  of 
the  filtering  material,  as  compared  to 
the  smaller  dirt  particles,  constitutes 
the  principle  whereby  it  is  possible  to 
separate  the  sand  from  the  impuri- 
ties removed  in  filtration,  and  to  quick- 
ly discharge  them  into  the  sewer.  A 
relatively  pure  quartz  sand  has  a  spe- 
cific gravity  of  about  2.6.  The  differ- 
ential resistance  of  the  sand  grains 
and  dirt  particles,  by  virtue  of  their 
size  and  specific  gravity,  will  be  men- 
tioned again  in  connection  with  the 
conditions  in  a  rapid  filter  when  being 
washed. 

Finally,  sand  is  undoubtedly  the 
cheapest  of  all  materials  which  can  be 
:  satisfactorily  used  as  a  filter  material. 
In  the  United  States  there  are  many 
natural  deposits  of  sand,  suitable  for 
filter  purposes.  These  are  fairly  well 
distributed  as  to  make  natural  filter 
sand  available  to  our  centers  of  popu- 
lation without  excessively  long  hauls. 


The  three  desirable  characteristics 
of  sand,  and  also  gravel,  as  filtering 
media,  namely — permanence,  freedom 
from  depreciation,  high  specific  grav- 
ity, and  availability  at  low  cost,  are 
readily  appreciated  by  all  charged 
with  the  design  and  operation  of  filter 
plants. 

Troubles  in  Sand  Beds. — Sand  is  not 
a  perfect  filter  medium  in  rapid  filtra- 
tion, as  at  present  practiced.  Some 
troubles  are  reported  from  the  major- 
ity of  filter  plants,  which  indicate  that 
filter  sand  has  some  qualities  which 
render  the  process  less  efficient  than 
would  otherwise  be  the  case.  Whether 
these  difficulties  can  be  attributed  to 
inherent  qualities  .of  the  sand  as  dis- 
tinguished from  other  filtering  media, 
and  if  so,  to  what  extent,  are  questions 
which  cannot  be  answered  conclusive- 
ly at  the  present  time.  The  troubles 
referred  to  are  the  tendency  in  some 
filters  to  vertical  stratification  of  the 
sand  after  washing,  the  formation  of 
the  so-called  "sand  balls"  and  "mud 
balls"  in  the  upper  portions  of  the 
sand  bed,  and  the  recently  reported 
underwater  shrinkage  of  sand  beds. 

The  consensus  of  opinion  seems  to 
be  that  the  sand  ball  and  mud  ball 
nuisance  is  attributable  not  to  the 
sand  itself  but  to  inefficiency  of  coagu- 
lation and  the  failure  of  the  wash 
water  system  to  expel  and  carry  away 
the  impurities  lifted  from  the  sand 
surface  by  the  wash  water.  The 
shrinkage,  under  water,  of  sand  beds 
in  rapid  sand  filters  has  been  report- 
ed, as  far  as  I  can  learn,  in  only  a  very 
few  instances.  Some  observers  report 
the  actual  drawing  away  of  the  sand 
bed  from  the  supporting  walls  of  the 
filter  to  the  extent  of  a  fraction  of  an 
inch,  and  for  a  considerable  depth, 
with  the  result  that  imperfectly  fil- 
tered water  reached  the  under  drains 
of  the  filter.  Studies  in  the  chemistry 
and  physics  of  colloids  seem  to  show 
that  many  granular  substances  in  the 
presence  of  water  are  subject  to  an 
internal  force  affecting  the  intergranu- 
lar  spaces  and  causing  a  shrinkage  of 
the  substance.  Clay  is  a  good  exam- 
ple of  such  a  substance,  and  some 
sands  appear  to  possess  this  quality. 
Observation  of  sand  beds  with  refer- 
ence to  under-water  shrinkage,  and 
the  best  means  to  prevent  or  overcome 
it  will  be  extremely  important  if  it 
is  shown  that  this  phenomenon  is  of 
frequent  occurrence. 

Probably  the  two  most  important 
operations  in  rapid  sand  filtration  are 
coagulation  and  filter  washing.    Also 


(49) 


122 


Waterworks  Monthly  Issue  of 


January, 


they  are  the  most  difficult  to  control 
so  as  to  get  best  results. 

It  is  an  axiom  of  rapid  sand  filter 
operation  that  filter  materials  effi- 
ciently washed  and  graded  will  filter 
evenly  and  efficiently  and  vice  versa. 

Conditions  When  Washing  Filter 
Beds. — The  conditions  in  a  filter,  when 
being  washed  by  vertical  reverse  cur- 
rents, are  familiar  to  operators.  The 
whole  sand  bed  assumes  a  semi-fluid, 
non-resistant  condition,  due  to  the  dis- 
persionof  the  sand  grains  in  the  wash 
water  stream.  A  test  rod  dropped  into 
a  filter  being  washed  sinks  rapidly, 
and  stops  only  on  reaching  the  undis- 
turbed supporting  gravel  at  the  filter 
bottom.  The  dirt  accumulated  by  the 
filter,  together  with  the  coagulent 
making  up  the  dirt  layer  on  the  sand 
surface,  is  broken  up  and  dispersed  by 
the  upward  stream,  and  these  dirt  par- 
ticles being  for  the  most  part  lighter 
than  the  sand  grains,  are  carried  up- 
ward and  beyond  the  sand,  then  lat- 
erally into  the  wash  troughs  and 
sewer.  The  smallest  sand  grains, 
however,  under  a  vertical  velocity  of 
water  not  to  exceed  24  in.  per  minute 
will  rise  only  about  18  in.,  and  should 
not  reach  the  wash  trough. 

The  process  is  one  of  rejection  of 
the  dirt  and  retention  of  the  sand  by 
virtue  of  the  selective  action  of  the 
wash  water  stream.  Two  important 
physical  conditions  make  this  separa- 
tion possible.  First,  the  fact  that  the 
dirt  is  for  the  most  part  lighter  than 
the  sand,  and  second  because  the  dirt 
particles  are  smaller  than  the  sand 
grains  and  therefore  offer  less  resist- 
ance to  the  washing  current. 

Since  the  weight  of  a  particle  in- 
creases approximately  as  the  cube  of 
its  diameter,  while  its  projected  area 
and  consequent  resistance  to  a  stream 
of  water  increases  only  as  the  square 
of  its  diameter,  the  finer  sand  grains 
are  carried  higher  in  the  upward  wash 
water  stream  to  points  where  the  lat- 
ter decreases  in  velocity.  If  this  is 
true,  it  is  reasonable  to  conclude  that 
very  fine  particles  of  dirt,  or  foreign 
matter,  which  are  as  heavy  as  the 
filter  sand,  are  carried  into  the  sewer 
by  the  ordinary  rates  of  rapid  wash. 

As  the  wash  water  is  shut  off  from 
a  filter  unit,  the  suspended  sand  bed 
immediately  begins  to  settle  down  to 
its  natural  position  on  the  supporting 
gravel  in  the  filter  bottom.  As  this 
occurs,  the  law  just  mentioned  with 
reference  to  weight  and  surface  resist- 
ance, again  comes  into  play  and  tends 
to  cause  the  largest  sand  grains  to 
settle  quickest.    The  result  is  that,  in 


the  absence  of  disturbing  currents,  the 
sand  bed  stratifies  in  horizontal  layers 
increasing  in  fineness  of  sand  grains 
from  the  bottom  to  the  sand  surface. 
This  places  the  coarsest  sand  at  the 
bottom  and  the  finer  grains  at  the  top. 
A  bed  in  this  condition  offers  equal 
resistance  to  the  flow  of  the  water  in 
the  filtering  direction,  and  yields  the 
most  efficient  filtration.  The  closing 
of  wash  water  valves  slowly  probably 
aids  in  permitting  this  horizontal  strat- 
ification of  the  sand. 

Voids  in  Same. — Sand  is  a  highly 
porous  material,  and  a  large  percent- 
age of  the  volume  forming  a  sand  bed 
is,  of  course,  space  between  the 
grains.  In  dry  sand  these  spaces  or 
voids  amount  to  from  30  to  40  per  cent 
of  the  cubical  volume. 

If  for  any  reason  a  filter  is  drained, 
the  voids  in  the  sand  bed  become 
wholly  or  partially  filled  with  air.  It 
is  well  known  that  a  filter  will  op- 
erate most  satisfactorily  when  these 
voids  are  completely  filled  with  water, 
and  that  air  in  the  filter  bed  is  trouble- 
some, and  in  sufficient  quantity  will 
completely  stop  the  flow  of  water 
through  the  sand. 

Another  source  of  air  lodging  in  the 
intergranular  spaces  is  the  water 
passing  through  the  filter.  Under 
certain  conditions  of  temperature  and 
lowering  of  pressure,  this  air  sepa- 
rates from  the  water.  In  some  plants 
this  occurs  with  sufficient  frequency 
to  constitute  an  annoying  feature  of 
operation.  The  only  remedy  seems  to 
be  careful  displacement  of  the  air  by 
a  reverse  current  of  water.  This 
raises  and  fractures  the  dirt  layer  and 
undoubtedly  disturbs  the  efficiency  of 
the  filter  unless  the  unit  is  washed 
before  being  again  placed  in  operation. 

Construction  of  Sand  Beds. — The 
sand  bed  in  a  modern  rapid  sand  filter 
is  from  24  in.  to  30  in.  in  depth.  Best 
results  seem  to  be  obtained  with  a 
sand  of  effective  sizes  from  0.35  m.m. 
to  0.45  m.m.  The  uniformity  coefficient 
should  be  not  far  from  1.6.  If  the 
units  are  arranged  for  rapid  wash  the 
sand  surface  should  be  at  least  20  in. 
below  the  lip  of  the  wash  water 
troughs. 

The  coarse  grained  layer  support- 
ing the  filter  sand  is  usually  referred 
to  as  the  gravel.  There  seems  to  be 
no  set  rules  as  to  the  diameter  below 
which  stone  particles  are  termed  sand 
and  above  which  they  are  termed 
gravel.  Generally  speaking,  material 
Vs  in.  in  diameter  and  smaller  is  clas- 
sified as  sand  and  larger  diameters 
gravel. 
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In  the  older  air  and  mechanical 
wash  type  of  rapid  filters  the  gravel 
layers  are  8  in.  to  12  in.  in  depth.  In 
the  newer  rapid  water  wash  type,  the 
gravel  hed  is  about  18  in.  in  depth.  It 
is  usually  graded  in  several  horizontal 
layers  from  coarsest  at  the  bottom 
next  to,  or  surrounding,  the  strainer 
system  to  the  finest  at  the  top  and 
directly  under  the  sand  bed.  These 
layers  average  some  3%  in.  in  thick- 
ness/the bottom  stones  being  2  to  2% 
in.  in  diameter  and  the  top  layer  of 
gravel  being  about  1/10  in.  In  diame- 
ter or  smaller. 

The  purpose  of  this  thick  bed  of 
graded  gravel  is  three-fold.  First  to 
furnish  a  support  for  the  filter  sand, 
which  will  prevent  the  latter  from 
being  washed  into  the  strainers.  Sec- 
ond, to  allow  the  clear  water  to  pass 
freely  and  uniformly  from  the  filter  to 
the  underdrainage  system  when  filter- 
ing. Third,  and  most  important,  to 
distribute  the  wash  water  across  the 
entire  horizontal  section  of  the  filter 
and  deliver  it  evenly  and  without  ed- 
dies to  the  sand  bed.  18  in.  of  gravel 
of  the  sizes  mentioned  above  has  been 
found  sufficient  to  resist  the  upward 
force  of  the  wash  water  when  applied 
at  a  rate  of  15  gal.  per  sq.  ft.  per 
minute,  without  danger  of  "blow-ups" 
or  the  breaking  through  of  the  gravel 
and  a  consequent  intermixing  of  the 
gravel  and  sand.  It  would  appear  that 
higher  velocities  of  wash  water  than 
15  gal.  per  minute,  equivalent  to  24 
in.  vertical  rise  per  minute,  would  sel- 
dom if  ever  be  necessary.  Higher  ve- 
locities would  probably  require  special 
arrangements  in  filter  design  to  pre- 
vent loss  of  sand  into  the  wash 
troughs.  It  is  questionable  if  wash 
water  rates  higher  than  24  in.  per 
minute  would  be  economical. 

Every  operator  should  appreciate 
the  necessity  of  uniform  and  thorough 
washing  of  the  sand  bed  of  rapid  filter 
units.  As  already  stated  the  efficiency 
of  filtration  depends  upon  this.  The 
gravel  bed  plays  an  important  role  in 
securing  uniform  washing,  and  the 
consequent  settling  of  the  filtering 
materials  in  uniformly  graded  horizon- 
tal layers.  To  obtain  these  results  it 
is  important  that  the  gravel  layers  be 
carefully  laid  and  as  to  secure  uniform 
sizes  of  stones,  and  level  layers  of 
uniform  thickness  for  each  size.  Only 
in  this  way  can  such  a  bed  be  laid 
as  to  offer  equal  resistance  to  the  ris- 
ing wash  water  at  all  points  over  the 
horizontal  area  of  the  filter  bottom. 


Nitrogen  Loadings  of  Sprinkling 
Filters  As  Aid  in  Design 

An  interesting  illustration  of  how 
operating  results  of  sewage  treatment 
plans  can  be  made  of  use  to  the  de- 
signing engineers  was  given  by  Mr. 
S.  A.  Greeley  of  Pearce,  Greeley  & 
Hansen,  Consulting  Engineers,  Chi- 
cago, in  a  discussion  before  the  West- 
ern Society  of  Engineers  of  Mr.  H.  H. 
Wazenhales'  paper*  "Some  Conclu- 
sions Drawn  from  a  Recent  Survey  of 
Sewage  Treatment  Plants."  In  his 
discussion  Mr.  Greeley  presented  the 
accompanying  chart,  and  commented 
on  it  as  follows: 

The  chart  represents  an  attempt  to 
determine  visually  the  nitrogen  load- 
ing  of  sprinkling  filters,   plotting   on 
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Loadings  of  Sprinkling  Filters  at  Various 
Sewage  Treatment  Works. 

the  vertical  line  the  total  amount  of 
nitrogen  that  is  being  handled  by  a 
number  of  sprinkling  filters  today,  and 
on  the  horizontal  line  the  concentra- 
tion of  that  nitrogen.  Thus  in  the 
weaker  sewages,  of  which  39th  St.  in 
Chicago  is  typical,  the  total  amount  of 
nitrogen  that  can  be  put  through  the 
filter  appears  to  be  low,  measured  in 
weight  per  day,  whereas  the  actual 
dose  in  million  gallons  per  24  hours  of 
sewage  is  high. 

On  the  other  hand,  when  you  come 
to   the   more   concentrated     sewages, 
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represented  by  the  Center  Ave.  sew- 
age in  Chicago,  which  receives  a  large 
quantity  of  packing  house  sewage,  al- 
though the  rate  per  day  is  low,  less 
than  a  million  gallons  per  acre,  as 
compared  to  two  and  a  half  to  three 
million  gallons  per  acre  for  the  weak- 
er sewage,  the  nitrogen  loading  that 
can  be  put  through  is  higher. 

You  cannot  make  any  measure  of 
relative  performances  unless  you  have 
results  of  operation  that  you  can  ex- 
press on  a  comparable  basis,  and 
when  you  do  have  such  results  you 
can  give  some  measure  to  the  size  and 
character  of  filter  necessary  for  a  par- 
ticular sewage. 

To  illustrate  how  this  goes  a  little 
bit  further,  there  are  two  points  on 
the  diagram.  One  representing  the 
Center  Ave.  packing  house  sewage 
was  a  relatively  easy  oxidized  sewage, 
as  compared  with  a  starch  works 
sewage,  in  the  testing  station  at  De- 
catur. Although  the  nitrogen  concen- 
tration was  about  the  same  in  the  two 
sewages,  the  amount  by  weight  that 
could  be  handled  on  an  acre  of  filters 
appeared  to  be  less  in  the  slower  ox- 
idizing starch  works  sewage. 

The  following  notes  refer  to  the  dia- 
gram: 

The  data  plotted  has  been  secured 
from  personal  and  office  records  and 
then  checked  by  men  familiar  with 
the  operation  of  each  particular  city. 
It  is  appreciated  that  organic  and  free 
ammonia  nitrogen  is  not  a  complete 
index  of  sprinkling  filter  loadings. 
Thus  point  12  for  Decatur  sewage  in 
eluding  the  starch  works  sewage  very 
likely  indicated  a  relatively  resistant 
slowly  nitrifying  sewage.  Point  7  for 
the  Chicago  Stock  Yards  sewage  prob- 
ably indicates  a  more  easily  nitrified 
sewage. 

Point  1  is  based  on  Fitchburg  opera- 
tion for  the  year  1919  and  point  2  on 


Metcalf  &  Eddy's  estimate  of  the  max- 
imum working  capacity. 

Points  3  and  4  are  taken  from  the 
annual  reports  for  the  years  1919  and 
1920. 

Point  5  is  the  actual  average  of  the 
Proctor  Creek  plant  for  1913.  Point  6 
was  the  actual  rate  during  1914.  This 
data  is  checked  by  Mr.  Hommon. 

The  data  for  points  7  and  8  are 
taken  from  testing  station  record  of 
the  Sanitary  District  of  Chicago. 

The  data  for  Columbus  were 
checked  by  Mr.  McGuire,  Supt.  The 
average  rate  is  based  on  2.0  million 
gallons  per  acre  day.  The  maximum 
rate  reached  during  June,  1921,  is  2.55 
million  gallons  per  acre  day. 

Points  11  and  12  are  from  the  test- 
ing station  data  of  Pearse,  Greeley  & 
Hansen,  at  Decatur.  The  starch  works 
sewage  was  about  30  per  cent  of  the 
total  sewage  tested. 

Points  13  and  14  have  been  taken 
from  testing  station  reports  at  Akron 
and  Worcester. 

The  data  for  Brockton,  Mass.,  have 
been  furnished  by  Mr.  Frank  A.  Ken- 
nedy, chemist  in  charge. 

Point  16  for  Lawrence,  Mass.,  was 
computed  from  data  furnished  by 
George  C.  Whipple. 

The  data  have  been  plotted  against 
the  nitrogen  content  of  the  crude  sew- 
age because  more  was  available  than 
for  settling  tank  effluence.  It  has  been 
assumed  that  the  improvement 
through  settling  was  roughly  the  same 
in  the  different  plants  which,  of 
course,  is  not  strictly  true. 


Cost  of  Filtering  and  Pumping  Water 
at  Providence,  R.  I. 

The  following  figures  on  the  opera- 
tion of  the  filtration  plant  of  Provi- 
dence, R.  I.,  are  reprinted  from  the 
1921  report  of  M.  H.  Bronsdon,  City 
Engineer: 

MIL- 


COST    OP   FILTERING    AND   PUMPING    WATER   AT  PETTACONSET    PER 

LION    GALLONS. 

Total  cost  Pumping 

per  million  water 

Year                       Pumping            For          gallons  to  to                 Remarks, 

on  to  fll-        cleaning           filter  Sockanosset 

terbeds.          beds.              water.  Reservoir. 

1907    $3.28                $4.20                $7.48  $5.63              Open  beds 

1908                       3.48                  2.03                  5.51  5.03  Covered  beds 

1909  ...       3  23                  2.05                  5.28  5.14  Covered  beds 

1910  3  20                  1.78                  4.98  4.74  Covered  beds 

1911 2.98                 1.59                 4.57  4.95  Covered  beds 

1912  '                                          2  72                  1.56                  4.28  5.05  Covered  beds 

1913    .          3.00                  1.59                  4.59  4.98  Covered  beds 

1914  "                                          3  15                  1.71                  4.86  4.78  Covered  beds 

1915    3  07                  1.66                  4.73  5.67  Covered  beds 

1916  '                                          2  79                  2.13                  4.92  5.40  Covered  beds 

1917  "'                                       3  70                  3.65                  7.35  6.88  Covered  beds 
191g    '                                          3.71                  3.08                  6.82  8.84  Covered  beds 

1919  '                                           3.63                  2.99                  6.62  9.06  Covered  beds 

1920  '                                        5.06                 4.82                 9.88  12.21  Covered  beds 

1921    4.26                 3.62                 7.88  9.8*9  Covered  beds 
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1922  Ohio  Conference  on  Water 
Purification 

The  1922  meeting  of  the  Ohio  Con- 
ference on  Water  Purification  was 
held  at  Columbus  Nov.  16,  17  and  18. 
The  conference  consists  of  filter  plant 
superintendents  and  chemists  from 
62  cities  and  villages  having  water 
purification.  The  total  attendance  at 
the  gathering  was  65.  The  conference 
was  organized  in  1921  by  the  Ohio 
State  Department  of  Health.  The 
present  meeting  was  presided  over  by 
J.  W.  Ellms,  Cleveland,  as  chairman. 
The  new  officers  for  the  ensuing  year 
are:  Charles  P.  Hoover,  Columbus, 
chairman;  W.  E.  Lawrence,  Cleveland, 
vice-chairman;  Clarence  Bahlman, 
Cincinnati,  secretary.  The  conference 
is  governed  by  an  executive  commit- 
tee of  five  with  the  above  mentioned 
officers  as  members,  also  O.  P. 
Schoepfle,  Sandusky,  and  F.  E.  Shee- 
han,  Portsmouth. 

The  program  of  the  meeting  con- 
sisted of  presentation  of  papers  and 
discussions  of  topics  in  water  purifica- 
tion practice  and  research  study  an- 
nounced at  the  1921  meeting.  After 
the  consideration  of  the  special  top- 
ics, a  question  box  was  opened  for 
general  discussion  and  study  of  par- 
ticular problems  that  had  arisen  at 
several  of  the  plants  during  the  past 
year.  The  last  session  of  the  con- 
ference included  an  inspection  of  ex- 
perimental work  being  undertaken  at 
the  Columbus  water  purification  plant 
in  water  softening  research. 

Among  the  principal  presentations 
were  the  following: 

Proper  Size  of  Sand  for  Rapid  Sand 
Filters. 

A  Comparison  of  Analytical  Meth- 
ods for  Determining  Performance  of 
Water  Purification  Processes. 

Performances  that  May  Be  Expect- 
ed in  Water  Purification  Processes. 

Consideration  of  Bacterial  Stand- 
ards for  Filter  Effluent  Before  Disin- 
fection and  Final  Effluent  After  Dis- 
infection. 

Papers  and  discussions  upon  these 
topics  were  given  by:  J.  W.  Gettrust, 
Akron;  Clarence  Bahlman,  Cincinna- 
ti; J.  W.  Ellms  and  W.  C.  Lawrence, 
Cleveland;  E.  E.  Smith,  Lima;  F.  E. 
Sheehan,  Portsmouth;  O.  F.  Schoepfle, 
Sandusky;  J.  S.  Scott,  Steubenville; 
R.  W.  Furman,  Toledo,  and  P.  J. 
O'Connor,  Warren. 

The  following  special  subjects  were 
also  treated: 

"Determination  of  Incrustation  and 


Hardness,"  by  C.  P.  Hoover,  Colum- 
bus. 

"Iron  Removal  Practice  in  Ohio,"  by 
A.  E.  Kimberly,  Consulting  Engineer, 
Columbus. 

"The  Significance  of  the  Hydrogen- 
ion  Concentration  Determination  in 
Water  Purification  Control,"  by  J.  W. 
Ellms,  Cleveland. 

"Use  of  Carbon  Dioxide  in  Water 
Softening  Practice,"  H.  T.  Campion, 
Defiance. 

One  of  the  important  conclusions 
reached  by  the  Ohio  Conference  was 
the  adoption  of  a  rigid  standard  for 
quality  of  the  filter  effluent.  The  at- 
titude taken  by  the  Ohio  operators 
is  that  filtered  water  before  chlorina- 
tion  should  reach  a  standard  of  puri- 
fication virtually  equal  to  that  promul- 
gated by  the  U.  S.  Treasury  Depart- 
ment through  the  U.  S.  Public  Health 
Service;  namely,  2  B.  coli  per  100  cc. 
In  adopting  the  resolution  favoring 
this  stand,  it  was  shown  that  a  ma- 
jority of  the  filter  plants  now  have  no 
difficulty  in  reaching  this  standard. 

The  conference  emphasized  the  im- 
portance of  the  recent  trend  toward 
water  softening  in  Ohio.  The  three 
newest  plants,  Defiance,  Delaware 
and  Newark,  incorporate  softening 
features  in  addition  to  regular  water 
purification  and  many  other  cities 
are  considering  adoption  of  water 
softening  in  connection  with  existing 
filter  plants. 

Water  shortage  has  been  a  serious 
item  in  the  cities  and  villages  of  this 
state  during  1922.  Reserve  supplies 
were  entirely  exhausted  for  two  cities, 
— Ashland  and  Washington,  C.  H., — 
and  two  villages, — Blanchester  and 
Jefferson,— while  the  city  of  Colum- 
bus had  only  26  days'  supply  remain- 
ing in  storage  on  Nov.  16. 

It  is  expected  that  the  proceedings 
of  the  conference  will  be  prepared 
for  publication  in  a  special  bulletin 
by  the  Ohio  State  Department  of 
Health.  The  next  meeting  of  the  con- 
ference will  be  called  for  November, 
1923.  The  conference  voted  to  as- 
semble at  some  city  other  than  Co- 
lumbus. In  all  probability  this  city 
will  be  Newark,  O.,  where  a  new  8,- 
000,000-gal.  water  purification  and 
softening  plant  is  now  under  con- 
struction. 

The  attitude  of  the  conference  as 
shown  by  tb.e  discussion  of  the  va- 
rious items  considered  was  strongly 
to  support  high  standards  of  quality 
of  water  furnished  to  consumers.  It 
was  emphasized  that  the  cost  to  the 
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consumer  of  an  ideally  perfect  water 
is  extremely  low  in  comparison  to  the 
cost  of  other  daily  necessities  and 
that  public  officers  charged  with  the 
duty  of  providing  water  for  domestic 
and  public  use  should  spare  no  ex- 
penditures of  funds  or  effort  in  pro- 
ducing a  water  supply  of  the  best 
possible  quality  from  all  standpoints. 


an  electrical  shop  employing  about  300 
men. 


Effect  of  the  Creation  of  Gatun  Lake 
on  Local  Rainfall. 

It  has  been  suggested  that  the  cre- 
ation of  an  inland  body  of  water  as 
large  as  Gatun  Lake  (165  square 
miles)  might  possibly  result  in  a  slight 
increase  in  precipitation,  especially 
during  the  dry  season,  at  stations  on 
the  leeward  side  of  the  lake. 

A  study  in  1918  of  the  records  then 
available,  to  determine  whether  there 
had  been  such  a  result,  was  inconclu- 
sive. It  appeared  then  that  the  cre- 
ation of  Gatun  Lake  had  had  no  appre- 
ciable effect  on  Isthmian  rainfall,  or 
that  the  effect  had  been  so  slight  that 
records  extending  over  a  much  longer 
period  would  be  required  to  disclose 
even  slight  local  increases  of  precipi- 
tation, resulting  from  the  increase  in 
atmospheric  humidity  due  to  evapora- 
tion from  the  lake  surface. 

A  further  study  of  the  records  avail- 
able to  the  close  of  the  year  1921  also 
fails  to  disclose  an  increase  of  rainfall, 
states  the  Panama  Canal  Record.  In 
fact,  the  average  annual  precipitation 
at  seven  stations  from  Gamboa  to  Bal- 
boa during  the  years  from  1913  to  1921 
was  less  in  every  instance  than  the 
annual  average  at  the  same  stations 
during  the  years  of  record  prior  to 
1913.  Even  when  the  excessive  rain- 
fall of  1909  and  1910  is  omitted  from 
the  calculation  the  result  is  the  same 
except  at  one  station. 

However,  it  is  generally  conceded 
that  rainfall  increases  or  decreases 
over  long  periods  in  indefinite  cycles, 
and  it  is  possible  that  the  slight  effect 
of  the  lake  on  precipitation  was  ob- 
served by  the  more  potent  but  undeter- 
mined factors  operating  to  make  1919 
and  1920,  for  instance,  years  of  mini- 
mum rainfall. 


Master  Electrician  Wanted. — The 
U.  S.  Civil  Service  Commission  will 
hold  an  open  competitive  examination 
throughout  the  United  States  on  Jan. 
24  to  fill  a  vacancy  in  the  position  of 
master  electrician  at  the  Navy  Yard, 
Brooklyn,  N.  Y.  The  salary  is  $12.96 
a  day.  The  duties  consist  of  the  exe- 
cutive management  and  direction  of 


Industrial  Notes. 

H.  J.  Kranz  has  been  appointed  as- 
sistant general  manager  of  sales  of 
Laclede  Steel  Co.,  with  headquarters  in 
St.  Louis.  Mr.  Kranz  started  his  busi- 
ness career  with  the  Paddock -Hawley 
Iron  Company,  St.  Louis,  in  1898.  In  1905 
he  became  connected  with  the  Carnegie 
Steel  Co.'s  sales  office  in  St.  Louis,  and 
from  that  date  until  his  connection  with 
Laclede  Steel  Co.  early  in  1922  he  was 
the  Kansas  City  representative  of  Car- 
negie Steel  Co.,  Tennessee  Coal,  Iron  & 
Railroad  Co.  and  Illinois  Steel  Co. 

The  Laib  Co.,  Louisville,  Ky.,  manu- 
facturers and  distributors  of  plumbing, 
heating,  mill  and  mine  supplies,  will  in- 
crease its  capitalization  from  $150,000  to 
$900,000.  The  $750,000  will  be  raised  by 
sale  of  2,000  shares  of  preferred  stock 
and  issuance  of  5,500  shares  of  common 
stock,  at  a  par  value  of  $100.  Part  of  the 
5,500  shares  of  common  stock  will  be  is- 
sued as  a  stock  dividend  after  Jan.  1st. 

Joseph  S.  Harrison  has  taken  over  the 
title  and  duties  of  advertising  manager 
for  the  Pittsburgh-Des  Moines  Steel  Co. 
I.  A.  Bickelhaupt,  former  advertising 
manager,  will  move  temporarily  to  Rich- 
mond, Va.,  to  open  and  organize  a  sales 
and  construction  office  for  the  company. 
This  Richmond  office  will  handle  the  en- 
tire southeast  from  Baltimore  on  the 
north  and  Birmingham  on  the  west. 

The  Universal  Portland  Cement  Co. 
announces  a  substantial  reduction  Dec. 
28  in  the  prices  of  Universal  cement.  The 
reduction  is  15  ct.  per  barrel  at  its  Chi- 
cago plant,  and  10  ct.  per  barrel  at  its 
Pittsburgh  and  Duluth  plants. 

The  Oxweld  Acetylene  Co.  announces 
that  its  western  department  formerly  lo- 
cated at  1077  Mission  St.,  San  Francisco, 
has  recently  moved  to  larger  quarters  in 
the  same  block.  The  new  address  is  1050 
Mission  St. 

The  Ingersoll-Rand  Co.  and  The  A.  S. 
Cameron  Steam  Pump  Works  announce 
the  opening  of  a  branch  office  at  718 
Ellicott  Square  Bldg.,  Buffalo,  N.  Y. 

W.  W.  Scott,  Jr.,  has  been  elected  vice- 
president  of  the  Laclede  Steel  Co.  Mr. 
Scott's  first  experience  in  the  steel  busi- 
ness was  gained  in  the  Homestead  Works 
of  Carnegie  Steel  Co.  In  1919  he  was 
made  manager  of  sales,  Carnegie  Steel 
Co.,  Tennessee  Coal,  Iron  &  Railroad  Co. 
and  Illinois  Steel  Co.,  with  headquarters 
in  St.  Louis.  Early  in  the  present  year 
(1922)  he  was  appointed  general  manager 
of  sales  of  Laclede  Steel  Co. 

S.  R.  Tyler  has  been  elected  secretary 
of  Laclede  Steel  Co.  Mr.  Tyler's  first 
connection  with  the  steel  industry  was 
with  the  Republic  Iron  &  Steel  Co.,  at 
Moline,  111.,  and  afterwards  at  the  va- 
rious other  plants  of  the  Republic  Co. 
throughout  the  country.  He  was  later 
employed  in  the  operating  department  of 
Laclede  Steel  Co.,  and  in  1917  was  made 
purchasing  agent. 

Warren  Brothers  Co.  announce  the  re- 
moval on  Dec.  31,  1922,  of  its  northwest- 
ern branch  offices  from  the  Pacific  Bridge; 
Bldg.,  289  East  Salmon  St.,  Portland, 
Ore.,  to  its  new  quarters  on  the  11th 
floor  of  the  Porter  Bldg.  (formerly  Wells 
Fargo  Bldg.)  at  the  southwest  corner  of 
6th  and  Oak  Sts.,  Portland- 
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Mental  Camelitis 


"A  great  many  people  unfortunately 
believe  that  their  minds  have  the  odd 
capacity  of  the  camel.  By  drinking 
deeply  at  the  fountain  of  knowledge 
in  school  or  college  they  consider 
themselves  stocked  up  for  life."  In 
saying  this  F.  B.  Robinson,  Dean  of 
the  School  of  Business  of  the  College 
of  the  City  of  New  York,  has  correctly 
indicated  the  nature  of  a  disease  that 
afflicts  many  "educated"  men;  we  may 
call  it  mental  camelitis. 

It  is  astounding  but  true  that  school- 
ing usually  fails  to  train  students  to 
remain  students.  Yet  the  main  object 
of  formal  education  should  be  to  teach 
men  to  teach  themselves.  On  the 
contrary,  the  effect  of  school  and  col- 
lege training  seems  usually  to  produce 
mental  camelitis.  Those  afflicted  with 
this  disease  have  a  persisting  distaste 
for  articles  and  books  of  an  informa- 
tive nature.    They  speak  of  their  edu- 


cation in  the  past  tense,  never  in  the 
present  or  future  tense.  Always  it 
is:  "I  was  educated  at  such  and  such 
a  place."  Never  is  it:  "I  am  being,  or 
shall  be,  educated."  Education  with 
them  is  a  gallon  long  ago  pouched 
away;  never  a  daily  drinking. 

Camelitis  afflicts  us  all  at  times,  but 
fortunately  it  is  a  disease  that  yields 
quickly  enough  if  treated  in  the  fol- 
lowing manner:  Select  a  definite 
economic  problem  (business  or  engi- 
neering) in  which  you  are  interested, 
but  whose  solution  is  not  too  easy.  Go 
to  a  library  and  search  for  all  the 
available  information  bearing  upon 
the  question.  Let  the  search  be  pro- 
longed and  thorough.  Analyze  the  in- 
formation, and,  if  possible,  arrive  at  a 
definite  solution.  Repeat  this  dose 
until  the  mind  constantly  craves  in- 
formation that  can  be  used  in  attack- 
ing the  economic  problems  that  arise 
daily. 

If  mental  camelitis  were  wiped  out 
in  America  our  national  productivity 
would  be  doubled  in  less  than  twenty 
years. 
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1  Q9Q  *  RilK^.%  rVJ1«~  T~*  tained  from  47  of  the  107  Class  A  com- 

lyZO  a  01I11OH  UOltar  lm-  pauies.      These     figures     were     sum- 

rirrivf»m#*nt  Ypar  for  marized  and  the  figures   for  the  en- 

provemeni    i  ear  ror  Ure  industry  calculated  from  them> 

the  Railways  proportionately,  based  on  track  mile- 

Rai.way     deve.opment    which    has  %l™»S\ere    ^    the 

broken  all  records   for  long  standing  planned    expenditures    for    this    year 

affliction  with  the  "sleeping  sickness"  of  the  electric  railway  companies  are 

is  beginning  to  show  decided  signs  of  Practically  60   per   cent  greater  than 

imnrovpmpnt         Tn      fart       the      1923  were  the  same  expenditures  last  year 

improvement.       In     tact,     tne     1M6  when    gome    $151>000>000    was    gpent 

budgets    of    the    carriers,    steam   and  t^  1923  expenditures  divided  among 

electric,    call    for    improvements    and  the  three  main  accounts  as  set  up  in 

additions  to  plant  requiring  an  expen-  the  A-  E-  R-  A-  standard  slassification 

diture  of  approximately  $1,000,000,000.  are  as  follows  (last  00°  omitted): 

1922  1923 

Of    this    sum,    the    Railway    Age    esti-  Way  and  structures   ....$85,000    $105,'ooo 

mates  that  approximately  $700000,000  1$^™?** .;;::;::;::::;;    lilooo       45'ooo 

will  be  spent  by  the  steam  lines,  while  ■ —    '. — 

the    Electric    Railway    Journal    esti-         Total  *151'000    *240'000 

mates   that   the   city  and   interurban  1922  Record  Construction  Year 

railways  will  expend   $240,000,000  for  rp,  n  ^Mm  1noo  .      .        .,             .     „ 

,     x        _         .        •  .    .        .-.v.  Tne  year  1922  broke  all  records  for 

new  plant  and  equipment,  in  addition  the   volume   of   construction   activity, 

to  the  very  large  normal  expenditures  according   to   The    F.   W.    Dodge    Co. 

that  must  always  be  made  for  mate-  December   building    contracts    in   the 

rials    and    supplies.      The    first-men-  2J.      Northeastern     States     (including 

.   -            f   ,    .         .     >.           „  about  three-fourths   of  the  total  con- 

tioned  figures  include  only  those  ex-  struction  in  the  country)  amounted  to 

penditures  which  have  been  definitely  $215,213,000.      Although    this    was    12 

approved   by  the  railways,   and  it  is  per    cent    less    than    the    November 

more    than     likely    that  many   other  figure   it  was  8  per  cent  greater  than 

.     •        .„  .          .     ...         ,  that  of  December,  1921. 

large  projects  will  be  undertaken  dur-  The    DeCember    figure   brought   the 

ing  the  year.  year's  total  for  these  27  states  up  to 

The   Railway    Age     estimates    are  $3,345,950,000    (which    would    indicate 

based   on   data  furnished   by  27   rail-  about  4%  billons  for  the  entire  coun- 

ways  with  a  mileage  of  approximately  try).     This  was  an  increase  of  42  per 

95,000,  showing  that  these  lines  have  cent  over  1921. 

plans  for  capital  expenditures  in  1923  Analysis  of  the  year's  record  shows 

aggregating  over  $350,000,000.     These  the  following  important  items:     Resi- 

railways  have  less  than  40  per  Cent  of  dential    buildings    to    the    amount    of 

the   mileage   of   the    country.      State-  $1,341,009,000,   or  40   per  cent  of  the 

ments   made   by  some  of  their  chief  year's  total;     public  works  and  utili- 

executives    indicate    that    even    they  ties,  $562,066,000,  or  17  per  cent;  busi- 

may   spend   more  than   their   present  ness  buildings,  $496,145,000,  or  15  per 

plans    contemplate    if    conditions   are  cent;     industrial    buildings,    $325,100,- 

favorable.     The   railways   having   the  000,  or   10  per  cent,  and   educational 

remaining  more  than  60  per  cent  of  buildings,  $303,272,000,  or  9  per  cent, 

the  total    mileage    also     undoubtedly  Residential   buildi-ng,   the   dominant 

will  make  substantial  expenditures  if  factor    of    the    year's     program,    in- 

conditions    are    favorable.     It    seems  creased  53  per  cent  over  the  previous 

reasonable,  therefore  to  estimate  that  year.     Contracts  in  this   class  called 

if  conditions  are  reasonably  favorable  for  the  construction  of  over  310  mil- 

during  the  year  the  total  capital  ex-  lion   square  feet  of  new   floor  space, 

penditures  made  will  be  around  $700,-  enough  new  housing  to  accommodate 

000,000.  nearly  200,000  families. 

This  amount,  by  the  way,  is  the  While  residential  construction  was 
largest  capital  expenditure  by  the  the  outstanding  feature  of  the  year, 
railways  for  the  past  10  years,  with  the  investment  in  structures  of  all 
the  exception  of  1917,  when  $742„000,-  other  kinds  was  36  per  cent  greater 
000  was  Invested.  than  in  1921,  showing  a  marked  trend 
The  Electric  Railway  Journal  esti-  toward  a  normally  proportioned  build- 
mates   are   based  on   information   ob-  ing   program. 
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**•«      r\   •    •           C                1  have  m  =  0;  and  Mr.  Norris's  formula 

rile   Driving   rormuia  for  resistance  to  driving,  with  C  taken 

To  the  Editor:  at  0.85,  gives 

To  Mr.  R.  C.  Norris,  Civil  Engineer,  8  X  V  25  X  1,700 

Muar,   Johore,   Straits   Settlements,   1  Ra  =  0.85   X 

am  indebted  for  copies  of  his  booklet  3 

of  40    pages,    entitled    "Formula     for  =  19,266  lbs. 

Pile  Driving,  with  Examples,  Detailed  Taking  Ri  sss  44,800  lbs.,  we  have 

Explanations  and  Test  Records.    A  Re-  "Grip,"  GP,  for  entire  pile,  c=  Ri  — 

liable    and     Entirely    New     Method."  R„  =  44,800  —  19,266  s=i  25,534  lbs. 

Singapore,  1922.  Number,  n,  of  10-ft.   lengths  in  the 

Mr.  Norris  takes  account  separately  driven  length,  L,  =  33/10  =;  3.3; 

(1)  „°f  t?e,o<?eSFiS^nC^    W   }n  ?riV'  "Grip,"  G,  per  10-ft.  length  of  driven 

m£Cand,  (2)  -°/           /nP,     (^,p)     °I  P»e  =  Gp/n  =  25,534/3.3  ==  7,737  lbs.; 

additional  resistance  due    to    the    re-  R  =  resistance)  R     to  driving>  per 

compacting,    around    the    pile     of   the  10.ft   j         h     f  d  rf           n     ^  R]/n  = 

soil  which  was  disturbed  by  the  driv-  19  266/3  3  =  5  838  lbs  • 

ing.  G/K  —  7  737/5  838  e^  1  33 

For  the   resistance    Rd,   in  pounds,  j     Qther  ^     d  '  in    Ws  cag     we  find 

to     driving,     Mr.     Norris     uses     the  the  w  =  1 33        the  resistance  to 

formula:  driving. 

K<1                                             , Mr.  Norris  assumes  Ks  =  7,000  lbs. 

W  v                        W  V  2  g  h  per  driven   10-foot  length   of   a   12-in. 

C (-  m  =  C h  M  pile>  in  "pretty  fair  clay"  (S  =. 2  in.), 

S  +  1                              S  +  1  as  a  "standard"  value  of  K. 

8  V  b .  w  Then,    for    a    corresponding    "stan- 

.  ±=  C  — : h  m  (W  +  w) ;  dard"  value,  Gs,  of  G,  we  should  have: 

S  +  1  Gs  =   (G/K)    Ks  =  1.33    X   7,000  == 

where  G  (K./K)   =5  1.2  X  7,737  =  9,310  lbs. 

C  =  a  coefficient  (ranging   from   0.7  per  driven  foot-length  of  pile, 

to    0.9)    intended   to   cover    losses    of  Conversely,  for   the    Perth    Amboy 

energy  in  fall  of  ram;  piles,  we  should  have: 

h  =5  height  of  final  fall  of  ram,  in  G  =  Gs  (K/Ks)  =  9,310  (5,838/7,000) 

feet;  =s     7,737     pounds     per     10-ft.     driven 

W  ==  weight  of  ram,  in  pounds;  w  =  length; 

weight  of  pile,  in  pounds;  L             33 

v=V2gh  =  8Vh  =  theoretical  GP  =  —  G  —  —    X    7,737  =  25,534 

velocity  of  ram  at  the  instant  of  Its  10            10 

striking  the  pile-head;  lbs.;  and 

S  =  penetration  or  "set"  of  pile,  in  Ri  =  Rd  +  GP  —  19,226  +  25,534  == 

inches,   under  last  blow  before  rest;  44,800  lbs.,  as  above. 

g  =  gravity  acceleration  =   32  ft.  Mr.    Norris    adopts     the     following 

per  second  per  second;  standard  values  of  Ks,  Gs  and  Ss: 

m    =    a    coefficient    ranging     from  For     concrete 

+  1.1,  for   S  =  26   in.,   to  — 3.5    for    S  For  wooden  piles,     piles,  14  ins. 

=  0.1  in.    When  S  =  2  in.,  m  =  zero.  ETalfk.      K^gTss. 

Mr.  Norris's  method  of  treating  the  Pretty  fair 

additional    resistance,    due    to    "grip"  $**   ...7,000    8,300  2.0    3,000  2,820  1.75 

(somewhat   simplified)    may   be   illus-  ciay   ...10,00022,3401.5    3,0004,2001.00 

trated  as  follows:  In  the  following  comparison,  RD  is 

At  Perth  Amboy,  N.  J.,  in  1873  (see  the   extreme  load  on  one  pile,   calcu- 

Trans.  Am.  Sec.  Civil  Engineers,  1892,  iated  by  Mr.  Norris  by  means  of  his 

August,  pages  148  and  153)  four  piles,  formula;    and  R,    is  the  actual  static 

in  a  square,  were  driven  L  =  33  to  35  ioad  causing  settlement,  as  nearly  as 

ft.  into  "pretty  fair  mud";  W  e=  1,700  jt  can  be  gathered.     See  Trans.  Am. 

lbs.;  h  =  25  ft;  S  =  2  in.     By  means  soc.     Civil     Engineers,    1892,    August, 

of    a    platform,    the    four    piles    were  pages  148-155. 

loaded    with    80    "long"    tons    (179,200  Rn.         RI.    Rn/Rl. 

lbs.),    giving    an    average    resistance,  .             ,          J  ^'ili*    1h$H    M£ 

R,    to  loading,  of  44,800  lbs.  per  pile,  |;  X'fesi^^..'.::.1.^    &SSS    HI 

under  which   all  but  the  largest  pile  4.  Perth  4mbov  44,394    44,800    0.99 

(18  in.  diameter  at  top)  had  settled;  5.  Fort  Delaware   ...36,748    40,000    0.92 

maximiiTn  ^Pttlpmr-nt  —  q  in  7.   Buffalo     90,000     75,000     1.20 

maximum  settlement  —  6  in.  Muar>  concrete  pile, 

Since,   in   this   case,    S  =  2   in.,   we  14    ins.    square..  .20.109    20,160    1.00 
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The  two  Aquia  Creek  cases,  above 
quoted,  were  selected  from  a  list  of 
twelve  cases.  Mr.  Norris  takes  weight, 
w,  of  pile  =5  56  X  40  =  2,240,  which 
appears  excessive.  Taking  w  =  1,000, 
I  obtain  R„/Ri  =5  1.14  and  1.09  re- 
spectively, in  place  of  his  1.46  and 
1.48.  With  w  =;  1,000,  I  obtain,  for 
the  other  ten  Aquia  Creek  cases, 
Rn/Ri  =  1.20,  1.43,  1.11,  1.00,  1.44,  1.22, 
1.12,  1.17,  1.49  and  1.46,  respectively. 

Having  found  the  extreme  resist- 
ance, Ri,  to  loading,  in  any  case,  by 
his  formula,  Mr.  Norris  uses  a  safety 
factor  ranging  from  0.5  to  0.7,  accord- 
ing to  the  circumstances  of  the  case. 
John  C.  Trautwine,  Jr. 

Philadelphia,  Pa 


What  Is  Arithmetic  Between 
Friends? 

Editorial  in  Electric  Railway  Journal. 

Should  estimates  be  made  of  the 
deficit  which. will  result  from  the  es- 
tablishment of  a  5-cent  fare  on  the 
Seattle  Municipal  Railway,  and  ifi 
the  loss  appears  to  be  considerable, 
should  this  fact  deter  the  City  Coun- 
cil from  ordering  such  a  fare?  The 
Post-Intelligencer  of  that  city  evident- 
ly thinks  that  in  these  matters  mathe- 
matics are  a  pretty  poor  substitute 
for  politics.  In  an  editorial  in  its  is- 
sue of  Dec.  4  it  says,  in  part: 

Council  proceedings  in  recent 
weeks  do  not  give  encouragement  for 
the  future  regarding  this  5-cent  fare 
question,  which  every  one  but  the 
honorable  legislators  thought  settled 
at  the  last  election.  When  it  was 
finally  agreed  by  competent  authority 
that  all  legal  impediments  to  reduc- 
ing the  rate  had  been  cleared  away 
there  seemed  no  further  bar  to 
progress. 

Then  up  bobs  one  scheme  and  an- 
other, each  based  on  reams  of  solemn 
arithmetic  concerning  the  probable 
financial  return  of  a  5-cent  fare  plus 
ordinary  transfers  or  a  nickel  fare 
plus  transfers  at  2  cents  or  a  nickel 
straight  and  tokens  in  quantity  at  a 
reduced  rate  plus  the  transfer  privi- 
lege.    .     .     . 

The  finance  and  public  utilities  com- 
mittees of  the  Council  meet  next 
Thursday  morning  at  10.  It  would  be 
a  fine  move  if  representatives  of  the 
people  who  wish  Seattle  to  grow  and 
prosper,  and  its  working  people  given 
relief  from  extortion,  should  gather  at 
the  meeting  and  tell  the  lawmakers 
what  they  think  of  the  Fitzgerald  or- 


dinance and  the  obstructive  tactics 
delaying  its  adoption. 

It  must  be  a  satisfaction  to  the  tax- 
payers of  Seattle  to  realize  that  some 
members  at  least  of  the  Council  are 
thinking  of  arithmetic.  It  is  one 
thing  for  a  City  Council  to  order  a 
low  fare  on  a  privately  owned  prop- 
erty, whose  stockholders  are  few  and 
possibly  non-residents  in  considerable 
part.  It  is  another  matter  when  the 
resulting  deficit  has  to  be  paid  by  the 
city  as  a  whole.  It  is  no  wonder  that 
one  Councilman  demanded  more  time 
to  study  his  estimates  of  what  would 
happen  if  the  5-cent  fare  was  adopted 
and  for  another  to  present  figures 
showing  "the  .dire  results  of  reduc- 
tion in  varying  amounts." 

The  recent  incident  at  Seattle  illus- 
trates one  of  the  great  dangers  of 
municipal  ownership  and  operation  of 
business  enterprises.  WThatever  may 
be  said  by  the  politicians  before  the 
undertaking  is  begun  about  the  profits 
which  will  result  from  municipal  di- 
rection, it  is  pretty  safe  to  say  that 
after  the  enterprise  is  under  way 
there  will  be  continuous  demands  for 
unprofitable  extensions  and  lower 
fares,  and  it  will  take  a  brave  mayor 
and  council  to  resist  these  demands. 

The  newspaper  whose  opinion  has 
just  been  quoted  follows  the  prac- 
tice of  printing  at  the  head  of  its  edi- 
torial page  each  day  a  text  suggested 
by  a  different  local  clergyman.  The 
text  to  guide  the  readers  of  the  paper 
on  the  day  in  which  this  editorial  ap- 
peared will  be  considered  by  some  to 
be  very  appropriate.  It  was:  "Be 
not  deceived:  evil  communications 
corrupt  good  manners."  And  if  the 
famous  apostle  who  wrote  these 
words  were  living  in  the  present  day 
the  chances  are  that  he  would  have 
added  that  very  often  they  corrupt 
politics  as  well. 


Street  Railway  and  Power  Devel- 
opments In  Finland.  —  Negotiations 
have  recently  been  carried  on  by  the 
city  of  Tammerfors,  Finland,  accord- 
ing to  a  report  from  Consul  li.  A. 
Davis,  Hensingsfors,  for  the  construc- 
tion of  street  railway  lines  in  that 
city.  The  city  is  to  buy  a  minority 
of  the  shares  and  the  railway  is  to  re- 
vert to  it  within  a  period  of  40  years. 
It  is  thought  that  the  proposition  will 
mature  in  the  near  future,  as  the  city 
has  previously  granted  about' 1,000,000 
Finnish  marks  for  the  purpose.  Con- 
sul Davis  reports  also  that  Finland's 
largest   hydroelectric    power    stations 
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harnessing  the  energy  of  the  Vucksen 
Rapids  is  well  under  way.  The  total 
head  is  to  be  utilized  in  four  steps, 
the  second  being  now  under  construc- 
tion. When  the  plan  is  fully  realized 
there  will  be  a  yield  of  392,000  turbine 
horsepower,  with  a  possibility  of  in- 
creasing this  to  680,000  horsepower 
through  controlling  the  water  level  of 
the  Saima  lakes. 


Steam  Line  Method  of  Pre- 
venting    Ice     Forming 
Around  Track  Pans 

The  New  York  Central  R.  R.  has 
been  experimenting  for  some  time 
with  the  use  of  steam  lines  to  prevent 
the  formation  of  ice  around  the  run- 
ning rails  where  track  pans  have  been 
installed.  Steam  pipe  lines  have  been 
laid  along  the  top  and  near  the  ends 
of  ties  supporting  track  pans  at  both 
Rome,  N.  Y.,  and  Tivoli.  The  results 
obtained  have  been  excellent  in  that 
the  rails,  ties  and  pans  have  been  kept 
clear  of  ice  even  during  extended 
periods  of  below  zero  weather,  while 
the  cost  has  been  about  one-half  that 
normally  found  necessary  when  hand 
labor  is  used.  We  are  indebted  to  the 
Railway  Maintenance  Engineer  for 
the  following  account  of  the  New  York 
Central's  work: 

The  method  has  been  in  use  for 
four  years  at  Tivoli  and  for  one  year 
at  Rome.  It  consists  fundamentally 
of  single  lines  of  pipe  along  the  ends 
of  the  ties  under  the  track  or,  in  other 
words,  two  lines  of  pipe  for  each  track 
which  is  to  be  heated.  Both  2-in.  and 
1%-in.  sizes  were  tried  out  in  the  in- 
stallations to  determine  the  smallest 
size  which  woula  be  effective.  The 
results  showed  that  while  the  l^-in. 
pipe  would  accomplish  the  desired 
end,  it  did  not  free  itself  of  condensa- 
tion quickly  enough.  Hence  2-in.  pipe 
was  adopted  and  will  be  used  exclu- 
sively in  the  future. 

The  pipe  lines  are  laid  for  the  full 
length  of  the  track  pan  before  being 
trapped  to  take  care  of  the  condensa- 
tion. In  these  cases  the  full  length 
was  2,000  ft.  each  on  two  tracks.  Two 
methods  of  supporting  the  pipe  were 
tried.  In  one  case  the  pipe  was  sup- 
ported slightly  beyond  the  end  of  the 
tie  and  about  on  a  level  with  the  top 
by  means  of  brackets ;  in  the  other, 
the  pipe  was  placed  directly  on  the 
top  of  the  tie  and  held  there  by  %-in. 
by  2-in.  bar  iron  bent  into  the  proper 
shape.  The  pipe  placed  across  the 
top  of  the  ties  was  found  to  be  more 


effective  and  more  easily  maintained; 
neither,  however,  interferes  with  the 
surfacing  of  the  tracks.  Expansion 
joints  are  placed  every  200  ft.  and 
each  200  ft.  section  of  pipe  is  an- 
chored at  its  middle  point. 

A  No.  20-gage  sheet  steel  shield  was 
installed  over  and  around  the  steam 
line  giving  an  air  space  between  the 
pipe  and  shield  of  about  two  inches. 
This  was  done  to  prevent  as  far  as 
possible,  the  large  volume  of  water 
splashed  out  by  the  engine  scoops 
from  coming  in  contact  with  the  pipe. 
The  operation  of  the  traps  indicates 
a  considerable  increase  in  condensa- 
tion when  engines  are  scooping  water, 
even  when  the  shield  is  in  use.     The 


Steam    Pipe    Installation  «at    Rome,    N.    Y. 

shield  is  needed  also  to  retard  the 
flow  of  air  across  the  pipe  as  this 
movement  of  air  around  the  pipes  is 
responsible  for  most  of  the  condensa- 
tion. It  was  found  that  a  very  small 
movement  of  air  is  sufficient  to  pre- 
vent the  formation  of  ice  over  the 
ties  and  for  a  distance  beyond. 

The  steam  consumption  of  two 
pipes,  each  about  2,000  ft.  long,  which 
are  required  for  one  track,  is  equiva- 
lent to  90  to  100  boiler  hp.  or  less 
than  200  hp.  for  the  four  lines  as  in- 
stalled at  Rome,  with  a  prevailing  air 
temperature  much  below  zero.  The 
actual  coal  consumption  averaged  8 
tons  per  24  hours  more  with  the  pipes 
in  service  than  without  them,  locomo- 
tive type  boilers  being  used  to  gen- 
erate the  steam.  One  extra  fireman 
per  24  hours  was  required.  The  total 
cost  of  operation  and  maintenance 
(not  including  fixed  charges  on  the 
investment)  was  very  little  over  one- 
half  the  average  annual  expense  of 
removing  the  ice  formation  with  pick 
and  shovel. 

The  accompanying  photographs 
taken  at  Rome  show  how  the  steam 
pipes  prevented  almost  completely  the 
formation  Of  ice  after  a  heavy  snow- 
tall  and  seyeral  days  of  temperature 
from  10  to  20°  F.  below  zero.  When 
the  pick  and  shovel  method  is  relied 
upon   in  the  climate  of  this  locality, 
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the  removal  of  the  ice  to  a  point  a 
little  below  the  top  of  rail  is  about  all 
that  can  be  accomplished.  The  diffi- 
culty of  maintaining  good  track  under 
troughs  is  well  known  and  it  must  fol- 
low that  track  conditions  will  be 
much  improved  if  the  usual  blanket 
of  ice  is  prevented  from  forming  dur- 
ing the  winter  months.  The  principal 
benefits  which  have  been  and  can  be 
derived  from  the  use  of  steam  pipes 
are  economy,  improved  track  condi- 
tions, and  freedom  from  dependency 
upon  labor.  The  last  is  not  the  least 
in  importance  for  it  is  often  very  diffi- 
cult to  obtain  and  hold  men  for  work 
during  such  severe  weather  condi- 
tions. 


Canadian   Geodetic   Survey   Con- 
tinues  Its  Precise  Levelling 
in  Winter 

The  Geodetic  Survey  of  Canada, 
during  the  winter  of  1922-23  is  under- 
taking the  extension  of  a  line  of  pre- 
cise levels  along  the  Winnipeg  River 
from  Kenora,  Ontario,  to  the  mouth  of 
the  river  at  Fort  Alexander,  Manitoba, 
and  along  the  -English  River  from  its 
confluence  with  the  Winnipeg  River 
to  Lac  Seul  and  Pelican  Falls,  Ontario. 
This  work  is  being  carried  out  for  the 
benefit  and  at  the  request  of  the  Do- 
minion Water  Power  Branch  and  the 
Lake  of  the  Woods  Control  Board. 

While  it  is  contrary  to  the  usual 
practice  to  undertake  precise  levelling 
in  the  depth  of  winter,  it  is  expected, 
according  to  "Natural  Resources, 
Canada,"  that  a  large  saving  of  time 
and  expenditure  will  ensue  thereby  in 
a  piece  of  work  of  this  character. 
Were  the  work  to  be  carried  out  dur- 
ing the  summer  season,  routes  for  the 
levels  would  in  most  cases  have  to  be 
chopped  through  the  bush  and  around 
every  lake  and  bay  encountered,  as 
water  transfers  across  the  small  lakes, 
being  affected  by  the  current,  are  not 
sufficiently  reliable. 

The  trunk  lines  of  precise  levels 
run  some  years  ago  by  the  Geodetic 
Survey  along  the  railways  in  this  dis- 
trict furnish  an  excellent  base  for  the 
levelling  contemplated — Kenora  on 
the  Canadian  Pacific  Ry.,  and  Minaki, 
Hudson,  and  possibly  Jones,  on  the 
main  line  of  the  Canadian  National 
Ry.  being  control  points  to  which  the 
leveling  will  be  connected.  The  gen- 
eral program  of  field  operations  is 
for  one  party  to  start  at  the  mouth  of 
the  Winnipeg  River  and  work  up  its 
course    to    the    confluence    with    the 


English  River  near  White  Dog  Island ; 
a  second  party  will  start  at  Kenora 
and  follow  the  Winnipeg  River  down 
to  this  point  and  t»en  turn  up  the 
English  River  and  continue  till  it 
meets  the  third  party  which  is  to  start 
at  Hudson  and  work  down  the  river. 
By  this  arrangement  the  amount  of 
work  assigned  to  each  party  will  be 
approximately  equal. 

The  make-up  of  the  parties  will  be 
as  follows:  A  geodetic  engineer  who 
will  be  in  charge  of  the  party  an1 
will  perform  the  instrumental  work. 
a  recorder,  an  umbrella  and  wind- 
shield man,  two  rodmen,  a  camp  cook,' 
a  dog  driver  and  assistant  dog  driver 
— eight  men  in  all.  Transport  will  be 
by  dog  team:  two  teams  to  each 
party.  The  provisions  for  the  most 
part  were  put  in  during  the  summer, 
caches  being  established  at  suitable 
points  throughout  the  district.  Ar- 
rangements were  also  made  in  ad- 
vance for  dog  feed. 

The  instruments  to  be  used  on  this 
work  will  be  the  regular  precise  levels 
as  used  throughout  all  precise  level- 
ing operations  of  the  Geodetic  Survey 
of  Canada  and  all  leveling  will  be  du- 
plicated (forward  and  backward)  in 
accordance  with  the  usual  practice  to 
secure   accuracy. 

The  rods  also  will  be  of  the  regular 
pattern  graduated  in  yards,  tenths, 
and  hundredths  of  a  yard,  but  the  rod 
supports  will  be  of  steel  plate  with 
three  sharp  feet  to  penetrate  ice  or 
hard  snow. 

The  bench-marks  which  have  al- 
ready been  placed  in  position  by  the 
Dominion  Water  Power  Branch  are  in 
the  form  of  bronze  tablets  3  in.  in  di- 
ameter, cemented  into  the  bed  rock. 
The  tablets  bear  the  words:  "Geodetic 
Survey  of  Canada,  Ottawa,  B.M."  and 
a  serial  number  to  distinguish  each 
mark.  On  the  completion  of  the 
work  all  existent  surveys  will  be  re- 
duced to  sea  level  datum.  Bench- 
marks have  been  placed  at  all  power 
plants,  power  sites  and  other  strategic 
points  along  the  two  rivers. 


Examination  for  Mechanical  Engi- 
neer.—The  U.  S.  Civil  Service  Com- 
mission announces  an  open  competi- 
tive examination  for  mechanical  engi- 
neer (precision  instruments).  A  va- 
cancy in  the  Coast  and  Geodetic  Sur- 
vey, Washington,  D.  C,  at  $3,000  a 
year,  and  vacancies  in  position  re- 
quiring similar  qualifications,  at  this 
or  lower  salaries,  will  be  filled  from 
this  examination. 


(6) 


1923 


Engineering  and  Contracting 


133 


Methods  and  Costs  of  Laying  Rail 


Comparative  Figures  for  Work  With  and  Without   Labor  Saving 

Equipment  Given  in  Paper  Presented  Before  Metropolitan 

Track  Supervisors  Club,  New  York 

BY  GEORGE  W.  MORROW. 

Supervisor  of  Track,  N.   Y.,  N.   H.   &  H.  R.  R.,   New  Haven,  Conn. 


In  giving  costs  for  laying  rail  every 
item  should  be  considered,  such  as 
distributing  the  new  rail  and  material, 
preparatory  work,  actual  taking  out 
of  old  rail,  renewing  turnouts,  apply- 
ing rail  creepers  and  tie-plates  and 
cleaning  up  of  old  material,  i.  e.,  old 
rail,  angle  bars,  spikes,  bolts,  tie- 
plates,  etc. 

Where  the  same  section  of  rail  is 
being  put  in,  and  the  tie-plates  are  in 
good  condition  the  cost  of  renewing 
will  be  reduced  considerably,  as  only 
two  lines  of  spikes  will  have  to  be 
pulled  and  replaced;  and  as  the  track 
will  not  have  to  be  regaged  throug- 
out  the  whole  stretch,  and  plates  not 
disturbed,  the  labor  cost  of  renewing 
rail  will  be  at  least  33  per  cent  less 
than  if  the  whole  operation  had  to  be 
gone  through.  Before  one  railroad 
can  compare  the  cost  of  renewals  with 
another  the  above  conditions  should 
be  taken  into  account. 

The  utilization  of  labor  saving  de- 
vices will  effect  large  savings  when  a 
great  amount  of  rail  is  to  be  renewed. 
Where  traffic  is  light  enough  or 
where  equipment  can  be  delivered 
without  serious  delay,  the  use  of  la- 
bor saving  equipment  will  bring  down 
the  cost  on  small  stretches  of  track. 

Unloading  Rail. — The  unloading  of 
new  rail  or  loading  up  of  the  old  rail  by 
hand  is  a  dangerous  and  costly  prac- 
tice. With  equipment  now  on  the  mar- 
ket for  doing  this  work,  there  is  no 
excuse  for  doing  the  work  in  this 
manner.  Some  railroads  use  bridge 
and  building  derricks,  steam  ditchers, 
etc.  These  require  an  engineer  and 
a  fireman,  also  a  watchman  at  night, 
and  with  some  of  them  a  work  train 
would  have  to  switch  out  a  car  as  the 
cars  were  unloaded.  The  best  device 
I  know  of  is  a  double  end  rail  unload- 
er.  With  this  machine  two  cars  can 
be  loaded  or  unloaded  at  a  time, 
handling  at  the  rate,  of  five  rails  per 
minute.  The  machine  is  operated  by 
air  which  it  gets  from  the  train  line, 
and  can  be  run  by  any  intelligent  la- 
borer. If  a  great  amount  of  rail  is  to 
be  unloaded  it  will  pay  to  put  two  or 


more  machines  in  one  train  so  as  to 
save  time  switching  out  cars. 

Method  of  Laying  Rail  Without  Use 
of  Machinery. — One  method  t>f  put- 
ting in  rail,  is  to  set  the  rail  on  the 
end  of  the  tie  opposite  where  it  is  to 
go  in  and  bolt  it  together,  throwing 
in  long  strings  of  it  on  a  day  set  for 
the  purpose.  This  is  an  expensive 
way  of  doing  the  work,  but  in  electric 
territories  where  heavy  copper  bonds 
have  to  be  put  in,  it  is  about  the  only 
way  that  very  much  can  be  accom- 
plished without  delaying  trains  a 
great  deal.  In  order  to  put  rail  in  this 
way  a  gang  of  30  men  will  set  up 
about  300  rails  in  an  8-hour  day.  The 
rail  is  set  on  the  ties  and  spiked  on 
the  quarters  8  to  10  in.  from  the  run- 
ning rail,  bonded  and  bolted,  using  a 
small  two-sided  shim  bent  on  a  right 
angle.  When  setting  rail  up  in  this 
manner  consideration  must  be  given 
to  expansion,  more  so  than  when  set- 
ting rail  in  its  permanent  position,  be- 
cause on  curves  when  the  rail  is 
thrown  in  its  permanent  place  the  rail 
on  the  outside  of  a  curve  will  tighten, 
while  the  rail  thrown  in  from  the  in- 
side of  a  curve  will  open  at  the  joints. 
To  take  care  of  this  it  is  necessary 
to  determine  the  degree  of  curves  and 
leave  openings  at  intervals.  If  only 
short  stretches  are  put  in  at  a  time  it 
is  easy  to  watch  this,  but  if  a  piece 
from  1  to  8  miles  long  is  set  up  in  a 
single  string  and  there  are  curves 
through  the  location,  care  must  be 
taken  so  that  the  rail  will  not  buckle 
when  throwing  in. 

Costs. — A  gang  of  275  men  can  put 
in  about  five  miles  of  track  in  eight 
hours  providing  only  two  lines  of 
spikes  will  have  to  be  pulled  and  no 
tie-plates  renewed  or  put  in. 

The  cost  will  be  approximately  as 
follows: 

Per  ton. 
Unloading  new  rail,  material,  etc...  $0.55 
Setting  up  and  preliminary  work. . .  1.55 
Putting  in  new  rail  and  taking  out, 

old  fully  spiked  and  rail  creepers 

applied    . . ., 6.20 

Picking  up  all  old  rail,   scrap,   etc., 

including  unbolting  of  old   rail    .  .       .7,r> 


Total,    per    ton    $9.05 
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Method  Utilizing  Machinery. — With  this  work  a  number  of  foremen  are 
the  utilization  of  machinery  the  available,  thus  giving  better  super- 
cost  is  reduced  considerably  and  men  vision  and,  as  they  have  their  own 
are  in  better  condition  for  the  fol-  men»  better  results  are  secured, 
lowing  day  as  the  heavy  duties  are  Costs.— The  cost  for  doing  work  in 
reduced.  New  rail  and  material  are  this  manner  was  as  follows: 
unloaded  in  the  usual  manner.  Pre-  Per  ton. 
liminary  work,  such  as  distributing  Unloading  new  rail,  material,  etc..  $0.55 
material  to  points  opposite  where  it  Preliminary  work,  scoring  ties,  dis- 
goes,  scoring  ties  in  order  to  roll  rail  o"heUr  Sfi^etc  '  ^"^  eVeiT  28 
properly  and  in  some  cases  pulling  Putting  in  the  rail,  which 'included 
some  of  the  crowded  spikes,  should  be  the  whole  operation  and  also  in- 
done  with  a  small  gang  previous  to  eluded  cost  of  engineers,  fuel,  etc., 
the  dflv  that  thP  rail  i«  lair?  Tho  mor,  cleaning  up  and  picking  up  the 
me  aay  tnat  tne  rail  is  laid.     The  men  old    rail    and    signal    department 

should    be    organized   and    each   gang  work,  drilling  and  bonding   3.80 

given  a  certain  duty  to  perform.     On  -.. 

the   day  set  aside   to   lay  rail  every-  * 

thing  should  be  ready.  Steam  cranes  0n  a  test  stretch  of  three  miles,  rail 
should  be  near  the  point  of  the  work  ■  was.  laid  at  a  cost  or  $1.55  per  ton,  or 
with  a  supply  of  coal  and  water,  the  $260.40  per  mile,  which  included  load- 
air  compressors  and  accessories  inS  a11  tne  old  material,  but  there 
should  be  close  by  and  in  shape  with  were  n»  delays  as  the  machinery 
supply  of  fuel  at  stations  along  the  worked  every  minute  and  at  times  rail 
stretch  where  the  rail  is  to  be  laid.  A  was  laid  and  completed  at  the  rate 
few  minutes'  delay  means  dollars  of  one  rail  every  25  seconds, 
when   a  large  gang  of  men  are  held 

^*  Cost  of  Passenger  Transport  by  Air- 

The  following  is  a   line-up   of  men  lane  and  h     Rail 

and  gangs    (for  one  rail)    which  has  p                   y 

worked  out  well:  In  a  paper  presented  Dec.  5  at  the 

12  men  pulling  spikes  annual  meeting  of  the  American   So- 

7  men  throwing  out  old  rail  ciety  of  Mechanical  Engineers,  Archi- 

12  "fd11  f4zing*  P]u&&ins  and  taking  off  bald    Black,    Consulting    Aeronautical 

4  menacing  new  plates  on  ties  Engineer,     stated     that     aircraft     de- 

10  men   assisting   hoist  set  new   rail   in  signed    for    commercial    purposes    and 

and  spiking  same  for  hoist  to  pass  fully  loaded  can  be  operated  conserv- 

9  Sen  putting  on  angle  bars  and  start-  ativ.ely  at  a  to}al  .?0St  of K00?^tc°  °-°?2 

ing  nuts  on  bolts  cent  per  pound-mile  or  about  6.5  cents 

4  men  running  pneumatic  nut-runners  per  passenger-mile,  not  including  the 

45  mln  esnpTk1ng0lcomplete  cost    of    obtaining    the    business.      He 

10  men  tightening  bolts  behind  nut-run-  gave    the    following    interesting    com- 

_  ners         .  parison  of  the  cost  of  a  trip  from  New 

12  SI"  5£rtEM"oS:nSM  ■£,,„  York  to  Chicago  by  air  transport  and 

4  men    running   pneumatic    nut-runners  by   rail: 

a%B^2&£i*8kW.  angle  bars,  "The  d!sta™e  fr°m  New  York  to 
scrap,  etc.,  and  cleaning  up  behind  Chicago,  IS  908  miles  on  the  Penn- 
on a  work  train  sylvania  R.  R.  or  about  700  miles  in 
^6  total  a  straight  line,  a  flying  distance,  say, 

of  from   750    to   800   miles.     Were   it 

The  above  organization  is  only  one  possible  to  load  the  airplane  fully  on 

side  and   if  men  and  machinery  are  each  trip,  the  operating  cost  would  be 

available     this     line     up     should     be  6-5  ct  per  passenger-mile  or  $48.75  to 

doubled  to  take  care  of  both  rails  at  $52    per    passenger.      This    compares 

the  same  time  while  holding  down  a  with   the   railroad   rate   of   $51.30,   in- 

track.    The  above  line  up  for  one  side  eluding  fare,  excess  fare,  and  pullman. 

includes  a  steam  hoist,  two  tamping  Allowing  for  the  trip  to  and  from  the 

compressors,    to    run    the    pneumatic  fieids,  as  well  as  an  intermediate  stop, 

nut     runners,     two     air,     rail-loading  the  time  by  air  wouid  average  about 

machines,  and  a  work  train.    In  addi-  9   hours  as   against  20  hours   by  the 

tion  to  the  above,  if  territory  is  bond-  Pennsylvania     Railroad's     "Broadway 

ed  for  signal  circuit,  one  more  tamp-  Limited."     The   only  reason   why  we 

ing  machine  should  be  added  to  each  cannot  carry  passengers  at  such  rates 

side  for  pneumatic  air  drills.  to-day  is  that  it  costs  too  much  to  get 

By  using  section  gangs  to  assist  in  the  business." 
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Vehicular  Tunnel   Shaft's   Deep   Foundation 


Steel  and  Concrete   Foundations   to  Support  a   15,000,000-lb.   Load, 
Built  Deep  in  Mud  70  Ft.  Below  the  Bottom  of  the  River  40 
Ft.  Deep.    Sectional  Hollow  Steel  Cylinders  Driven  into  the 
Solid  Rock  250  Ft.  Below  the  Surface  to  Carry  the  Fu- 
ture Tunnel  Tubes  and  Shafts,  and  Cut  Off  Deep 
in  the  River  Bottom  Mud 

By  FRANK  W.   SKINNER, 

Consulting  Engineer,  New  York  City. 


Just  inside  the  New  Jersey  pier-head 
line  two  29%-ft.  diameter  cast  iron 
tubes  of  the  vehicular  tunnel  under 
the  Hudson  river  from  New  York  to 
Hoboken  at  their  center  lines  are 
about  40  ft.  apart  and  59  ft.  below 
high  water  level  and  will  pass  through 
two  37%x50-ft.  concrete  ventilating 
shafts  lliy2  ft.  high  which  will  extend 
up  through  mud  and  water  and  to  a 
height  of  5  ft.  above  the  surface  of 
the  river. 

The  tunnel  tubes  will  be  located 
in  mud  and  silt  and  will  here  be 
slightly  inclined  from  the  horizontal 
with,  their  lowest  point  about  89  ft. 
below  main  high  water  level  and 
about  50  ft.  below  the  original  bottom 
of  the  river.  The  tubes  will  enter  the 
opposite  walls  of  both  shafts  which 
will  have  been  previously  built  with 
massive  domed  concrete  bottoms  and 
with  concrete  walls  6*£  ft.  thick,  faced 
inside  and  outside  with  steel  plates. 

Each  shaft  will  weigh  about  15,000,- 
000  lbs.  and  it  is  the  belief  that  the 
compact  silt  under  the  river  bottom 
is  hard  enough  and  tough  enough  to 
support  the  shafts  and  tunnel  tubes 
without  material  settlement.  If,  how- 
ever, irregular  settlements  should 
occur,  or  if  either  of  the  tubes  or 
shafts  should  be  displaced  after  con- 
struction, or  if  the  construction  of  one 
tube  or  shaft  should  affect  the  other 
or  cause  a  movement  in  the  river 
bottom,  or  if  one  shaft  should  be  dis- 
placed after  the  tunnel  connection  is 
made,  the  results  might  be  extremely 
disastrous.  In  order  to  preclude  such 
a  possibility,  it  was  decided  to  make 
the  shafts  support  the  adjacent  por- 
tions of  the  tunnel  and  to  support  the 
shafts  themselves  on  absolutely  rigid 
foundations  carried  down  in  advance 
about  150  ft.  below  the  bottom  of  the 
tunnel  to  bearings  on  the  solid  rock 
which  preliminary  exploration  borings 
had  shown  to  have  an  irregular  sur- 
face covered  with  gravel,  silt  varying 
from  hard  and  dense  to  soft  and  about 


10  ft.  of  river  mud,  and  water  40  ft. 
deep  at  high  tide  when  it  has  a  maxi- 
mum current  of  about  5  miles  per 
hour. 

Why  Usual  Foundation  Methods 
Could  Not  be  Used.— Heretofore  no 
foundation  has  been  carried  down  to 
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Sectional    Elevation   of  Ventilation    Shaft 
and    Deep   Steel    Pile   Foundation. 

nearly  so  great  a  depth  under  such 
conditions  and  the  problem  encoun- 
tered was  one  of  great  difficulty  for 
which  no  equivalent  precedent  existed 
and  the  solution  of  which  might  well 
be  expected  to  be  very  slow,  danger- 
ous and  costly.  The  usual  methods  of 
constructing  deep  submerged  founda- 


136 


Railways  Monthly  Issue  of 


January, 


tions  are  with  caissons,  cofferdams, 
and  piles.  The  depth  below  water 
level,  of  the  rock,  is  far  too  great  for 
the  pneumatic  caisson  method  which 
is  substantially  the  use  of  great  driv- 
ing bells,  because  the  air  pressure 
necessary  would  be  more  than  double 
the  50  lb.  per  square  inch  that  repre- 
sents about  the  limit  for  human  en- 
durance. 

The  open  caisson  method  by  build- 
ing the  pier  above  the  surface  of  the 
water  and  sinking  by  undermining 
with  dredges  working  through  open 
wells  left  in  the  masonry  is  here  im- 


age and  resourcefulness  and  was  final- 
ly solved  by  the  adoption  of  the  pile 
type  of  foundations,  the  design  of 
special  piles,  and  the  development, 
for  their  installation,  of  ingenious 
methods  and  operations  which  have 
proved   eminently  successful. 

Each  of  the  two  shafts  will  be  sup- 
ported on  42  piles  24  in.  in  diameter 
and  from  about  150  to  160  ft.  in  length, 
made  from  extra  heavy  steel  pipe 
strengthened  with  an  interior  frame- 
work of  steel  bars  extending  the  full 
length  and  solidly  imbedded  in  the 
concrete  filling  of  the  pipe.    The  piles 


Group   of    Drilling    Machines   Sinking    and   Concreting    Hollow    Steel    Piles    up 
to   250   ft.    in    Length. 


practicable  on  account  of  the  tremen- 
dously increased  frictional  resistance 
encountered  to  sinking  at  great 
depths,  and  for  other  reasons.  Ordi- 
nary piles  would  be  entirely  inade- 
quate for  the  service,  and  could  not 
be  driven,  under  these  con,dition£, 
to  the  great  depth  required.  No 
examples  are  recorded  of  driving 
piles  with  lengths  necessary  for  this 
work,  and  none  have  ever  been  driven 
under  such  difficult  conditions  or  to 
such  enormous  depths. 

The  problem  demanded  great  cour- 


have  in  short  lengths  a  crushing 
strength  of  about  2,600,000  lbs.  which 
is  much  greater  than  the  bearing 
strength  of  the  rock  itself.  The  tops 
of  the  piles  will  eventually  penetrate 
and  be  rigidly  connected  to  the  bot- 
toms of  the  shafts  which  they  support 
Driving  the  Piles. — Operations  were 
commenced  by  the  construction  of  a 
long  and  narrow  two-story  service 
platform  extending  from  the  shore 
line  to  the  shaft  site  where  it  con- 
nects with  a  pair  of  50xl00-ft.  work- 
ing platforms  on  opposite  sides  of  the 
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two  shafts.  The  working  platforms 
are  connected  by  cross  platforms  en- 
closing open  spaces  in  which  the 
foundation  piles  are  driven.  A  grid- 
iron of  steel  girders  is  rigidly  secured 
to  the  working  platforms,   and  holds 
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tween  the  gridiron  girders  and  low- 
ered to  the  bottom  of  the  river  where 
it  generally  penetrates  the  soft  mud 
15  to  20  feet  by  its  own  weight  and  is 
carefully  centered  within  2  in.  of  re- 
quired position  by  wedging  against 
the  steel  girders.  Sometimes  a  pile 
can  be  accurately  set  and  secured  in 
a  few  minutes  and  sometimes  the 
force  of  the  tide  swings  it  so  badly 
that  repeated  efforts  are  necessary 
and  it  may  take  several  hours  to  get 
it  exactly  right.  The  hard  mud  and 
silt  inside  the  pipe  is  loosened  by  a 
3,000-lb.  oil  well  driller's  bit  that  is 
churned  up  and  down  about  3  ft.  for 
half  an  hour,  and  the  soft  mud  and 
water  are  bailed  out,  after  which  the 
churning  is  resumed  and  alternates 
with  the  bailing  until  a  hole  about  20 


Detail  of  Foundation   Pile. 

the   piles    securely   in   position   while 
they  are  being  driven. 

The  pipes  are  received  in  20-ft. 
lengths,  each  weighing  about  3,100 
lb.,  with  a  permanent  sleeve  about  8 
in.  long  screwed  on  one  end  and  a 
light  temporary  ring  screwed  on  the 
other  end  to  protect  the  threads.  The 
ends  of  the  pipes  are  very  accurately 
cut  so  that  when  screwed  together 
and  tested  at  the  factory  they  form 
close  joints  that  do  not  leak  under  a 
test  pressure  of  500  lb.  per  square 
inch,  a  requirement  that  afterwards 
was  reduced  to  150  lb.  allowing  a  little 
more  clearance  in  the  screw  threads 
and  making  the  field  work  much 
easier. 

The  pipe  sections  are  delivered  as 
required  on  the  working  platforms 
•and  three  of  them  are  coupled  to- 
gether by  their  sleeves  and  screwed  Bailing  Mud  and  Water  Out  of  Deep 
up  until  the  ends  of  the  pipes  meet  in 
the  middles  of  the  sleeves,  and  a 
heavy  reinforcement  ring,  forming  a 
cutting  and  bearing  edge,  is  screwed 
to  the  lower  end  of  the  pipe  which  is 
lifted,  set  in  the  proper  position  be- 


24- 


in.    Hollow    Pile   with    Long,   Slender 
Cylindrical     Bucket. 

ft.  deep  has  been  dug  below  the  bot- 
tom of  the  pipe.  Another  20-ft.  sec- 
tion of  pipe  is  then  carefully  screwed 


(ii) 


Railways  Monthly 'Issue  of 


January, 


to  the  upper  end  of  the  pipe  in  posi- 
tion, which  with  this  added  weight, 
usually  sinks  immediately  to  the  bot- 
tom of  the  hole,  after  which  the 
churning  and  bailing  is  repeated,  and 
the  pipe  is  continuously  sunk  at  an 
average  rate  of  about  20  ft.  in  8  hours. 


Scale 


~to  Battery 


--I 


i    *4 


Tube 


Plumb  Bob 
'k'Clearvnce 


-Contact 


Method    of    Testing    Verticality    of    24- In. 
Pipe. 

Plumb  bob  is  moved  until  disc  makes 
contact  at  C;  wire  is  shifted  until  it  hangs 
clear  of  tube  and  cuts  off  light.  Then  in- 
clination of  -pipe  is  determined  from  re- 
corded distances  D  and  A. 

About  thirteen  20-ft.  sections  -of 
pipe  are  required  for  each  pile  and 
the  last  two  or  three  sections  gen- 
erally require  to  be  driven  by  the  bit 
or  by  the  3,000-lb.  drop  hammer  to 
force  them  to  the  bottom  of  the 
deepest  hole.  After  the  pipe  takes 
bearing  on  the  surface  of  the  rock, 
the  hole  is  drilled  into  the  rock  about 
a  foot  below  the  bottom  of  the  pipe 
and  the  water,  mud  and  broken  rock 
are  pumped  out. 

.  The  churning  and  bailing  are  done 
by  five  steam  driven  oil-well  derricks 
mounted  on  wheels,  that  are  installed 
on  the  working  platform.  Of  these 
four  large  ones  are  used  for  simulta- 
neously handling  pipes  and  bits,  and 
the  fifth,  which  is  smaller,  is  used 
chiefly  for  bailing.  The  work  is  car- 
ried on  continuously   in  three  8-hour 


shifts  daily  and  the  best  record,  so 
far,  has  been  the  sinking  of  one  260- 
ft.  pile  to  a  penetration  of  about  100 
ft.  in  eight  8-hour  shifts.  Great  care 
is  taken  to  make  the  joints  tight  and 
to  keep  the  pipes  vertical,  and  accur- 
ate records  are  made  of  all  the  details 
of  progress.  It  is  not  permitted  to 
twist  the  lower  part  of  the  pipe  more 
than  two  revolutions  in  screwing  on 
the  successive  upper  portions,  for  fear 
of  weakening  the  lower  joints. 

Testing  Verticality  of  Pipe— To  de- 
termine any  minor  variations  from 
verticality  in  the  inaccessible  sub- 
merged portions  of  the  pipe  an  elec- 
tric apparatus  with  a  plumb  bob  is 
lowered  in  the  pipe  to  test  all  portions 
of  it  and  show  accurately  how  far  it 
may  be  out  of  vertical  at  any  point. 
The  plumb  bob  is  moved  transversely 
at  the  top  until  electrical  contact  is 
made  between  the  pipe  and  a  disc  at 
the  plumb  bob  level.    The  elevation  of 


^Twisting  Rope 


Reinforcement 


--Bucket  filled  with  Concr. 


Concreting  24-ln.   Pipe  Pile. 
As  bucket  is  raised  plug  drops  down  a 
few  inches  and  allows  concrete  to  escape. 

the  plumb  bob  and  the  position  of  the 
line  at  the  top  are  then  recorded,  and 
provide  data  from  which  the  displace- 


(12) 


1923 


Engineering  and  Contracting 


139 


ment  of  the  pipe  is  accurately  calcu- 
lated. So  far  it  has  seldom  exceeded 
12  in.  and  has  never  been  more  than 
24  in.,  a  maximum  which  only  once 
occurred  and  was  not  considered  in- 
admissible. 

Reinforcement  of  Pipe. — The  rein- 
forcement for  each  pipe  consists  of 
six  equi-distant  vertical  square  steel 
rods,  \y%  in.  from  the  inner  surface  of 
the  pipe,  that  are  bolted  together  in 
several  sections,  assembled,  and  se- 
curely fastened  on  the  working  plat- 
form. This  makes  a  flexible  frame- 
work 20  in.  in  diameter  and  about  150 
ft.  long,  which  is  lifted  by  the  derrick 
and  lowered  into  the  pipe  until  the 
bottom  rests  on  the  rock  and  the  bars 
are  accurately  centered  and  main- 
tained in  required  position  by  project- 
ing lugs  that  bear  against  opposite 
sides  of  the  pipe. 

As  several  days  often  elapse  be- 
tween the  sinking  of  the  pipe  and  its 
concreting,  a  large  amount  of  sedi- 
ment may  collect  in  the  pipe  which 
is  removed  before  the  reinforcement 
is  placed  there.  This  is  accomplished 
by  washing  out  with  water  delivered 
through  a  pipe  lowered  slowly  to  the 
bottom  of  the  pile.  This  pipe  is  pro- 
vided near  the  lower  end  with  a  wood- 
en disc  nearly  as  large  as  the  interior 
of  the  pipe,  so  that  discharge  flows  up 
around  the  edges  of  the  disc  with 
sufficient  force  to  wash  away  mud  or 
other  substances  adhering  to  the 
inner  surface  of  the  pipe.  After  3  or 
4  hours'  pumping  the  water  from  the 
pipe  flows  clear,  pumping  is  discon- 
tinued, and  the  reinforcement  unit  is 
placed  in  the  pile  as  already  de- 
scribed, and  is  embedded  in  plastic 
concrete  filling  the  pipe. 

Concreting.  —  Rich  concrete  mixed 
in  a  machine  installed  on  the  working 
platform  is  delivered  to  a  cylindrical 
bucket  14  in.  in  diameter  and  about 
8  ft.  long  that  is  lowered  on  the  center 
line  of  the  pile,  inside  the  reinforcing 
bars,  and  deposits  the  concrete  with- 
out injury  from  the  water  which 
would  tend  to  wash  out  the  cement 
and  weaken  the  concrete  if  it  were 
allowed  to  drop  freely  through  the 
water  which  may  fill  the  pipe. 

The  bucket  is  of  special  construc- 
tion having  the  top  closed  except  for 
a  hole  about  6  in.  in  diameter  through 
which  it  is  filled.  The  bottom  of  the 
bucket  has  a  10-in.  opening  closed  by 
a  conical  steel  plug  with  the  small 
end  up.  The  bucket  is  suspended  by 
one  line  passing  through  it  and  fas- 
tened   to    the   top    of  the    plug,    and 


another  line  attached  to  the  bail.  The 
bucket  is  lowered  until  the  plug  rests 
on  the  bottom  of  the  hole  or  on  con- 
crete already  deposited,  when  the 
plug  line  is  released  and  the  bucket 


Well    Diggers'    Bit    Used    for    Excavating 
Inside   24-ln.    Pipe. 
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is  lifted  by  the  bail  line  raising  it  a 
few  inches  above  the  plug  and  per- 
mitting the  concrete  to  escape  over 
and  around  the  plug  which  drops 
down  a  foot  or  more  below  the  bottom 
of  the  bucket  and  is  then  raised  with 
it,  thus  allowing  all  the  concrete  to 
be  deposited  in  position  without  wash- 
ing out  the  cement,  and  at  the  same 
time  automatically  spreads  it  around 
the  reinforcement  bars.     The  pipe  is 


Tool    Inserted   in  24-in.   Pile  to  Cut  Them 
Off  Accurately  at  Any  Required  Dis- 
tance  Below   Water   Surface   or 
Below    River    Bed. 

filled  with  concrete  up  to  a  height  of 
about  160  ft.  above  the  bottom  in 
from  4  to  6  hours. 

Cutting  Off  Steel  Piles  Far  Below 
the  River  Bottom. — After  the  pipe  is 
concreted  a  cutting-off  machine  with 


a  long  hollow  vertical  shaft  is  lower- 
ed in  it  to  exactly  the  right  position 
and  being  operated  by  4  men  with 
levers,  cuts  the  pipe  off  very  accurate- 
ly within  y±  in.  of  the  required  eleva- 
tion in  from  about  lxk  to  3  hours.  The 
machine  is  then  withdrawn  and  the 
upper  end  of  the  pipe  from  100  to  110 
ft.  long  is  removed  and  is  used  for  the 
lower  section  of  the  next  pile  driven. 
Sometimes  the  adhesion  of  the  pipe 
to  the  mud  and  silt  is  so  strong  that 
the  derrick  cannot  pull  it  unaided;  in 
that  case  it  is  cut,  tightly  capped,  and 
filled  with  compressed  air,  the  pres- 
sure of  which  at  a  maximum  of  100 
lb.  per  square  inch  is  sufficient  to 
detach  the  pipe  and  bring  it  rapidly 
to  the  surface. 

Pile  driving  was  commenced  Aug. 
14  and  on  Oct.  31,  30  of  the  42  piles 
under  the  north  shaft  had  been  driven 
to  rock  by  a  total  force  of  about  40 
men  working  continuously  in  8  and 
12-hour  shifts.  When  all  of  the  piles 
for  these  two  foundations  are  finished 
the  steel  and  concrete  shaft  caissons 
will  be  floated  to  position,  moored 
above  them,  and  sunk  by  the  pneu- 
matic process  until  the  pile  tops  are 
exposed  and  the  massive  concrete 
shaft  and  its  concrete  bottom  is  built 
around  and  above  the  tops  of  the 
piles,  sealing  the  caisson  and  complet 
ing  the  lower  part  of  the  shaft.  Mean- 
time the  piles  for  the  other  shaft  will 
be  driven,  the  caissons  sunk  above 
them  and  the  working  platform  com- 
pleted to  enclose  both  caissons  and 
surround  the  ventilating  shaft  that 
they  will  carry. 

The  construction  of  this  ventilating 
shaft  and  its  remarkable  foundation 
is  a  portion  of  contract  No.  4  for  the 
Jersey  division  of  the  tunnel  and  shaft 
which  on  May  15,  1921,  was  awarded 
to  Booth  &  Flinn  and  is  to  be  com- 
pleted July  1,  1925.  The  work  is 
designed  and  executed  under  the  di- 
rection of  the  New  York  and  New 
Jersey  state  bridge  and  tunnel  com- 
missions of  which  General  George  R. 
Dyer  and  Theodore  Boettger  are  re- 
spectively chairmen,  and  Clifford  M. 
Holland  is  chief  engineer. 


Highway  Engineers  Wanted. — The 
U.  S.  Civil  Service  Commission,  Wash- 
ington, D.  C,  announces  an  open  com- 
petitive examination  for  highway  engi- 
neer, $2,400  to  $3,000  a  year,  to  fill 
positions  in  the  Bureau  of  Public 
Roads,  Department  of  Agriculture,  for 
duty   in    the    field. 
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Present  Practice  in  Timber  Preservation   By  Chemical  Treatment 

Outlined  in  Paper  Presented  Dec.  12  Before  the 

New  England  Railroad  Club 

By  F.   C.    SHEPHERD, 

Assistant    Chief    Engineer,    Boston    & 
Maine    R.    R. 


We  have  today  gradually  reached 
the  point  where  the  supposedly  inex- 
haustible supply  of  timber  has  dwin- 
dled to  so  small  and  definite  a  quan- 
tity that  there  has  been  in  recent 
years  a  marked  increase  in  wood 
preservation  with  the  result  that  in 
1921  two  hundred  million  cubic  feet 
of  lumber  were  treated  as  a  preventive 
to  decay.  The  actual  amount  treated 
in  1921  was  three  times  the  amount 
treated  in  1909. 

The  railroads  are  today  the  largest 
users  of  treated  timber,  taking  over 
84  per  cent  of  the  output  of  the  wood 
preserving  plants  in  the  United  States, 
consisting  of  tie  and  railroad  timbers, 
and  the  quantity  of  such  material 
treated  is  increasing  each  year,  it  be- 
ing estimated  that  at  the  present  time 
out  of  approximately  one  hundred  mil- 
lion tie  renewals  annually,  over  50  per 
cent  of  them  are  treated  by  or  for  the 
various  railroads  before  installation 
into  their  tracks. 

Statistics  for  1921  show  that  55,383,- 
515  ties  were  treated  before  installa- 
tion in  the  track,  during  that  year, 
such  ties  being  yellow  pine,  oak. 
Douglas  fir,  Western  pine,  beech,  gum, 
tamarack,  birch,  maple,  elm  and  hem- 
lock. 

In  1908  the  committee  on  ties,  of  the 
American  Railway  Engineering  Asso- 
ciation, reported  that  "after  careful 
canvass  made  through  many  of  the 
railroads  in  the  country,  the  commit- 
tee finds  that  in  the  judgment  of  its 
members  about  87  per  cent  of  our  first- 
class  timber  is  destroyed  by  decay  and 
about  67  per  cent  of  the  softer  woods 
fail  from  the  same  cause. 

Cause  of  Decay  in  Timber. — Decay 
in  timber  is  due  to  the  action  of  low 
forms  of  plants  called  "fungi"  which 
feed  on  and  destroy  the  wood  tissues. 
To  preserve  wood  from  decay  it  is 
necessary  to  prevent  the  growth  and 
attacks  of  these  organisms.  In  order 
to  live  and  develop,  wood-destroying 
fungi  require  a  temperature  favorable 
for  growth  and  certain  amounts  of 
air,  moisture  and  food.    If  one  or  more 


of  the  four  essentials  is  eliminated, 
fungi  cannot  live  and,  as  far  as  decay 
is  concerned,  wood  will  remain  sound 
indefinitely.  The  basic  problem  in 
wood  preservation,  therefore,  is  to 
eliminate  one  of  the  four  essentials 
necessary  to  the  growth  of  the  fungi. 

Wood-destroying  fungi  require  but  a 
small  amount  of  air  and  thrive  at  tem- 
reratures  that  prevail  most  of  the 
year.  Prevention  of  decay  by  control 
of  air  supply  or  temperature  is,  there- 
fore, impracticable  except  in  the  case 
of  timbers  that  are  deeply  buried  in  the 
ground  or  continually  submerged  in 
water.  It  is  only  by  the  elimination 
of  one  of  the  other  two  essentials, 
moisture  and  food,  that  wood  may  te 
rendered  decay  proof. 

The  Principle  of  Modern  Wood 
Preservation. — Wood  under  roof  can 
be  kept  dry  enough  to  preVent  decay 
if  there  is  proper  ventilation.  In  the 
case  of  ties  elimination  of  moisture  is 
usually  impracticable.  The  most  ef- 
fective method  of  preventing  decay  in 
such  timbers  is  to  poison  the  food  sup- 
ply of  the  wood-destroying  fungi.  It 
is  upon  this  principle  that  modern 
wood  preservation  is  based,  the  prac- 
tice being  to  treat  the  wood  by  inject 
ing  a  toxic  chemical  which  renders  it 
poisonous  to  fungi.  An  effective  wood 
preservative  must  not  only  be  toxic 
against  fungi,  but  must  be  a  substance 
that  will  readily  penetrate  wood  and 
at  the  same  time  will  not  volatilize  or 
leach  out. 

The  principal  substances  which  have 
been  used  in  this  country  in  such 
preservation  work  have  been  chlorine 
of  mercury,  zinc  chloride  and  coal-tar 
creosote,  the  advantages  of  these  pre- 
servatives having  been  determined 
largely  by  the  question  of  initial  cost. 
While  the  wood  preserving  industry 
was  in  its  infancy  and  was  regarded 
as  a  somewhat  doubtful  undertaking, 
the  substances  usually  selected  were 
those  which,  were  obtainable  at  the 
lower  cost. 

Methods  of  Applying  Preservative 
Treatments. — The  methods  followed  in 
applying    preservative    treatments   to 
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timber   may   be   classified   into   three 
groups: 

1.  Surface  application,  or  the  coat- 
ing of  the  timber  with  preservative  by 
means  of  a  brush  or  spray. 

2.  Open  tank  treatments,  or  the  im- 
mersion of  the  timber  into  preserva- 
tive in  open  tanks. 

3.  Pressure  treatments,  or  the  im- 
mersion of  the  timber  into  closed 
tanks  or  cylinders  with  the  applica- 
tion of  pressure  above  atmospheric  to 
force  the  preservative  into  the  wood. 

The  application  of  the  preservative 
by  means  of  a  brush  or  spray  is,  of 
course,  the  simplest  and  cheapest 
method  of  treating  timber,  but  it  is 
the  least  effective.  It  can  be  used 
only  with  preservatives  of  the  oil 
class,  and,  at  best,  gives  but  slight 
penetration.  Such  method  is  confined 
largely  to  the  butt  treatment  of  poles 
and  posts,  and  is  usually  employed 
only  when  the  quantity  of  the  mate- 
rial to  be  treated  or  the  location  does 
not  warrant  the  installation  of  equip- 
ment for  treatment  of  a  more  efficient 
process. 

In  the  open  tank  treatment  several 
different  methods  are  employed  and 
varying  results  obtained.  The  mere 
dipping  of  the  material  into  the  pre- 
servative, as  practiced  in  the  butt 
treatment  of  poles  or  posts,  is,  of 
course,  an  improvement  over  the 
brush  or  spray  application.  A  more 
efficient  process  consists  of  a  pro- 
longed bath  in  heated  preservative, 
relying  on  the  absorptive  properties  of 
the  wood  to  secure  penetration.  This 
method  is  best  adapted  to  the  treat- 
ment of  small  quantities  of  timber  or 
for  use  with  a  preservative  that  is 
corrosive  to  iron.  It  is  a  rather  slow 
process  and  usually  expensive,  as  the 
quantity  of  material  treated  at  one 
time  is  small  and  as  the  preservative 
must  be  kept  hot  for  several  hours. 

The  open-tank  method  that  gives  the 
best  results  employs  the  pressure  of 
the  atmosphere  to  secure  penetration 
of  the  preservative.  The  material  is 
first  placed  in  a  bath  of  hot  preserva- 
tive for  several  hours.  This  results 
in  the  expansion  and,  to  some  extent, 
the  expulsion,  of  the  air  and  moisture 
in  the  wood. .  The  timber  is  then  either 
left  in  the  preservative,  which  is 
gradually  cooled,  or  is  transferred  to 
another  tank  containing  preservative; 
or  the  hot  preservative  is  removed 
and  the  tank  is  filled  with  cool  pre- 
servative. The  cooling  of  the  timber, 
effected  in  either  way,  causes  a  con- 
traction of  the  air  and  moisture  re- 


maining in  the  wood,  resulting  in  the 
preservative  being  drawn  into  the 
wood  in  a  larger  amount  and  to  a 
greater  depth  than  if  the  material  is 
simply  steeped  in  hot  preservative. 

It  is  evident  that  in  open  tank 
treatment  the  equipment,  as  well  as 
the  methods  used,  is  simple  and  of 
no  particular  interest,  and  it  is  only  in 
the  treatment  of  timber  under  pres- 
sure in  a  closed  cylinder  that  the 
methods  now  employed  are  interest- 
ing from  an  engineering  standpoint. 

The  Pressure  Treatment  Process. — 
The  pressure  process  has,  as  its  prime 
object,  first,  the  distribution  of  the 
preservative  throughout  the  wood  as 
uniformly  as  possible;  second,  the  se- 
curing of  an  absorption  of  a  sufficient 
quantity  of  the  preservative  to  insure 
the  results  desired.  The  essential 
feature  of  all  pressure  methods  is  the 
use  of  pressure  to  force  the  preserva- 
tive into  the  wood.  This  is  accom- 
plished in  several  ways,  the  kind  of 
wood,  the  use  for  which  it  is  intended, 
or  the  kind  of  preservative  used, 
making  it  necessary  or  advantageous 
to  vary  the  methods  employed.  The 
timber  is  treated  in  closed  retorts  or 
treating  cylinders  built  to  withstand 
a  pressure  of  250  lbs.  per  square  inch 
and  equipped  with  steam  coils  for 
heating  the  preservative. 

Pressure  treatment  may  be  grouped 
into  two  classes,  as  follows: 

(A)  Full-cell  process,  the  object  of 
which  is  to  fill  the  intercellular  spaces 
of  the  wood  as  completely  as  possible 
with  preservative. 

(B)  The  empty-cell  process,  the  ob- 
ject of  which  is  to  secure  as  thorough 
and  deep  a  penetration  as  possible 
with  the  use  of  a  minimum  quantity 
of   preservative. 

When  the  preservative  used  is  creo- 
sote the  full-cell  treatment  is  known 
as  the  Bethel  process;  when  zinc 
chloride  is  used,  as  the  Burnett  proc- 
ess, and  when  a  mixture  of  creosote 
and  zinc  chloride  is  the  preservative, 
as  the  Card  process.  In  all  three 
processes  the  methods  used  are  the 
same. 

The  Full-Cell  Process.— In  the  full- 
cell  process  the  timber  is  placed  in 
the  retort,  a  vacuum  is  drawn  and 
without  breaking  the  vacuum  the  re- 
tort is  completely  filled  with  the  pre- 
servative fluid.  The  vacuum  not  only 
accelerates  the  entrance  of  the  pre- 
servative into  the  retort,  but  also 
makes  it  possible  to  force  the  pre- 
servative into  the  timber  more  quick- 
ly and  with  less  pressure  than  is  the 
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case  when  the  preservative  must  dis- 
place or  compress  the  air  in  the 
wood.  After  the  retort  is  filled  addi- 
tional preservative  is  forced  into  the 
cylinder  by  means  of  pressure  pumps, 
the  pressure  being  gradually  raised  to 
and  maintained  at  125  to  180  lb.  per 
square  inch,  until  the  required  amount 
of  preservative  has  been  forced  into 
the  wood.  The  pressure  is  then  re- 
leased, the  preservative  drawn  from 
the  cylinder,  and,  as  a  rule,  another 
vacuum  is  drawn,  the  object  of  this 
final  vacuum  being  to  remove  the  sur- 
plus preservative  so  that  the  timber 
can  be  removed  from  the  cylinder  as 
soon  as  possible. 

In  the  empty-cell  process  no  prelim- 
inary vacuum  is  employed,  and  to  en- 
ter the  wood  the  preservative  must 
therefore  displace  and,  to  some  ex- 
tent, compress  the  air  in  the  wood. 

The  Empty-Cell  Process. — There  are 
two  empty-cell  treatments,  one  known 
as  the  Lowry  process  and  the  other 
as  the  Rueping  process.  The  differ- 
ence between  these  two  is  that  in  the 
Rueping  process  the  entrance  of  the 
preservative  into  the  wood  is  further 
retarded  by  subjecting  the  timber  to  an 
initial  air  pressure  of  from  50  to  75 
lb.  per  square  inch,  after  which  the 
preservative  is  forced  into  the  cylin- 
der at  a  higher  pressure.  After  treat- 
ing cylinder  is  filled  the  procedure  in 
both  empty-cell  processes  is  practi- 
cally the  same  as  in  full-cell  treat- 
ments, except  that  the  final  vacuum  is 
held  longer.  The  results  obtained, 
however,  are  quite  different,  as  in  the 
two  empty-cell  treatments  the  release 
of  the  pressure  and  the  removal  of  the 
preservative  from  the  retort  permits 
the  expansion  of  the  air  compressed 
in  the  wood.  The  effect  of  the  final 
vacuum  is  to  cause  further  expansion, 
and  to  some  extent,  expulsion  of  the 
air  in  the  wood  and  a  corresponding 
expulsion  of  a  portion  of  the  pre- 
servative that  was  forced  in  during 
the  pressure  treatment.  The  result  is 
a  thorough  penetration  with  a  mini- 
mum amount  of  preservative.  Empty- 
cell  methods  are  used  almost  entirely 
with  creosote  and  in  treating  timbers 
which  do  not  require  the  complete 
filling  of  the  interstices  of  the  wood. 
The  cost  of  such  a  treatment  is  con- 
siderably less  than  by  full-cell  proc- 
esses, as  from  25  to  40  per  cent  less 
preservative  is  required. 

Natural  or  Open-Air  Seasoning. — 
Freshly  cut  green  ties  and  timbers 
contain  a  large  quantity   of  water,  a 


considerable  part  of  which  must  be 
removed  before  the  timber  can  be 
propertly  treated  with  preservative. 
The  removing  of  this  water  is  called 
"seasoning."  Seasoning  not  only  pre- 
pares timber  for  its  injection  with 
preservatives,  but  also  increases  its 
strength,  stiffness  and  hardness,  re- 
duces its  weight  and  renders  it  tess 
likely  to  check  and  warp  when  put  in 
use. 

The  methods  of  seasoning  may  be 
grouped  into  two  general  classes,  (1) 
natural  or  open-air  seasoning,  and  (2) 
artificial  methods  including  kiln  dry- 
ing, seasoning  in  saturated  steam  and 
seasoning  in  hot  oil.  Kiln  drying  is 
employed  in  seasoning  the  finer  grades 
of  lumber,  but  is  rarely  used  in  pre- 
paring timbers  and  ties  for  treatment 
with  preservative.  Seasoning  in  sat- 
urated steam  or  hot  oil  is  used  when 
ties  and  timbers  must  be  treated  be- 
fore they  can  be  properly  air  seasoned 
and  in  localities  where  air  seasoning 
is  difficult  or  unsafe. 

Air  seasoning  is  a  safe,  economical 
and  very  effective  method  of  prepar- 
ing ties  for  treatment  and  is  tlie 
method  commonly  used  in  the  United 
States  with  the  exception  of  some  of 
the  districts  in  the  South  where  con- 
ditions are  such  that  ties  are  likely 
to  be  damaged  by  decay  before  they 
can  be  seasoned.  Air  seasoning  is 
accomplished  by  exposing  timber  to 
the  sun  and  wind.  As  soon  as  timber 
is  cut  it  immediately  begins  to  lose 
water  by  evaporation  and,  if  the  tim- 
ber is  properly  exposed,  this  evapora- 
tion will  continue  until  the  moisture 
content  of  the  wood  reaches  an  equi- 
librium with  atmospheric  moisture 
when  the  timber  is  said  to  be  air  sea- 
soned. 

Ties  should  be  peeled,  that  is,  the 
bark  removed,  before  they  are  treated 
and,  except  under  unusual  conditions, 
before  they  are  stacked  for  seasoning. 
In  most  cases  peeling  should  be  done 
as  soon  as  possible  after  the  ties  are 
cut,  in  order  to  save  freight  and  pre- 
vent deterioration. 

Artificial  Methods  of  Seasoning.— 
When  there  is  not  sufficient  time  for 
proper  air  seasoning  or  the  conditions 
are  such  that  ties  cannot  be  air-dried 
without  danger  of  deterioration,  the 
process  of  seasoning  in  saturated 
steam  is  often  employed.  The  ties 
are  placed  m  the  treating  cylinder  and 
live  steam  introduced  until  the  pres- 
sure is  raised  to  about  twenty  pounds. 
This    pressure    is    maintained    for    a 
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period  of  from  two  to  five  hours,  de- 
pending on  the  kind  of  wood  and  its 
condition.  After  the  steam  pressure 
is  released  the  temperature  in  the 
cylinder  is  maintained  by  means  of 
heating  coils  and  a  vacuum  of  from 
21  to  24  in.  is  created  and  held  for 
from  one  to  two  hours  to  exhaust  the 
vaporized  moisture. 

Steaming  carries  with  it  the  danger 
of  injury  to  the  wood.  If  the  pressure 
employed  is  too  high  or  of  too  long 
duration,  serious  checking  and 
marked  decrease  in  the  strength  of 
the  wood  may  result.  Steaming  does 
not  dry  the  wood  and,  under  some  con- 
ditions, increases  the  moisture  con- 
tent. It  should  not,  therefore,  be  em- 
ployed when  ties  are  to  be  treated 
with  creosote  unless  the  ties  cannot 
be  air  seasoned.  For  seasoning  ties 
to  be  treated  with  zinc  chloride  solu- 
tion, steaming  is  not  so  objectionable 
and  is  quite  often  employed  to  make 
possible  the  thorough  treatment  ot 
partly  seasoned  ties. 

Seasoning  in  oil  is  employed  on  the 
Pacific  Coast  in  connection  with  the 
treatment  of  Douglas  fir.  The  ties  are 
placed  in  the  treating  cylinder  and 
creosote  oil  admitted  until  the  ties  are 
submerged,  the  temperature  of  the 
oil  raised  and  maintained  at  from  220 
to  260°  F.  This  gradually  vaporizes 
the  water  in  the  wood.  To  properly 
oil-season  ties  requires  from  12  to  20 
hours,  and  the  process  is,  therefore, 
a  rather  expensive   operation. 

Preventing  Checking  of  Ties. — Ties 
cut  from  most  woods  have  a  tendency 
to  check  while  seasoning,  the  check- 
ing being  caused  by  the  outside  of  the 
tie  drying  faster  than  the  inside. 
After  a  time  the  surface  will  shrink 
until  it  can  no  longer  extend  around 
the  comparatively  moist  interior  and 
so  will  be  drawn  apart  in  checks. 
Excessive  checking  can  be  controlled 
and  prevented  by  proper  piling  and 
the  use  of  "S"-irons.  Where  the  end 
of  a  tie  shows  a  well  defined  initial 
check,  "S"-irons  or  other  similar  de- 
vices should  be  driven  across  the 
check  in  the  end  of  the  tie  to  prevent 
splitting  during  seasoning  or  after 
treatment.  The  commonly  used  type 
of  "S"-iron  is  made  from  strips  of 
steel  ys  inch  thick  ajid  %  inch  wide, 
beveled  on  one  edge  and  bent  in  the 
form  of  the  letter  "S,"  four  to  six 
inches  in  length  over  all. 

Checking  of  some  hardwood  ties, 
particularly  ash,  oak,  hickory  and 
beech,  may  result  in  the  splitting  of 
the  end  of  the  tie.    When  this  occurs 


the  tie  may  be  salvaged  and  made 
serviceable  by  bolting.  The  split  end 
is  drawn  together  in  a  large  clamp 
and  a  bolt  inserted. 

Warping  or  twisting  of  timbers  dur- 
ing seasoning  is  due  to  unequal 
shrinkage  in  different  parts  of  the 
stick.  Switch  ties  and  long  timbers 
cut  from  some  hardwoods  are  very 
apt  to  warp  and  twist  if  not  properly 
piled,  but  in  cross  ties  this  condition 
rarely  becomes  serious  enough  to  be 
objectionable. 

The  Principal  Preservatives. — The 
principal  preservatives  in  use  at  the 
present  time  are  zinc  chloride  and 
creosote  oil. 

The  zinc  chloride  is  a  metallic  salt, 
containing  little  free  acid,  not  more 
than  a  trace  of  iron  and  about  94  per 
cent  of  soluble  chloride  of  zinc.  It  is 
placed  on  the  market  in  drums,  hold- 
ing 1,000  pounds  each,  of  concentrated 
zinc  chloride  or  as  a  52  per  cent  so- 
lution in  tank  cars. 

Creosote  is  a  dead  oil  of  coal  tar 
and  that  portion  of  coal  tar  which  dis- 
tills between  200°  and  355°  centigrade, 
and  which  is  sometimes  mixed  with 
residual  oils  from  the  manufacture  of 
crude  carbolic  acid,  naphtolene  and 
Anthracene.  The  specific  gravity 
ranging  from  1.011  to  1.1. 

Zinc  chloride  is  manufactured  in 
the  United  States,  but  there  is  not  suf- 
ficient creosote  oil  manufactured  here 
to  supply  the  demand,  and,  conse- 
quently, it  is  necessary  to  secure  the 
additional  supply  from  Europe.  The 
foreign  creosoting  oil  is  delivered  in 
tank  steamers  in  quantities  of  from 
750,000  to  1,000,000  gal.,  at  tempera- 
tures ranging  between  100°  to  120°  F. 

In  the  earlier  periods  of  wood  pre- 
serving in  this  country  the  chief  ma- 
terial employed  was  zinc  chloride,  but 
since  1900,  with  the  gradual  demand 
for  obtaining  a  longer  service  from 
treated  timber  and  with  the  improve 
ments  in  creosoting  methods  through 
the  development  of  the  Lowry  and 
Rueping  processes,  there  has  resulted 
a  more  extensive  use  of  creosote,  anl 
it  is  now  generally  considered  that 
coal  tar  creosote  is  the  best  preserva- 
tive for  wood,  this  belief  being  based 
on  long  experience  obtained  both  in 
Europe  and  in  this  country. 

Merits  of  Zinc  Chloride  and  Creo- 
sote.— As  to  the  merits  in  the  use  of 
zinc  chloride  or  of  creosote  the  follow- 
ing conclusions  submitted  by  the  com- 
mittee on  wood  preservation  of  the 
American  Railway  Engineering  Asso- 
ciation in  1919  sums  up  the  general 
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aspects  of  the  preservative  situation 
as  obtained  by  them,  after  consider- 
able study: 

1.  That  creosote  is  the  best  timber 
preserving  agent  known  for  all  pur- 
poses and  by  reason  that  its  composi- 
tion is  not  affected  by  either  rainfall 
or  temperature,  and  in  addition  has 
a  lubricating  effect  on  the  wood  which 
diminishes  the  injury  due  to  mechan- 
ical wear,  and  this  combination  of 
qualities  places  it  at  the  head  of  all 
treating  preservatives. 

2.  That  where  for  economic  rea- 
sons creosote  oil  is  not  available  or 
other  conditions  of  maintenance  will 
not  justify  the  expense  for  creosote 
treatment,  the  adoption  of  zinc  chlo- 
ride is  without  question  justified  in 
the  treatment  of  ties.  Climatic  con- 
ditions will  go  further  in  determining 
the  economy  of  this  treatment  than 
in  any  other,  and  as  one  can  unques- 
tionably figure  on  doubling  the  life  of 
the  untreated  timber  by  its  use  and 
in  dry  climates  this  life  will  undoubt- 
edly be  extended. 

3.  That  in  localities  where  rainfall 
is  excessive  and  with  a  humid  atmos- 
phere where  good  zinc  chloride  treat- 
ment would  be  unfavorably  influenced 
by  leaching,  and  in  any  climate  where 
checking  of  the  timber  is  likely  to 
be  excessive,  or  mechanical  abuse  of 
the  fibre  is  extreme,  and  it  is  not  con- 
sidered possible  to  secure  a  straight 
creosote  treatment,  the  introduction 
of  some  lubricating  agent  with  zinc 
chloride  will  have  a  beneficial  effect 
in  retarding  the  destruction  of  the  tim- 
ber from  the  above  causes. 

A  fair  comparison  of  the  merits  of 
these  two  materials  may  be  briefly 
stated  in  the  fact  that  untreated  ties 
ordinarily  giving  6  to  7  years'  life 
will  give  from  10  to  12  years'  life 
treated  with  zinc  chloride  and  from 
15  to  20  years'  life  treated  by  creosote. 

As  to  the  value  of  the  various  creo- 
soting  methods,  that  is  Bethel,  Lowry 
and  Rueping,  it  is  evident  that  any  of 
these  processes  will  give  an  equal  life 
to  ties  and  timber  so  that  the  final 
comparison  is  the  cost  or  the  least 
amount  of  creosoting  oil  actually  re- 
tained by  the  timber,  with  the  sap 
wood  completely  penetrated  and  with 
some  penetration  of  the  heart  wood, 
the  result  being  that  we  gradually 
eliminate  down  to  the  Lowry  and 
Rueping  processes  and  at  this  point 
reach  a  probable  equal  result  as  to 
methods. 

Treating  Plants. — A  typical  treating 
plant   includes:    (1)    a  yard   for   stor- 


age, seasoning  and  handling  of  ties 
and  timbers;  (2)  a  boiler  plant  for 
furnishing  steam  for  heating  and 
treating  cylinders  and  tanks  and  for 
the  treatment  of  timber  with  live 
steam  and  for  furnishing  power;  (3) 
tanks  for  the  storage,  measuring  and 
mixing  of  preservatives;  (4)  a  treat- 
ing building  containing  retorts  or 
treating  cylinders  and  equipment  for 
conducting  the  different  steps  of  the 
treating  operation;  and  (5)  where 
possible  a  plant  for  the  adzing  and 
boring  of  cross  ties  and  timbers  be- 
fore treatment. 

A  plant  designed  for  the  handling 
of  1,000,000  ties  per  year  will  require 
an  area  of  possibly  50  to  75  acres, 
preferably  extending  a  distance  of 
some  5,000  ft.  along  the  line  of  the 
railroad.  Storage  yards  where  timber 
and  ties  are  seasoned  for  treatment 
should  be  located  so  as  to  secure  the 
full  benefit  of  prevailing  winds  and 
should  be  on  firm,  well-drained  ground 
which  should  be  kept  free  from  bark 
or  scraps  of  wood,  both  to  reduce  the 
chances  of  infection  and  lessen  the 
fire  hazard.  Such  a  yard  should  have 
a  storage  capacity  equal  at  least  to 
the  capacity  of  the  treating  cylinders 
for  a  minimum  seasoning  period. 

To  facilitate  operation  and  to  secure 
the  best  seasoning  results,  the  yard 
should  be  divided  into  sections,  each 
of  which  should  contain  ties  or  tim- 
ber that  would  become  seasoned  at 
about  the  same  time. 

Ties  and  timber  are  unloaded  direct 
from  incoming  cars  to  the  storage 
piles  and,  when  ready  for  treatment, 
are  loaded  on  to  tram  cars  holding 
usually  from  50  to  75  ties,  which  run 
directly  into  the  cylinders  in  the 
treating  plant.  These  tram  cars  are 
either  narrow  or  standard  gage,  the 
narrow  gage  trams  requiring,  of  course, 
a  second  set  of  tracks  or  third  rail 
combination  and  narrow  gage  equip- 
ment for  handling  the  same,  while 
with  the  standard  gage  trams  it  is 
unnecessary  to  provide  for  a  second 
set  of  tracks  and  one  locomotive 
therefore  may  serve  not  only  the  stor- 
age yard,  but  the  treating  plant. 

The  treating  cylinders  are  usually 
7  ft.  in  diameter  for  the  narrow  gage 
trams,  and  7%  ft.  in  diameter  for  the 
standard  gage  trams,  these  cylinders 
usually  being  from  80  to  150  ft.  in 
length,  so  that  a  single  charge  for 
treatment  of  ties  will  carry  from  600 
to  1,000  ties. 

The  average  time  required  for  the 
treatment  of  ties  is  from  4  to  6  hours. 
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After  the  treatment  the  ties  are  then  be  done  before  treatment,  as  this  not 

moved  on  the  tram  cars  to  a  loading  only  makes   it  unnecessary  to  break 

track,  where  they  are  loaded  directly  the  seal  formed  by  the  preservative, 

into  gondola   cars  and  shipped  away  but  results  in  a  more  thorough  treat- 

for  use  or  for  storage  along  the  right  ment  as  the  framing  and  boring  facil- 

of  way  of  the  railroad.  itates   the   entrance   of   the  preserva- 

An  effective  and  economical  timber  tive. 

treatment  requires  that  the  amount  of  The  practice  of  adzing  ties  to  give 

preservative   retained   be    within   cer-  a  uniform  bearing  surface  for  the  rail 

tain  limits.     To  insure  such  retention  or    tie    plate   and    boring   to    increase 

the  injection  of  the  preservative  must  the     holding    power    of    spikes    does 

be  carefully  controlled  and  the  amount  much  to  lessen  the  mechanical  wear 

retained  after  completion  of  the  treat-  and    is   being    generally    adopted    by 

ment  must    be    accurately    measured.  railroads  and   other  users  of  treated 

The   supply   tanks    from'    which    the  ties.     By   the  use  of  modern  tie-pre- 

preservative  is  forced  into  the  treat-  paring  machines  such    work    can    be 

ing  cylinders  are  mounted  on   scales  done  at  the  treating  plant  much  more 

and  readings   in  pounds   taken   direct  quickly,  cheaply  and   accurately  than 

from    the    scale    beams    during   treat-  by  hand,  and  on  this  basis  it  is  recog- 

ment.  nized  as  good  practice  to  include   an 

Such  readings  show  the  amount  of  adzing  and  boring  machine  in  a  mod- 
preservative  absorbed  and  the  prog-  era  treating  plant, 
ress  of  the  treatment  without  making  The  treatment  of  ties  against  de- 
corrections  for  temperature.  This  cay  is  now  well  beyond  any  experi- 
gives  the  treating  engineer  positive  mental  stage,  the  result  being  that  the 
control  of  the  operation  and  enables  railroads  now  are  largely  increasing 
him  to  regulate  the  amount  of  pre-  the  track  life  of  their  ties,  thereby  re- 
servatives  used  and  makes  possible  ducing  annual  charges  and  in  addition 
uniform,  accurate  and  economical  are  able  to  use  ties  from  timber  not 
treatment.  Supplementing  the  work-  considered  suitable  previous  to  the  de- 
mg  tank  scales  and  as  an  additional  velopment  of  the  preservative  treat- 
check  on  the  amount  of  preservative  ment 

used    it  is  possible  by  use  of  railroad  Effect  of  Treatme„t  on  Tie   Renew- 

track    scales    to    weigh    the    ties    and  als<_In  1911  the   United   States   Cen- 

hmQ^oTme^aiely-nef0re  S?d  aft^  su*  Bureau  reported  that  the  average 

treatment    which  will  give  the  exact  tie  renewals  per  miie  of  track  in  the 

amount    of  preservative    retained    m  TJnited  gtates  for  that  year  wag  336 

Qfo^V3^'           +-                       -^  a    ^  In   1921  renewals   on    the    Boston    & 

Standard  practice,  as   provided    by  Maine   R    R    averaged   270   per  mile, 

the  comittee  on  wood  preservation  of  while   f       the   10                  iod   endi 

a««  Mo!flCan    RailWf^y    Engineering  this  game             th     av        e  wag  278 

Association,  provides  that  treated  ties  per  mile 

shall   retain  an  average    of    6  lb.   of  For  the  10                 iod  from  mi  tQ 

S22SS       iiP6J  iUblC  f°0t  w!llch7111  1920   inclusive,   the   average   renewals 

permeate  all  of  the  sap  wood  and  as  on   tne    New    York     New    Hayen     & 

much  of  the  heart  wood  as  is  practi-  Hartford  R.  R.  were  330  ties  per  mile, 

cable,    for  bridge  timber   8  to  12  lb  while  for  1921  their         ortg  ghow  372 

per  cubic  foot;  and  for  piles,  especial-  er  mile 

ly     in     connection     with     protection  Compared     with     the     figures     the 

against  teredo,   the   amount    retained  following   road       on    which    preserva- 

to  be  not  less  than  15   lb.   per   cubic  tive  work  hag   been  in  uge  for  gome 

root  or  wooa.  years,   reported    as    renewals   for  the 

Framing  Timbers  Before  Treatment.  'ar  1921- 

— In   treated   ties    or   timber    a    large  '                                     Per  Mile 

part  of  the  preservative  is  retained  in      c,  C,  C.  &  St.  Louis  R.  R 80 

the  outer  portions  and  the  surface  is,       New  York  Central  R.  R 172 

to  a  large  extent,  sealed  by  the  pre-      Rock  Island  Lmes   169 

servative.  When  a  timber  is  framed  The  Atchison  Topeka  &  Santa  Fe 
or  a  tie  is  adzed  and  bored  after  treat-  Railway  reported  a  reduction  for  the 
ment  a  portion  of  this  well  treated  ex-  10-year  period  of  1904  to  1914  in- 
terior is  removed  and  water  and  decay  elusive,  from  261  to  179  tie  renewals 
germs  are  admitted  to  the  less  thor-  per  year,  or  an  annual  saving  of  prac- 
oughly  treated  interior.  tically   $700,000   in   the   purchase   and 

All  framing  of  timbers  and  adzing  installation   of  ties   alone,   this   being 

and  boring  of  ties  should,  therefore,  particularly  interesting  to  notice  con- 

(20) 


1923 


Engineering  and  Contracting 


147 


sidering  the  material  increase  of  ton 
mileage  per  mile  of  track  during  that 
same  period. 

Use  of  Treated  Lumber  by  Rail- 
roads.— While  records  show  a  rapidly 
increasing  use  of  treated  ties  few  rail- 
roads have  so  far  adopted  treated  lum- 
ber for  general  use,  but  it  is  to  be 
expected  before  many  years  it  will 
come  into  general  use  on  all  rail- 
roads; first — because  lumber  is  the 
most  important  material  used  in  the 
bridge  and  building  department  and 
will  probably  not  be  displaced  to  any 
great  extent  by  any  other  materials 
in  the  future;  second — on  account  of 
the  rising  cost  of  lumber  the  railroads 


Excavation  Methods  at  Mo- 
nee  Cut  of  Illinois 
Central  R.  R. 

One  of  the  biggest  problems  in  the 
Illinois  Central  R.  R.  improvement 
between  Matteson,  111.,  and  Kankakee, 
25  miles  south,  which  is  now  nearing 
completion,  was  the  work  undertaken 
in  the  vicinity  of  Monee.  The  prob- 
lem here  consisted  of  reducing  about 
3  miles  of  0.425  per  cent  grade  to  a 
maximum  of  0.3  per  cent.  To  accom- 
plish this  and  to  provide  the  addi- 
tional trackage  planned,  necessitated 
making  a  cut  directly  through  Monee 


80  60  40  SO  0  20  40  60  SO 

Typical    Section    Through    the    Monee   Cut  Showing    the    Old    and    New    Tracks. 


cannot  afford  to  use  it  untreated  and 
allow  it  to  decay  in  the  structures  as 
a  present;  and  third — on  account  of 
the  increasing  scarcity  of  the  better 
grades  which  can  be  used  when  un- 
treated, it  will  become  neecssary  to 
use  the  poorer  grades  which  become 
suitable  only  after  treatment. 

One  of  the  developments  that  will 
come  about  with  the  general  use  of 
treated  timber  is  the  framing  of  the 
timber  before  treatment,  eliminating 
cutting  in  the  field,  that  has  caused 
so  many  failures  in  the  past,  and  per- 
mitting the  use  of  machinery  instead 
of  hand  work  in  the  framing  of  tim- 
ber. As  a  result  structures  will  be 
built  with  more  care  and  with  an  ex- 
pected life  of  from  30  to  40  years 
rather  than  from  six  to  fifteen  years, 
as  at  present.  Where  railroads  have 
used  treated  timbers  in  their  bridges, 
docks  and  wharves  to  any  extent, 
their  reports,  as  issued,  speak  very 
highly  of  the  benefits  they  are  re- 
ceiving from  such  use. 

In  closing  I  might  add  that  there 
is  now  a  tendency  toward  the  use  of 
creosoted  timber  in  the  construction 
of  freight  cars,  records  showing  that 
decay,  which  could  be  very  materially 
stopped  by  creosoting,  is  responsible 
for  more  than  80  per  cent  of  the  fail- 
ure of  car  material. 


which  ran  20  ft.  deep  for  about  a  mile, 
averaged  about  100  ft.  in  width  at  sub- 
grade  and  involved  in  the  neighbor- 
hood of  700,000  cu.  yd.  of  excavation. 

The  following  details  of  how  this 
excavation  was  accomplished  are 
taken  from  a  recent  issue  of  the  Rail- 
way Age: 

The  proportions  of  the  work  sug- 
gested the  advisability  of  using  a 
dragline  outfit,  which  was  according- 
ly installed,  together  with  two  steam 
shovels.  In  order  to  provide  for 
traffic  during  the  progress  of  the 
work,  the  first  step  undertaken  was 
that  of  making  a  cut  30  ft.  wide  at  the 
bottom  for  the  entire  length  of  the 
cut  on  the  east  side.  To  do  this  the 
steam  shovels  removed  the  approach- 
es at  each  end,  after  which  the  drag- 
line completed  the  remainder  of  the 
heavy  excavation  in  this  first  cut, 
utilizing  the  adjacent  main  line  track 
for  loading.  A  new  track  was  built 
west  of  the  main  tracks  which  with 
the  southbound  main  track  were  used 
by  traffic.  After  this  cut  was  com- 
pleted, two  main  tracks  were  laid  in 
the  bottom  and  the  dragline  returned 
to  the  south  end  of  the  heavy  work 
where  it  again  began  working  north, 
removing  the  remainder  of  the  cut  to 
the  full  width  as  it  went. 

The  dragline  proved  particularly  effi- 
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cient  in  this  work.  Equipped  with  a 
5-yard  bucket  operated  from  a  75-ft. 
boom,  this  machine  cut  a  section  for 
the  full  depth  of  the  cut  and  60  ft. 
wide  at  the  bottom.  It  handled  about 
3,200  cu.  yd.  per  day  of  two  shifts,  the 
excavated  material,  which  is  of  heavy 
clay,  being  carried  to  the  dump  by 
four  contractor's  trains,  each  contain- 
ing 15  air  dump  cars  of  12  yd.  capac- 
ity. These  trains  were  loaded  on  a 
temporary  track  laid  along  the  top  of 
the  west  slope  and  were  hauled  over 
the  main  tracks  under  the  supervision 
of  Illinois  Central  conductors  to  Matte- 
son  and  to  the  Markham  yard  at  Har- 
vey, 5  miles  north  of  Matteson.  On 
account  of  the  long  haul  (reaching  a 
maximum  of  12  miles  and  averaging 
six  miles)  and  the  necessity  of  op- 
erating over  the  main  line,  the  trains 
constituted  the  limiting  factor  in  the 
work,  the  dragline  itself  being  capable 
of  handling  half  again  as  much  mate- 
rial. 

Before  beginning  the  work  at 
Monee  it  was  necessary  to  move  two 
elevators  to  new  positions  across  tl«^ 
track  (no  mean  job  in  itself  in  the 
face  of  traffic)  and  two  viaducts  have 
been  built  to  carry  highways  over  the 
tracks.  The  work  at  this  point  also 
required  the  moving  of  the  station  to  a 
new  location  and  the  building  of  sev- 
eral industry  buildings.  Another  prob- 
lem which  arose  by  reason  of  the  re- 
duction of  the  grade  at  Monee  involved 
two  water  supply  reservoirs  at  the 
south  end  of  the  cut.  The  smaller  of 
the  two  reservoirs,  constituting  the 
original  source  of  water  at  this  point, 
encroached  upon  the  new  roadbed,  be- 
cause of  which  it  was  decided  to  drain 
it.  This  was  done  by  excavating  a 
ditch  in  the  cut  sufficient  to  carry  all 
water  to  the  larger  reservoir,  which 
was  located  some  distance  down  hill. 


Franchise  Types  Contrasted 

Excerpt  from  Address  by  D.  C.  Jack- 
son, Chairman   Wisconsin   Rail- 
road Commission,  at  De- 
troit, November,  1922. 

We  have  far  from  outgrown  many 
of  the  practices  of  former  days.  A 
glaring  example  of  this  is  found  in 
the  franchise  provisions  of  various 
states  and  the  varying  franchise  con- 
ditions within  the  states  themselves. 
A  limited  term  franchise  is  a  suspend- 
ed sentence  or  threat.  It  is  the  out- 
growth of  the  old  speculative  idea.  It 
is    directly   responsible    for    many   of 


the  problems  which  come  to  us  under 
regulation.  A  limited  term  franchise 
is  notice  that  at  some  future  date  the 
municipality  or  state  may  see  fit  to 
treat  the  legitimate  investment  in  a 
public  utility  on  the  junk  value  basis. 
Such  possibilities  discourage  incen- 
tives for  improvements,  extensions 
and  good  service,  and  at  the  same 
time  increase  the  cost  of  all  financing. 
Theoretically  and  perhaps  legally,  to 
some  extent  at  least,  regulatory  bod- 
ies would  be  justified  in  imposing 
rates  sufficient  to  amortize  a  large 
part  of  the  investment  over  the  period 
of  the  limited  franchise.  Under  any 
circumstances,  the  additional  burden 
on  the  utility  must  be  borne  by  the 
users  of  service  unless  the  property  ( 
is  to  be  confiscated. 

There  is  no  more  equitable  treat- 
ment to  be  found  than  in  the  provi- 
sions of  the  indeterminate  permit.  On 
the  one  hand  it  offers  that  necessary 
stimulus  for  continued  uninterrupted 
and  adequate  service  at  the  lowest 
reasonable  cost,  and  on  the  other 
hand  it  reserves  to  the  public  all 
rights  necessary  for  its  future  pro- 
tection. Regulation  under  limited 
franchises  is  regulation  under  a  club. 
It  is  divided  regulation.  One  party  is 
enjoined  to  require  the  best  service 
at  the  most  reasonable  rate  and 
strictly  supervise  all  the  activities  of 
the  utilities.  Another  independent, 
changing  political  body  retains  the 
power  to  destroy  the  utility. 

A  cursory  examination  of  the  provi- 
sions in  the  various  states  shows 
widely  varying  conditions.  In  six 
states  the  indeterminate  permit  form 
of  franchise  prevails.  In  some  others 
the  limitation  is  fixed  by  the  consti- 
tution. In  many  states  the  statutory 
limitation  is  different  for  different 
classes  of  utilities.  In  other  states 
the  grant  may  be  and  often  is  perpet- 
ual without  the  public  protective  fea- 
tures of  the  indeterminate  permit.  In 
some  cases  the  franchises  are  exclu- 
sive. In  other  cases  they  expressly 
permit  competition.  The  terms  in 
some  states  are  limited  to  20  and  25 
years;  in  others  to  various  periods, 
running  as  long  as  99  years.  Such 
chaotic  conditions  do  not  lend  them- 
selves to  just,  stable  and  effective 
public  regulation  in  the  public  inter- 
est. 


Car  Orders  in  1922. — The  railways 
ordered  173,732  freight  cars  in  1922 
and  placed  additional  orders  for  the 
repair  of  96,974  cars, 
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Systems  That  Have  Been  Installed  on  Extensive  Scale  for  Regular 

Service  Described  in  Paper  Presented  Oct.  23  Before 
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Signal  and  Electrical   Superintendent,     Southern    Ry. 

used  in  this  country.  It  was  of  the 
plain  mechanical  trip  overhead  con- 
tact type,  consisting  of  an  arm  so 
mounted  upon  the  signal  mast  that 
when  the  signal  was  in  the  "STOP" 
position  the  arm  would  intersect  the 
path  of  a  glass  tube  mounted  on  the 
locomotive  cab.  This  tube  was  con- 
nected into  the  air  brake  system  so 
that  any  attempt  to  pass  the  signal 
improperly  would  cause  a  fracture  of 
the  tube  and  the  application  of  the 
brakes.  With  the  signal  in  the  pro- 
ceed position  the  arm  was  removed 
from  the  path  of  the  tube  and  the 
train  could  pass  without  hindrance. 

Shortly  after  it  was  placed  in  ser- 
vice a  tube  was  broken  by  icicles 
hanging  from  the  roof  of  a  tunnel  and 
a  passenger  train  was  brought  to  a 
stop  within  the  tunnel.  The  passen- 
gers were  rescued  only  after  some 
difficulty  and  no  further  installation 
of  this  device  has  been  made  upon 
steam-operated  lines. 

The  Rowell-Potter  System.— In  1891 
the  Rowell-Potter  System,  a  mechan- 
ical trip  contact,  ground  type,  train 
stop  was  installed  on  the  Boston  Re- 
vere Beach  Lynn  R.  R.  It  was  en- 
tirely mechanical  in  construction  and 
operation,  power  being  obtained  by 
means  of  levers  operated  by  the  mov- 
ing train  and  stored  in  coil  springs. 
The  same  system  was  installed  in 
1893  on  the  Intramural  Railway  at  the 
World's  Fair  at  Chicago,  and  upon 
various  other  railroads,  notably  the 
Chicago,  Milwaukee  &  St.  Paul  in 
1902,  and  on  the  Chicago,  Burlington 
&  Quincy  R.  R.  in  1908.  The  installa- 
tions on  the  two  steam  roads  just 
mentioned  were  of  limited  extent  for 
test  purposes  and  no  extensions  of 
the  system  were  ever  made.  The  de- 
vice remained  in  service  only  a  few 
months. 

The  First  Permanent  Installation  of 
Automatic  Stops. — The  first  perma- 
nent installation  of  automatic  stops 
so  far  as  known  was  made  on  the  Bos- 
ton Elevated  Railway  in  1899.  It  is 
still  in  use  and  consists  of  a  con- 
trolled   mechanical   trip    ground    con- 


The  desirability  of  some  form  of 
control  of  railway  trains  to  safely 
bring  a  train  to  a  stop  independently 
of  the  driver  in  case  of  conditions  en- 
dangering the  train  was  recognized 
in  the  very  beginning  of  railroading. 

No  feasible  method  of  accomplish- 
ing this  result  seemed  possible,  how- 
ever, before  the  invention  and  gen- 
eral adoption  of  the  power  brake.  The 
knowledge  that  the  opening  of  the 
brake  pipe  line  and  the  escape  of  the 
compressed  air  to  the  atmosphere 
would  cause  an  application  of  the 
brakes  was  immediately  recognized  as 
affording  a  means  of  automatically 
stopping  a  train  independently  of  the 
action  of  the  engineer.  All  train  con- 
trol devices  have  been  based  on  this 
property  of  the  air  brake  system. 

Many,  in  fact  a  majority,  of  the  in- 
ventors who  have  worked  upon  this 
problem,  have  considered  that  the 
opening  of  a  valve  in  the  brake  pipe 
line  was  all  that  is  necessary  for  a 
successful  train  control  system.  It 
involves  much  more  than  this,  how- 
ever, particularly  in  the  case  of  heavy 
freight  trains.  Of  the  hundreds  of 
schemes  that  have  been  proposed 
from  time  to  time — there  are  more 
than  5,000  patents  on  file  in  the  U.  S. 
Patent  Office  on  the  subject — only 
about  a  score  have  been  considered 
worthy  of  service  tests  and  develop- 
ment under  actual  railroad  operating 
conditions. 

Many  of  the  inventors  had  little  or 
no  knowledge  of  these  conditions  and 
their  devices  have  little  or  no  value; 
on  the  other  hand  many  of  the  appli- 
ances have  merit  and  a  vast  amount 
of  intelligent  and  conscientious  work 
has  been  done  during  the  past  30 
years.  The  results  of  this  work  are 
apparent,  in  the  devices  that  have 
been  approved  for  test  and  are  under 
actual  development  at  the  present 
time. 

The  First  Automatic  Stop. — In  1888, 
Mr.  Axel  S.  Vogt,  of  the  Motive  Power 
Department  of  the  Pennsylvania  Rail- 
road, devised  the  first  automatic  stop 
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tact  worked  in  conjunction  with  elec- 
tro-pneumatic block  signals. 

A  similar  installation  was  made  on 
the  Interborough  Rapid  Transit,  New 
York,  in  1903,  also  upon  the  Phila- 
delphia Rapid  Transit  and  the  Hud- 
son &  Manhattan  in  1908. 

This  device  consists  of  a  lever  arm 
operated  by  compressed  air  in  con- 
junction with  the  signal  system  so  that 
the  arm  is  raised  above  the  track  when 
the  block  is  obstructed.  This  arm  en- 
gages the  handle  of  a  valve  in  the 
brake  pipe  should  a  train  attempt  to 
pass  a  signal  indicating  "Stop."  The 
opening  of  this  valve  causes  the 
brakes  to  be  applied. 

A  speed  control  feature  devised  by 
Mr.  J.  M.  Waldron  was  added  to  the 
Interborough  installation  in  1912 
which  has  materially  increased  the 
capacity  of  the  road  over  that  for- 
merly existing  with  the  plain  auto- 
matic stop. 

In  1910  the  Washington  Water  Pow- 
er Co.  installed  on  29  miles  of  a  sin- 
gle track  electric  interurban  line  an 
automatic  block  signal  system  with 
automatic  stops.  The  device  installed 
was  similar  to  that  originally  used  on 
the  Pennsylvania  Railroad,  viz.,  a 
glass  tube  mounted  upon  the  top  of 
the  cars  and  positioned  so  as  to  be 
broken  by  an  arm  attached  to  the 
block  signal  in  case  the  signal  is 
passed  improperly  when  in  the  stop 
position.  As  there  are  no  tunnels  or 
overhead  structures  on  this  line,  its 
use  here  was  not  objectionable. 

Automatic  Stop  System  in  Hudson 
River  Tunnels. — The  Pennsylvania  R. 
R.,  in  1911,  in  connection  with  the 
terminal  improvements  undertaken  by 
it  upon  entering  the  City  of  New 
York,  installed  a  system  of  automatic 
stops  to  protect  trains  using  the  tun- 
nels under  the  Hudson  River  and 
throughout  the  electrified  zone  extend- 
ing to  Manhattan  Transfer,  N.  J.  This 
automatic  stop  is  of  the  mechanical 
trip  type  electrically  controlled.  The 
valve  in  the  brake  pipe  and  the  trip 
upon  the  ground  are  of  special  design 
and  so  arranged  that  ordinary  ob- 
structions along  the  track  will  not 
operate  the  air  valve.  Ballast,  snow, 
frozen  mud,  etc.,  will  sometimes  op- 
erate a  valve  of  the  design  used  in 
subways  and  thus  interfere  with  traf- 
fic. In  this  case  the  ground  trip  is 
provided  with  a  rotating  member 
which  raises  the  valve  stem  vertically 
when  engaging  and  thus  applying  the 
brakes.     It  is  shielded  so  that  a  hori- 


zontal blow  will  not  affect  the  valve 
as  is  the  case  in  the  ordinary  design. 

The  next  installation  of  importance 
was  one  installed  during  the  same 
year,  1911,  by  the  Key  Route  at  Oak- 
land, California.  This  is  an  electric 
line  and  the  device  protects  34  miles 
of  double  track,  an  important  part  of 
this  mileage  being  upon  a  three-mile 
pier  which  extends  out  in  the  bay  to 
the  terminus  of  the  ferry  boats  from 
San  Francisco. 

The  automatic  stop  consists  of  a 
mechanical  trip  overhead  contact  in 
the  shape  of  a  metal  arm  attached  to 
the  signal.  This  arm  operates  a  valve 
handle  on  top  of  the  cars  when  the 
signal  is  disregarded.  The  tripping 
of  this  valve  results  in  a  service  ap- 
plication of  the  brakes  and  it  can  only 
be  restored  to  its  normal  position  by 
the  motorman's  brake  controller  after 
the  automatic  brake  application  has 
become  effective. 

In  1912  the  Brooklyn  Rapid  Transit 
made  an  extensive  installation  sim- 
ilar to  that  in  the  subway  in  New 
York  and  that  on  the  Boston  Elevated 
Railway. 

The  Chicago  &  Eastern  Illinois  Ry. 
107  Mile  Installation. — The  next  year, 
1913,  the  Miller  Train  Control  Co.'s 
intermittent  electrical  contact  type 
automatic  stop  system  was  started  on 
the  Chicago  &  Eastern  Illinois  Ry. 
This  was  not  only  the  first  permanent, 
but  UP  to  the  present  time  it  is  the 
most  extensive  installation  on  a  steam 
railway  in  the  world.  It  is  now  in 
service  on  a  double  track  division  be- 
tween Danville  and  Dolton,  Illinois,  a 
distance  of  107  miles. 

An  automatic  application  of  the 
brake  is  effected  when  approaching  a, 
signal  indication  "Stop'  by  means  of 
a  control  valve  and  shoe  carried  by 
the  engine  engaging  with  a  de-ener- 
gized ramp.  When  the  shoe  comes  in 
contact  with  a  ramp  it  is  raised  and 
unless  the  electrically  operated  con- 
trol valve  is  kept  closed  by  current 
picked  up  from  the  ramp  the  engi- 
neer's brake  lever  is  moved  to  give  a 
service  application  of  the  brakes.  An 
audible  signal  is  sounded  in  the  cab 
each  time  the  engine  passes  a  ramp. 
No  speed  control  is  used,  although  it 
can  be  provided  if  desired.  A  push 
button  is  provided  so  that  the  brake 
application  can  be  forestalled  at  any 
time  deemed  necessary  by  the  engi- 
neer. 

There  are  189  ramps,  one  of  which 
is  located  braking  distance  from  the 
signal  at  the  entrance  of  each  block. 
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These  are  controlled  by  the  indication 
of  the  signal  and  the  condition  of  the 
block  in  advance.  Only  one  ramp  is 
used  per  block  without  preliminary 
or  caution  indication.  Ramps  are  lo- 
cated on  the  right  hand  side  of  the 
track  and  govern  in  the  direction  of 
traffic.  They  are  about  180  feet  long, 
made  of  "T"  iron  with  leg  upward, 
and  are  supported  on  the  ends  of  the 
ties  so  that  the  top  of  the  ramp  is  6 
ins.  above  the  top  of  the  running  rail 
and  50%  ins.  from  the  center  line  of 
the  track. 

The  engine  apparatus  consists  of 
two  elements,  a  combined  contact 
shoe  and  primary  valve  attached  by 
insulated  brackets  to  the  engine 
frame  or  the  forward  right  hand  ten- 
der truck,  and  a  control  device  in  the 
cab  which  operates  the  engineer's 
brake  valve.  The  shoe  is  of  the  verti- 
cal lifting  type,  adjustable  to  properly 
engage  the  ramp.  The  shoe  assembly 
may  be  placed  in  an  inoperative  posi- 
tion when  it  is  desired  to  move  the  en- 
gine over  unequipped  track. 

The  engine  control  consists  of  a 
cylinder  in  which  is  fitted  a  piston, 
the  stem  of  which  is  attached  to  the 
engineer's  brake  valve.  This  piston 
is  moved  whenever  the  contact  shoe 
engages  a  de-energized  ramp,  thus 
moving  the  brake  valve  handle  to  ser- 
vice position.  There  is  no  source  of 
electrical  energy  on  the  engine  and 
the  engine  circuit  consists  of  but  one 
wire  between  the  contact  shoe  and  the 
control  valve.  Roadside  battery  is 
connected  to  the  magnet  of  the  con- 
trol valve  through  the  ramp  and  con- 
tact shoe  when  passing  an  energized 
ramp. 

The  American  Train  Control  Sys- 
tem.— The  Chesapeake  &  Ohio  Ry.,  in 
1916  and  1917,  undertook  the  next  per- 
manent installation  on  a  steam-oper- 
ated road  in  the  United  States  by  in- 
stalling the  American  Train  Control 
on  21  miles  of  single  track  between 
Charlottesville  and  Gordonsville,  Va. 
An  extension  of  this  installation  to 
Staunton,  Va.,  a  distance  of  39  miles, 
is  now  being  made  and  is  practically 
ready  for  service  at  the  present  time. 

In  1915  the  American  System  was 
the  subject  of  an  experimental  trial 
upon  the  Maryland  and  Pennsylvania 
Railway.  It  was  then  known  as  the 
Jones  System  and  as  such  was  tested 
by  the  Bureau  of  Safety  of  the  I.  C.  C. 
The  installation  on  the  Chesapeake 
&  Ohio,  however,  has  been  materially 
improved  from  the  form  originally 
tested  and  now  consists  of  an  inter- 


mittent electric  contact  system,  the 
indications  on  the  locomotive  being 
picked  up  by  the  contact  of  shoes  car- 
ried upon  the  locomotive  with  rails 
located  parallel  to  tne  main  running 
rails. 

The  engine  apparatus  consists  of 
two  contact  shoes  of  the  vertical  lift- 
ing type  attached  by  insulated  brack- 
ets to  the  forward  tender  trucks,  one 
on  each  side.  An  electromatic  valve 
is  operated  through  contacts  on  the 
spindle  of  the  shoe  so  that  when  the 
shoe  passes  over  a  de-energized  ramp 
it  causes  a  brake  application.  A  cab 
signal  giving  a  clear  and  a  caution  in- 
dication by  means  of  electric  lights  is 
also  controlled  by  contacts  on  the 
shoe.  A  circuit  reverser  for  trans- 
posing the  circuits  for  backward  op- 
eration of  the  engine,  a  battery  and 
a  reset  key  for  releasing  the  appara- 
tus from  the  ground  after  a  brake 
application  completes  the  equipment. 
Practically  all  of  the  locomotives 
operated  in  this  territory  are  pro- 
vided with  the  device. 

In  the  original  installation  the 
ramps  on  the  roadway  are  located  in 
pairs  in  advance  of  the  signal  one  on 
each  side  of  the  track,  the  one  on  the 
right  in  the  direction  of  traffic  being 
used  for  the  stop  and  the  one  on  the 
left  for  the  caution  indication.  The 
control  circuits  have  been  specially 
designed  to  meet  local  conditions  and 
are  a  modification  of  those  used  in 
single  track  automatic  block  signal- 
ing. 

The  fixed  signals  along  the  roadway 
are  of  the  light  type,  no  semaphore 
arm  being  used,  the  day  and  the  night 
indication  both  being  given  by  col- 
ored lights. 

Modifications  of  certain  of  the  de- 
tails of  the  apparatus  have  been  made 
in  the  extension  to  the  system  about 
to  be  placed  in  service.  These  are 
partly  to  provide  for  alternating  cur- 
rent operation  of  the  automatic  signal 
system  and  partly  to  take  care  of 
changes  deemed  desirable  as  the  re- 
sult of  observations  on  the  operation 
of  the  present  installation. 

The  next  installation  in  the  United 
States  in  point  of  time  was  one  made 
in  1918  by  the  United  Railway  &  Elec- 
tric Co.,  of  Baltimore,  Md.  This  is  an 
electric  road  operating  on  the  surface 
with  two  drawbridges  and  150  trolley 
cars  protected  with  an  overhead 
mechanical  trip  device.  It  consists  of 
a  valve  with  an  extended  arm  mount- 
ed upon  the  top  of  the  cars  where  it 
will  be  struck  by  an  extension  from 
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the  signal  if  the  stop  indication  is  dis- 
regarded. 

The  Chicago,  Rock  Island  &  Pacific 
Installation. — The  Chicago,  Rock  Is- 
land &  Pacific  Ry.,  in  1919,  started  the 
installation  of  an  automatic  train  con- 
trol system  manufactured  by  the 
Regan  Safety  Devices  Co.  between 
Blue  Island  and  Joliet,  111.,  a  distance 
of  22  miles.  The  device  is  of  the  in- 
termittent electrical  contact  type  with 
speed  control.  Ramps  are  installed 
along  the  right-of-way  in  connection 
with  the  three  position  upper  quad- 
rant signals  already  protecting  the 
tracks  in  this  territory.  These  ramps 
are  120  feet  long  and  located  150 
feet  in  rear  of  the  signal;  they  are 
made  of  angle  iron  with  a  copper  in- 
sert and  mounted  upon  cast  iron  sup- 
ports bolted  to  the  cross  ties.  The 
ramps  are  insulated  by  means  of 
wooden  blocks  from  the  iron  supports 
and  are  connected  into  the  signal  cir- 
cuit so  that  their  removal  will  result 
in  the  signals  displaying  the  stop  in- 
dication. 

The  speed  circuit  controller  con- 
sists of  a  centrifugal  governor  ar- 
ranged to  open  and  close  a  circuit  at 
any  predetermined  speed.  This  gov- 
ernor is  bolted  to  the  end  of  one  of 
the  axles  of  the  pony  truck  and  the 
electrical  connection  to  same  is  made 
by  means  of  flexible  conduit. 

The  electro-pneumatic  valve  oper- 
ates in  response  to  an  electro-magnet 
and  controls  the  brake  pipe  pressure 
and  the  reservoir  supply  to  the  engi- 
neer's brake  valve.  When  the  mag- 
net, is  de-energized,  the  valve  causes 
a  service  application  of  the  brakes, 
this  cannot  be  released  by  the  engi- 
neer but  he  can  further  decrease  the 
brake  pipe  pressure  to  apply  the 
brakes  in  an  emergency  application. 
The  shoe  mechanism  consists  of  a  shoe 
stem  and  a  circuit  controller  attached 
to  the  forward  tender  truck.  The  shoe 
picks  up  current  from  the  ramp  of  the 
proper  characteristic  to  actuate  the 
locomotive  apparatus  and  to  control 
the  train  consistent  with  the  indica- 
tions displayed  by  the  automatic 
block  signals. 

The  system  is  designed  to  make  an 
application  of  the  brakes  by  the  auto- 
matic control  apparatus  when  any  of 
the  following  conditions  exist: 

(A)  When  a  train  passes  a  signal 
in  the  caution  position  at  an  excessive 
speed. 

(B)  Whenever  a  train  exceeds  a 
predetermined  speed  while  running  in 
a  caution  block. 
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(C)  At  a  stop  signal,  or  when  a 
block  is  occupied. 

New  York  Central  and  Southern 
Pacific  Test  Installations. — The  Inter- 
state Commerce  Act  of  1920  empow- 
ered the  Interstate  Commerce  Com- 
mission to  order  the  installation  of 
automatic  train  stops  or  train  control 
that  would  comply  with  the  commis- 
sion's specifications  and  requirements 
upon  the  lines  of  any  carriers  subject 
to  the  Act.  To  assist  in  carrying  out 
the  provisions  of  this  act  and  at  the 
request  of  the  Commission  a  joint 
committee  representing  the  various 
sections  and  divisions  of  the  Ameri- 
can Railway  Association  was  appoint- 
ed and  started  work  in  September, 
1920.  Specifications  and  requirements 
of  automatic  stops  and  train  control 
were  formulated,  all  existing  installa- 
tions investigated  and  arrangements 
were  made  with  the  New  York  Cen- 
tral and  the  Southern  Pacific  Rail- 
ways for  the  installation  of  types  of 
train  control  for  test  purposes  that 
have  not  heretofore  been  fully  tried 
out  under  service  conditions. 

Upon  the  Southern  Pacific,  the  Na- 
tional Safety  Appliance  Co.  has  in- 
stalled between  Haywood  and  Hal- 
veen,  California,  a  distance  of  AV2 
miles,  a  system  of  intermittent  induc- 
tive train  control.  This  system  was 
tested  by  the  Interstate  Commerce 
Commission  on  the  Western  Pacific  at 
Oroville,  California,  in  1919.  Material 
improvements  have  been  made  recent- 
ly and  the  system  is  now  under  ob- 
servation by  representatives  of  the 
Joint  Committee. 

A  permanent  magnet  of  laminated 
steel,  located  between  the  rails,  is 
installed  at  each  indication  point. 
This  is  neutralized  by  a  suitable  coil 
energized  by  a  roadside  battery  when 
the  block  is  unobstructed.  The  loco- 
motive apparatus  consists  of  magnetic 
valves  mounted  under  the  tender  in 
such  a  position  as  to  come  within  the 
field  of  the  track  magnets.  An  air 
valve  controlling  the  brake  applica- 
tion is  connected  to  the  magnetic 
valve  by  suitable  piping.  No  electri- 
cal energy  is  required  on  the  engine. 

In  operation,  the  field  of  the  per- 
manent track  magnet  is  normally  in 
position  to  act  on  the  engine  magnets, 
neutralize  their  field  and  permit  the 
attached  valves  to  open  and  produce 
a  stop  by  allowing  the  air  valve  to 
open  the  brake  pipe  to  the  atmos- 
phere. If  no  stop  is  necessary,  the 
neutralizing  coil  is  energized  and  de- 
flects the  magnetic  field  of  the  track 
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magnet  so  that  it  will  not  act  on  the 
engine  magnets. 

On  the  New  York  Central  R.  R.  the 
tests  are  to  he  made  upon  the  appara- 
tus of  the  Sprague  Safety  Control  & 
Signal  Corporation. 

The  installation  consists  of  equip- 
ment on  one  locomotive  and  about  six 
miles  of  track  in  a  very  busy  electri- 
cally operated  section  near  New  York 
City. 

The  system  is  of  the  intermittent 
non-contact  induction  type,  with 
speed  control,  cab  signals  and  a  rec- 
ording device.  Electrical  energy 
from  storage  batteries  is  used  for  neu- 
tralizing the  normal  danger  track 
magnets  when  the  block  is  clear.  This 
is  controlled  '  by  the  relays  of  the 
wayside  signal  system  so  that  .the 
track  magnets  are  not  neutralized 
when  the  block  is  obstructed  and  by 
their  influence  upon  the  engine  re- 
ceiver cause  the  display  of  the  proper 
signal  in  the  cab  and  the  application 
of  the  brakes. 

Two  brake  application  magnets  are 
used  in  each  block,  one  near  the  en- 
trance and  one  at  approximately  brak- 
ing distance  from  the  stop  signal. 
These  together  with  a  reset  magnet  at 
the  exit  end  of  the  block  are  located 
between  and  some  four  or  five  inches 
below  the  top  of  the  running  rail.  The 
engine  equipment  includes  the  receiv- 
ers for  picking  up  the  magnetic  im- 
pulse, the  relays  for  translating  the 
received  impulses  into  action,  the 
valve  assembly  for  controlling  and  ef- 
fecting the  required  brake  applica- 
tion, the  speed  control  mechanism  and 
the  cab  signals.  Other  than  the  im- 
pulses received  from  the  track  mag- 
nets all  electrical  energy  used  on  the 
engine  is  supplied  by  a  storage  bat- 
tery charged  by  the  headlight  genera- 
tor. 

Various  assemblages  of  the  appara- 
tus can  be  made  to  secure  almost  any 
desired  control  and  operation. 

The  installation  has  been  under  ob- 
servation for  some  months  by  .the 
Joint  Committee  and  official  tests  will 
probably  be  started  within  the  next 
few  days. 

The  Interstate  Commerce  Commis- 
sion issued  its  now  famous  order  No. 
13413  on  June  13,  1922,  requiring  au- 
tomatic train  stop  or  train  control 
devices  upon  forty-nine  carriers  in  the 
United  States;  installation  on  one 
passenger  locomotive  division  on  each 
of  the  lines  to  be  completed  by  Jan. 
1,  1925. 

Largely  on  account  of  the  strike  of 


the  railway  shopmen  starting  of  this 
work  has  been  delayed  so  that  few 
have  been  able  to  announce  the  type 
and  character  of  the  device  to  be  used 
in  compliance  with  the  order.  The 
matter  is  being  actively  handled  at 
the  present  time  and  it  is  expected 
that  work  will  be  started  at  an  early 
date  on  all  of  the  lines  specified. 

The  Pennsylvania  R.  R.  and  the  Chi- 
cago &  Northwestern  Ry.  have  al- 
ready announced  that  they  will  make 
an  experimental  installation  of  a  prac- 
tical nature,  to  determine  the  char- 
acteristics of  the  system  selected  by 
them  and  its  performance  under  the 
various  operationg  conditions  met  in 
railroad  service  previous  to  its  instal- 
lation on  the  very  large  scale  re- 
quired by  the  Interstate  Commerce 
Commission. 

Automatic  Train  Control  System  on 
Pennsylvania  R.  R. — The  Pennsyl- 
vania R.  R.  now  has  under  construc- 
tion the  automatic  train  control  sys- 
tem developed  by  the  Union  Switch  & 
Signal  Co.,  and  the  Westinghouse  Air 
Brake  Co.  The  test  installation  will 
extend  from  about  one  mile  from 
Lewistown,  Pa.,  over  a  single  track 
line  for  45  miles  to  Selinsgrove  Junc- 
tion, thence  over  a  double  track  line 
to  Sunbury,  Pa.,  the  latter  portion  be- 
ing now  equipped  with  A.  C.  track  cir- 
cuits and  automatic  position  light  sig- 
nals. Wayside  signals  will  be  installed 
where  not  now  in  service,  approxi- 
mately one-half  of  which  will  be  con- 
trolled by  the  train  dispatcher  at  Sun- 
bury  and  the  other  half  of  the  single 
track  line  by  a  modified  absolute  per- 
missive block  system  controlled  by 
trains.  The  present  manual  block 
stations  will  be  abandoned  as  block 
stations  but  will  be  used  as  reporting 
stations. 

This  system  is  unique  in  that  it  pro- 
vides continuous  control,  all  other  in- 
stallations of  any  material  size  being 
of  the  intermittent  type;  that  is,  the 
indication  is  transmitted  to  the  train 
from  the  roadside  apparatus  only  at 
definite  points.  The  indication  thus 
received  continues  as  the  controlling 
factor  in  the  operation  of  the  train 
until  the  next  indication  point  is 
reached  when  it  may  be  continued  or 
changed  depending  upon  the  indica- 
tion there  received.  Continuous  con- 
trol systems,  such  as  this,  provide  full 
speed  conlrol  and  transmit  the  indi- 
cation to  the  cab  of  the  locomotive  at 
all  times  thus  giving  immediate  indi- 
cation of  any  change  in  conditions  in 
the  same  block  or  in  the  block  ahead. 
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This  is  effected  by  means  of  an  alter- 
nating current  circuit  imposed  upon 
the  rails  in  addition  to  the  usual  track 
circuit.  The  circuit  uses  the  two  rails 
in  parallel  and  is  supplied  through  re- 
sistance coils  from  line  wires.  No 
ramps,  magnets  or  other  apparatus  on 
the  ground  other  than  the  regular  run- 
ning rails  are  required  for  conveying 
the  indication  to  the  train.  Each  en- 
gine is  equipped  with  collecting  coils 
positioned,  one  over  each  rail,  stor- 
age battery,  amplifying  device,  dyna- 
motor,  relays,  speed  control  appara- 
tus and  brake  operating  valves. 

The  amplifying  device  consists  of 
one  or  more  vacuum  tubes,  such  as 
those  used  in  wireless  telephone  and 
telepgraph  work  and  they  have  the 
property  of  amplifying  or  increasing 
the  small  current  picked  up  from  the 
track  by  the  collecting  coils  many 
times.  This  amplied  current  operates 
the  speed  indicators  and  other  appar- 
atus on  the  engine. 

The  speed  control  apparatus  con- 
sists of  a  centrifugal  governor  driven 
from  an  axle.  It  controls  a  series  of 
valves  primarily  controlled  by  the 
electro-magnetic  valves. 

When  the  engine  coil  is  passing 
over  the  track  in  the  rear  of  a  clear 
block  its  coils  are  influenced  by  the 
magnetic  field  around  the  rails,  thus 
generating  a  small  current  which  is 
strengthened  by  the  amplifier  until  it 
is  capable  of  energizing  a  three  posi- 
tion relay.  When  a  block  preceding  a 
stop  signal  is  entered  the  polarity  of 
the  special  track  circuit  is  changed, 
which  causes  the  display  of  a  caution 
indication  in  the  cab  and  enforces 
control  of  the  speed  through  the  brake 
apparatus.  As  the  train  proceeds  it 
passes  a  point  on  the  track  between 
which  point  and  the  signal  all  cur- 
rent is  cut  off  the  track.  The  induc- 
tion relay  is  then  de-energized,  caus- 
ing the  brakes  to  be  applied  to  bring 
the  train  to  a  stop  at  the  signal. 

The  Chicago  &  Northwestern  Ry. 
Installation. — The  Chicago  &  North- 
western Railway  has  announced  that 
contract  has  been  signed  with  the 
General  Railway  Signal  Co.  for  an  in- 
tensive test  of  their  intermittent  in- 
ductive train  control  with  inert  road- 
side elements.  This  system  requires 
no  energy  on  the  roadway  or  physi- 
cal contact  between  engine  and  road- 
way parts.  The  roadside  element  con- 
sists of  a  "U"  shaped  laminated  iron 
core  with  a  coil  winding  which  may 
be  opened  and  closed  by  the  contacts 
on  a  relay  in  the  signal  system.    The 


engine  equipment  includes  a  pair  of 
coils  mounted  so  as  to  pass  directly 
over  the  track  element,  a  storage  bat- 
tery, relays,  an  electro-pneumatic 
valve  and  means  for  applying  a  ser- 
vice application  of  the  brakes  through 
the  engineer's  regular  brake  valve. 

When  the  signal  is  in  the  stop  or 
caution  position  the  coil  on  the  track 
element  is  opened  by  the  signal  relay. 
In  this  condition  the  current  normally 
flowing  in  the  engine  circuit  is  great- 
ly reduced  when  the  engine  passes 
the  indication  point.  This  reduction 
in  current  causes  the  electro-pneu- 
matic valve  to  operate  and  applies 
the  brakes.  It  can  be  arranged,  if  de- 
sired, so  that  the  application  will  not 
take  place  at  the  caution  signal  if  the 
engineer  acknowledges  the  signal  by 
operating  a  lever,  thus  indicating  that 
he  has  seen  and  understands  the  indi- 
cation of  the  signal  and  will  properly 
control  his  train.  The  acknowledg- 
ing valve  cannot  be  tied  down  to  per- 
manently cut  out  the  device. 

The  speed  control  is  obtained  by 
determining  the  safe  speed  at  any  giv- 
en point  and  locating  two  induction 
points  on  the  road  a  corresponding 
time  distance  apart.  If  the  train  con- 
sumes less  than  this  time  going  from 
one  point  to  another  showing  that  the 
speed  is  too  high  for  that  location  the 
brakes  will  be  automatically  applied. 
If  the  train  is  going  slower  than  the 
designated  speed  the  brakes  will  not 
be  set. 

The  systems  that  have  been  de- 
scribed include  only  the  most  promi- 
nent of  those  that  have  been  installed 
on  an  extensive  scale  for  regular  ser- 
vice. In  addition  there  have  been 
many  experimental  trials  of  various 
devices  made  upon  railroads  of  the 
United  States,  during  the  past  34 
years. 


Pennsylvania  R.  R.  Buys  300  Loco- 
motives.— Directors  of  the  Pennsyl- 
vania R.  R.  Co.  have  authorized  the 
placing  of  orders  for  300  pessenger 
and  freight  locomotives.  It  is  esti- 
mated they  will  cost  $18,000,000.  Of 
the  total  number,  100  heavy  freight 
engines  will  be  built  by  the  Baldwin 
Locomotive  Works.  They  will  cost 
approximately  $6,500,000.  The  rail- 
road will  build  forty-two  heavy  pas- 
senger engines,  forty  medium-weight 
passenger  engines  and  forty-three 
switching  engines  at  its  Altoona 
shops,  while  the  allotment  of  the  re- 
maining seventy-five  will  be  deter- 
mined later. 
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World's  Largest  Combination  Flux  and  Com- 
mercial Crushing  Plant 

Double  Unit  Plant  of  the  Kelley  Island  Lime  &  Transport  Company 
to  Have  Capacity  of  10,000  Tons  in  Eight  Hours 


The  Kelley  Island  Lime  &  Trans- 
port Co.  has  recently  placed  in  opera- 
tion at  its  Marblehead,  O.  quarry,  a 
new  crushing  plant,  which,  both  in 
size  and  in  excellence  of  arrangement 
and  construction,  marks  a  notable 
achievement  in  the  rock  products  in- 
dustry. 

The   Kelley  Island   Lime   &   Trans- 


have  been  important  factors  in  the 
building  up  of  a  huge  volume  of  busi- 
ness, a  volume  which  has  out-stripped 
the  original  facilities  for  production 
and  rendered  it  imperative  that  the 
capacity  and  all  around  efficiency  of 
the  operation  be  raised  to  the  highest 
standard. 

Among    the    objects    to    be    accom- 


General  View  of  Crushing   Plant  of  Kelley    Island    Lime    &    Transport    Co.    at    Marble- 
head,  Ohio. 


port  Co.  has  operated  the  Marblehead 
quarry  for  a  number  of  years,  the 
principal  output  being  flux  stone  and 
kiln  stone  for  lime  manufacture.  In 
addition  to  these  main  products  it 
also  is  producing  agricultural  lime- 
stone and  commercial  grades  of 
crushed   stone. 

The  high  quality  of  the  rock  and 
the  very  favorable  position  of  the  de- 
posit, located  as  it  is,  adjacent  to  the 
leading  steel  making  and  industrial 
center  of  Ohio,  and  possessing  facili- 
ties for  both  rail  and  water  shipment, 


plished  by  the  new  plant  were  the  fol- 
lowing, which  have  never  been 
sacrificed  since  the  first  plans  were 
discussed: 

1.  Safety  of  workmen  employed. 

2.  Production  of  stone  in  large 
tonnage  of  merchantable  products 
meeting  the  most  exacting  require- 
ments of  the  consumer. 

3.  Continuity  of  operation  to  insure 
the  trade  against  interruptions  in  the 
steady  flow  of  material  to  points  of 
consumption. 

4.  To  minimize  plant  interruption, 
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and  to  make  possible  major  and  minor 
repairs  with  the  minimum  sacrifice  of 
production. 

5.  To  provide  facilities  permitting 
utilization  of  full  carrying  capacity  of 
railroad  freight  cars. 

6.  A  compact  plant,  meeting  local 
conditions,  and  permitting  closer  su- 
pervision. 

Quarry  and  Quarry  Operation. — The 
Marblehead,  O.  quarry  of  the  Kelley 
Island  Lime  &  Transport  Co.  has  for 
years  been  known  as  one  of  the  larg- 
est in  the  country.  Before  crushing 
machinery  and  steam  shovels  came  in- 
to use  for  stone  quarry  operation, 
there  were  over  1,000  men  employed 
in  the  quarry  breaking  and  loading 
stone  by  hand.  The  company  early 
resorted  to  labor  saving  machinery 
and   first   installed    a   No.    6   gyratory 


began  to  show  the  strain  of  the  vibra- 
tion and  racking  of  tne  heavier  mach- 
inery which  was  later  installed.  At 
the  end  of  the  war  it  seemed  only 
wisdom  to  provide  a  new  plant,  built 
substantially  and  so  designed  and  ar- 
ranged to  meet  the  future  productive 
requirements. 

The  quarry  is  opened  up  over  large 
areas  giving  a  working  ledge  three 
and  one-half  miles  long.  The  top  or 
first  ledge  is  worked  from  22  to  25 
feet  deep  of  very  uniform  analysis 
and  thinly  stratified  natural  fluxing 
stone. 

The  total  quarry  land  consists  of 
3,000  acres  of  which  400  acres  have 
been  quarried,  leaving  2,600  for  fu- 
ture '  operation.  The  over-burden  is 
light,  usually  not  over  1  ft.  deep  and 


Progress    View    of    Erection    of    Crushing    Plant    Showing    Steel    Construction. 


stone  breaker,  having  a  capacity  of 
from  300  to  400  tons  per  day.  This 
crusher,  as  well  as  others,  was  soon 
outgrown  as  is  indicated  by  succes- 
sive installations  of  numbers  1V2,  8 
and  9  gyratory  breakers,  three  of  the 
latter  being  in  service  at  one  time. 
Later  a  6  in.  x  7  in.  Edison  roll 
crusher  was  installed  and  this  mach- 
ine carried  the  burden  of  the  produc- 
tion required  during  the  late  war. 
Obviously,  such  fast  growth  of  the 
business  resulted  in  the  rebuilding  of 
plants  several  times  and  in  ways  that 
would  least  interfere  with  continuous 
production  of  increasing  tonnage,  and 
the  old  frame  structures,  originally 
designed  for  low  tonnage  machinery, 


consists  of  a  light  loam,  this  being 
removed  by  three  Thew  traction  strip- 
ping shovels.  In  an  operation  of  this 
size  the  disposition  of  stripping  and 
by-products  from  the  crusher  becomes 
a  serious  problem,  both  as  to  location 
of  property  on  which  to  dump  the  ma- 
terial, and  the  expense  of  handling  it. 
At  Marblehead,  land  which  has  been 
quarried  out,  is  being  filled  with  the 
by-products  and  covered  with  the 
stripping,  thus  reclaiming  the  land 
and  making  it  into  excellent  farm 
property. 

Drilling  of  the  stone  is  done  with 
eight  well  drills.  After  shooting,  the 
quarry  face  is  worked  with  ten  heavy 
type  railroad   steam  shovels  and  one 


(30) 


1923 


Engineering  and  Contracting 


157 


100-ton  shovel  mounted 
on  caterpillar  trucks, 
the  latter  being  a  very 
recent  installation  ac- 
complished by  placing 
the  caterpillar  trucks 
under  a  shovel  which 
formerly  was  mounted 
on  railroad  trucks.  It 
is  believed  that  this  is 
the  first  attempt  to  use 
the  caterpillar  trucks 
for  moving  heavy  duty 
steam  shovels  in  quar- 
ry operations  and  the 
results  are  being 
watched  carefully  by 
officials  of  the  company 
and  by  many  others 
who  are  interested  in 
progressi  venes  s 
in  stone  quarries. 

The  shovels  and 
crusher  are  now  served 
by  21  miles  of  36  in. 
gage  railroad,  on  which 
31  Shay  geared  locomo- 
tives with  360  two-way 
side  dump  cars  are 
worked.  The  new  plant 
is     equipped     for    both 


Track  fromQuorry 


standard  and  quarry 
gage  tracks,  requir- 
i  n  g  several  miles 
of  new  tracks  and 
additional  railroad 
equipment,  although  by 
having  all  quarry  tracks  from  the 
shovels  to  the  main  crusher  built 
practically  without  grades,  it  will  per- 


t  Track 


3" 
Flow  Sheet  of  Crushing   and   Screening   Plant. 

1,  No.  24  Crusher;  2,  72  In.  Pan  Conveyor;  3,  60  In. 
by  24  Ft.  0  In.  ReV.  Screen;  4,  48  In.  by  20  Ft.  0  In.  Rev. 
Screen;  5,  No.  8  Style  "K"  Crusher;  6,  No.  8  "B"  Ele- 
vator; 7,  5  Ft.  0  In.  by  10  Ft.  0  In.  Shaker  Screen  (Dou- 
ble Deck);  8.  20  In.  Belt  Conveyor;  9,  20  In.  Belt  Con- 
veyor; 10, 
ble  Deck), 


5  Ft.  0  In.  by  10  Ft.  0  In.  Shaker  Screen  (Dou- 


mit  of  increasing  the  number  of  cars 

per  train  over  the  number  now  hauled. 

Primary  Breakers.— In  the  selection 


Section    of    Marblehead    Quarry    of    Kelley   Island    Lime   &   Transport   Co. 
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of  the  proper  type  of  initial  breaker 
for  the  new  crushing  plant,  all  of  the 
types  in  use  at  the  present  day  were 
considered,  but  the  problem  quickly 
narrowed  itself  down  to  a  considera- 
tion of  the  respective  merits  of  the 
gyratory  and  the  Edison  rolls.  The 
Kelley  Island  Co.  is  thoroughly  fami- 
liar with  both  of  these  types  from 
first  hand  operating  knowledge.  The 
primary  crusher  in  the  old  Marble- 
head  plant  is  a  set  of  6  ft.  x  7  ft.  Edi- 
son rolls  whose  operation,  from  a 
mechanical  standpoint,  has  been  en- 
tirely satisfactory  over  a  period  of 
some  years.  The  gyratory  crusher 
was  finally  decided  upon. 

Two  No.  24  Gyratory  Crushers. — A 
decision  corollary  to  the  type  selec- 
tion and  one  which  will  be  equally  in- 
teresting to  the  student  of  crushing 
plant  design,  was  that  of  installing 
two  primary  breakers  instead  of  one. 
Realizing  the  wisdom  of  the  homely 
proverb,  anent  "putting  all  one's  eggs 
in  one  basket,"  the  company  conclud- 
ed that  the  two  unit  installation 
would  be  a  very  effective  measure  in 
reducing  the  loss  of  time  and  produc- 
tion resulting  from  breakdowns,  while 
at  the  same  time  the  high  capacity  re- 
quired warranted  them  in  putting  in 
units  large  enough  to  handle  shovel 
loaded  rock  without  excessive  bridg- 
ing and  (blocking  in  the  receiving 
openings. 

The  No.  24  Allis-Chalmers  gyratory 
breaker,  having  receiving  openings  48 
in.  by  125  in.  in  size  and  capable  of 
exceeding  the  required  average  capa- 
city by  an  amount  which  will  easily 
compensate  for  irregularities  in  train 
service,  was  selected  as  the  best  size 
for  the  purpose. 

Initial  Crusher  House. — The  two 
No.  24  crushers  are  located  side  by 
side  in  a  large  concrete  lined  pit,  with 
their  tops  10  ft.  below  the  feed  tracks 
which  run  through  the  crusher  house 
at  grade.  There  are  two  of  these  feed 
tracks,  one  on  either  side  of  the 
crushers,  and  the  crushers  are  spaced 
so  as  to  permit  the  simultaneous 
dumping  of  six  10-yard  side  dump 
quarry  cars,  three  on  each  side.  This 
arrangement,  while  it  necessitated  a 
large  expenditure  for  excavation  and 
foundation  construction,  was  decided 
upon  as  being  the  only  practicable  ar- 
rangement to  handle  the  tonnage  de- 
sired. It  will  permit  the  continuous 
passage  of  trains  through  the  crusher 
house  on  both  sides  of  the  big  crush- 
ers, each  and  every  train  being  intact 
at  all  times,  with  none  of  the  time  loss 
and    dead    equipment   loss   which    at- 


tend  the  operation  of  the  older  type  of 
incline-fed  plant. 

It  is  obvious  that  the  operating 
economies  effected  by  the  "subter- 
ranean" installation  will  quickly  re- 
pay the  additional  initial  investment 
in  a  plant  having  the  capacity  that 
this   plant  has. 

The  receiving  hopper  above  the 
crushers  is  a  big  steel  box,  the  stone 
being  permitted  to  form  its  own  hop- 
per. The  upper  edges  of  the  hopper 
on  the  sides  adjacent  to  the  feed 
tracks  are  chamfered  back  to  the  rail 
to  prevent  the  piling  up  of  such  fine 
material  as  may  drop  from  the  cars 
close  to  the  rail  when  the  load  is 
dumped. 

Dumping  of  those  cars  which  do  not 
balance  toward  the  receiving  hopper 
will  be  accomplished  by  air  cylinders 
so  arranged  that  their  pistons  will 
rise  against  the  «ar  body  from 
beneath  when  the  air  is  applied. 

Each  No.  24  crusher  is  driven  from 
a  200  H.  P.,  720  R.  P.  M.  slip  ring 
motor  through  an  English  system  rope 
drive,  comprised  of  26  turns  of  %  in. 
rope. 

The  crusher  pit,  which  extends 
39  ft.  9  ins.  below  ground  level,  is 
heavily  lined  on  its  four  sides  and  bot- 
tom with  waterproofed  concrete  and 
is  provided  with  an  ample  sump  for 
catching  any  seepage  which  might  oc- 
cur. This  sump  is  fitted  with  two 
vertical  shaft  motor  driven  centrifugal 
sump  pumps  equipped  with  automa- 
tic float  switches.  Either  of  these 
pumps  is  of  sufficient  capacity  to 
easily  take  care  of  the  anticipated 
seepage,  the  duplicate  installation  be- 
ing merely  a  safeguard  against  the 
possible  breakdown  of  one  unit. 

An  electrical  bridge  type  traveling 
crane,  with  a  lifting  capacity  of  50 
tons,  spans  the  crusher  house  about 
54  ft.  above  the  top  of  the  crushers. 
This  crane  will  handle  the  heavy 
crusher  parts  when  making  repairs  or 
replacements  and  will  also  be  used 
for  breaking  bridges  and  blockades  in 
the  receiving  openings. 

Pan  Conveyors. — It  is  natural  that 
the  two  unit  initial  breaking  plant 
should  be  followed  by  a  strictly  two 
unit  plant  throughout  and  in  this 
plant  the  two  unit  idea  has  been  car- 
ried out  with  a  completeness  that  has 
been  emulated  in  only  one  or  two  pre- 
ceding   installations    in    this    country. 

Each  No.  24  crusher  discharges 
directly  into  a  72  in.  pan  conveyor 
which  carries  the  material  up  a  45  de- 
gree incline  into  the  top  of  the  screen 
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house,  the  head  shafts  being  located 
about  88  ft.  above  ground  level.  These 
conveyors  are  176  ft.  long  between 
centers,  a  length  which  exceeds  by  a 
considerable  margin  anything  hither- 
to attempted  in  pan  conveyor  con- 
struction. 

A  feature  peculiar  to  this  type  of 
elevator  is  the  great  weight  of  the 
machine  itself  as  compared  to  the 
live  load  which  it  is  designed  to  han- 
dle and  this  feature,  entailing  as  it 
does  enormous  weight  and  consequent 
high  chain  and  head  gear  stresses, 
has  in  the  past  militated  against  the 
use  of  pan  conveyors  of  over  130  ft. 
centers. 

In  order  to  overcome  this  objection 
and  to  permit  the  installation  of  pan 
conveyors  long  enough  to  fit  in  with 
the  balance  of  the  plant  design,  which 
embodied  the  severe  combination  of 
crushers  below  grade  and  extremely 
high  screen  house,  a  most  ingenious 
device  has  been  resorted  to  in  the 
form  of  an  equalizing  device  located 
in  the  conveyor  trestle  about  65  ft. 
below  the  head  shaft.  This  device  is 
designed  to  carry  the  entire  dead 
load  of  the  conveyor  up  to  the  point 
at  which  it  is  installed,  leaving  the 
upper  65  ft,  of  dead  load,  plus  the 
live  load,  to  be  carried  by  the  head 
shaft.  This  contrivance  constitutes 
"something  new  under  the  sun"  in  pan 
conveyor  design  and  its  conception 
has  made  feasible  the  employment  of 
pan  conveyors  of  a  length  that  was 
heretofore  considered  utterly  imprac- 
ticable. 

Each  pan  conveyor  is  arranged  for 
individual  drive  from  a  200  H.  P.,  720 
R.  P.  M.  slip  ring  motor  through  si- 
lent chain  drive  and  speed  reducing 
gearing.  Powerful  automatic  devices 
are  provided  on  each  head  shaft  to 
prevent  the  backing  up  of  the  con- 
veyor in  the  event  of  power  failure 
when  they  are  under  load. 

Repairs  for  the  head  shaft  and  driv- 
ing mechanism  will  be  handled  by  a 
5-ton  bridge  type  overhead  crane  ar- 
ranged   to   serve    both   machines. 

First  Battery  of  Screens.— Each  72 
in.  pan  conveyor  discharges  directly 
into  two  60  in.  x  24  ft.  steel  frame 
closed  end  Gates  revolving  screens  ar- 
ranged in  a  parallel  battery.  Each  of 
these  screens  is  geared  direct  to  a 
25  H.  P.,  720  R.  P.  M.  slip  ring  motor. 
The  first  12  ft.  of  each  screen  barrel 
is  fitted  with  tank  steel  sections  hav- 
ing 3  in.  round  perforations.  Sur- 
rounding these  sections  is  a  10  ft. 
jacket  of   the   same   material  having 


2^4  in.  perforations.  The  remaining 
12  ft.  of  the  barrel  is  fitted  with  sec- 
tions built  up  of  strap  steel  laid  cross- 
wise and  riveted  at  each  intersection. 
These  straps  are  spaced  to  give  a  6 
in.  square  opening.  The  material 
passing  through  these  6  in.  perfora- 
tions, combined  with  the  minus  3  in. 
plus  214  in.  material  rejected  by  the 
jackets    will    constitute    the    finished 


Hopper  for  Two  No.  24  K  Breakers.  Meth- 
od  of   Setting   Concaves   in    Breaker 
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flux  and  will  be  chuted  to  the  proper 
storage  bins  below  the  screen  rooms. 

Second  Battery  of  Screens. — The 
minus  2%  in.  material  passing 
through  the  jacket  perforations  will 
pass  into  a  second  battery  of  four 
48  in.  x  20  ft.  steel  frame  closed  end 
Gates  revolving  screens  located  be- 
low the  60  in.  screens.  These  sec- 
ondary screens  are  also  arranged  for 
geared  drive  from  four  20  H.  P.,  720 
R.  P.  M.  slip  ring  motors.  It  is  here 
that  the  separation  of  the  various 
commercial  sizes  begins.  The  screen 
barrels  are  fitted  for  their  entire 
length  with  tank  steel  sections  hav- 
ing IY2  in.  round  perforations  and 
each  screen  is  equipped  with  a  10 
ft.  dust  jacket  having  %  in.  perfora- 
tion. The  clean  minus  2^4  in.  plus 
iy2  in.  and  minus  1V2  in.  plus  %  in. 
sizes  made  by  these  screens  chuted  to 
the  storage  bins   as  finished  product. 

Shaking  Screens. — The  minus  %  in. 
stone  passing  through  the  48  in. 
screen  dust  jackets  will  go  to  four 
5  ft.  x  10  ft.  double  deck  shaking 
screens,    Each  of  these  screens  is  ar- 
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ranged    for    individual    drive    by   belt      duction  of  all  material  to  flux  size  and 


from  a  10  H.  P.,  720  R.  P.  M.  squirrel 
cage  motor  suspended  from  the  joists 
of  the  48  in.  screen  floor  above.  Both 
decks  of  these  shaking  screens  are 
fitted  with  wire  cloth,  the  upper  deck 
having  %  in.  openings  and  the  lower 
%  in.  Here  again  the  finished  minus 
%  in.  plus  %  in.,  and  minus  %  in. 
plus  %  in.  stone  is  distributed  by 
gravity  to  the  proper  bin  compart- 
ments. 

A  20  in.  belt  conveyor  gathers  the 
minus  %  in.  material  from  all  four 
screens  and  discharges  it  to  a  sec- 
ond 20  in.  conveyor  which  in  turn 
discharges  to  a  vibrating  screen 
which  separates  the  material  into  % 
in.,  *4  in.  and  dust,  this  constituting 
the  final  separation  into  commercial 
grades. 

Secondary  Crushers. — Having  fol- 
lowed the  commercial  screening  pro- 
cess through  to  its  conclusion  we  will 
return  to  the  treatment  of  the  over- 
size material  rejected  by  the  initial 
battery  of  60  in.  screens. 

This  oversize  product,  which  will 
run  from  8  to  10  in.  in  size,  will  be 
used  for  kiln  stone  for  lime  manu- 
facture, the  Kelley  Island  Lime  & 
Transport  Co.  being  a  leading  pro- 
ducer of  the  latter  commodity. 

Realizing  however,  that  the  produc- 
tion of  oversize  will  at  times  exceed 
the  demand  provision  has  been  made 
for  reducing  this  rock  to  flux  size  and 
under  in  two  No.  8  "K"  Gates  gyra- 
tory crushers  located  in  the  screen 
house,  with  their  tops  10  ft.  below 
the  discharge  end  of  the  60  in. 
screens.  The  rejections  chutes  from 
these  screens  are  so  arranged  that 
the  rock  can  be  dropped  into  the 
crushers  or  by-passed  to  the  oversize 
storage  bins  as  occasion  may  require. 

The  No.  8  crushers  are  so  located 
that  each  one  of  them  will  receive  the 
rejections  from  two  of  the  battery  of 
four  60  in.  screens.  These  crushers 
are  belted  to  75  H.  P.,  720  R.  P.  M. 
slip  ring  motors. 

A  15-ton  crawl  over  each  machine 
will  serve  them  for  repairs  and  ad- 
justments, the  crawl  beams  being  ex- 
tended outside  the  building  to  facili- 
tate the  hoisting  of  heavy  repair  parts 
from  the  ground. 

Elevators. — The  No.  8  crushers  dis- 
charge into  two  No.  8  belt  and  bucket 
elevators,  51  ft.  long  between  centers. 
These  elevators  pass  up  between  the 
two  pairs  of  60  in.  screens  and  dis- 
charge into  these  screens,  thus  clos- 
ing the   circuit   and   insuring   the  re- 


under  when  desired. 

The  elevators  are  equipped  with 
steel  frames  and  are  geared  direct  to 
two  20  H.  P.,  720  R.  P.  M.  motors. 

Storage  Bins. — The  storage  bins  un- 
der the  screen  house  are  divided  into 
32  compartments  having  a  total  active 
capacity  of  approximately  4,600  tons. 
The  bins  span  five  loading  tracks, 
four  of  which  are  equipped  with  track 
scales  for  weighing  the  cars  as  they 
are  loaded.  This  arrangement  of 
track  scales  beneath  the  storage  bins 
is  believed  to  be  unique,  applied  as  it 
is  to  so  many  loading  tracks. 

Storage  Bins  and  Weighing. — These 
scales  are  of  the  latest  design  and 
comply  with  the  requirements  of  the 
American  Railway  Association  and 
the  recommendations  of  the  U.  S. 
Bureau  of  Standards,  providing  the 
most  accurate  and  dependable  facil- 
ities for  weighing  cars  as  they  are 
loaded.  The  question  of  accuracy  is 
taken  care  of  to  such  an  extent  that 
customers  may  feel  safe  that  they 
will  receive  the  full  amount  of  mater- 
ial for  which  they  are  invoiced,  thus 
eliminating  the  cause  of  complaints 
regarding  shortages,  and  the  friction 
between  the  shipper  and  the  con- 
sumer caused  by  such  controversies. 
Another  deciding  factor  in  connection 
with  such  an  elaborate  system  for 
weighing  was  the  question  of  car  sup- 
ply. Car  shortages  affect  all  shippers, 
but  none  more  than  the  quarry  opera- 
tors. When  the  railroads  of  the 
country  were  making  a  drive  for  in- 
tensive loading  of  equipment,  an  an- 
alysis of  car  loading  was  made.  This 
disclosed  the  fact  that  cars  could  only 
be  loaded  to  full  carrying  capacity 
by  weighing  them  as  they  were  load- 
ed, and  that  by  utilizing  the  full  ca- 
pacity, it  was  possible  to  increase  the 
average  load  to  an  extent  that  per- 
mitted the  shipment  of  tonnage  equi- 
valent to  3,200  extra  cars  in  12  months 
without  asking  the  railroads  to  in- 
crease the  number  of  cars  furnished 
for  loading.  This  was  actually  accom- 
plished at  the  old  plant,  and  inas- 
much as  the  new  plant  will  provide 
for  loading  a  larger  percentage  of  the 
total  cars  on  the  scales,  it  seems  rea- 
sonably certain  that  even  better  re- 
sults towards  intensive  loading  of  rail- 
road equipment  will  be  obtained.  An 
interesting  feature  in  connection  with 
the  scale  installation,  providing  four 
modern  scales,  all  parallel,  is  the  fact 
that  by  means  of  extension  levers  all 
weigh  beams  are  located  in  a  small 
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but  well  lighted  and  convenient  weigh 
house  and  all   weighing  will  be   per- 

1  formed  by  one  weighmaster  who  will 
have  the  four  weight  beams  within 
easy  reach. 
The  reader  will  appreciate  the  fact 
that  the  Kelley  Island  Co.  has  gone 
:he    limit    in    the    way    of    installing 


the  outside  row  of  bins  on  the  side 
of  the  building  farthest  from  the 
crusher  house. 

The  bottom  discharge  bin  gates  are 
all  of  the  scissors  type,  developed  by 
the  Kelley  Island  Co.  and  built  in 
their  own  shops. 

Pour    30   in.    x    30   in.    air   operated 


Crusher  Pit  for  No.  24  Breaker.     200   H.   P.     Motors    in    Background.       Note    Construe- 
fii-  W    I  li      tion  of  Steel    Box-Chute   Between   Crusher   and    Pan    Conveyors. 


equipment  that  will  insure  smooth 
and  uninterrupted  operation  from  the 
quarry  to  the  shipping  end. 

Arrangements  have  also  been  made 
for  loading  on  a  sixth  track  running 
alongside  the  oversize  bins,  which  are 


quadrant  bin  gates  with  hinged  coun- 
ter-weighted spouts  will  serve  the  out- 
side track  Mentioned  above. 

All  tracks  serving  the  screenhouse 
are  gauntlet  tracks  having  both  stan- 
dard and  36  in.  gauge,  making  it  pos- 
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sible  to  load  any  product  in  standard 
gauge  cars  for  rail  shipment,  or  to 
load  in  narrow  gauge  cars  for  any  one 
or  all  of  the  following  purposes:  Over- 
size stone  to  lime  kilns,  any  finished 
product,  either  to  stock  pile  or  to  dock 
for  boat  shipment,  fine  material  to 
agricultural  limestone  grinding  plant. 

Elevated  runways  are  provided 
from  which  the  car  loaders  can  oper- 
ate the  bin  gates  and  observe  the  cars 
from  above  as  they  are  being  loaded. 

Buildings. — The  crusher  house,  bins, 
screenhouse  and  conveyor  gallery  are 
constructed  of  steel  throughout  with 
corrugated  siding  and  roofing. 

It  is  believed  that  this  plant  will 
set  a  high  watermark  in  the  provi- 
sions made  for  interior  lighting.  Large 
double  window  spaces  are  allowed  for 
in  each  bay  and  above  each  floor,  in- 
suring excellent  lighting  in  the  inte- 
rior of  the  building  under  all  weather 
conditions.  These  spaces  are  fitted 
with  steel  sash,  glazed  with  plain 
glass  to  permit  clear  vision  over 
quarry. 

The  proportions  of  the  building  are 
generous  in  every  part  and  the  utmost 
care  was  exercised  in  designing  the 
plant  to  provide  ample  space  around 
each  and  every  machine  for  inspec- 
tion,  lubrication  and  repairs. 

Freight  and  Passenger  Elevator. — 
In  this  connection  it  is  safe  to  say 
that  no  crushing  plant  yet  erected 
has  as  thorough  provision  as  has  this 
plant  for  handling  repairs  in  a  quick 
and  efficient  manner.  Not  only  have 
cranes  and  crawls  been  installed  over 
all  the  heavier  machines,  but  an  elec- 
trically operated  freight  and  passen- 
ger elevator  has  been  put  in  which 
will  serve  every  floor  in  the  screen 
house.  This  elevator  has  sufficient 
lifting  capacity  to  handle  repair  parts 
for  every  machine  in  the  building,  ex- 
cepting only  the  heavier  parts  of  the 
two  No.  8  crushers.  Mention  has  been 
made  heretofore  of  the  arrangement 
for  hoisting  these  heavy  parts  into 
the  building,  an  operation  which  will 
have  to  be  performed  very  infre- 
quently. 

The  value  of  an  elevator  in  a  plant 
of  this  size  and  character  can  hardly 
be  overestimated,  and  it  is  safe  to 
say  that  no  piece  of  equipment  in  the 
plant  will  render  a  return  on  the  in- 
vestment more  quickly  than  will  this 
equipment.  Not  only  will  it  serve  to 
expedite  the  hoisting  of  repair  parts 
to  the  various  floor  levels,  but  it  will 
also  afford  a  quick  and  easy  means 
for  the   operating   men   and   foremen 


to  get  into  every  part  of  the  building 
for  inspection.  This  is  a  feature  that 
has  been  sadly  overlooked  in  prac- 
tically all  high  crushing  plants  in  the 
past  with  the  inevitable  result  that 
the  upper  parts  of  the  building  are 
generally  unknown  regions  to  the  su- 
pervising members  of  the  operating 
crew. 

In  addition  to  the  elevator,  there  are 
stairways  reaching  every  floor  and 
there  are  also  stairways  extending 
along  both  sides  of  the  pan  convey- 
ors. It  should  also  be  noted  that  these 
pan  conveyors  are  completely  housed 
in  from  top  to  bottom.  These  latter 
features  are  refinements  which  will 
be  envied  by  those  operators  who  are 
running  pan  conveyors  erected  in  the 
old  way  on  skeleton  trestle-work  with 
nothing  overhead  but  the  sky  and 
nothing  alongside  but  air. 

Safety  Guards. — Unusual  precau- 
tions have  been  taken  to  insure  the 
bodily  safety  of  the  men  who  will  op- 
erate the  plant.  Guards  made  of 
heavy  sheet  metal  enclose  all  of  the 
gears  and  special  care  has  been  taken 
to  make  these  gear  guards  dust  proof. 
All  belts  and  other  moving  parts 
which  might  be  dangerous  to  the  op- 
erating crew  have  been  thoroughly 
guarded.  All  runways  and  stairways 
are  equipped  with  heavy  hand  rails 
and  toe  boards. 

Both  the  screen  house  and  crusher 
house  are  constructed  with  pent 
houses  above  the  center  bay  and 
these  pent  houses  are  fitted  along 
both  sides  with  large  butterfly  venti- 
lators, the  idea  here  being  to  create 
an  upward  air  draft  through  the  build- 
ing which  will  carry  away  a  consid- 
erable percentage  of  the  dust  that, 
would  otherwise  settle  on  the  floors, 
beams  and  machines  in  the  building. 
The  ventilators  in  the  crusher  house 
will  also  serve  to  carry  away  the 
smoke  created  by  the  locomotives  as 
they  pass  through. 

Power. — That  phase  of  the  plant  de- 
sign embracing  the  electrical  equip- 
ment has  been  taken  care  of  with  a 
thoroughness  that  is  rather  unusual 
in  crushing  plant  construction  and  the 
details  are  interesting  and  instruc- 
tive enough  to  warrant  treatment  at 
some  length.  The  feature  of  individ- 
ual drive  has  been  carried  out  to  its 
ultimate  possibility. 

Each  and  every  machine  in  the  plant 
has  its  own  individual  motor  and  most 
of  those  motors  are  geared  directly  to 
the  machine  which  they  drive.  Belts 
and  rope  drives  have  been  used  only 
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where  their  use  was  essential  in  order 
to  absorb  shocks  and  irregularities 
of  drive  which  are  inherent  in  the  par- 
ticular machines  for  which  this  type 
of  drive  was  selected. 

In  the  design  of  the  electrical  sys- 
tem throughout,  including  switching 
equipment  with  its  protective  fea- 
tures, power  distribution,  etc.,  the 
dominating  thought  was: 

1.  Safe  operation  for  man  and 
equipment. 


substation  will  also  house  all  primary 
switching  equipment,  aluminum  cell 
lightning  arresters,  main  switchboard, 
etc. 

The  main  switchboard,  consisting 
of  the  following  panels,  is  so  located 
as  to  receive  the  high  tension  power, 
deliver  the  low  tension  power  with  a 
minimum  expenditure  of  copper  and 
offer  maximum  accessibility  for  in- 
spection and  maintenance. 

Panel  A — Incoming   line. 
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The    Four    60    In.    by    24    Ft.    Closed     End    Screens.    Note  Construction  of  Screen  Sec- 
tions;   Large    Floor    Space    Around    Each     Screen;     Motor    Controls     at 
Left;   Also   Crane  for   Serving    No.  8   Crusher 


2.  Economical  and  continuous  pro- 
duction and  accessibility  of  machin- 
ery for  quick  repairs. 

3.  To  obtain  graphic  record  of  op- 
erations. 

Electric  power  is  purchased  from  a 
public  utility  company  located  12 
miles  away  and  delivered  at  23,000 
volts,  3  phase,  25  cycle,  over  a  trans- 
mission line  serving  tnis  plant  indi- 
vidually. This  current  being  stepped 
down  to  460  Volts  through  three  Allis- 
Chalmers  500  KVA.  single  phase  oil 
insulated  self-cooled  transformers  in- 
stalled in  a  fireproof  substation  locat- 
ed at  one  corner  of  the  crushing  house 
adjacent  to  the  pan  conveyors.     This 


Panel  B — Feeder  circuit  for  one 
crushing  unit. 

Panel  B — Feeder  circuit  for  second 
crushing   unit. 

Panel  C — Feeder  circuit  for  mis- 
cellaneous load. 

Panel  D — Feeder  circuit  for  quarry 
load.  l 

Panel  E — Feeder  circuit  for  light- 
ing. 

The  incoming  line  panel  handles 
the  total  power  requirement  at  pri- 
mary voltage  through  a  remote 
mounted  non-automatic  oil  circuit 
breaker  and  the  following  equipment 
will  be  mounted  thereon: 

1 — Indicating  ammeter. 
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1 — Indicating  voltmeter. 

1 — Graphic    voltmeter. 

1 — Watthour  meter  (power  com- 
pany's). 

1 — Demand  meter  (power  com- 
pany's). 

1 — Watthour  meter  (owner's  for 
checking). 

The  feeder  panels  B  and  Bl  each 
control  the  power  to  a  complete 
crushing  plant  unit  starting  with  the 
No.  24  breakers  and  ending  with  the 
shaking  screens. 

The  third  feeder  panel  controls 
power  to  miscellaneous  motors,  such 
as  the  sump  pump  motors,  elevator, 
air  compressor,   crane,   etc. 

The  fourth  feeder  panel  controls 
the  power  for  all  quarry  use,  such  as 
well  drills,  etc. 

The  fifth  feeder  panel  controls  the 
current   for   all    the   lighting   circuits. 

Bach  feeder  panel  has  an  indicating 
ammeter  and  a  panel  mounted  hand- 
operated  oil  circuit  breaker  with  au- 
tomatic overload  trip.  The  circuit 
breakers  on  the  two  crushing  plant 
feeder  panels  are  equipped  also  with 
automatic  undervoltage  release  and 
there  is  also  mounted  on  each  of 
these  panels  a  graphic  wattmeter. 

The  function  of  the  graphic  volt- 
meter on  incoming  line  panel  "A"  is 
to  record  voltage  variation,  and  to  fix 
the  responsibility  for  any  total  plant 
interruption  which  might  be  due  to 
low  or  no  voltage,  and  to  record  the 
time  and  duration  of  such  power  out- 
age. Likewise  the  graphic  wattmeters 
on  feeder  panels  "B"  and  "Bl"  will 
record  the  power  consumption  plotted 
against  time,  of  each  crushing  unit 
clearly  indicating  what  percentage  of 
the  total  production  of  crushed  stone 
was  made  by  each  unit.  These  charts 
will  also  tell  just  how  regular  the 
crushers  have  been  fed,  the  number 
of  times  they  have  been  without 
stone,  the  period  of  such  delay  and 
the  maximum  peak  of  power  consump- 
tion and  its  duration.  With  this  in- 
formation, which  can  be  had  daily  or 
weekly,  the  management  has  the  op- 
portunity of  removing  the  cause  of  ir- 
regular feeding,  the  possible  unbal- 
anced production  from  each  unit  and 
to  avoid  or  cut  down  those  costly 
power  peaks. 

All  slip  ring  motors  are  provided 
with  a  drum  type  starter,  starting  re- 
sistance for  two  minute  service,  pri- 
mary oil  switch  with  automatic  over- 
load and  no  voltage  release,  magnetic 
interlock     and     indicating     ammeter 


mounted  on  the  oil  switch  cover.  The 
squirrel  cage  motors  have  potential 
starters  with  automatic  overload  and 
no  voltage  release. 

The  no  voltage  release  feature  on 
the  oil  switches  of  feeder  panels  "B" 
and  "Bl"  and  on  the  individual  oil 
switches  for  motors,  serves  in  addi- 
tion to  its  regular  function  of  opening 
the  circuit  when  power  has  been  dis- 
continued, the  purpose  of  providing 
an  emergency  stop  through  push-but- 
tons which  are  conveniently  located 
at  various  points  in  the  plant.  By 
means  of  these  push-buttons  the  plant 
machinery  can  be  instantly  shut  down 
in  case  of  a  serious  accident  to  any 
of  the  machines,  or  what  is  more  im- 
portant, in  the  event  of  a  man  falling 
into  the  crusher  or  being  caught  in 
any  of  the  moving  elements. 

General. — The  officials  of  the  Kelley 
Island  Lime  &  Transport  Co.  whose 
progressive  policy  has  made  this 
plant  possible  are:  Jno.  A.  Kling, 
president;  G.  J.  Whelan,  vice  presi- 
dent and  general  manager;  I.  J.  Sau- 
vey,  supt.  of  construction;  A.  C. 
Schultz,  chief  engineer. 

The  plant  was  designed  by  the  en- 
gineers of  the  Allis-Chalmers  Manu- 
facturing Co.,  working  in  conjunction 
with  the  Kelley  Island  officials.  The 
crushers,  pan  conveyors,  screens,  ele- 
vators, belt  conveyors,  quadrant  bin 
gates,  transmission  equipment  and  all 
electrical  equipment,  starting  from 
the  high  tension  wall  bushings  in  the 
substation  and  including  the  motors 
and  control  equipment,  were  furnished 
by  the  Allis-Chalmers  Manufacturing 
Co. 

The  electric  cranes  in  the  crusher 
and  screen  house  were  furnished  by 
the  Cleveland  Crane  Co. 

The  steel  buildings  were  fabricated 
by  the  Jones  &  Laughlin  Co.,  who  also 
made  the  stress  sheets  and  fabrication 
drawings. 

The  erection  of  the  steel  work  was 
performed  by  the  Massillon  Bridge 
Co. 

The  Standard  Scale  &  Supply  Co. 
furnished  the  track  scales.  The 
freight  and  passenger  elevator  was 
furnished  and  erected  by  the  Kieck- 
hefer  Elevator  Co.  All  electric  wiring 
work  was  performed  by  the  Dingle- 
Clark  Co.  of  Cleveland,  O. 

The  foundation  work  and  machinery 
installation  was  taken  care  of  by  the 
Kelley  Island  Co.'s  own  organization 
under  the  direct  supervision  of  Mr. 
Sauvey  and  Mr.  Schultz. 
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The  Engineer  and  Labor  Problems 

Abstract  of  Address  Presented  Dec.  15  Before  the  Technology 
Club,  New  York  City 

By  ELISHA  LEE, 
Vice  President,   Pennsylvania  R.   R. 


The  engineer  in  our  present  indus- 
trial system  generally  occupies  a  lead- 
ing position  in  which  we  commonly 
refer  to  as  management.  He  is  en- 
trusted with  the  determination  of 
policies  for  successfully  guiding  and 
directing  the  work  of  large  numbers 
of  men.  He  is  in  turn  responsible  for 
creating  and  maintaining  an  output 
satisfactory  as  to  quantity,  quality 
and  cost  per  unit,  and  in  the  case  of 
public  utilities,  for  continuity  and 
safety  of  operation. 

Necessarily,  these  responsibilities 
include  the  building  up  and  holding 
together  of  a  working  force,  adequate, 
but  not  excessive  in  numbers,  loyal 
and  willing  in  spirit,  and  capable  of 
maintaining  a  satisfactory  rate  of  pro- 
duction. This  means  that  the  engineer 
must  not  only  devise  labor  and  op- 
erating policies  which  are  sound  on 
paper,  but  must  convince  his  working 
forces  of  their  reasonableness  and 
fairness.  From  this  viewpoint,  part 
of  the  engineer's  equipment  is,  or 
should  be,  an  adequate  understanding 
of  human  nature,  and  a  real  knowl- 
edge of  the  causes  which  contribute 
to  labor  unrest  or  contentment. 
The  Demand  for  Lower  Unit  Costs. — 
At  present,  and  for  some  time  back, 
the  engineer,  confronted  with  the 
problems  which  I  have  endeavored  to 
sketch,  has  been  obliged  to  cope  with 
practically  a  universal  demand  for 
lower  unit  costs.  The  people  want, 
and  in  some  cases  are  insistently  de- 
manding, lower  prices  for  manufac- 
tured articles  and  commodities  and 
lower  rates  for  service. 

It  is  hardly  necessary  for  me  to  say 
that  this  expectation  cannot  be  re- 
alized unless  we  can  find  some  means 
of  effecting  lower  labor  costs,  either 
in  the  form  of  readjusted  wages,  in- 
creased production  per  man  hour,  or 
both.  This  arises  from  the  fact  that 
labor  is  not  only  the  largest  individual 
item  entering  into  costs,  but  if  we  an- 
alyze the  cost  of  any  product  suffi- 
ciently, we  shall  find  that  labor  repre- 
sents ultimately  nearly  all  the  cost. 

Anthracite  coal  in  the  ground  is 
worth  only  a  few  cents  per  ton — at 
least  that  is  the  basis  upon  which 
anthracite-bearing  land  is  bought  and 
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sold.  Anthracite  in  your  cellar  is 
worth  $15  or  $16  per  ton.  Practically 
all  of  the  difference  represents  wages 
or  compensation  for  labor  or  effort 
paid  to  different  people  handling  the 
coal  between  the  workings  of  the 
mine  and  the  bin  of  the  consumer.  In 
other  words,  the  cost  delivered  is 
largely  labor. 

In  the  case  of  the  railroads,  their 
own  payrolls  constitute  about  60  per 
cent  of  the  total  costs  of  operation, 
and  fuel  and  material  costs,  which 
make  up  nearly  all  the  other  expenses, 
are  in  themselves  almost  altogether 
wages  paid  to  other  workers. 

Co-operation  of  Labor  Is  Means  for 
Reducing  Costs. — The  main  problem 
in  reducing  costs,  whether  of  prod- 
ucts or  service,  lies,  therefore,  in  ob- 
taining the  co-operation  of  labor.  Thus 
far,  that  co-operation  has  not  been 
forthcoming  with  sufficient  readiness 
to  make  satisfactory  progress.  We 
have  in  this  connection  two  general 
factors  to  deal  with.  One  is  the  atti- 
tude of  labor  unions,  and  the  other  is 
the  restriction  of  immigration.  The 
latter  is  a  matter  of  public  policy  and, 
therefore,  beyond  control  of  the  engi- 
neer as  an  engineer. 

Collective  bargaining,  in  some  form 
or  another,  is  with  us  and  I,  for  one, 
see  little  likelihood  of  its  abandon- 
ment. It  probably  represents  the  only 
practicable  basis  by  which  the  labor 
relationships  of  large  masses  of  work- 
ers can  be  dealt  with  and  adjusted. 
The  thing  is  to  distinguish  between 
collective  bargaining  and  collective 
coercion.  Unfortunately,  we  have  had 
a  good  deal  of  the  latter;  so  much  so 
that  certain  large  and  important 
groups  of  workers  have  been  able  to 
retain,  in  practical  entirety,  the  high- 
est inflated  wage  scales  which  pre- 
vailed during  the  war.  We  must  cure 
that  condition  by  a  process  of  educa- 
tion, and  by  directing  the  pressure  of 
public  opinion  against  the  attitude  of 
those  groups  of  workers  who  persist 
in  substituting  coercion  for  bargain- 
ing in  their  .collective  relations  with 
society. 

Capital  Bears  Large  Part  of  Tax 
Burden. — How  unbalanced  the  present 
situation  has  become  may  be  gather- 
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ed  to  some  extent  from  the  fact  that, 
while  labor  in  the  great  organized 
crafts  is  receiving  about  two  and  one- 
half  times  pre-war  wages,  the  farmer 
is  receiving  only  64  per  cent  of  what 
he  received  for  his  products  in  pre- 
war times.  These  and  other  inequali- 
ties have  set  up  strains  in  our  social 
structure  which  will  be  very  danger- 
ous unless  relieved  in  time.  Capital 
is  bearing  a  very  large  part  of  our 
tremendous  tax  burden,  and,  conse- 
quently the  real  return  obtainable  for 
its  use  is  less  than  in  pre-war  times. 

Capital  is  the  savings  of  those  who 
produce  more  than  they  consume; 
therefore,  we  are  penalizing  thrift  on 
the  one  hand,  and,  by  maintaining 
excessive  wage  scales  and  tolerating 
inefficiency  in  output,  we  are  on  the 
other  hand  placing  a  premium  upon 
selfishness  and  waste. 

The  engineer  is  responsible  not 
only  to  the  owner  of  the  enterprise  in 
which  he  is  engaged,  but  to  society 
as  a  whole,  for  the  cost  of  the  output 
which  society  needs.  The  great  task, 
therefore,  is  to  devise  ways  and 
means  for  bringing  the  labor  costs  of 
products  and  service  into  a  reason- 
able relationship  with  the  capacity  of 
the  general  public  to  pay.  The  prob- 
lem is  sometimes  referred  to  as  that 
of  bringing  down  the  cost  of  living. 
It  might  be  more  accurate  to  describe 
it  as  bringing  living  costs  again  into 
conformity  with  economic  law.  The 
present  living  costs  are  out  of  har- 
mony with  economic  law  and  are 
filled  with  inequalities  and  injustices 
largely  because  many  labor  costs  are 
being  held  artificially  high. 

Labor  Must  Conform  to  Same  Eco- 
nomic Principles  as  Rest  of  Society.* — 
The  fundamental  problem,  which  I  do 
not  believe  is  hopeless  of  solution,  is 
to  bring  the  leaders  of  labor  into  ac- 
ceptance of  the  truth  that  labor  must 
confom  to  the  same  economic  prin- 
ciples as  all  the  rest  of  society;  that 
otherwise  society  is  on  an  insecure 
basis,  and  disaster  to  all  is  certain 
sooner  or  later  to  come  about. 

If  we  can  achieve  acceptance  of  this 
truth,  we  shall  then  have  ended  the 
divided  allegiance  of  labor,  between 
the  union  on  the  one  hand  and  the 
employing  industries  on  the  other, 
whicli  is  the  basis  of  most  of  the 
present  inefficiency  and  excessive 
costs.  We  shall  have  both  forces 
working  to  the  same  end,  which  is  to 
increase  the  output  and  distribution 
of  the  product,   because  it  will  then 


be  understood  that  wages  can  only  be 
paid  out  of  production. 

While,  according  to  historians, 
strikes  and  other  concerted  labor 
movements  to  obtain  more  satisfac- 
tory working  arrangements  were  not 
unusual,  from  about-  2,000  years  B.  C. 
up  to  modern  times  in  the  old  coun- 
try, in  our  own  country  the  condition 
of  labor  unrest  did  not  assume  definite 
form  until  the  early  part  of  the  nine- 
teenth century,  and  was  of  no  particu- 
lar importance  in  our  economic  life 
until  about  the  outbreak  of  the  Civil 
War.  Since  that  time  the  matter  of 
unrest  among  laboring  men  has  grown 
in  a  manner  corresponding  rather 
closely  to  the  growth  of  the  so-called 
factory  system  of  industry,  where 
capital,  management  and  labor  are 
rather  distinct  individual  groups. 

It  will  be  recalled  that,  up  to  about 
the  beginning  of  the  nineteenth  cen- 
tury, industrial  plants  were  small  and 
the  owner  was  not  only  the  capitalist, 
but  also  manager  and  one  of  the 
workmen.  Therefore,  these  conditions 
of  employment,  constituting  an  inti- 
mate relationship  between  manage- 
ment and  men,  deserve  serious  con- 
sideration in  determining  the  policy 
for  the  handling  of  men  under  our 
present  industrial  system. 

The  Chief  Underlying  Cause  of  La- 
bor Unrest. — I  feel  that  we  are  often 
very  much  misled  by  the  expressed 
demands  involved  in  concerted  labor 
movements,  rather  than  the  underly- 
ing cause  for  these  demands.  It  is, 
for  instance,  a  rather  popular  idea 
that  the  predominating  cause  of 
strikes  is  a  desire  for  increased 
wages.  As  a  matter  of  fact,  the  ele- 
ment of  wages  is,  certainly  in  a  very 
large  percentage  of  strikes,  only 
injected  after  the  organization  has 
been  completed  and  functioning  for 
some  time.  Many  strikes  are  called 
without  any  mention  of  wages  at  all. 
There  is  a  deeper  cause  than  either 
wages  or  hours  of  labor,  or  even  many 
of  the  demands  calculated  to  improve 
working  conditions.  I  believe  the  chief 
underlying  cause  of  labor  unrest  mak- 
ing itself  felt  in  the  form  of  labor 
unions,  or  other  concerted  labor  move- 
ments, is  the  human  desire  to  have 
an  unoppressed  voice  in  all  delibera- 
tions where  labor  policies  are  in- 
volved. 

The  same  spirit,  it  seems  to  me,  which 
has  prompted  men  in  overthrowing 
kingdoms  in  the  old  country  from  time 
to  time,  and  particularly  since  the  war, 
and  in  fighting  to  a  successful  conclu- 
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sion  the  Revolutionary  war  in  our 
own  country,  is  quite  as  pronounced 
in  the  hearts  of  men  with  regard  to 
their  industrial  life.  They  want  to 
feel  that  they  are  a  part  of  industry, 
have  a  perfect  right  to  be  consulted 
and  to  have  their  views  and  desires 
given  the  same  thoughtful  and  sym- 
pathetic consideration  that  they  re- 
ceived during  those  300  years  when 
this  country  industrially  was  in  the 
state  where  the  capitalist  was  also 
manager  and  co-worker. 

There  have  been  some  experiments 
along  this  line  in  the  form  of  working 
arrangements,  commonly  known  as 
employee  representation  plans,  where 
employees  have  been  given  unhamper- 
ed right  to  select  representatives  to 
help  mould  the  labor  policy,  and,  as 
far  as  I  have  been  able  to  learn,  wher- 
ever management  "threw  the  cards  on 
the  table"  and  placed  these  men  on 
their  honor,  they  have  proved  them- 
selves honest,  thoughtful  and  prac- 
tical. 

There  are  many  other  labor  prob- 
lems which  the  engineer  has  to  cope 
with,  particularly  the  selection  and 
training  of  foreman,  and  their  super- 
iors, but,  to  my  mind,  no  great  prog- 
ress will  be  made  toward  the  elimi- 
nation of  the  present  state  of  unrest 
unless  we  establish  an  effective  sub- 
stitute for  that,  condition  where  the 
employee  was  in  position  to  present 
his  point  of  view  directly  to  manage- 
ment and  have  it  given  careful  and 
sympathetic  consideration. 


Pennsylvania  Track  Awards. — An- 
nual prize  track  awards  for  the  best- 
kept  subdivisions  of  track  for  the 
main  lines  of  the  Pennsylvania  R.  R. 
between  Chicago  and  Mansfield,  O., 
and  Columbus,  O.,  have  been  an- 
nounced by  T.  B.  Hamilton,  general 
manager  of  the  northwestern  region 
of  the  Pennsylvania.  E.  B.  Kirsch- 
ner  of  Van  Wert,  O.,  was  awarded 
first  prize  of  $250  for  the  most  nearly 
perfect  stretch  of  track.  His  subdi- 
vision lies  on  the  through  route  to 
New  York.  The  second  prize  of  $200 
was  awarded  to  Charles  McCarthy, 
■  supervisor  of  a  subdivision  on  the  Lo- 
gansport  division  in  Indiana.  He  is 
a  resident  of  Union  City  and  has  won 
numerous  track  prizes  in  the  past, 
having  captured  first  prize  for  the  last 
two  years  and  also  once  winning  the 
highest  award  for  the  best  subdivi- 
sion between  Chicago  and  Pittsburgh. 
A  third  award  of  $150  was  made  to 
Jack  Britton  of  Logansport,  Ind. 


Classification  of  Engineering 

Positions  in  Public 

Service* 

By   J.   L.    JACOBS. 

Of    J.    L.    Jacobs    &    Co.,    Industrial    En- 
gineers and  Employment  Advisers. 

It  is  not  often  that  industry  turns 
to  government  for  suggestions  re- 
garding the  management  of  its  inter- 
nal affairs.  In  the  case  of  personal 
service,  however,  the  very  complexity 
of  governmental  organizations  has  led 
in  some  of  the  larger  cities  and  states 
to  the  development  of  methods  and 
standards  ct  personnel  administration 
which  are  well  worth  the  considera- 
tion of  other  organizations  and  agen- 
cies who  are  dealing  with  employ- 
ment problems. 

The  development  of  employment 
classifications  and  specifications  has 
received  greatest  publicity  in  its  ap- 
plication to  the  public  service.  The 
published  reports  on  classification 
and  standardization  studies  and  the 
experiences  of  such  cities  as  Chicago, 
New  York,  Cleveland,  Milwaukee,  and 
Los  Angeles,  such  states  as  New 
York,  and  New  Jersey  and  the  rail- 
road classification  of  the  U.  S.  Rail- 
road Labor  Board  should  be  invalu- 
able to  all  organizations  which  are 
considering  problems  of  classification 
and  of  effective  bases  of  employment 
control. 

In  a  survey  and  report  just  com- 
pleted by  the  writer  for  the  City  of 
Minneapolis  on  the  classification  of 
positions  and  schedules  of  compensa- 
tion for  all  municipal  employes,  the 
conditions  found,  the  methods  used 
and  the  principal  features  of  classi- 
fication represent  the  accumulated  ex- 
perience and  successful  practices  in 
developing  comprehensive  and  sound 
classification  and  compensation  plans 
for  other  governmental  and  indus- 
trial organizations  throughout  the 
country.  Of  particular  interest  to  en- 
gineers are  the  divisions  in  this  re- 
port which  have  to  do  with  the  clas- 
sification of  professional  and  sub-pro- 
fessional engineering  positions  in  this 
public  service.  These  are  described 
later. 

Extent  of  Classification  Movement. — 
The  steps  taken  by  a  large  number  of 
municipal,  state  and  federal  age-ines  as 
well  as  many  l&rge  industrial  establish- 
ments, for  definite  classification  oi' 
positions    and    provision    of    equitable 
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and  like  pay  for  like  work,  have  prov- 
en of  great  service  in  establishing 
clearer  understanding  of  the  stands 
of  service  and  qualification  require- 
ments and  developing  increased  effi- 
ciency in  the  personal  service  which 
comes  through  proper  assignment  of 
the  man  to  the  job,  through  uniform 
and  fair  treatment  of  employes  and 
through  sound   employment  policies. 

The  importance  of  the  movement 
for  systematic  analysis  and  classifica- 
tion of  duties  and  qualification  re- 
quirements is  evidenced  by  the  in- 
creasing number  of  public  and  indus- 
trial organizations  which  are  studying 
these  definite  employment  plans  for 
the  purpose  of  establishing  and  main- 
taining sound  and  equitable  employ- 
ment and  salary  policies. 

The  activities  of  the  American  Asso- 
ciation of  Engineers  along  these  di- 
rections are  excellent  examples  of 
what  can  be  done  through  clear  think- 
ing and  constructive  work  directed 
for  the  improvement  of  the  economic 
and  social  status  aud  ideals  of  the 
engineering  profession.  The  recent 
appointment  by  the  American  Asso- 
ciation of  Engineers  of  the  Commit- 
tee on  Classification  of  Engineering 
Positions  and  the  Committee  on  Sal- 
aries of  Engineers  in  Public  Service 
is  a  further  evidence  of  the  active  in- 
terest and  valuable  service  which  is 
to  be  rendered  the  entire  citizenship 
as  well  as  the  organizations  and  en- 
gineers who  are  engaged  in  industrial 
and   governmental   engineering   work. 

The  conditions  found  in  organiza- 
tions, whether  they  be  industrial,  util- 
ity or  governmental;  or  whether  they 
have  to  do  with  the  administrative, 
engineering  or  other  classes  of  em- 
ployes, are  analogous  where  the  per- 
sonal service  is  undefined  and  where 
there  is  no  definite  classification  and 
uniform  basis  for  fixing  salaries  and 
controlling  related  problems  of  em- 
ployment. Likewise  the  procedure 
and  method  of  analysis  and  the  basic 
principles  of  classification  are  sim- 
ilar, the  variations  in  classification 
and  salary  standards  consisting  of  the 
special  conditions  and  requirements 
of  the  positions  and  the  organizations 
for  which  the  classifications  are  to 
be  prepared. 

Principal  Features  of  Classification. 
— It  will  be  readily  recognized  that 
without  complete  classification  and 
standards  of  duties  and  uniform  bases 
for  controlling  related  matters  of  em- 
ployment, how  the  "guess"  and  "rule 
of  thumb"  methods  of  appraising  jobs 
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and  individual  performance,  the  mis- 
fit of  the  man  to  the  job,  inequali- 
ties in  salaries  for  positions  having 
similar  duties,  unstandardized  and 
misleading  employment  terminology, 
indefinte  systems  for  regulating  ad- 
vancement and  promotion  and  a  gen- 
eral unbalanced  organization  and 
waste  will  creep  into  different  de- 
partments. These  conditions,  which 
are  by  no  means  peculiar  to  the  pub 
lie  service  alone,  are  the  controlling 
reasons  for  undertaking  work  on  clas- 
sification and  standardization  of  em 
ployments  and  in  developing  modern 
employment  methods. 

The  entire  program  of  employment 
1  classification  and  standardization  is 
based  upon  the  fundamental  principle 
that  duties  and  work  performed  must 
control  in  classification,  title  designa- 
tion, salaries  paid,  selection,  ad- 
vancement, and  promotion  from  and 
to  each  position.  It  is  the  work  be- 
ing done  and  not  the  individual  doing 
the  work  which  determines  the  clas- 
sification and  the  schedules  of  com- 
pensation of  the  class. 

The  more  successful  classification 
plans  provide  that  the  positions  be 
classified  along  functional  lines  and 
that  duties  and  responsibilities  must 
be  the  measure  of  classification  and 
gradation  and  must  control  in  any 
orderly  arrangement  of  positions,  title 
designation,  specifidations  of  duties 
and  qualification  standards,  lines  of 
promotion  and  salaries  to  be  paid. 

In  such  classifications,  the  distinc- 
tive classes  of  positions  are  grouped 
into  divisions  or  services  which  are 
the  broadest  functional  divisions  or 
groups  of  related  positions,  and  in- 
clude all  positions  having  substantial- 
ly similar  duties  and  work  require- 
ments. 

Each  service  is  subdivided  into 
"Grades,"  the  distinction  between 
grades  being  based  upon  clearly  dis- 
cernable  differences  in  the  impor<- 
tance,  difficulty,  responsibility,  and 
value  of  the  duties  and  work  per- 
formed in  one  or  more  distinctive 
classes  of  positions.  Thus  in  the  Pro- 
fessional Engineering  Service  of  the 
Minneapolis  public  service,  such  posi- 
tions of  Junior  Assistant  Civil  Engi- 
neer, Assistant  Civil  Engineer,  Se- 
nior Assistant  Civil  Engineer,  Engi- 
neer in  Charge  of  Bridges,  Assistant 
Chief  Engineer  and  Chief  Engineer  are 
in  separate  grades. 

Each  grade  contains  one  or  more 
distinctive  classes  of  positions,  call- 
ing  for   duties    of   equal   importance, 
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difficulty  and  responsibility  but  dis- 
tinguished from  one  another  by  the 
specific  nature  and  character  of  the 
duties  performed,  qualifications,  and 
lines    of    promotion. 

Classes  of  positions  are  the  smallest 
units  provided  for  in  the  classification 
and  bring  all  the  existing  positions 
under  the  uniform  nomenclature  and 
standard  specifications.  A  standard 
title,  descriptive  of  the  duties  of  each 
class  and  built  upon  a  systematic 
plan  and  generic  wherever  possible, 
is  provided  for  each  class. 

This  skeleton  classification  is  ex- 
panded through  standard  specifica- 
tions for  each  class,  including  a  de- 
scription of  the  preponderant  duties 
and  responsibilities,  the  minimum 
qualifications  for  appointment,  lines 
of  promotion  and  rates  of  compensa- 
tion. The  purpose  of  these  specifica- 
tions is  to  make  it  possible  to  definite- 
ly furnish  standards  which  may  be 
used  to  appraise  the  value  of  any 
given  position  and  locate  it  in  the 
classification  exactly  where  it  belongs 
regardless  of  present  title  or  salary, 
so  that  it  will  be  treated  on  the  same 
basis  as  all  other  similar  positions. 

Classification  of  Minneapolis  Engi- 
neering Positions. — The  engineering 
positions  in  the  Minneapolis  city  ser- 
vice have  been  analyzed  according  to 
the  general  plan  described  above  and 
are  classified  under  two  services,  viz.: 
the  Professional  Engineering  Service 
and  the  Sub-Professional  Engineering 
service.  The  definitions  of  these  ser- 
vices as  given  in  this  plan  are  as  fol- 
lows: 

"The  Professional  Engineering  Ser- 
vice shall  include  all  offices  and  posi- 
tions in  which  the  preponderant  du- 
ties of  the  incumbents  are  to  perform 
professional  engineering  work  in  the 
office  or  field,  which  work  is  based 
upon  the  established  principles  of  and 
requires  training,  ability  and  experi- 
ence in  architectural,  civil,  electrical, 
mechanical,  sanitary  or  other  special- 
ized professional  engineering." 

"The  Sub-Professional  Engineering 
Service  shall  include  all  positions  in 
which  the  preponderant  duties  of  the 
incumbents  are  to  perform  routine 
technical  work  in  the  office  or  field 
which  work  is  incidental  or  subordi- 
nate to  professional  engineering  work 
and  does  not  necessarily  require  pro- 
fessional engineering  training  and  ex- 
perience." 

Each  service  includes  a  number  of 
grades  and  within  each  grade  are 
distinctive  class  titles,  with  specifica- 
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tions  of  duties  and  responsibilities, 
minimum  qualifications  for  entrance, 
lines  of  promotion  and  suggested  rates 
of  compensation  for  these  distinctive 
classes  of  positions. 

A  typical  specification  for  one  of 
the  classes  under  the  Professional 
Engineering  Service  is  shown  in  the 
following: 

Class  of  Positions: 

SENIOR  ASSISTANT  ARCHITECTURAL 

ENGINEER. 
Duties: 

"Under  general  direction,  to  exercise 
independent  engineering  and  architectural 
judgment  and  assume  responsibility  for 
an  intermediate  division  of  an  engineer- 
ing organization  or  for  the  inspection  and 
examination  or  construction  of  building 
projects;  to  have  immediate  supervision 
over  architectural  and  structural  design 
and  rafting  work,  including  the  prepara- 
tion of  preliminary  sketches  and  studies 
of  school  building  architectural  work,  in- 
cluding equipment;  to  confer  and  advise 
with  the  board  members,  department 
heads  and  others  in  regard  to  architect- 
ural and  structural  plans  and  designs  for 
school  buildings  and  equipments;  to  keep 
records  and  prepare  necessary  reports: 
and  to  perform  related  work  as  required." 
Qualifications: 

"Education  equivalent  to  graduation 
from  a  school  of  engineering  of  recognized 
standing;  at  least  six  years  of  active 
practice  and  successful  experience  in 
architectural  and  structural  engineering 
work,  three  years  of  such  shall  have  been 
spent  in  duties  of  Assistant  Structural 
Engineer,  Clerk  of  the  Works  or  Senior 
Architectural  Draftsman,  or  their  equiv- 
alent, with  at  least  one  year  in  re- 
sponsible charge  of  important  arch- 
itectural design  or  construction  work; 
wide  knowledge  of  building  construction, 
architectural  design  and  the  strength  and 
uses  of  building  materials;  demonstrated 
ability  to  prepare  architectural  designs, 
plans  and  specifications;  ability  to  meet 
with  the  public;  supervisory  and  admin- 
istrative ability;  good  judgment;  and  such 
additional  qualifications  as  may  be  pre- 
scribed by  the  appointing  officer  and  the 
Civil  Service  Commission. 

"In  the  absence  of  the  completion  of  a 
standard  engineering  course,  a  high  school 
education  or  its  equivalent  is  required, 
with  at  least  four  years  of  additional  ex- 
perience. The  completion  of  each  full 
year  of  the  standard  engineering  course 
will  be  considered  the  equivalent  of  one 
year  of  such  additional  experience." 
Lines  of  Promotion: 

From:     Assistant    Civil    Engineer;    As- 
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sistant   Park   Planning  PJngineer;   Assist- 
ant Structural  Engineer. 

To:  Architectural  Engineer  in  Charge, 
School  Buildings;  Engineer  of  Bridges; 
Engineer  of  Paving;  Engineer  of  Sewers. 
Suggested  Range  of  Compensation: 

Monthly  rates:    $275;   $290;   $310;   $325. 
Note  on  Compensation: 

Appointment  will  be  made  at  the  lowest 
salary  rate  and  advancement  to  the  high- 
er rates  will  be  based  on  meritorious 
service  of  at  least  one  year  at  each  rate. 

All  of  the  other  professional  and 
sub-professional  engineering  positions 
are  classified  and  described  in  a  sim- 
ilar manner.  The  distinctive  class 
titles  and  suggested  rates  of  compen- 
sation for  the  engineering  positions 
in  the  Minneapolis  City  service,  are 
as  follows: 


Primary  Purposes  and  Benefits  of 
Classification.  —  The  classification 
method  attacks  the  employment  prob- 
lem at  its  base  and  straightens  out 
the  tangles  in  a  fundamental  way. 
By  its  use,  the  laying  of  orderly  and 
mature  plans,  based  on  definite  ascer- 
tained and  dependable  facts,  are  sub- 
stituted for  chance  and  unconsidered 
changes  in  employment  and  in  organ- 
ization. 

Employment  classification  reveals 
the  distinctive  classes  of  positions, 
introduces  a  clear  understanding  of 
the  duties  and  requirements  of  the 
classes;  sets  out  definite  qualifications 
as  to  education,  experience,  aptitude 
and  other  requirements;  makes  pos- 
sible adherence  to  the  policy  of  equal 
pay   for   equal   work    and    provides    a 


SUB-PROFESSIONAL   ENGINEERING    SERVICE. 


Sugges 

Initial 

Proposed    Standard   Title.  Rate. 

Grade  1. 

Junior  draftsman  or  tracer  $1,200 

Junior   engineer  aid    1,200 

Grade  2. 

Architectural  draftsman   1,560 

Engineering   draftsman    1,560 

Engineering  field  aid    1,560 

Engineering  office  aid    1,560 

Mechanical  draftsman    . . . .' 1,560 

Grade  3. 

Chief  engineering  clerk   2,160 

Clerk  of  the  works  2,160 

District  street  supervisor, 

Outlying  and   smaller   districts    1,920 

Central  business  and  larger  districts 2.160 

Senior  Architectural   draftsman    2,160 

Senior  engineering  aid,  paving  construction...  2,160 

Senior  engineering  aid,  streets   2,160 


ted     Range     of     Annual     Com- 
pensation. 

Maximum 
Intermediate  rates.        rate. 


$1,320       $1,380       $. 
1,320         1,380 


1,680 
1,680 
1,680 
1,680 
1,680 

2,280 
2,280 


1,800 
1,800 
1,800 
1,800 
1,800 

2,400 
2,400 


2,040  2,160 

2,280  2,400 

2,280  2,400 

2,280  2,400 

2,280  2,400 


1,920 
1,920 
1,920 
1,920 
1,920 


$1,440 
1,440 

2,-040 
2,040 
2,040 
2,040 
2,040 

2,520 
2,520 

2,280 
2,520 
2,520 
2,520 
2,520 


PROFESSIONAL   ENGINEERING    SERVICE. 
Suggested     Range 


Initial 
Proposed   Standard   Title.  Rate. 

Grade  1. 

Junior  assistant  civil   engineer    ,^1 ,620 

Junior  assistant  structural  engineer  1.620 

Junior  assistant   testing   engineer    1,620 

Grade  2. 

Assistant  civil  engineer  2.400 

Assistant  park  planning  engineer    2,400 

Assistant   paving   engineer    2,400 

Assistant    street   engineer    2.400 

Assistant  structural  engineer  2.400 

Grade  3. 

Mechanical  engineer,   city  hospitals    3,000 

Senior   assistant  architectural  engineer    3,300 

3,300 


of     Annual    Com- 
pensation. 

Maximum 


Intermediate  rates. 


Senior  assistant  structural  engineer  

Grade  4. 

Architectural  engineer  in  charge,  school  bldgs.  4,500 

Engineer  of  bridges    4,500 

Engineer  of  paving  4,500 

Engineer  of  sewers 4,500 

Engineer  of  water  works   4,500 

Hydroelectric  engineer  in  charge   4,500 

Mechanical  engineer  in  charge,  school  bldgs...  4,500 

Grade  5. 

Assistant  city   engineer    5,400 

Engineer  of  park  board  5,400 

Grade  6. 

City  engineer   7,200  up. 
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$1,740 
1,740 
1,740 

2,580 
2,580 
2.580 
2.580 
2,580 

3,240 
3,480 
3,480 

4,800 
4,800 
4,800 
4,800 
4,800 
4,800 
4,800 

5,700 
5,700 


$1,860 
1,860 
1,860 

2,760 
2,760 
2,760 
2,760 
2,760 

3,420 
3,720 
3,720 

5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 


$1,980 
1,980 
1,980 

2,880 
2,880 
2,880 
2,880 
2,880 


$2,100 
2,100 
2,100 

3,000 
3,000 
3,000 
3,000 
3,000 

3,600 
3,90(1 
3,900 

5,400 
5,400 
5,400 
5  400 
5,400 
5,400 
5,400 

6,000 
6,000 
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basis  for  sound  methods  of  selection, 
placement  and  advancement  and  other 
personnel  problems  necessary  for  ef- 
fective employment  management. 

Thus  the  purposes  and  benefits  of 
the  classification  and  standardization 
program  may  be  summarized  under 
the  following: 

(1)  Develops  definite  standards  and 
specifications  of  duties  and  work  require- 
ments; 

(2)  Provides  definite  minimum  quali- 
fications as  to  education,  experience  and 
other  requirements  for  the  various  classes 
of   positions; 

(3)  Establishes  uniform  and  standard 
terminology  of  positions; 

(4)  Introduces  a  clear  understanding 
of  the  standards  of  duties  and  qualifica- 
tion requirements  and  of  the  opportuni- 
ties   of    advancement    and    promotion    in 

j     the   various  classes; 

(5)  Provides  for  a  definite  and  equit- 
able basis  for  determining  and  paying 
salaries  to  employes  in  relation  to  duties 
performed  and  market  value  of  services; 

(6)  Makes  possible  the  logical  and  fair 
adjustment  of  salary  schedules  based 
upon  changes  in  economic  conditions  and 
organization  requirements; 

(7)  Provides  for  definite  system  and" 
procedure  for  advancement  and  promo- 
tion on  the  basis  of  merit,  ability  and 
seniority; 

(8)  Provides  uniform  regulations  on 
working  conditions  for  the  several  groups 
of  employes; 

(9)  Establishes  a  uniform  and  con- 
structive employment  policy  encouraging 
qualified  men  and  women  to  seek  a  career 
in  the  service; 

(10)  Develops  co-operative  relations 
jand  practices  as  between  the  adminis- 
trative officials  and  the  employes  which 
make  for  a  satisfied  and  efficient  organ- 
ization and  effective   management. 

The  benefits  from  classification  and 
an  equitable  and  uniform  employment 
plan  are  thus  cumulative.  Besides 
the  assistance  rendered  the  salary 
fixing  agency  and  administrative  of- 
ficials, there  comes  about  an  increase 
In  contentment  and  an  improvement 
in  the  spirit  of  the  employes  and  in 
a  high  grade  of  personnel  because  of 
the  fair  treatment  and  greater  oppor- 
tunities of  service.  These  bring  maxi- 
mum returns  in  efficient  and  loyal 
service  and  in  economical  administra- 
tion, which  is  shared  equally  by  the 
public,  the  government,  the  adminis- 
trative officials  and  the  employes. 


Use   of    Geophone    in    Mine 
Surveying 

The  geophone,  an  instrument  in- 
vented by  the  French  during  the  war 
to  detect  sapping  and  mining  opera- 
tions, supplies  a  quick  and  fairly  ac- 
curate method  of  mine  surveying,  ac- 
cording to  a  bulletin  of  the  U.  S.  Bu- 
reau of  Mines,  "Application  of  the 
Geophone  to  Mining  Operations." 

The  mine  geophone  was  developed 
by  the  United  States  Engineers,  and 
the  instruments  now  used  by  the  Bu- 
reau of  Mines  were  made  according  to 
plans  drawn  by  them,  except  for  the 
introduction  of  different  diaphragms. 
The  instrument  consists  of  a  cast-iron 
ring  about  3%  in.  in  diameter,  in  the 
center  of  which  is  suspended  a  lead 
weight  fastened  by  a  single  bolt 
through  two  metal  disks  or  dia- 
phragms; one  of  the  disks  covers  the 
top  and  the  other  the  bottom  of  the 
iron  ring.  There  are  two  brass  cap 
pieces,  the  top  one  having  an  open- 
ing in  its  center  to  which  is  fastened 
a  rubber  tube  leading  to  a  stetho- 
scopic  earpiece.  These  cap  pieces  are 
fastened  with  bolts  to  the  iron  ring, 
are  slightly  recessed,  and  serve  to 
hold  the  diaphragms  in  place.  The 
extreme  sensitiveness  of  the  instru- 
ment is  obtained  by  having  the  right 
proportions  between  the  size  of  the 
lead  weight,  the  size  and  shape  of 
the  case,  and  the  thickness  and  qual- 
ity of  the  diaphragms. 

The  geophones,  according  to  the 
above  mentioned  bulletin  from  which 
the  notes  following  are  taken,  can  be 
used  to  advantage,  therefore,  in  guid- 
ing tunnels  together,  in  preventing 
accidents  at  blasting  through,  and  in 
locating  mine  fires,  bore  holes,  faults, 
and  "clay  veins." 

Location  of  Tunnel  Heading. — If 
two  tunnels  were  being  brought  to- 
gether from  any  direction — the  term 
tunnels  here  including  drifts,  slopes, 
and  raises — the  progress  of  the  tun- 
nels could  be  observed  by  means  of 
the  geophones,  and  their  relative  po- 
sitions determined.  under  ordinary 
circumstances  surveys  would  be  made 
in  the  usual  way,  yet  the  geophone  of- 
fers a  simple  method  of  check  on 
such    surveys. 

In  following  the  course  of  two  tun- 
nels it  would  be  best  perhaps  to 
pound  in  the  center  of  the  tunnel 
heading,  in  ofder  to  give  a  definite 
point  upon  which  to  make  the  deter- 
mination of  direction.  The  observer 
in  the  other  tunnel  would  use  the  geo- 
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phones  in  the  usual  way.  After  obser- 
vations were  completed  the  geophones 
should  be  taken  into  the  other  tun- 
nel and  check  tests  made. 

It  is  unlikely  that  the  observer 
would  make  a  mistake  regarding  the 
apparent  direction  of  the  pounding 
unless  the  strata  through  which  the 
sound  was  coming  were  unhomoge- 
neous.  If  the  strata  deflect  the  sound 
from  its  true  course,  it  would  usually 
become  apparent  in  making  the  check 
observations,  as  it  is  improbable  that 
the  sound  would  take  the  same  ir- 
regular course  in  both  directions. 

The  practical  value  of  the  geophone 
in  this  connection  can  be  seen  from 
the  following  example.  The  Bureau 
of  Mines  engineers  were  fortunate  in 
being  present  in  a  metal  mine  at  the 
time  when  a  drift  and  a  raise  had 
"missed."  A  few  minutes  of  obser- 
vation in  the  drift,  and  of  pounding 
in  the  raise,  showed  that  the  raise 
had  gone  up  past  the  drift  about  6  ft. 
in  from  the  face  and  to  the  right. 
Observations  made  from  the  raise  to 
the  sounds  of  the  drill  operating  in 
the  drift  showed  that  the  raise  extend- 
ed to  a  point  6  ft.  above  the  drift,  and 
that  the  drift  was  in  the  direction  in' 
dicated  by  the  first  set  of  observa- 
tions. A  survey  showed  these  conclu- 
sions to  be  correct.  Again,  observa- 
tions were  made  of  another  raise  that 
was  being  driven  up  by  a  drift  about 
6  to  8  ft.  back.  Observations  were 
made  of  the  sounds  from  the  drill,  and 
a  point  was  located  on  the  side  of 
the  drift  behind  which  the  drill  in  the 
raise  seemed  to  be  working.  The 
survey  mark  was  then  ascertained  to 
be  from  2  to  3  ft.  to  the  right  of  this 
mark.  A  drill  set  up  at  the  survey 
mark  did  not  hole  through  into  the 
raise,  A  hole  drilled  at  the  point  in- 
dicated by  the  geophones  reached  the 
raise,  and  proved  the  geophone  obser- 
vations to  be  correct  within  a  few 
inches. 

"Clay  veins"  are  the  greatest  hin- 
drance to  the  transmission  of  sound 
because  their  density  is  so  different 
from   that   of  neighboring   strata. 

Prevention  of  Accidents  in  Blasting 
Through. — Another  application  of  the 
possibilities  of  the  instrument  in  sur- 
veying is  in  the  prevention  of  acci- 
dents in  blasting  through.  If  two  tun- 
nels are  approaching  each  other,  or 
are  passing  a  short  distance  apart,  it 
is  necessary  to  determine  the  relative 
location  in  order  that  men  may  be 
warned  to  keep  away  from  the  point 
of  danger.     As  the   sounds   transmit- 


ted through  the  geophone  are  so  char- 
acteristic, frequent  observation  would 
enable  a  trained  observer  to  follow  the 
progress  of  the  work  in  the  opposite 
tunnel.  He  would  thus  be  able  to 
tell  •  when  blasts  were  to  be  fired. 

Location  of  Churn-Drill  Holes. — 
Occasionally  churn-drill  holes  are 
dropped  from  the  surface  to  mine 
workings  for  running  pipes  and  for 
ventilation.  When  these  borings 
come  for  considerable  distances  they 
sometimes  drift,  and  instead  of 
breaking  through  into  the  workings, 
they  come  down  into  the  solid.  The 
question  then  is  to  locate  them  and 
to  determine  whether  or  not  the  hole 
is  deep  enough  to  come  into  the  work- 
ings. Here  the  geophone  finds  a  use- 
ful field,  for  not  only  the  direction  of 
the  hole,  but  its  elevation  can  be  de- 
termined accurately.  The  best  pro- 
cedure would  be  to, listen  to  the  drill 
working  in  the  hole  as  the  hole  ap- 
proaches the  level  of  the  workings. 

Location  of  the  Drift  of  Diamond- 
Drill  Holes.— It  is  well  known  that 
when  the  bit  of  a  diamond  drill  has 
disappeared  below  the  surface  there 
is  no  simple  method  for  determining 
the  course  it  may  have  taken.  As 
these  bits  nearly  always  drift  away 
from  a  straight  course,  any  instrument 
making  it  possible  to  follow  this  drift 
will  obviously  be  valuable.  The  geo- 
phones should  be  useful  for  this  pur- 
pose. At  the  time  of  writing  this 
phase  of  the  investigation  of  geo- 
phones in  surveying  had  not  been 
completed.  Observations  have  been 
made  upon  only  two  vertical  drill 
holes,  which  apparently  had  not  de- 
viated from  their  course.  These  holes, 
situated  about  a  quarter  of  a  mile 
apart,  were  penetrating  rock  strata 
consisting  of  alternate  layers  of 
gneiss  and  black  rock.  The  rock 
seams  pitched  at  an  angle  of  about 
45°.  One  hole  had  reached  a  depth  of 
approximately  1,000  ft.,  the  other  600 
ft.  At  each  hole  it  was  possible  to 
hear  the  bits  cutting  when  the  geo- 
phones were  placed  upon  the  rock  sur- 
face. The  observations  were  some- 
what disappointing  in  that  the  sounds 
of  the  bits  could  be  heard  within  a 
limited  area  only,  a  circle  whose  radi- 
us was  approximately  100  ft.,  the 
drilling  machinery  being  located  with- 
in the  center  of  this  area.  As  the 
area  was  so  small,  and  supposedly 
directely  above  the  bit,  no  determina- 
tions of  directions  could  be  made  in 
the    usual    manner. 
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Constructive    Regulation    of 
Railways 

Abstract  of  Address  Delivered  Dec.  14 

Before   Chicago  Association 

of  Commerce 

By   CARL   D.  JACKSON, 

Member    State    Railroad    Commission    of 
Wisconsin. 

Many  people  believe  that  the  sole 
object  of  the  establishment  of  regula- 
tory commissions  was  to  bring  about 
the  reduction  of  rates  to  the  consum- 
er, and  as  .  a  matter  of  fact  in  the 
early  history  of  regulation,  reduction 
of  rates  rather  than  the  exercise  of 
other  functions  of  regulation  did  ab- 
sorb a  large  part  of  commission  activi- 
ties. 

While  it  is  true  that  regulation  was 
first  established  largely  as  a  protest 
against  abuses  and  practices  which 
the  public  had  rightfully  found  to  be 
against  the  public  interest,  it  is  now 
beginning  to  be  generally  understood 
that  regulation  must  have  in  mind  the 
fact  that  its  principal  purpose  is  to 
bring  real  service  to  all  of  the  people 
upon  terms  not  only  fair  and  equitable 
to  the  consumer,  but  also  to  the  utility 
and  carrier  furnishing  the  service. 

Regulation  must  proceed  in  accord- 
ance with  economic  laws,  and  any 
system  of  regulation  which  hampers 
or  makes  impossible  the  service  which 
the  utility  was  established  to  perform 
is  not  in  the  public  interest  but  di- 
rectly opposed  to  that  interest. 

Service  of  Railways  Vital  to  Welfare 
of  Country. — The  steam  railroads  of 
this  country  perform  a  service  abso- 
lutely vital  to  our  welfare.  It  is  prob- 
ably safe  to  say  that  nothing  could 
more  adversely  affect  our  welfare  or 
more  seriously  threaten  the  very  form 
of  government  under  which  we  live, 
than  the  complete  breakdown  of  our 
transportation  system.  The  steam 
railroads  are  the  arteries  supplying 
the  vital  elements  of  our  life  as  it  is 
now  lived.  An  unwarranted  attack 
upon  transportation  affects  industrial 
welfare  and  the  welfare  of  our  farm- 
ers and  workmen  just  as  vitally  as 
would  a  direct  attack  upon  industry 
itself. 

The  situation  of  the  railroads  today 
is  such  as  to  demand  not  unthinking 
or  unreasonable  criticism,  but  serious 
and  constructive  consideration.  We 
are  today  having  a  practical  experi- 
ence of  what  inadequate  service  in 
transportation    means,     The     present 


car  shortage  comes  at  a  time  when 
the  demands  for  transportation  serv- 
ice are  not  nearly  what  they  will  be 
when  industry  is  again  in  full  swing 
throughout  the  country.  This  means 
that  we  must  bring  about  conditions 
that  will  insure  the  necessary  increase 
in  railroad  facilities  to  keep  pace  with 
our  industrial  development,  for  trans- 
portation limits  are  also  the  limits  of 
production. 

Inadequate  transportation  facilities 
necessarily  mean  the  loss  or  stoppage 
of  business,  the  tying  up  of  money  in 
both  raw  materials  and  manufactured 
products,  frozen  credits  and  the  cur- 
tailment of  available  capital  for  the 
business  of  the  country.  They  mean 
a  direct  loss  and  discouragement  to 
the  farming  community,  which  after 
all  is  the  basic  industry  upon  which 
all  our  prosperity  is  founded. 

Our  present  situation  is  due  to  a 
failure  to  increase  our  railroad  facili- 
ties adequately  during  the  last  5  or 
10  years,  and  this  failure,  of  course, 
is  based  on  a  lack  of  foresight  in  the 
past.  I  shall  not  discuss  how  far  it 
may  be  due  to  a  short-sighted  policy 
on  the  part  of  the  carriers,  to  the  war, 
to  government  control,  to  restrictive 
laws  like  the  Sherman  Act  or  how  far 
there  may  have  been  a  failure  to 
measure  up  to  the  full  responsibilities 
of  regulation. 

I  do  believe,  however,  that  undue 
emphasis  was  placed  upon  the  desira- 
bility of  lower  rates  and  lower  prices 
for  service  rendered,  very  often  to  the 
exclusion  of  consideration  of  those 
economic  conditions  and  necessities 
for  revenue  upon  which  alone  ade- 
quate service  could  be  based.  The 
public  had  not  come  to  realize  the  full 
effect  of  the  existing  economic  policy; 
and  that  failure  to  meet  the  situation 
in  a  far-seeing  way  during  this  period 
was  a  mere  reflection  of  the  general 
public  attitude  toward  utilities  and 
carriers.  But  we  are  faced  with  a 
present  problem  and  this  demands  not 
only  a  study  of  the  past  but  a  careful 
survey  of  the  future.  It  is  far  prefer- 
able that  we  foresee  and  prevent  dis- 
aster, than  that  we  cure  it  after  it  has 
come   upon   us. 

Unreasonable  and  Unreasoned  Dis- 
content Focused  on  Carriers. — There 
is  much  discontent  today,  and  some 
of  this  discontent  is  focused  on  the 
railroads.  Of  this  latter  discontent, 
much  is  wholly  unreasonable  and  un- 
reasoned. Very  often  it  is  based  on 
an  entire  disregard  or  misunderstand- 
ing of  facts.     Here  and  there  we  find. 
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a  tendency  to  ignore  the  actual  ser- 
vices now  being  performed  by  the  rail- 
roads or  a  failure  to  comprehend  their 
importance  or  meaning  to  the  country. 

It  is  true  that  transportation  service 
is  being  performed  by  other  agencies 
than  the  steam  roads,  but  the  slight- 
est knowledge  of  the  actual  facts 
would  show  that  the  service  performed 
by  the  carriers  is  not  of  less  impor- 
tance today  than  it  formerly  was,  but, 
on  the  contrary,  that  service  is  great- 
er today  than  ever  before. 

The  increase  in  tonnage  hauled 
(service  performed),  has  been  steady 
for  30  to  40  years.  We  are  today  do- 
ing about  the  same  amount  of  trans- 
portation that  was  done  in  the  ban- 
ner year  of  1920 — the  greatest  year  of 
transportation  service  in  the  history 
of  the  country.  The  amount  of  freight 
hauled  by  the  carriers  in  1920  is  al- 
most seven  times  that  hauled  in  1890. 
It  is  nearly  three  times  that  hauled 
in  1900,  and  it  is  over  70  per  cent 
greater  than  it  was  in  1910.  No  pre- 
war year  approaches  1920  in  the 
amount  of  freight  hauled  by  the  rail- 
roads. 

There  is  no  reason  to  expect  a  de- 
cline in  the  service  that  must  be  ren- 
dered, and  there  is  every  reason  to  ex- 
pect a  great  increase  in  it;  and  it  is 
perfectly  idle  to  suggest  or  think  of 
other  forms  of  transportation  replac- 
ing or  performing  the  service  now 
performed  by  the  steam  carriers  of 
this  country.  I  believe  that  this  will 
be  so  even  though  we  take  advantage 
of  every  economic  form  of  transporta- 
tion, including  waterways,  which 
should  be  developed. 

Welfare  of  People  Depends  on  Prop- 
er Solution  of  Transportation  Prob- 
lem.— The  facilities  for  the  perform- 
ance of  this  service  must  be  available 
if  this  country  is  to  prosper  and  in- 
dustry is  not  to  be  stifled.  The  prob- 
lem, therefore,  is  one  of  the  greatest 
in  this  country.  In  part,  at  least,  the 
regulatory  bodies  will  be  responsible 
for  its  proper  solution.  That  means 
that  the  regulatory  commissions  must 
be  courageous  enough  to  regulate  as 
their  vision  and  judgment  dictate  al- 
though it  may  be  contrary  to  political 
expediency  or  public  prejudice  at  the 
particular   moment. 

One  of  the  helpful  things  that  can 
be  done  is  to  continue  the  attempt  al- 
ready started  to  bring  home  to  every 
person  in  the  United  States  the  facts 
in  regard  to  the  situation.  If  in  the 
end  these  facts  can  be  brought  home 
to  the  public  and  the  people  can  be 


made  to  understand  how  their  own 
welfare  is  dependent  upon  the  proper 
solution  of  the  transportation  prob- 
lem, there  will  no  longer  be  any  po- 
litical advantage  to  that  type  of  pol- 
itician whose  sole  stock  in  trade  con- 
sists of  unreasonable  attacks  upon  the 
railroads. 

I  believe  that  every  effort  should  be 
made  to  restore  better  public  relations 
betwen  the  railroads  and  the  patrons 
and  shippers.  When  this  is  accom- 
plished, a  great  step  will  be  made  to- 
ward solving  the  problem.  Also,  the 
people  should  come  to  understand 
that  regulation  does  not  consist  al- 
ways of  the  reduction  of  rates,  that 
regulation  with  this  sole  object  in 
view  is  not  in  the  public  interest  and 
that  unwarranted  reductions  in  rat^s 
may  be  directly  against  their  own  in- 
terests, leading  in  the  end  to  an  in- 
crease in  our  transportation  difficul- 
ties. 

Another  great  help  would  be  an  en- 
deavor on  the  part  of  the  carriers  to 
bring  about  the  ultimate  object  of  the 
Transportation  Act— the  elimination 
of  unnecessary,  unreasonable  or 
wasteful  competition  among  them- 
selves. As  yet  no  advantage  has  been 
taken  or  perhaps  could  be  taken  of  the 
provisions  of  the  Transportation  Act 
permitting  consolidation  or  pooling  as 
a  means  of  doing  away  with  unneces- 
sary or  wasteful  competition. 

The  carriers  should  come  to  think 
of  the  transportation  system  as  a 
whole  and  as  one  transportation  facil- 
ity, and  not  as  made  up  a  heteroge- 
neous number  of  individual  railroads. 
It  seems  to  me  that  the  wise  policy 
on  their  part  would  be  the  encourage- 
ment of  cor-ordination  between  their 
own  and  other  means  of  transporta- 
tion, to  the  end  that  there  should  al- 
ways be  available  the  cheapest,  most 
economic  and  adequate  service  possi- 
ble. 


Plugging  Spike  Holes  in  Ties  As 
Preservative  Measure 

When  a  commercial  organization 
goes  to  the  trouble  of  finding  a  use 
for  bits  of  waste  wood  scarcely  larger 
than  a  man's  finger,  a  hasty  judgment 
might  condemn  the  practice  as  "picay- 
unish."  Prejudice  against  such  care- 
ful utilization  is,  however,  not  always 
justified.  The  cutting  of  the  boxful 
of  wooden  pegs  shown  in  the  U.  S. 
Forest  Service  photograph  below,  is 
the  result  of  an  effort  in  wood  saving 
entirely  consistent  with  the  diminish- 
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ing  supply  and  rising  price  of  forest 
products. 

The  remarkable  thing  about  these 
pegs  is  the  fact  that  they  are  to.  be 
used  only  to  increase  the  usefulness 
of  larger  pieces  of  wood. 

A  manufacturing  corporation,  man- 
aging a  forest  to  supply  its  wood 
needs,  uses  them  to  plug  the  holes 
left  in  ties  after  pulling  the  steel 
spikes,  in  cases  where  spikes  must  be 
pulled    and    redriven.      A,s    the    plug 


Pegs    for    Plugging    Old    Spike     Holes    in 
Ties. 


keeps  out  the  moisture  and  retards 
the  progress  of  decay  in  the  old  spike 
hole,  a  longer  period  of  service  is  se- 
cured from  the  tie  after  replacement, 
than  would  be  possible  were  infection 
unhindered  at  this  point. 

The  corporation  mentioned,  in  pro- 
ducing small  dimension  stock  for  the 
manufacture  of  its  product,  saws  the 
material  direct  from  the  log.  In  this 
way  the  high  wastage  incident  to  cut- 
ting dimension  stock  from  lumber  of 
standard  sizes  is  avoided.  The  final 
operation,  the  cutting  of  the  pegs 
shown  here,  from  the  trim  of  the  di- 
mension stock,  reduces  the  percent- 
age of  waste  to  a  minimum. 
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Nation- Wide  Investigation  Shows 
Wage  Increase 

General  increase  in  wages  is  shown 
in  a  Nation-wide  survey  of  wage 
changes  in  twenty-three  industries 
made  by  the  National  Industrial  Con- 
ference Board.  The  survey  covered 
the  period  from  July,  1922,  to  Octo- 
ber, 1922,  and  it  gives  comparisons  of 
hourly  and  weekly  wages  paid. 

The  statement  of  the  National  In- 
dustrial Conference  Board  reads  as 
follows: 

The  average  hourly  earnings  of  all 
wage  earners  covered  in  this  investi- 
gation were  $0,238  in. July,  1914.  In 
July,  1922,  they  had  risen  to  $0,484, 
in  August  to  $0,486,  in  September  to 
$0,495.  In  September,  1922,  therefore, 
the  average  hourly  earnings  of  all  the 
wage  earners  covered  were  108  per 
cent  higher  than  in  July,  1914. 

The  average  hourly  earnings  of 
women  show  a  far  greater  rise  than 
for  men  above  1914  levels  in  Septem- 
ber, 1922,  being  127  per  cent  above 
the  pre-war  figure.  Skilled  and  un- 
skilled classes  of  labor  show  practi- 
cally the  same  increase  in  hourly 
earnings  relative  to  1914,  though  from 
July  to  September,  1922,  the  hourly 
earnings  of  skilled  labor  increased 
slightly  more  than  those  of  unskilled. 

The  average  weekly  earnings  of  all 
wage  earners,  which  were  $12.27  in 
July,  1914,  had  risen  to  $23.09  in  July, 
1922,  to  $23.31  in  August  and  to  $23.88 
in  September.  In  the  latter  month 
they  were  95  per  cent  above  the  July,. 
1914.  The  average  weekly  earnings  of 
unskilled  labor  appear  to  have  in- 
creased more  since  1914  and  during 
July,  August  and  September  of  1922, 
than  those  of  skilled  labor.  Average 
weekly  earnings  of  unskilled  labor  in 
July,  1922,  were  87  per  cent  above 
1914  and  in  September,  1922,  95  per 
cent  above  pre-war  levels,  while  those 
of  skilled  labor  in  July,  1922,  were  86 
rer  cent  above  1914  and  in  September, 
1922,  had  risen  to  92  per  cent  above 
the  July,  1914,  level. 

Employment  in  identical  plants  in 
the  twenty-three  industries  covered  in 
July,  1922,  was  16  per  cent  above  the 
July,  1914,  level.  In  August,  1922,  it 
was  18  per  cent  and  in  September  23 
per  cent  above  the  pre-war  figure, 
showing  the  steady  improvement  in 
employment  conditions  during  the  last 
summer. 

The  actual  hours  worked  per  week 
per  wage-earner  also  increased  from 
47.7  in  July  to  48.2  in  September,  al- 
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though  this  figure  is  still  below  that 
for  July,  1914.  Plant  hours  and  the 
nominal  working  week  also  improved 
steadily  during  July,  August  and  Sep- 
tember of  this  year,  though  these  also 
were  still  considerably  below  the  pre- 
war levels. 

Taking  into  account  the  changes  in 
the  cost  of  living  since  1914  and  dur- 
ing July,  August  and  September,  1922, 
this  investigation  shows  that  the 
"real"  hourly  earnings  of  all  wage- 
earners  were  30  per  cent  higher  in 
July,  1922,  than  in  July,  1914;  33  per 
cent  higher  in  August,  1922,  and  34 
per  cent  higher  in  September,  1922. 
"Real"  weekly  earnings  were  21  per 
cent  higher  in  July,  1922,  23  per  cent 
higher  in  August,  1922,  and  25  per  cent 
higher  in  September,  1922,  than  in 
July,  1911 

Electric  Railway  Conditions 
in  1922 

An  interesting  review  of  the  prog- 
ress in  the  electric  railway  field  in 
1922  is  given  by  Mr.  C.  D.  Emmons, 
president,  American  Electric  Railway 
Association,  in  the  January  issue  of 
AERA,  the  official  publication  of  the 
association,  from  which  we  quote  as 
follows : 

Electric  railway  conditions  through- 
out the  United  States  improved  dur- 
ing 1922.  Statistics  based  on  detailed 
reports  from  companies  representing 
one-third  of  the  country's  mileage 
show  that,  despite  the  growing  use  of 
pleasure  automobiles  and  keen  bus 
competition  in  many  sections,  more 
persons  rode  on  electric  railways  dur- 
ing 1922  than  in  1921.  The  total  num- 
ber of  passengers  carried  exceeded 
fifteen  billions.  Up  to  May  there  was 
a  falling  off  in  revenue  passengers 
over  last  year,  but  since  that  time 
generally  there  has  been  a  steady  in- 
crease in  them. 

Increase  in  Net  Revenue. — Net  oper- 
ating revenues  increased  7.4  per  cent 
in  spite  of  the  fact  that  the  gross 
revenue  was  off  2y2  per  cent,  owing  to 
general  fare  reductions  per  passenger 
from  7.49  to  7.33  cts.  A  decrease  of 
5.9  per  cent  in  operating  expenses 
served  in  great  measure  to  offset  the 
fare  reduction  loss. 

The  operating  ratio,  which  repre- 
sents the  percentage  that  operating 
costs  bear  to  gross  receipts,  dropped 
from  75.2  to  72.4.  This  is  a  contin- 
uation of  the  improved  condition  of 
the  industry  noted  a  year  ago  and  is 
one  of  the  most  favorable  signs  in  its 
gradual  steady  recovery. 
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Receiverships  Fewer.— Receivership 
records  for  the  year  are  encouraging. 
Detailed  reports  from  Jan.  1  to  Dec. 
15,  1922,  show  that  properties  with  a 
total  mileage  of  only  517  and  total 
outstanding  securities  of  $30,986,000 
went  into  receivership,  while  roads 
with  458  miles  of  track  and  total  se- 
curities of  $88,729,350  came  out. 

Receiverships  thtoughout  the  in- 
dustry have  decreased  gradually  since 
1919,  when  the  peak  was  reached  with 
48  companies,  embracing  total  securi- 
ties of  approximately  $535,000,000, 
going  into  receiverships. 

Financial  conditions  with  some  of 
the  largest  companies  now  in  receiv- 
ership are  improving  and  several  of 
them  may  emerge  at  any  time. 

The  Range  of  Fares. — The  general 
tendency  among  regulatory  bodies  is 
to  keep  fares  at  a  level  proportionate 
to  increased  material  and  labor  costs. 
The  average  fare  today  in  a  group  of 
275  representative  cities  is  approxi- 
mately 43  per  cent  higher  than  it  was 
at  the  outbreak  of  the  war,  while  the 
average  wage  increase  is  91  per  cent, 
and  the  average  material  cost  increase 
is  102  per  cent.  Inasmuch  as  labor 
and  material  costs  constitute  about  75 
per  cent  of  all  operating  expenses  of 
electric  railways,  the  proportionate 
increase  in  fares  over  pre-war  levels 
is  much  lower  than  in  the  increase  in 
cost  of  labor  and  materials. 

Probably  the  most  important  factor 
in  keeping  the  percentage  of  increase 
in  the  average  fare  much  below  the 
percentage  of  increase  in  the  cost  of 
wages  and  materials  is  that  the  in- 
crease in  the  average  rate  of  interest 
has  been  comparatively  slight.  Most 
of  the  capital  invested  in  companies 
in  years  past  bore  a  low  rate  of  in- 
terest. The  average  rate  of  return 
today  upon  all  the  interest-bearing 
securities  in  the  average  electric  rail- 
way system  is  very  much  less  than  is 
generally  realized.  In  a  great  man/ 
cases,  it  is  less  than  5  per  cent. 

Fares  range  from  5  to  10  ct.  in  607 
leading  cities.  The  7-ct.  fare  is  opera- 
tive in  the  largest  single  number  of 
cities,  184;  the  10-ct.  fare  comes  sec- 
ond in  144,  and  the  6-ct.  fare  third  in 
102.  Other  cities  of  this  group  are 
paying— 8  ct.,  79;  8  ct.  fare,  1  ct. 
transfer  charge,  26;  5  ct,  20;  5  ct. 
city  zone,  5  ct.  outside,  14;  5  ct.  fare 
reduced  from  higher  fare,  13;  6  ct. 
city  zone,  7;  5  ct.  fare,  additional 
charge  for  transfers,  7;  two  5  ct. 
zones,  2;  6  ct.  zones,  1;  6  ct.  city 
zone,  1  ct.  charge  for  rides  outside,  1; 
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6     ct.     zones,     average     length     two 
miles,  1. 

Bus  Finding  Its  Proper  Place. — 
Entirely  aside  from  earnings,  the  lo- 
cal transportation  situation  is  im- 
proved in  most  communities.  The 
bus  situation  particularly  is  clarifying. 
Whereas  a  year  ago  bus  competition 
had  reached  such  a  point  that  electric 
railways  in  several  cities  were  com- 
pelled to  suspend  operations  tem- 
porarily, today  managements,  regula- 
tory bodies  and  the  public  gradually 
are  co-operating  more  generally  in  an 
effort  to  find  the  proper  place  for  the 
bus.  At  its  last  convention,  the  Amer- 
ican Electric  Railway  Association  de- 
clared that  it  was  the  duty  of  each 
electric  railway  company  to  supply  all 
local  transportation  in  its  community 
and  that  it  should  install  buses  where 
necessary  and  be  protected  from  de- 
structive competition  by  other  agen- 
cies. Indications  point  to  wide-spread 
recognition  of  the  soundness  of  this 
policy.  Many  electric  railway  com- 
panies are  adding  supplemental  bus 
service  and  regulatory  bodies  are  re- 
stricting bus  lines  to  territory  not 
served  by  electric  railways  and  class- 
ing them  as  common  carriers  with  the 
same  responsibilities  as  electric  rail- 
way lines. 

Outlook  Decidedly  Hopeful. — A  doz- 
en cities  have  relieved  their  com- 
panies of  paving  charges,  and  others 
doubtless  will  take  similar  action 
during  the  coming  year.  Recognition 
of  the  fact  that  present  paving  re- 
quirements are  largely  relics  of  horse- 
car  days  when  the  company  horses 
actually  wore  out  pavement  is  becom- 
ing general. 

Summarized,  the  outlook  is  dis- 
tinctly hopeful.  With  managements 
and  public  continuing  to  work  to- 
gether on  a  basis  of  understanding  of 
their  mutual  dependence,  the  industry 
will,  I  am  sure,  reach  the  firm  and 
profitable  basis  so  necessary  to  the 
prosperity  of  the  country. 


Where  Steel  Went  in  1922.— The  24,- 
600,000  tons  of  rolled  steel  produced 
last  year  distributed  among  the  in- 
dustrial groups  as  follows,  according 
to  The  Iron  Age: 

Per  cent. 

Railroads    22 

Building-  and  construction    ...     15 

Automotive    10 

Oil,  gas,  water  and  mining...     10 

Agriculture     4 

Food  containers  4 

Exports    7 

All  other 28 
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Locating  Old  Bridge  Caisson  by 
Electrical  Resistance  Test 

Recently  it  became  necessary  to 
move  the  foundations  of  the  Douglas 
St.  bridge  at  Omaha,  Neb.,  for  a 
short  distance  in  order  to  improve 
traffic  conditions.  It  was  known  that 
one  of  the  old  caissons  was  originally 
set  out  of  line  but  its  exact  location 
was  a  complete  mystery.  To  dig 
around  promiscuously  until  the  loca- 
tion of  this  old  caisson  should  be  as- 
certained was  considered  a  very  ex- 
pensive and  inefficient  method  so 
some  quick  and  better  method  was 
sought,  as  it  was  absolutely  necessary 
to  know  just  how  far  out  of  line  it  was 
in  order  to  set  the  new  caisson  far 
enough  away  to  clear  it  after  it  had 
been  sunk  to  bedrock.  W.  O.  Jacobi, 
superintendent  of  electric  lines  of  the 
Omaha  &  Council  Bluffs  Street  Rail- 
way Co.,  hit  upon  the  idea  of  locating 
this  caisson  by  an  electrical  resis- 
tance test.  How  this  was  done  is  de- 
scribed in  Electric  Traction  as  fol- 
lows: 

The  caissons  have  a  taper  of 
about  one-tenth  of  a  0.1  ft.  of 
depth  and  this  particular  cais- 
son was  80  ft.  to  bed  rock. 
To  make  the  test  a  pile  driver  was 
rigged  up  about  3  ft.  from  the  old 
caisson  and  a  4-in.  pipe  was  driven 
down,  great  care  being  taken  to  keep 
this  pipe  vertical.  A  wire  was  welded 
to  one  end  of  the  pipe  and  the  other 
end  attached  to  one  of  a  6  volt  stor- 
age battery,  the  other  side  of  the  bat- 
tery being  connected  to  the  steel  side 
of  the  old  caisson  through  a  150  am- 
pere D.  C.  ammeter  of  the  portable 
variety. 

During  the  process  of  driving  this  4 
in.  pipe  down,  the  reading  of  the  am- 
meter was  between  8  and  10  amperes, 
but  just  as  soon  as  the  end  of  the  pipe 
came  in  contact  with  the  side  of  the 
old  caisson  the  current  jumped  sud- 
denly to  92  amperes,  which  was  a 
positive  indication  that  the  pipe  had 
made  contact  with  the  caisson.  Then 
from  the  length  of  pipe  driven  be- 
low ground  and  the  distance  horizon- 
tally to  the  caisson,  at  the  surface  of 
the  ground  the  exact  slope  of  the 
caisson  was  obtained.  Another  pipe 
was  driven  a  couple  of  feet  farther 
away  from  the  caisson  than  the  first, 
and  the  results  checked  within  2  or 
3  ins.  The  new  pier  then  had  to  he 
set  2  ft.  3  in.  farther  south  than  was 
originally  intended,  to  clear  the  old 
caisson. 
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Form   for   Railway    Field   Engi- 
neer's Daily  Report 

The  accompanying  illustration  repro- 
duced from  the  Railway  Maintenance 
Engineer  shows  a  daily  report  blank 
for  field  men,  used  by  a  Western  rail- 
road. 

The  reports  are  mailed  each  night 
and  on  the  following  morning  are  re- 
ceived and  checked  by  the  office  engi- 
neer, who  segregates  the  time  and  ex- 


Unfllled  orders: 
Domestic    ...1,498 
Foreign    94 

Total    1T59I 


143 
122 


265 


Method  and  Cost  of  Reclaim- 
ing Used  Fish  Plates 

During  a  period  of  16  months  the 
New  Orleans  Railway  &  Light  Co.  re- 
claimed 16,000  fish  plates  at  an  aver- 
age cost  of  75   cts.   per   plate.     How 
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Item 

Location 

Rate 

Breakfast 

Dinner 

Supper 

Lodein* 

Will  work  tomorrow  on 

Will  tie  up  tomorrow  nifht  at. 


Form  for  Railway   Field   Engineer's  Daily     Report. 


penses  chargeable  to  additions  and  bet- 
terments, after  which  they  are  turned 
over  to  the  stenographer,  who  trans- 
fers the  time  distribution  to  the  gen- 
eral payroll  book  and  also  writes  off 
the  expense  items  on  the  standard  ex- 
pense forms.  Thus  the  payroll  book 
and  expense  forms  are  always  up  to 
date  and  there  are  no  delays  at  the 
payroll  period  in  getting  the  books  to 
the  general  timekeeper. 


Locomotive  Output  for  December  and 
for    1922 

The  shipments  of  locomotives  in 
December,  as  compiled  by  the  Depart- 
ment of  Commerce  from  reports  to 
the  Bureau  of  the  Census  from  the 
principal  manufacturers,  were  the 
largest  since  January,  1921,  and 
amounted  to  210  locomotives.  Unfilled 
orders  on  December  31st  amounted  to 
1,592  locomotives,  a  sflight  decline 
from  the  previous  month.  Total  ship- 
ments of  locomotives  for  the  year 
1922  were  smaller  than  for  1921  on 
account  of  the  decline  in  foreign  ship- 
ments. 

The  following  table  compares  the 
December  figures  and  the  complete 
yearly  totals  for  1921  and  1922,  in 
number  of  locomotives. 

Dec,      Dec,     Year      Year 
1922.       1921.  •    1922.       1921. 
Shipments: 

Domestic    ...    194  30      1,056  830* 

Foreign     16  59  218  519 

Total     210  89       1,274       1,349 


this  work  was  handled  was  described 
by  E.  J.  Schuler,  Welding  Engineer  of 
the  Company  in  Electric  Traction, 
from  which  the  matter  following  is 
taken. 

In  reclaiming  old,  worn  fish  plates  on 
the  lines  of  the  New  Orleans  Railway  & 
Light  Co.,  the  plates  are  first  brought 
into  the  shops  on  the  company's  ma- 
terial trucks.  They  are  then  assorted 
and  the  plates  that  are  worth  reclaim- 
ing are  stacked  in  the  cleaning  depart- 
ment according  to  the  different  sec- 
tions. Next  they  are  cleaned  by  the 
use  of  a  small  portable  hand  grinder. 
This  small  hand  grinder  is  suspended 
by  means  of  a  counter  balance  which 
facilitates  the  handling  so  as  to  give 
the  best  efficiency. 

The  plates  are  then  stacked  in  the 
welding  room  where  they  are  welded 
on  the  worn  fishing  surface.  This  work 
is  accomplished  by  the  use  of  the 
metal  electrode  weld.  The  equipment 
used  for  this  work  is  composed  of 
two  units,  a  motor  generator  set  of 
200  amperes  capacity  and  a  type  B 
Rail  Welding  &  Bonding  Co.  dyna- 
motor.  Both  these  units  work  night 
and  day  shifts  of  eight  hours  each. 

The  welding  electrode  used  for  this 
work  is  a  low  carbon  rod  3/16  by  14 
in.,  the  approximate  current  used  be- 
ing 200  amperes  at  18  to  20  yolts. 
The  plates  are  then  sent  to  the  oxy- 
acetylene  cutters  where  the  flange  on 
the  bottom  of  the  plate  is  cut  off.  This 
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is  necessary  as  most  all  rail  that  has 
been  in  use  for  a  number  of  years  has 
the  base  considerably  decreased  in 
area,  by  oxidation. 

To  have  the  best  and  strongest 
welded  seam,  it  is  necessary  to  make 
the  seam  on  the  rail  base  where  the 
cross  section  appears  at  least  %  in. 
thick.  The  plates  are  then  sent  to 
the  grinding  machine,  where  a  new 
fishing  surface  is  ground.  This  is 
done  by  a  large  self  propelled  grind- 
ing machine.  During  this  operation 
the  plates  are  held  in  place  by  means 
of  a  jig  set  to  the  proper  angle.  One 
operator  can  grind  as  many  as  sixty 
plates  in  an  eight-hour  day. 

The  cleaning,  welding  and  cutting 
of  the  plates  is  done  in  a  progressive 
manner,  as  described  in  one  large 
room,  the  welding  operation  being 
shelled  from  the  other  operations  by 
means  of  screens.  Following  is  the 
cost  data  for  reclaiming  these  plates: 

COST    OP    RECLAIMING    WORN    FISH 
PLATES. 
Cleaning   Plates. 
Labor.    5   days,    of   10   hrs.    at   $0.30 

per  hr.    $15.00 

Current  used,   50  k.  w.   h.   at  $0,015 

k.   w.    h 75 

Total    ,....$15.75 

Total  plates  cleaned,  351  =  $0,045  per 
plate. 

Welding    Plates. 

Labor,  7914  hrs.,  at  $0.80  per  hr $63.60 

Current  used,  363  k.  w.  h.  at  $0,015 

per  k.   w.  h 5.45 

Electrode    used,    108    lbs.,    at    $0.17 

per  lb 7.56 

Total $76.61 

Number  of  plates  welded,  222  =  $0,349 
per  plate. 

Cutting   Plates. 

Labor,  10*4  hrs.,  at  $0.80  per  hr $  8.20 

Oxygen  used,  255 %  cu.  ft.,  at  $0,014 

per    cu.    ft 3.57 

Acetylene  used,  18%  cu.  ft.,  at  $0,035 

per    cu.    ft .65 

Total     $12.42 

Number  of  plates  cut,  120  =  $0.10  per 
plate. 

Grinding  Plates. 

Labor,   41  hrs.,  at  $0.90  per  hr $36.90 

Current  used,    123    k.w.h.,    at    $0,015 

per   k.w.h 1.90 

Total    $38.80 

Number  of  plates  ground,  286  —  $0,135 
per  plate. 

Grinding  wheels  used  for  this  work 
are  wheels  that  have  worn  down  too 
small  for  use  on  the  track  grinders. 

Total    Cost. 

Per    Plate. 

Cleaning  plates    $0,045 

Welding  plates    .349 

Cutting  plates   10 

Grinding  plates   135 

Handling  plates    05 

Overhead  charge  10%    679 

Total   cost  per  finished   plate $0.7469 


erate  and  justifies  the  continuation  of 
efforts  to  reclaim  fish  plates  by  the 
process  outlined  above. 


Moving  Track  in  3- Rail  Sections 

An  interesting  problem  in  track 
moving  was  presented  recently  on  a 
western  railroad  when  it  was  found 
necessary  to  take  up  20  miles  of 
second  track  and  place  it  on  a  new 
grade  about  225  miles  distant  for  sim- 
ilar track  use  at  that  point.  The  track 
was  laid  with  85-lb.  rail  and  broken 
joints  and  because  of  the  amount  of  it 
and  the  distance  between  the  old  and 
new  locations,  the  problem  was  pri- 
marily  one   of   performing   the   work 


This  cost  is  seen  to  be  very  mod- 


Placing  the  Track  on  the  New  Grade. 

as  quickly  and  economically  as  pos- 
sible. 

In  view  of  this  it  was  decided  to 
pick  up  the  track  bodily  without  fur- 
ther dismantling  than  to  separate  it 
in  three-rail  lengths  and  to  load  it  on 
cars  for  immediate  shipment  to  the 
new  location.  The  method  of  han- 
dling the  track  is  described  in  Rail- 
way Maintenance  Engineer. 

A  work  train  was  drafted  into  serv- 
ice which  Included  two  locomotive 
cranes  with  three  flat  cars  between 
them,  and  a  timber  truss  or  equalizer 
frame  to  prevent  the  track  from  sag- 
ging when  lifting. 

Preparatory  to  moving  the  track 
every  third  joint  was  disconnected, 
the  spikes  removed  from  the  ties  be- 
tween them  and  these  ties  loaded  on 
cars  by  hand.  The  operation  then 
consisted  of  placing  the  truck  or 
equalizer  frame  lengthwise  between 
the  rails  of  the  section  in  question, 
fastening  the  rail  to  this  frame  by 
chains  and  then,  with  a  crane  oper- 
ating at  each  end,  hoisting  the  sec- 
tion to  position  on  the  flat  cars.  The 
sections  were  piled  on  top  of  each 
other  until  11  had  been  loaded  on 
each  three-car  unit,  when  these  cars 
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were  set  out  and  new  cars  loaded 
until  48  or  54  cars  had  been  loaded  in 
this  manner.  These  cars  were  then 
assembled  into  a  train  and  moved 
to  the  new  location  where  the  track 
was  unloaded  and  laid  in  the  same 
manner  as  it  had  been  loaded. 

Under  this  method  of  doing  the 
work  the  two  derricks,  assisted  by  12 
laborers,  removed  the  old  track  and 
laid  it  in  the  new  position  at  the  rate 
of  from  1  to  iy2  miles  in  ten  hours. 
The  entire  operation  was  successful 
and  the  method  afforded  a  marked 
saving  in  the  work. 


Railway  Construction  in 
1922 

Although  the  number  of  miles  of 
new  first  track  constructed  during 
1922  was  near  its  record  low,  with  the 
mileage  of  lines  abandoned  still  in  ex- 
cess, a  much  healthier  condition  of 
railway  construction  is  evidenced  by 
the  data  given  in  annual  statistical 
number  of  the  Railway  Age.  While 
much  of  the  work  consisted  of  a  re- 
sumption of  many  projects  started  at 
a  time  when  money  was  more  plenti- 
ful and  earnings  were  better,  there 
was,  nevertheless,  a  considerable 
amount  of  other  work,  such  as  new 
terminal  and  yard  facilities  and  the 
reconstruction  of  other  property, 
chiefly  bridges,  to  correct  inade- 
quacies due  to  undermaintenance  or 
obsolescence.  During  the  year  only 
324.09  miles  of  first  track  were  built. 
a  low  mark  comparable  to  that  of 
1920  when  only  313.71  miles  were  con- 
structed. In  contrast  to  this,  221.70 
miles  of  first  track  were  abandoned 
and  taken  up  and  455.07  miles  were 
abandoned  and  the  track  not  taken 
up,  or  a  total  of  G76.77  miles. 

The  total  mileage  (first,  second, 
third  and  other  multiple  main  track) 
was  a  slight  decrease  from  the  1921 
figure  but  some  increase  over  1920, 
reaching  a  total  of  542.63  miles,  of 
which  195.97  miles  and  17.57  miles 
were  second  and  third  track  respec- 
tively. For  1921  the  same  figures  were 
642.22  miles  for  all  track,  of  which 
143.07  and  25.66  was  second  and  third 
track  respectively;  and  for  1920, 
414.35  miles  of  all  track  and  90.87  and 
1.89  miles  of  second  and  third.  Sec- 
ond track  construction  thus  shows  a 
favorable  increase  over  the  preceding 
two  years  but  much  below  that  of 
1919  and  1918,  particularly  the  latter 
year,  when  approximately  650  miles 
of   second    track    were    built.     While 


First 

Second 

track, 

track, 

miles. 

miles. 

8.12 

7.30 

195.97  miles  of  second  track  were 
built  during  1922  there  were  also  19 
miles  abandoned,  which  reduces  the 
net  gain  to  about  175  miles. 

The  following  table  from  the  Rail- 
way Age  shows  the  mileage  by  states 
of  new  track  built  in  1922: 

NEW   TRACK   BUILT  IN   1922. 
Number 
companies. 

United  States,  building. 

Alaska    1 

Alabama 1 

Arizona    1 

California    5 

Idaho    1 

Illinois    4 

Indiana    2 

Kansas     3 

Kentucky     4 

Louisiana    3 

Michigan     3 

Mississippi    1 

Missouri     1 

New  Jersey   2 

New   York    1 

North   Carolina    .  .     2 
North   Dakota    ...     1 

Ohio     4 

Oklahoma     3 


Oregon     

Pennsylvania 
Rhode  Island 
Tennessee     . . . 

Texas     

Utah    

Washington 
West   Virginia 


Total     57 

Canada    5 


25.68 

36.85 

21.28 

7.46 

17.67 

15.00 

21.27* 

6.22f 

70.74 

12.80 

2.58 

16.23 

20.25 

3.27 

2.51 

9.50 

8.32 

1.66$ 

2.00 

12.00 

3.02 

11.55 

15.58 

39.68 

2.00 

6.52 

0.23 

0.23 

10.50 

1.01 

13.00 

32.00 

30.95 

23.66 

1.42 

324.09 

195.97 

144.50 

*In  addition  14.6  miles  of  third  track 
and  4.83  miles  of  fourth  or  more  track 
were  built. 

f0.2  mile  of  third  track  and  0.17  mile  of 
fourth  or  more  track  also  were  built. 

J2.68  miles  of  third  track  also  were 
built. 


Electric     Railway     Construction 
in  1922 

Statistics  collected  by  the  Electric 
Railway  Journal  show  that  211.38 
miles  of  urban  and  interurban  track 
extensions  were  built  in  1922  in  the 
United  States  and  Canada.  This  total 
is  divided  into  126.27  miles  for  city 
lines  and  85.11  miles  for  interurban 
lines.  Extensions  of  electrified  steam 
lines  amounted  to  12.35  miles. 

While  new  track  extensions  have 
been  at  a  standstill,  railway  track 
forces  have  been  kept  busy  by  a  large 
amount  of  reconstruction.  A  total  of 
212  railways  report  reconstruction  as 
having  been  carried  out  during  the 
past  year,  and  they  report  a  total  of 
739.70  miles  reconstructed.  This  is 
greater  than  for  any  year  since  the 
Journal  began  compiling  this  informa- 
tion, the  largest  amount  previously 
reported  being  that  for  last  year,  when 
615.21  miles  were  reconstructed.  Table 
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TABLE  I.— SUMMARY   OF  TRACK  CONSTRUCTION  FOR    1922. 

§5       §1       S  I 

Track  Extensions. 

Number   of  companies    11            41            10            33  95  9             104 

Miles  of  track — 

Urban    7.45       30.33       11.17       39.23  88.18  38.09       126  27 

Interurban     -,      3.63       21.52         2.04       57.92  85.11       85.11 

Total   track    extensions 11.08       51.85       13.21       97.15  173.29  38.09       211  38 

)  Track  Reconstruction. 

Number    of    companies     25            92            29            53  196  16           212 

Urban     94.80     242.52       43.93     145.89  527.14  57.61       584  75 

Interurban     53.20       72.09         5.99       23.67  154.95       154.95 

Total  track  rebuilt    148.00     314.61.      49.92     169.56  682.09  57.61       739.70 

TABLE  II.— COMPARISON  OF  TRACK  CONSTRUCTION. 

t — Exten  sions ^ 

No.  of            Urban          Interurban          Electrified  Track 

Year.      Companies.       Track.              Track.           Steam  Lines.  Total.  Rebuilt. 

1907  (a)                  (a)                     (a)                       1.880.00  (a) 

1908  157                              1,174.5                                     84.00  1.258.50  (a) 

1909  160                                774.7                                  112.40  887.16  (a) 

1910  217                             1,204.8                                 192.40  1.397.20  (a) 

1911  223            1,105.0              86.50  1,191.50  (a) 

1912  171             869.4              80.80  950.20  (a) 

1913  181             974.9              119.00  1,093.90  (a) 

1914  163             716.5             229.00  946.40  (a) 

1915  136             596.0              448.20  1.044.20  (a) 

1916  104       115.40       240.90        388.00  744.30  (a) 

1917  121       251.10       125.60         66.00  442.70  375.40 

1918  80       216.41        97.41        275.70  589.53  155.43 

1919  73       110.90        29.67        287.60  428.17  390.64 

1920  87       145.69        30.87          8.92  185.48  361.77 

1921  78       108.15        38\95         8.08  155.18  615.21 

1922  104       126.27        85.11         12.35  223.73  739.70 
(a)  Not  available. 


I  gives  a  summary  of  the  track  con- 
struction last  year  and  Table  II  gives 
a  comparison  by  years. 


Changes    in    Retail    Cost    of   Food 

The  U.  S.  Department  of  Labor, 
through  the  Bureau  of  Labor  Statis- 
tics, has  completed  the  compilations 
showing  changes  in  the  retail  cost  of 
food  in  22  representative  cities  of  the 
United  States. 

During  the  month  from  Nov.  15, 
1922,  to  Dec.  15,  1922,  18  of  the  22 
cities  increased  as  follows:  Milwau- 
kee, Rochester  and  Savannah,  3  per 
cent;  Butte,  Charleston,  Chicago, 
Houston,  Kansas  City,  St.  Louis  and 
Scranton,  2  per  cent;  Baltimore,  Lit- 
tle Rock,  Newark,  New  York,  Omaha, 
Philadelphia,  Richmond  and  Washing- 
ton, D.  C.,  1  per  cent.  The  other  four 
cities  decreased,  Boston  2  per  cent 
and  Portland,  Me.,  1  per  cent.  In- 
dianapolis and  New  Haven  decreased 
less  than  five-tenths  of  1  per  cent. 

For  the  year  period,  Dec.  15,  1921,  to 
Dec.  15,  1922,  there  was  the  following 
decreases:      Kansas    City   and   Scran- 


ton, 6  per  cent;  Savannah,  5  per  cent; 
Boston,  Charleston,  New  Haven. 
Omaha,  Portland,  Me.,  and  Richmond, 
4  per  cent;  Houston  and  Indianapolis, 
3  per  cent;  Chicago,  Little  Rock,  New 
York,  and  Rochester,  2  per  cent;  Bal- 
timore, Milwaukee,  Newark  and  Wash- 
ington, D.  C,  1  per  cent.  Philadel- 
phia decreased  less  than  five-tenths  of 
1  per  cent.  St.  Louis  showed  an  in- 
crease of  2  per  cent,  and  Butte,  1  per 
cent. 

As  compared  with  the  average  cost 
in  the  year  1913,  the  retail  cost  of 
food  on  Dec.  15,  1922,  was  57  per  cent 
higher  in  Richmond;  50  per  cent  in 
New  York;  55  per  cent  in  Washing- 
ton, D.  C;  54  per  cent  in  Scranton; 
51  per  cent  in  Baltimore  and  Boston; 
50  per  cent  in  Philadelphia;  49  per 
cent  in  Chicago:  48  per  cent  in  New- 
ark; 47  per  cent  in  Milwaukee  and 
St.  Louis;  46  per  cent  in  Charleston 
and  New  Haven;  41  per  cent  in  Kan- 
sas City,  and  Omaha;  38  per  cent  in 
Little  Rock,  and  38  per  cent  in  In- 
dianapolis. Prices  vere  not  obtained 
from    Butte,    Houston,    Portland,    Me.. 
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Rochester  and  Savannah,  in  1913; 
hence  no  comparison  of  the  9-year 
period  can  he  given  for  these  cities. 


Personals. 

Cv  A.  Kratz  has  resigned  as  city  man- 
ager of  La  Grande,  Ore. 

John  Rourke  has  been  appointed  gen- 
eral superintendent  of  the  Boston  &  Maine 
R.   R. 

Gen.  George  W.  Goethals,  consulting 
engineer,  New  York  City,  has  been  ap- 
pointed state  fuel  administrator  of  New 
York. 

H.  G.  Olmstead  Co.,  consulting  engi- 
neers, has  removed  its  offices  from 
Tradesmens  National  Bank  Bldg.  to  Okla- 
homa Bldg.,   Oklahoma  City,   Okla. 

H.  C.  Bottorff,  city  controller  of  Sacra- 
mento, Calif.,  has  been  appointed  city 
manager,  succeeding  Clyde  L.  Seavey, 
who  resigned  to  become  a  member  of  the 
state  railroad  commission. 

E.  O.  Keefe  has  given  up  his  private  en- 
gineering practice  at  Mason  City,  la.,  and 
will  represent  the  Western  Paving  Brick 
Manufacturers'  Association  in  Iowa  and 
Minnesota.  His  headquarters  will  be  at 
Mason   City. 

S.  Ray  Miller,  assistant  supervisor  of 
the  Harrisburg  Division  of  the  Philadel- 
phia &  Reading  Ry.,  has  been  transferred 
to  a  similar  position  at  Reading,  succeed- 
ing John  Wagner,  Jr.,  who  has  been  sent 
to  Pottsville. 

C.  W.  Johns,  lor  several  years  engineer 
of  construction  for  the  Chesapeake  & 
Ohio  R.  R.,  has  been  appointed  chief  en- 
gineer. A.  L.  Pyle,  former  assistant  en-: 
gineer  of  construction,  has  been  appoint- 
ed assistant  to  Mr.  Johns. 

J.  B.  Hill,  professor  of  electrical  engi- 
neering at  the  University  of  Iowa,  has 
resigned  from  his  position  to  become  gen- 
eral manager  of  the  Lincoln  Gas  &  Elec- 
tric Co.,  Lincoln,  Neb.  Prof.  Hill  has 
been  connected  with  the  university  for 
15  years. 

Andrew  Hamilton,  of  Hamilton  & 
Shreve,  consulting  engineers,  Fayetteville, 
Ark.,  has  accepted  a  position  as  district 
manager  with  the  National  Lime  Asso- 
ciation, with  headquarters  in  Dallas, 
Tex.,  and  will  assume  his  new  duties 
March  1. 

Albert  E.  Reynolds  has  recently  re- 
signed as  general  manager  of  the 
United  Traction  Co.,  Albany,  N.  Y., 
and  its  subsidiaries  and  will  become  asso- 
ciated with  E.  N.  Sanderson  of  New  York 
in  the  operation  of  gas,  electric  light, 
power  and  street  railway  properties. 

Fuller  &  McClintock,  of  170  Broadway, 
New  York,  announce  the  opening  of  a 
branch  office  at  1001  Chestnut  St.,  Phila- 
delphia, for  the  practice  of  engineering. 
The  Philadelphia  representative  will  be 
C.  A.  Emerson,  who  for  the  past  nine 
years  has  been  chief  engineer  of  the  State 
Department  of  Health  of  Pennsylvania. 
Mr.  Emerson  is  a  graduate  of  Beloit  Col- 
lege and  of  the  Massachusetts  Institute 
of  Technology  and  previous  to  his  work  in 
Pennsylvania  was  connected  with  the 
construction  of  the  water  filtration  and 
softening  plant  at  Columbus,  Ohio,  the 
preliminary  studies,  design  and  construc- 
tion of  the  Baltimore  sewage  treatment 
works  and  various  other  projects.  Fuller 
&  McClintock  at  present  have  branch  of- 
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flees    in    Toledo,    Ohio;    Memphis,    Tenn.. 
and  Kansas  City,  Mo. 

Francis  C.  Shennehon  has  been  appoint- 
ed as  vice  president  and  general  man- 
ager of  construction  and  engineering  of 
the  Byllesby  Engineering  &  Management 
Corporation,  with  headquarters  in  Chi- 
cago. F.  H.  Lane,  manager  of  engineer- 
ing and  construction,  will  remain  in  his 
present  position  as  Mr.  Shennehon's  rank- 
ing assistant.  Mr.  Shennehon,  as  con- 
sulting engineer,  has  performed  important 
services  for  the  United  States  Govern- 
ment, the  Niagara  Hydraulic  Power  Co. 
and  the  Chicago  Drainage  Canal. 

Robert  W.  Hunt  &  Co.,  inspecting,  test- 
ing and  consulting  engineers,  announce 
the  appointment  of  D.  B.  Rush  to  the  po- 
sition of  manager  of  their  cement  depart- 
ment at  their  general  office,  Chicago,  111. 
Mr.  Rush  is  a  graduate  of  Rose  Poly- 
technic Institute,  with  the  degrees  of 
B.  S.,  M.  S.  and  C.  E.,  and  is  a  licensed 
structural  engineer.  He  has  been  asso- 
ciated with  the  engineering  department 
of  Robert  W.  Hunt  &  Co.  for  the  past 
four  years,  and  prior  to  that  time  was 
successively  employed  by  the  engineering 
department  of  the  Chicago  &  Alton  R.  R. ; 
Horace  G.  Burt,  civil  engineer;  W.  F.  M. 
Goss,  railway  engineer;  the  late  John  F. 
Wallace,  and  Bion  J.  Arnold. 


Obituary. 

Captain  Thomas  Doyle,  formerly  a  con- 
tractor at  Galveston,  Tex.,  died  Jan.  4, 
aged  85  years. 

Warren  C.  Nixon,  vice  president  of  the 
Western  Tie  &  Timber  Co.,  and  secretary 
of  the  National  Association  of  Railroad 
Tie  Producers,  died  early  this  month  at 
his  home  in  St.  Louis. 

Daniel  Martin,  a  railroad  contractor, 
died  Jan.  7  at  his  home,  5600  Kenwood 
Ave.,  Chicago,  111.  Mr.  Martin,  with  his 
brother,  David,  built  the  first  iron  truss 
railroad  bridge  over  the  Mississippi  river 
at  Burlington,  la.,  and  laid  the  track  of 
the  first  railroad  to  reach  the  Missouri 
river  in  Iowa. 

William  C.  B.  Shanley,  a  well  known 
contractor  of  Newark,  N.  J.,  died  Dec.  28, 
aged  52.  After  receiving  his  education  at 
Georgetown  University,  Mr.  Shanley  be- 
came associated  with  his  father,  the  late 
Bernard  M.  Shanley,  one  of  the  pioneer 
traction  men  in  the  state,  who  was  presi- 
dent of  the  North  Jersey  Street  Railway 
Co.  The  Shanley  company  constructed 
the  elevation  work  on  the  Pennsylvania 
Railroad  in  this  city  and  Elizabeth.  While 
associated  with  his  father,  Mr.  Shanley 
assisted  in  the  building  and  operation  of 
electric,  gas  and  traction  companies  in 
the  state,  which  were  afterward  made 
into  the  Public  Service  Corporation. 

Industrial  Notes. 

The  Chain  Belt  Co.,  Milwaukee,  an- 
nounces the  appointment  of  Fitch  S.  Bos- 
worth  as  manager  of  the  Chicago  office. 
Mr.  Bosworth  has  been  in  charge  of  the 
Chain  Belt  Co.'s  St.  Louis  office  for  the 
last  three  years  and  has  specialized  on 
chain  and  conveying  engineering  prob- 
lems. With  him  will  be  associated  Ray- 
mond X.  Raymond,  who  for  several  years 
has  been  connected  with  the  export  sales 
department  in  Milwaukee.  Thomas  F. 
Scanhell,  formerly  of  the  Chicago  office, 
has  been  placed  in  charge  of  the  St.  Louis 
office. 
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Mental  Camelitis 


"A  great  many  people  unfortunately 
believe  that  their  minds  have  the  odd 
capacity  of  the  camel.  By  drinking 
deeply  at  the  fountain  of  knowledge 
in  school  or  college  they  consider 
themselves  stocked  up  for  life."  In 
saying  this  F.  B.  Robinson,  Dean  of 
the  School  of  Business  of  the  College 
of  the  City  of  New  York,  has  correctly 
indicated  the  nature  of  a  disease  that 
afflicts  many  "educated"  men;  we  may 
call  it  mental  camelitis. 

It  is  astounding  but  true  that  school- 
ing usually  fails  to  train  students  to 
remain  students.  Yet  the  main  object 
of  formal  education  should  be  to  teach 
men  to  teach  themselves.  On  the 
contrary,  the  effect  of  school  and  col- 
lege training  seems  usually  to  produce 
mental  camelitis.  Those  afflicted  with 
this  disease  have  a  persisting  distaste 
for  articles  and  books  of  an  informa- 
tive nature.    They  speak  of  their  edu- 


cation in  the  past  tense,  never  in  the 
present  or  future  tense.  Always  it 
is:  "I  was  educated  at  such  and  such 
a  place."  Never  is  it:  "I  am  being,  or 
shall  be,  educated."  Education  with 
them  is  a  gallon  long  ago  pouched 
away;  never  a  daily  drinking. 

Camelitis  afflicts  us  all  at  times,  but 
fortunately  it  is  a  disease  that  yields 
quickly  enough  if  treated  in  the  fol- 
lowing manner:  Select  a  definite 
economic  problem  (business  or  engi- 
neering) in  which  you  are  interested, 
but  whose  solution  is  not  too  easy.  Go 
to  a  library  and  search  for  all  the 
available  information  bearing  upon 
the  question.  Let  the  search  be  pro- 
longed and  thorough.  Analyze  the  in- 
formation, and,  if  possible,  arrive  at  a 
definite  solution.  Repeat  this  dose 
until  the  mind  constantly  craves  in- 
formation that  can  be  used  in  attack- 
ing the  economic  problems  that  arise 
daily. 

If  mental  camelitis  were  wiped  out 
in  America  our  national  productivity 
would  be  doubled  in  less  than  twenty 
years. 
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Economic    Problems    of 
the  Skyscraper 

The  height  of  business  and  indus- 
trial buildings  should  be,  and  usually 
is,  determined  by  economic  considera- 
tions. Artistic  and  humanitarian  con- 
siderations may  influence  the  design, 
but  very  rarely  will  they  control  the 
height  or  other  truly  major  features. 

Popular  belief  to  the  contrary  not 
withstanding,  most  of  the  legal  limi- 
tations on  heights  have  been  prompted 
by  economic  motives,  the  economics 
in  these  cases  being  of  the  community 
as  distinguished  from  those  of  the  in- 
dividual. The  novelty  of  the  sky- 
scraper having  vanished,  we  happily 
seldom  hear  objections  to  it  merely 
because  of  its  difference  from  that  to 
which  we  once  were  used.  Neither  is 
the  charge  of  unsightliness  any  longer 
leveled  by  large  numbers  of  architects 
and  laity  against  high  buildings  en 
masse.  In  short,  the  skyscraper  is 
here  and  is  welcome;  and  the  offenses 
of  this  or  that  building  against  eco- 
nomics or  art  are  for  the  most  part 
regarded  only  as  incidents,  a  repeti- 
tion of  which  is  to  be  avoided. 

But  though  economics  be  never  so 
clearly  recognized  as  the  proper  basis 
for  height  determination,  its  appli- 
cation to  specific  problems  is  not  usu- 
ally easy,  as  witness  numbers  of  cost- 
ly mistakes.  The  matter  may  be 
viewed  in  the  light  of  either  private 
or  public  interests,  which  unfortu- 
nately are  not  always  the  same.  The 
reasons  for  such  divergences,  though 
fairly  simple,  are  not  always  clearly 
recognized. 

The  erection  of  a  skyscraper  is  like- 
ly to  have  varied  effects  on  adjacent 
property  values.  Inferior  buildings 
for  a  considerable  distance  around  are 
bound  to  suffer  losses  in  value — those 
nearest  because  they  are  deprived  of 
some  of  their  light  and  air,  and  all  of 
them  because  of  the  competition  of 
the  finer  structure.  Land  values  on 
the  other  hand  are  generally  enhanced 
by  the  structural  improvement  and 
the  increased  concentration  of  busi- 
ness in  the  district.  The  net  effect  on 
the  district  will  vary  in  different 
eases. 

The  builders  of  skyscrapers  are 
scarcely  to  be  censured  for  the  dam- 
age th$y  may  inflict  upon  other  prop- 


erty, for  the  ethics  of  business  per- 
mit competitors  to  take  what  advan- 
tage they  can  within  the  law  and 
without  misrepresentation.  If  a  finer 
spirit  goes  beyond  this  to  the  extent 
of  considering  the  welfare  of  others 
as  well  as  of  itself,  it  is  merely  enti- 
tled to  the  commendation  due  a  fine 
and  generous  act. 

It  is  the  duty  of  local  legislative 
bodies  to  establish  such  limits  on 
heights  of  buildings  as  will  best  serve 
the  interests  of  the  whole  community; 
and  among  the  considerations  upon 
which  such  limits  may  properly  be 
based  are  the  capacities  of  the  streets 
to  handle  traffic,  conditions  of  light 
and  air  in  the  streets,  and  the  benefits 
and  losses  accruing  respectively  to 
the  early  erectors  of  high  buildings 
and  to  the  owners  of  other  property 
because  of  the  fact  that  no  consider- 
able area  can  be  completely  covered 
to  a  great  height.  The  measurement 
and  balancing  of  all  the  factors  is 
obviously  a  task  requiring  the  greatest 
of  skill. 

It  would  be  interesting  to  inspect  a 
table  showing  the  Costs  of  a  large 
number  of  tall  buildings  and  the 
ground  on  which  they  stand,  together 
with  a  record  of  the  earnings  of  each 
from  the  time  of  its  completion  to 
date.  In  fact,  such  a  table  would  be 
far  more  than  interesting:  it  would 
provide  an  invaluable  aid  to  the  pros- 
pective investor  in  a  structure  of  this 
class.  Some  skyscrapers  have  been 
money  makers;  others  have  been  com- 
plete economic  failures,  and  have  nev- 
er paid  even  a  moderate  rate  of  in- 
terest on  the  funds  invested  in  them; 
and  a  study  of  the  histories  of  many 
cases  of  both  sorts  would  be  the 
surest  guide  to  wise  decisions  on 
cases  yet  to  come. 

The  complete  avoidance  of  mistakes 
obviously  is  impossible.  We  deal  with 
changing  conditions,  and  study  the 
past  or  project  our  curves  as  we 
will,  there  will  be  developments  which 
we  cannot  foresee — developments  in- 
dustrial, social  mechanical.  The 
most  that  the  builder  can  hope  to 
achieve  is  by  the  use  of  every  means 
available  to  reduce  his  risk  to  a  rate 
comparable  to  that  of  other  lines  of 
stable  and  conservative  activity.  The 
engineer-economist  will  find  few  more 
attractive  problems  than  these;  and 
the  capitalist  may  be  made  or  saved 
a  fortune  by  the  use  of  c  mpetent 
technical  assistance  to  picture  the 
future  of  the  buildings  which  may  be 
erected. 
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Year  Round  Construction  in 
Building  Industry 

With  a  view  to  securing  year  round 
construction  in  the  building  industry, 
thereby  eliminating  both  the  rush  pe- 
riods and  seasonable  periods  of  un- 
employment, a  New  York  Building 
Congress  has  been  making  a  survey 
of  the  building  situation.  The  con- 
gress finds  that  custom  is  really  the 
biggest  influence  in  causing  the  peak 
loads  on  the  demand  for  labor,  espe- 
cially during  the  renting  seasons.  It 
believes  that  careful  business  fore- 
sight is  what  is  needed  more  than 
anything  else  to  effect  lower  costs, 
with  less  waste,  higher  quality  of 
workmanship  and  greater  production, 
according  to  the  reports. 

In  prefacing  a  detailed  statement  of 
recommendations  for  adding  more 
seasons  to  the  building  trade,  the  New 
York  Building  Congress  Bulletin 
states : 

"While  the  congress  feels  fully 
aware  of  the  fact  that  an  entire  cure 
for  seasonal  unemployment  is  impos- 
sible on  account  of  weather  condi- 
tions, opportunity  for  investment, 
emergency  and  the  will  of  the  owner 
and  speculator,  still  the  opinion  is 
general  that  much  can  be  done  to 
adjust  elements  that  affect  peak  de- 
mands and  as  a  result  decrease  much 
of  the  unnecessary  cost  and  loss  to 
which  the  building  industry  is  now 
subjected. 

"With  this  understanding  the  fol- 
lowing recommendations  are  made  in 
hope  that  they  will  be  suggesting  to 
owners,  investors,  real  estate  brok- 
ers, architects,  engineers,  material 
manufacturers,  contractors,  labor  and 
others  who  may  be  interested  in  re- 
ducing costs  and  eliminating  unem- 
ployment periods: 

"1.  Establish  a  wider  range  of 
rental  period  dates. 

"2.  Regulate  government,  state,  city, 
religious  and  educational  building 
construction  so  that  it  will  come  dur- 
ing the  low  period  of  the  employment 
wherever  possible. 

"3.  Regulate  the  construction  of 
new  buildings  and  additions  that  are 
erected  for  owners'  prearranged  occu- 
pancy without  regard  for  investment 
returns  so  that  it  will  come  during 
the  low  period  of  employment. 

"4.  Encourage  beginning  work  on 
new  construction  March  1  instead  of 
the  customary  date  of  May  1,  thereby 
bringing  its  labor  demand  two  months 


ahead  of  the  demand  peak,  with  a 
greater  supply  available. 

"5.  Plan  maintenance  and  repair 
work  so  that  it  will  come  during  the 
season  for  which  there  is  a  low  de- 
mand for  the  labor  involved,  subject 
to  emergency  conditions  that. must  be 
considered. 

"6.  Wherever  possible,  adapt  the 
demands  for  'inside'  and  'outside' 
work  to  labor  available." 


Recommended  Minimum  Requirements 
for  Small  House  Construction 

Beginning  in  July,  1921,  the  Build- 
ing Code  Committee  of  the  U.  S. 
Department  of  Commerce  has  been 
studying  and  comparing  building 
codes  from  all  over  the  coun- 
try as  applied  to  small  houses.  The 
Bureau  of  Standards  has  been  co-op- 
erating closely  with  them  and  has 
furnished  much  of  the  experimental 
work  on  which  the  findings  of  the 
committee   are   based. 

Its  work  is  now  completed  and  is 
embodied  in  a  publication  entitled 
"Recommended  Minimum  Require- 
ments for  Small  Dwelling  Construc- 
tion." This  publication  has  now  gone 
to  press  and  will  be  ready  about  Feb. 
1.  It  can  then  be  obtained  from  the 
Superintendent  of  Documents,  Gov- 
ernment Printing  Office,  Washington, 
D.  C,  at  15  cents  a  copy. 

The  book  begins  with  a  discussion 
of  the  origin  of  the  committee  and  its 
methods  of  working.  Then  some  of 
the  more  important  of  its  findings  are 
discussed.  This  is  followed  by  a  stand- 
ard building  code  which  covers  the 
minimum  requirements.  It  is  written 
in  such  form  that  it  may  be  adopted 
without  change  in  wording  either  as 
a  building  code  or  as  an  amendment 
to  existing  codes.  It  is  intended  to 
serve  as  a  guide  and  a  standard  in 
the  formation  of  local  building  codes. 
The  latter  part  of  the  book  is  taken 
up  with  an  extensive  detailed  discus- 
sion of  the  recommendations  made 
and  the  data  on  which  they  are  based. 
It  is  freely  illustrated  and  contains 
much  information  of  value  to  archi- 
tects and  builders. 


Inspection  of  Engineering  Materials 
and  Machinery. — The  U.  S.  Reclama- 
tion Service,  Denver,  Colo.,  is  asking 
bids  until  2  p.  m.,  Feb.  13,  for  the  in- 
spection of  engineering  materials  and 
machinery  for  the  Reclamation  Ser- 
vice for  a  period  of  one  year. 
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Structural   Sales    Begin    Upward 
Swing 

Continuation  of  the  building  boom 
this  spring  is  forecast  by  the  upward 
swing  in  sales  of  fabricated  structural 
steel  in  December,  reported  by  the 
U.  S.  Department  of  Commerce 
through  the  Bureau  of  the  Census. 
The  increase  of  about  20  per  cent; 
over  November  marked  the  turning 
point  from  a  series  of  seasonable  de- 
clines in  fabricated  steel  orders  and 
occurred  a  month  earlier  than  last 
winter,  ;  when  December  was  the 
month  of  minimum  orders.  Decem- 
ber sales  amounted  to  58.3  per  cent 
of  shop  capacity,  as  against  48.4  per 
cent  in  November.  Estimated  total 
sales  of  fabricated  structural  steel  in 
1922  amounted  to  1,929,400  tons  or 
64.3  per  cent  of  shop  capacity,  a^ 
against  997,200  tons  in  1921,  or  35.1 
per  cent  of  shop  capacity. 

Sales  reported  by  141  firms,  with 
a  total  revised  capacity  rating  of  215,- 
210  tons  per  month,  amounted  to 
125,479  tons  in  December,  as  against 
104,727  tons  in  November  and  124,948 
tons  in  October.  The  following  table 
shows  final  revised  figures  from  April 
to  November,  1922,  based  on  reports 
of  158  identical  firms  having  a  capa- 
city of  220,790  tons  per  month,  togeth- 
er with  the  preliminary  report  for 
December,  based  on  141  firms.  The 
current  month's  figures  are  compared 
to  the  previous  final  figures  by  pro- 
rating to  the  estimated  total  capacity 
of  structural  fabricating  shops,  name- 
ly, 250,000  tons  per  month. 

Actual  Per  cent    Estimated 
tonnage        of  total 

booked,   capacity,  bookings. 

April 198,529 

May    150,558 

June    162,139 

July     152,023 

August    150,700 

September  ..   141,418 

October    126,535 

November    ..   106.3151 

December    . .  125,4792 
JTwo   firms  missing  out  of  158.     2Prom 

141   firms  who    reported   in   time   for   this 

report. 

The  following  table  shows  yearly 
figures  of  structural  steel  sales,  based 
on  new  estimated  capacities  as  the 
result  of  the  special  survey  of  the 
industry  recently  conducted  by  the 
Bureau   of   the   Census,   and   the   per- 


89.9 

224,800 

81.8 

204,500 

73.4 

183,500 

68.9 

172,300 

68.3 

170,800 

64.1 

160,300 

57.3 

143,300 

48.4 

121,000 

58.3 

145,800 

centage  of  sales  to  shop  capacity  as 
reported  by  the  Bridge  Builders  and 
Structural  Society  to  April,  1922,  and 
by  the  reports  to  the  Bureau  of  the 
Census  since  theri: 


Estimated 

Per 

monthly 

cent  of 

Esti- 

tonnage 

sales  to 

mated  ton- 

capacity. 

capacity. 

nage  sales 

1913.. 

. . .     190,000 

50.3 

1,146,800 

1914.. 

. . .     191,000 

50.4 

1,155,200 

1915-. . 

. . .     194,000  s 

-     70.0 

1,629,600 

1916 . . 

. . .     200,000 

69.4 

1,665,600 

1917.. 

. . .     207,000 

60.2 

1,495,400 

1918.. 

.  .  .     218,000 

55.6 

1,454,500 

1919.. 

. . .     224,000 

53.4 

1,435,400 

1920.. 

. ..     232,000 

53.8 

1,496,500 

1921.. 

. . .     237,000 

35.1 

997,200 

1922.. 

.  .  .     250,000 

64.3 

1,929,4-00 

Varieties  of  Metal  Lath  Reduced. 

Reduction  from  more  than  80  varie- 
ties to  ten  of  expanded  flat  metal  lath 
and  from  more  than  70  to  seven  in 
%-in.  expanded  rib  lath  now  being 
used  extensively  in  the  building  indus- 
try, was  recommended  recently  at  a 
conference  of  metal  lath  manufac- 
turers, users  and  distributors  held  at 
the  TJ.  S.  Department  of  Commerce 
under  the  auspices  of  the  Division  of 
Simplified  Practice. 

The  results  of  a  survey  of  the  ex- 
cess and  useless  weights  of  metal  lath, 
made  by  the  Metal  Lath  Manufactur- 
ers' Association,  were  used  as  a  basis 
for  eliminations,  and  retention.  The 
adoption  of  the  following  recognized 
standards  of  weight  in  this  commod- 
ity during  the  year  July  1,  1923,  to 
July  1,  1924,  was  recommended  by  the 
conference. 

FLAT   EXPANDED  LATH. 
Painted  Special  Galvanized 

metal.  before.  ' 

2.2 

2.5*  2.5 

3.0* 

3.4  3.4 

RIB    EXPANDED    LATH. 


steel. 
2.2 

2.5* 
3.0* 
3.4 

%-IN. 

2.5 

3.0* 

3.8* 

4.8 


3.0* 

3.8" 
4.8 


*The  conference  urged  that  every  effort 
be  made  in  the  industry  to  direct  prac- 
tice to  a  consolidation  of  the  two  starred 
sizes  to  a  single  intermediate  weight.  This 
to  be  made  effective,  if  possible,  at  the 
next  conference. 

Tolerance  to  be  not  greater  than  plus 
or  minus  0.1  lb.  per  sq.  yd. 

The  conferees  were  of  unanimous 
agreement  that  adoption  of  the  recom- 
mended standard  weights,  which  will 
amply  supply  the  needs  of  construc- 
tion, by  the  industry  as  a  whole,  will 
result  in  the  greatest  benefit  to  manu- 
facturers, distributors  and  users  of 
the  article  affected. 
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Analysis  of  Common  Forms  of  Solid  Domes 


Mechanical  Theory  as  Developed  from  Ordinary  Statics  Outlined  in 
The  Colorado  Engineer 

By  ROBERT  H.  CANFIELD, 

Assistant     Professor    of     Civil    Engineering,  University   of    Colorado. 


The  dome  as  a  means  of  supporting 
a  roof  load  over  large  open  spaces  is  a 
very  efficient  structure.  This  is  be- 
cause it  utilizes  the  strength  of  its 
material  in  two  directions  simul- 
taneously, instead  of  only  in  one,  as 
is  the  case  with  framed  trusses  for 
example.  It  also  lends  itself  to  the 
use  of  such  materials  as  stone  and 
concrete,  which,  while  possessing 
great  compressive  resistance,  are  al- 
most wholly  lacking  in  tenacity.  These 
facts  were  doubtless  vaguely  appre- 
ciated by  the  Roman  architects  who 
were  responsible  for  the  dome  of  the 
Pantheon,  at  Rome,  and  that  of  the 
Mosque  of  Sancta  Sophia  at  Constan- 
tinople, structures  which  are  still  the 
largest  of  their  kind  in  existence.  The 
former  is  142  ft.  in  diameter,  and  with 
the  cylindrical  "drum"  which  supports 
it,  is  a  good  deal  over  half  that  in 
height. 

,  It  is  a  curious  commentary  on  the 
courage  of  designers  that  Sir  Christo- 
pher Wren,  the  famous  seventeenth 
century  architect  of  St.  Paul's  Cathe- 
dral, did  not  repose  much  faith  in  the 
classical  dome  of  solid  masonry.  He 
therefore  built  the  dome  of  that  great 
church  hollow,  consisting  of  an' upper 
and  a  lower  shell,  supported  by  a 
brick  structure  concealed  between 
them. 

The  following  article  is  intended  to 
presentHhe  mechanical  theory  of  solid 
domes  so  far  as  it  may  be  developed 
from  ordinary  statics.  Undoubtedly 
the  same  or  similar  results  have  been 
obtained  by  others,  but  the  writer  does 
not  believe  they  have  been  published. 
The  method  here  worked  out  is  ap- 
plicable to  the  more  common  forms  of 
domes.  Much  more  elaborate  methods 
involving  considerations  of  elasticity 
^are  required  for  shells  constrained  at 
the  base,  and  were  reported  by  Ernest 
Meizner  in  the  Physikalische  Zeit- 
schrift  for  April  15,  1913.  Even  these 
apply  only  to  a  few  simple  cases.  The 
general  theory  covering  non-uniform 
sections  and  unsymmetrical  loadings 
seems  to  present  almost  insurmount- 
able mathematical  difficulties. 
I  Professor  William  Cain  has  pub- 
lished methods  for  the  spherical  dome, 


similar  to  the  ones  in  this  paper,  in 
his  "Theory  of  Steel  Concrete  Arches 
and  Vaulted  Structures,"  Van  Nos- 
trand,  1916.  There  are  papers  by  Pro- 
fessor Cain  and  others  in  the  transac- 
tion of  the  A.  S.  C.  E.  for  1904  and 
1905,  and  by  C.  S.  Whitney  in  the  Cor- 
nell Civil  Engineer  for  December,  1916. 
All  these  cover  simple  statical  cases. 

The  Dome. — A  dome  will  be  defined 
for  the  purposes  of  this  article  as:  A 
solid  shell  whose  outline  is  a  surface 
of  revolution  with  a  vertical  axis.  It 
is  subjected  to  vertical  loads  and  re- 


Fig.  1. 

actions,  concentrically  disposed  about 
the  axis  of  the  structure. 

This  definition  will  include  domes  of 
other  than  spherical  forms,  and  covers 
all  conditions  of  loading  which  are  of 
importance.  The  analysis  here  pre- 
sented can  be  adapted  to  the  inverted 
structure,  so  as  to  include  tanks  and 
hoppers,  etc.,  which  may  come  within 
the  definition. 

General  Considerations. — The  cen- 
troid  of  the  arc  of  a  semicircle  is  on 
the  bisecting  radius  at  a  distance 
2  r/ff  from  the  center;  hence  the  uni- 
formity distributed  reaction  under  a 
half  dome  acts  through  this  point.  The 
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centroid  of  the  shell  itself  Is  necessar- 
ily closer  to  the  axis,  through  some 
point  x  from  the  center.  The  result- 
ant of  the  two  forces  is  a  couple,  which 
must  be  balanced  by  stresses  on  the 
meridian  section  B  A  C.  Furthermore 
the  total  tension  T  must  equal  the  total 
compression  C,  and  there  can  be  no 
vertical   shear   on   any   meridian   sec- 


Fig.  2. 

tion.  The  above  considerations  give 
us  an  idea  of  what  stresses  to  expect, 
and  a  method  for  checking  our  results. 

Consider  a  section  of  the  dome  cut 
out  by  two  meridian  planes  AOB  and 
AOB1  and  two  horizontal  planes.  Let 
the  shell  of  the  dome  and  any  loads 
upon  it  weigh  w  pounds  per  square 
foot,  horizontal  projection.  Let  the 
distance  of  the  upper  edge  from  the 
axis  be  x,  and  that  of  the  lower  edge 
x  +  /_  |  x.  Then  the  weight  of  the  sec- 
tion is  w  oc  x  /_\  x  (See  Fig.  2).  The 
forces  acting  on  the  meridian  planes 
are  horizontal  and  equal  to  sc  /_  |  x  — - 
cos  0,  where  sc  is  the  circumferential 
stress  per  unit  length  of  arc.  The 
meridional  forces  are  Sm  oc  x  and  (Sm 
-fZ|Sm)  oc  (x+/|x).  Note  that 
these  forces  are  assumed  to  lie  in  the 
tangent  cone. 

Now  equating  the  sum  of  the  vertical 
components  to  zero,  (fig.  3)  we  obtain: 

OC     WX     /|X    =    OC     (Sm    +     Z|Sm)     (X  + 

/|x)   sin  (0+ZI0)  —  a   s«»  x  sin 

0. 

Performing  the  operations  and  pro- 
ceeding to  infinitesimals,  wxdx  =  sm 
sin  0  dx  ■+  x  sin  0  d  Sm  +  Sm  x  cos 
0d0 

wxdx  =  d  (Sm  x  sin  0) 
5  wxdx  -f-  k 

Sm    =   (1) 

xsin0 
where  k  is  the  constant  of  integration 
and  must  be  evaluated  from  the  con- 


ditions of  the  particular  case.  The  in- 
tegral of  wx  dx  can  be  obtained 
graphically;  or  if  w  can  be  expressed 
as  a  function  of  x,  by  formal  integra- 
tion. 

We  now  equate  the  sum  of  the  hori- 
zontal forces  to  zero,  (Fig.  3) 

OC    Sc  /_\ 
=   OC    (Sm   +    / 1  Sm0    (X   +    Z  |  X) 

cos  0 

COS    (0   -j-    Z|    0)   OC    Sm  X 

cos  0 
Performing  the  operations  and  pro- 
ceeding to  infinitesimals, 
d 

Sc  =  cos  0 (s,n  x  cos  0) . . .  (2) 

dx 
This  form  is  most  convenient  if  sm 
can  be  expressed  as  an  analytic  func- 
tion of  x.     Otherwise 

d    (Sm  x  cos  0 
Sc  =r  COS  0 


\ 


=  cos  0 


dx 
wx  dx  -f  k 


dx 


tan  0 
=  wx  cos  0  cot  0  — 


( j  wx  dx  -f  k) 


tan  *0 
d  tan  0 

dx 


•  (3) 


Conditions  at  the  Base  of  the  Dome. 
— In  the  above  analysis  it  was  noted 
that  the  upward  pressure  at  any  point 
was  assumed  to  lie  in  the  tangent  cone 
at  that  point.  This  condition  must  be 
fulfilled  at  the  base  as  well  as  else- 
where. 

As  a  structure  which  ir|ist  not  de- 
pend on  anything,  except  the  ground, 
for  its  stability,  a  dome  must  have 
vertical  reactions;  and  if  these  reac- 
tions are  not  continuous  withjthe  sur- 
face of  the  dome,  they  give  rise  to  sets 
of  stresses  (see  Fig.  4).  One  of  these 
sets  is  the  ordinary  system  of  stresses 
which  exist  in  the  dome  where  the  re- 
actions are  tangent,  the  other,  those 


sma~reMt     _ 


Verticil  Seetion- 


«j\    Horijontil  5«flon 


Fig.    3. 


which  would  be  caused  by  a  radial  out- 
ward traction  around  the  base  of  the 
dome. 

The  latter  system  gives  rise  to  bend- 
ing or  secondary  stresses  distributed 
throughout  the  entire  shell,  which  re- 
quire calculations  involving  elasticity 


(o\ 


\m 


Engineering  and  Contracting 


m 


and  are  hence  outside  the  scope  of 
this  article.  The  writer  hopes  later 
to  present  some  approximate  methods 
for  use  under  these  circumstances. 

Domes  of  such  forms  as  would  not 
be  vertical  at  the  base  might  at  times 
be  desirable.  There  remains  a  method 
by  which  tangency  of  the  reactions 
might  be  secured  in  such  cases.  This 
would  be  to  surround  the  base  by  a 


Fig.   4. 

ring  of  metal  while  the  dome  still 
rested  on  falsework;  then  by  means  of 
jacks  or  wedges  introduce  enough  in- 
itial tension  into  this  bank  to  just  lift 
the  dome  from  its  centering. 

Example   1    Hemispherical    Dome  of 
Constant  Thickness. — Referring  to  Fig. 
5,  the  weight  per  unit  area  of  horizon- 
tal projection  of  this  dome  is 
W 
w   3= 


cos  0 
where  W  is  the  weight  of  the  shell  per 
square  foot  of  surface.     Also  x  =  r 
sin  0. 

rW   j  sin  0  d0  +  k 

sw  — 

sin2  0 
k  —  rW  cos  0 


sin2  0 


Fig.    5. 

At  the  base,  where  0  =■  90°,  sm  r 
2  7T  r2W 
=  rW  or  k  —  rW.    Then 


2  7T  r 


rW 


-■-  =  (4) 

1  +  cos  0 
This  distribution  of  stress  is  illus- 
trated in  Fig.  6a. 


Now  s( 


cos  0 


rW  cos  0  r  — 
dx 


d    (Sm    X    COS    0 

dx 
sin  0  cos  0 


1  +  cos  0 
1 


sc  =  rW  cos  0  — 


(5) 


cos  0  +  1 

or  sc  =  rW  cos  0  —  sm   (6) 

This  distribution  is  illustrated  in  Fig. 
6b. 

The  analysis  of  the  hemispherical 
dome  brings  out  some  interesting 
facts.  One  of  these  is  the  existence 
of  the  "joint  of  rupture,"  this  being 
the  latitude  of  the  dome  below  which 
the  circumferential  stress  is  tension. 
It  is  located  by  equating  st  to  zero. 
This  gives 

i 

JL 

cos  0  = 

cos  0  +  1 
cos  20  +  cos  0  —  1  =  0 
cos   0   =r  0.618 
0  —  51°  50' 
These  equations  also  tell  us  the  follow- 
ing facts: 

(1)     The   stresses     in     a     uniform 
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spherical  dome  caused  by  its  own 
weight  depend  solely  on  the  radius, 
and  are  independent  of  the  thickness. 

(2)  The  maximum  meridional 
stress  is  at  the  base  and  is  equal  to 
the  radius  times  the  density  of  the 
material.  It  has  half  this  value  at  the 
crown. 

(3)  The  circumferential  stress  has 
the  following  values: 

%rW  —  Sm,  maximum  compression, 
at  the  crown. 

— rW  =  Sm,  maximum  tension,  at  the 
base. 

These  stresses  are  in  pounds  per 
linear  foot  if  W  is  in  pounds  per 
square  foot,  and  in  pounds  per  square 
foot  if  W  is  in  pounds  per  cubic  foot. 

(4)  Taking  allowable  compressive 
stress  as  650  lb.  per  sq.  in.  or  93,600 
lb.  per  sq.  ft.,  and  W  as  170  lb.  per  cu. 
ft.,  which  includes  an  allowance  for 
snow  loads,  etc.,  the  limiting  radius  of 
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a  hemispherical  concrete  dome  is  as 
follows: 

93,600  =  170r 
r  —  553  ft. 
The  maximum  steel  ratio,  required  to 
carry  circumferential  stress,  is  650  ■*■ 
16,000  =  0.041.     The  total  volume  of 
circumferential  steel  is 
v  r3W 


5fs 
where  f8  b==  allowable  unit  stress   in 
lb.  per  sq.  ft. 

Example  2.  The  Parabolic  Dome  of 
Constant  Vertical  Thickness. — Assume 
that  the  vertical  thickness  t  is  con- 
stant, and  that  the  superimposed  load 
is  uniform.  Then  w  —  W,  a  constant. 
The  equation  of  the  surface  is 


dy 


y  = 


2hx 


dx 


h  x2 

P 

=  tan  0 
P 


cos  0  ==  V 


sin  0 


Stt 


P  +  4hax* 
2hx 

V  

l4  +  4h2  x2 
j  wxdx  +  k 

x  sin  0 

y2wx3  +  k 


x  sin  0 


When  x  =  1,  Si 


12W 


Wl 


2  7T  1  sin  0 


y2  Wls 


2  sin  0 

+  k  Wl 


1  sin  0 


2  sin  0, 
Wx 


k  =  0 


Stt  = 


2  sin  0 
If  Sm  is  the  stress  per  linear  unit,  the 
stress  per  square  unit,  s'm,  will  be  sm 
-f?  t  cos  0  or 

Wx 

S  m    :zz  - — 

2  t  sin  0  cos  0 
Substituting    values    for    cos    0    and 
sin  0 

W/  l2  hx2\ 

s'm  =  —  f  —  +  (7) 

t  \4h  l2  / 

By  methods,  similar  to  the  above  we 
obtain  the  following  expression  for  cir- 
cumferential stress : 


Wl2 


8,:    = 


4  h  cos  0 
If  s,  is  stress  per  linear  unit,  the  stress 
per  square  unit,  s\.  will  be  s«  -f  t  cos 
0,  or 

W   /     1'  hx 

■'.  =  -      +  — 

t     \  4h  l2 

s'c  =  s'm (8) 

In  these  formulas,  if  W  is  in  pounds 
per  square  foot,  sm'  and  sc'  are  in  the 
same  units. 

These  formulas  lead  to  the  follow- 
ing generalizations: 

1.  The  two  primary  stresses  in  a 
parabolic    dome    of   constant   vertical 


Fig.    7. 

thickness  are  the  same  in  value 
throughout. 

2.  The  limiting  dimensions  can  be 
obtained  for  concrete  by  letting  W  = 
170t,  and  sm  —  93,600  when  x  =  1. 

This  gives 


93,600  =  170 


4h 


P 

+ 

4h 
h  —  553. 


The  maximum  span  is  obtained  when 
h  =  276,  and  1  =  553  ft. 

3.  From  the  data  just  given,  the 
largest  possible  parabolic  dome  has 
the  same  span  as  the  largest  hemis- 
pherical dome,  but  is  half  as  high  and 
contains  just  one-half  as  much  ma- 
terial. 

4.  The  base  must  be  surrounded  by 
a  ring  of  metal,  in  which  the  total  pull 
T  is  given  by 

5P 

T  —  

4h 
General  Conclusions. — A  dome  may 
have  any  vertical  outline  provided  it 
is  a  smooth  continuous  curve  and  no- 
where horizontal;  and  further,  that  the 
reactions  at  the  supports  lie  in  a  cone 
tangent  to  the  surface. 
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COMPARISON    OF    HEMISPHERICAL 

WITH   PARABOLIC  DOME  OF 

SAME  HEIGHT  AND  SPAN. 


Hemis- 
pherical. 

Parabolic 
(h=l=r) 

Total    volume   of  con- 
crete.                                2  7r  r2  t 

ir  in 

Total  volume  of  steel,    ir  r3  W 

7Tl8W 

5f  s 

2fs 

Maximum    stress    in           rW 
•  concrete. 

51W 
4 

Under  these  conditions,  there  are  no 
secondary  stresses  in  the  shell. 

The  meridional  and  circumferential 
stresses  per  unit  length  are 
(  wxdx  +  k 

S,n  = ,     (1) 

x  sin  0 
1  d 

Bc= (Sm    X   COS   0)  (2) 

cos  0       dx 
The  corresponding  stresses  per  unit 
area  are: 

[  wxdx  +  k 

S'n,     =    " ~  (1') 

tx  sin  0 
1  d 

S'«  r= . (Sm  x  cos  0)       (2') 

t  cos  0      dx 
Where  t  is  the  normal  thickness  of  the 
shell  at  the  point  in  question. 


Brazilian  Government  Lets  Con- 
tract for  5,000  Houses.— A  con- 
tract for  the  construction  of 
dwellings  for  Government  em- 
ployees and  laborers  in  Rio  de  Janeiro 
was  signed  recently  between  the  pre- 
fecture and  the  firm  of  Antonio  Jan- 
uzzi  &  Cia,  says  Vice  Consul  J.  D. 
Hickerson  in  a  report  to  the  U.  S. 
Department  of  Commerce.  Work  is 
to  begin  immediately.  The  houses, 
not  to  exceed  5,000  in  number  and  10 
contos  each  in  cost  (about  $1,400  at 
the  present  rate  of  exchange),  are  to 
be  divided  into  two  series  of  eight 
'types  of  construction  each.  The  pur- 
chasers are  to  have  liberal  terms  of 
payment,  extending  over  a  period  of 
15  years,  with  a  maximum  interest 
charge  of  6  per  cent.  The  contractors 
probably  will  be  in  the  market  for 
American  building  hardware. 


Portland  Cement  Output  in  Decem- 
ber.— According  to  statistics  prepared 
under  the  direction  of  G.  F.  Loughlin 
of  the  U.  S.  Geological  Survey,  port- 
land  cement  production  in  December 
amounted  to  8,671,000  bbls.  and  ship- 
ments totaled  4,858,000  bbls.-  There 
was  9,134,000  bbls.  of  cement  in  stock- 
at  the  end  of  the  month.   - 


Industrial  Plant  Design 

General     Principles     As     Outlined     in 

Paper   Presented    Nov.   27  Before 

Western  Society  of  Engineers 

By  J.  L.  McCONNELL, 
Consulting  Engineer,  Chicago. 

Primarily,  the  engineer  should  con- 
sider carefully  in  co-operation  with 
the  manufacturing  staff  the  product  to 
be  manufactured,  process  of  manufac- 
ture, output,  capacity  desired,  machin- 
ery required,  location  of  machinery, 
raw  materials,  inter-shop  transporta- 
tion, shipping  facilities,  storage  of 
raw  and  finished  materials,  and  after 
he  is  familiar  with  these  details,  he 
is  then  ready  to  prepare  the  prelimin- 
ary layouts  of  the  plant.  The  first 
step  in  the  preparation  of  these  lay- 
outs is  to  show  the  general  arrange- 
ments of  the  various  interior  sections 
of  the  plant,  the  column  spacing,  loca- 
tion of  machinery,  aisles,  lighting  fa- 
cilities, handling  of  raw  materials, 
routing  of  material  in  manufacture, 
power  plant  and  distribution,  storage 
facilities,  etc. 

After  the  general  arrangement  has 
been  definitely  determined,  the  engi- 
neer is  now  ready  to  expand  this  gen- 
eral arrangement  plan  to  include  offi- 
ces, ventilation,  fuel  system,  heating 
plant,  water  and  compressed  air  sys- 
tem, plumbing  and  sewerage  and  con- 
veniences for  employes,  such  as  em- 
ployes' entrance,  toilets,  etc.  After 
a  definite  location  of  all  these  items 
has  been  determined,  he  is. then  ready 
to  prepare  the  general  and-  detail 
plans  and  specifications. 

Building. — The  engineer  should  de- 
sign the  most  economical  building, 
considering  original  cost,  mainten- 
ance, depreciation  and  insurance  of 
building  and  contents.  The  type  of 
building  selected  should  give  ample 
ventilation  and  natural  lighting,  and 
the  engineer  must  always  keep  in 
mind  that  the  function  of  the  build- 
ing is  to  enclose  and  protect  the  plant, 
and  should  be  built  around  the  equip- 
ment and  not  the  equipment  around 
the  building.  The  appearance  of  the- 
building  should  be  pleasing  and  so 
designed  as  to  reflect  the  character 
of  the  product.  "  • 

The  required  floor  loads,  appliances- 
for  handling"  materials,  power  trans- 
mission, ventilation,  etc.,  in  so  far  as 
they  affect  the  building  design  should 
be  determined  and  provision  made 
for  these  items.     The  engineer  should 
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carefully  consider  the  possibility  of 
future  extensions  and  the  building  and 
all  appliances  should  be  so  designed 
that  extensions  can  be  made  as  eco- 
nomically as  possible.  However,  it 
is  not  generally  good  practice  to  de- 
crease the  efficiency  of  present  layout 
by  giving  too  much  attention  to  pos- 
sible extensions. 

Lighting. — It  is  hardly  possible  to 
overestimate  the  value  of  good  light- 
ing and  ventilation  as  the  health  and 
efficiency  of  the  employes  depend  to  a 
very  large  extent  on  these  two  items. 
If  the  area  be  large,  sufficient  sky- 
lights and  windows  should  be  installed 
and  so  designed  as  to  give  a  maximum 
of  lighting  and  ventilation  and  all 
glass  should  be  so  arranged  as  to 
catch  a  minimum  of  dirt  and  be  easily 
cleaned.  The  ventilators  should  be 
easily  operated  from  the  floor. 

The  artificial  lighting  should  be  so 
designed  as  to  give  the  required  light- 
ing at  places  desired  at  a  minimum 
of  cost.  Should  the  plant  be  large, 
it  is  usually  desirable  to  install  a 
system  of  watchman  lights  inde- 
pendent of  the  general  lighting  sys- 
tem. 

Power. — The  decision  as  to  kind  of 
power  to  be  used  depends  upon  the 
power  requirements  of  the  plant  and 
cost  of  various  systems.  In  compar- 
ing the  cost  of  various  power  systems, 
all  items,  including  first  cost,  opera- 
tion, maintenance,  depreciation,  etc., 
for  power  at  point  of  use  should  be 
included.  The  distribution  of  the  pow- 
er should  be  so  designed  that  all  trans- 
mission maichinery,  cables,  etc.,  are 
well  out  of  the  reach  of  the  employes 
and  do  not  interfere  with  the  ma- 
chinery layout.  Cutouts  should  be 
well  located  so  that  machinery  can 
be  quickly  stopped.  These  cutouts 
should  be  protected  against  accidents. 

Comfort  Facilities.  —  The  locker 
rooms  should  be  arranged  close  to  or 
adjacent  to  the  employes'  entrance 
and  in  such  a  manner  that  the  em- 
ployes can  be  checked  upon  entrance 
into  the  shop.  These  rooms  should 
have  ample  shower  and  lavatory  fa- 
cilities and  space  for  lockers  for  all 
employes.  The  toilet  facilities  should 
be  well  distributed  over  the  plant  to 
prevent  too  much  loss  of  time  by  the 
employes.  Drinking  fountains  should 
be  well  distributed  over  the  plants. 
It  is  a  good  practice  and  a  good  in- 
vestment to  provide  rest  and  recrea- 
tion facilities.  However,  several 
plants  have  carried  this  matter  to  ex- 
tremes during  the  last  few  years,  and 


this  should  only  be  indulged  in  to 
an  extent  that  will  pay  dividends  to 
the  employer.  If  gone  into  in  excess 
of  this,  the  employes  will  misunder- 
stand and  will  resent  the  action  of  the 
employer.  Where  both  men  and 
women  are  employed,  their  comfort 
facilities  should  be  separated  com 
pletely. 

The  works  office  should  be  so  lo- 
cated as  to  be  convenient  to  all  depart- 
ments, and  in  the  most  quiet  location 
possible. 

Shipping  Facilities.  —  The  tracks 
should  be  laid  out  so  that  there  is 
ample  space  for  the  loading  and  un- 
loading of  cars,  and  so  that  all  load- 
ing and  unloading  be  done  as  far  as 
possible  under  cover.  The  engineer 
should  also  consider  the  receipt  of 
heavy  machinery  and  the  handling 
of  large  replacement  parts  of  ma- 
chines. Due  attention  should  also  be 
given  to  wagon  and  truck  shipments. 

Locations  of  Machines. — The  ma- 
chinery of  manufacturing  should  be 
so  placed  that  the  travel  of  the  ar- 
ticle of  manufacture  shall  be  from 
the  raw  material  to  the  completed 
product  in  a  straight  line.  Back  lines 
of  travel  should  be  avoided  where 
possible.  The  machines  should  be 
spaced  so  as  to  allow  ample  room 
for  storage  of  product  at  the  machine, 
and  transportation,  and  at  the  same 
time  various  machines  working  on  the 
same  parts  should  not  be  too  far  apart. 
In  some  forging  plants,  it  has  been 
possible  to  so  locate  the  machines 
that  the  material  is  heated  in  a  fur- 
nace, goes  to  a  machine,  to  a  furnace, 
and  to  another  machine  without  loss 
of  the  heat  in  the  part  after  the  first 
machine  has  finished  its  work.  All 
of  these  points,  when  proper  design 
and  judgment  are  used,  work  for 
economy. 

It  is  also  advisable  that  the  machin- 
ery be  so  laid  out  as  to  give  a  ra- 
tional building  design  and  in  some 
cases  the  adaptability  of  the  building 
to  other  occupancy  should  be  con- 
sidered. 

The  question  of  group  or  individual 
drive  of  equipment  depends  largely 
upon  the  arrangement  of  equipment 
and  power  required  to  drive  each  ma- 
chine. Where  large  power  is  required 
for  one  machine  which  operates  inde- 
pendent of  other  machines,  it  is  usu- 
ally most  economical  to  use  individ- 
ual drive  for  this  machine.  Where 
several  machines  are  dependent  upon 
each  other,  group  drive  is  usually 
to  be  preferred-     However,  the  units 
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should  not  be  too  large.  The  speed  of 
the  transmission  shafting  is  dependent 
upon  the  speed  required  for  the  ma- 
chines, and  for  heavy  work  should  be 
slow  speed.  This  speed  should  be 
worked  out  so  that  there  will  not  be 
too  much  difference  in  the  size  of 
pulleys  so  as  to  secure  proper  belt 
contact,  and  belt  speeds  should  not  be 
excessive. 

Storage. — The  storage  of  raw  ma- 
terials, finished  product  and  depart- 
ment storage  should  be  carefully  con- 
sidered, ample  space  and  handling  fa- 
cilities being  provided  for  all  ma- 
terials. In  several  plants  where  the 
bulk  of  the  finished  product  is  shipped 
direct,  the  storage  space  for  finished 
product  is  on  upper  floors,  the  shop 
floor  being  used  for  inspection  and 
shipping  facilities,  elevators  being 
used  to  raise  the  materials  and  con- 
veyors to  lower  materials.  In  some 
instances,  assembly  space  has  been 
required  to  facilitate  shipments. 

Power  Plant.  —  The  power  plant 
should  be  carefully  located  to  lessen 
the  distance  to  the  maximum  points 
of  power  demand  and  to  be  adjacent 
to  receiving  tracks  for  the  receipt  of 
fuel.  The  cost  of  various  kinds  of 
fuel  should  be  considered,  and  at 
times  certain  fuels  cannot  be  obtained 
at  normal  cost,  the  plant  should  be 
so  designed  that  other  fuels  can  be 
used  in  a  minimum  of  time.  The  de- 
sign of  all  power  equipment  should  be 
such  that  the  cost  of  power  at  point 
of  demand  be  a  minimum. 

Provision  should  be  made  for  the 
storage  of  tools  and  machine  parts 
and  in  some  plants  it  is  desirable  to 
provide  facilities  for  the  manufacture 
and  repair  of  tools.  The  tool  storage 
and  repair  shops  should  be  so  located 
as  to  be  easily  accessible  to  the  shops 
but  not  a  direct  part  of  these  shops. 


Average  Load  per  Freight  Car. — If 
the  average  load  per  car  which  pre- 
vailed during  1920  and  1921  had  been 
secured  in  1922,  132,440  cars  less 
would  have  been  required  in  the  first 
quarter  of  1922  and  486,206  cars  in 
the  second,  or  an  aggregate  of  618- 
644  cars  to  handle  the  same  relative 
amount  of  tonnage,  according  to  the 
Car  Service  Division  of  the  American 
Railway  Association.  In  other  words, 
approximately  120,000,000  empty  car 
miles  would  have  been  saved  during 
the  first  six  months  of  1922.  This 
would  have  increased  the  available 
surplus  cars  by  about  4,000  per   day. 


Tests  of  Hollow  Tile  and  Con- 
crete Floor  Slab 

Data  on  the  investigation  which  the 
U.  S.  Bureau  of  Standards  has  been 
conducting  on  a  hollow  tile  and  con- 
crete floor  slab  reinforced  in  two  di- 
rections have  been  published  as 
Technologic  Paper  No.  220  of  the  Bu- 
reau, for  sale  from  the  Superintend- 
ent of  Documents,  Government  Print- 
ing Office,  Washington,  D.  C,  at  25c 
per  copy. 

The  test  slab  (located  at  Waynes- 
burg,  O.)  was  built  by  laying  hollow 
clay  tiles  in  rows  in  two  directions  at 
right  angles  to  each  other  4  in.  apart, 
laying  a  ^-in.  round  steel  reinforcing 
bar  in  each  space  between  the  rows 
of  tiles  and  finally  filling  this  space 
with  concrete  and  allowing  it  to 
harden.  The  slab  is  approximately  6 
in.  thick.  50  ft.  wide,  and  115  ft.  long, 
and  is  divided  into  18  panels,  being 
probably  the  largest  floor  slab  ever 
constructed  for  test  purposes. 

When  the  slab  was  about  2  months 
old,  a  load  several  times  as  heavy  as 
any  to  which  such  a  slab  would  be 
subjected  in  an  actual  building  was 
applied.  At  different  stages  of  load- 
ing, the  stretch  of  the  reinforcing 
bars  was  measured  with  an  instru- 
ment sensitive  to  movements  of  .0001 
of  an  inch.  From  this  information 
it  has  been  possible  to  calculate  the 
stresses  in  the  bars  and  to  estimate 
how  near  they  were  to  failure  at  any 
given  load.  The  load  was  left  in  place 
for  several  months  and  as  no  serious 
damage  to  the  slab  resulted,  the  load 
was  further  concentrated.  Chimney 
bricks  were  piled  upon  certain  panels 
of  the  slab  to  a  height  of  20  ft.  This 
load  was  left  in  place  and  now  has 
been  on  the  slab  for  nearly  2  years. 
Nowhere  has  the  slab  broken  down, 
though  at  one  place  cracks  have 
opened  and  at  the  same  place  a  large 
deflection  has  occurred. 


Structural  Engineer  and  Draftsman 
Wanted.— The  U.  S.  Civil  Service 
Commission,  Washington,  D.  C.,  has 
announced  an  open  competitive  ex- 
amination for  structural  engineer  and 
draftsman  on  March  7  and  8.  Va- 
cancies in  the  Supervising  Archi- 
tect's Office,  Treasury  Department, 
and  in  positions  requiring  similar 
qualifications,  at  $2,000  a  year,  or 
higher  or  lower  salaries  (plus  "bon- 
us,"), will  be  filled  from  this  examin- 
ation. 
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Simple  Method  of  Reviewing  Concrete  Beams 


Diagrams  for  Extreme  Fibre  Stress  in  Concrete  and  Maximum  Unit 
Stress  in  Tension  Steel  Given  in  The  Cornell  Civil  Engineer 

By  CHAS.  E.  O'ROURKE, 

Instructor   in   Bridge   Engineering-,    Cornell  University 


Many  diagrams  and  tables  have 
been  prepared  to  simplify  the  work  in- 
volved in  solving  the  cumbersome 
equations  for  doubly  reinforced  beams. 
It  is  the  purpose  of  this  paper  to  sub- 
mit diagrams  which  will  give  the 
values  of  the  extreme  fibre  stress  in 
concrete  and  the  maximum  unit  stress 
in  the  tension  steel  in  a  beam  with 
compressive  reinforcement,  the  only 
computations  involved  being  those  for 
the  bending  moment  and  the  steel  ra- 
tios. They  will  be  found  especially 
useful  in  reviewing  a  continuous  beam 
at  the  support;  a  problem  involved  in 
beam  and  girder  floor  design,  in  wall 
beam  design,  and  other  continuous 
beam  problems. 

Since  in  such  beams  the  area  of 
steel  in  top  and  bottom  at  the  support 
is  usually  furnished  by  bending  up 
some  of  the  tension  steel  from  the 
middle  of  the  beam  and  continuing  the 


merely  necessary  to  investigate  the 
stresses  at  the  support  and  be  assured 
that  they  are  within  safe  and  econom- 


Fig.    1. 

ical  limits.    The  ratio  of  p'/p  may  be 

varied  by  bending  up  more  or  less  of 

the  longitudinal  steel  over  the  support. 

From  Fig.  1,  which  represents  a  por- 
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rest  straight  through  the  support  to 
assist  in  resisting  compression  at  that 
point,  and  since  the  value  of  the  ef- 
fective depth,  d,  at  the  support  is  fixed 
by  the  depth  used  at  midspan,  it  is 


tipn  of  a  beam  with  compressive  and 
tensile  reinforcement,  it  may  be  seen 
that  the  resisting  moment  due  to  the 
tensile  steel  equals 
(a)  Ms  ;=  Asfsjd  =  pf8jbd2 
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while  that  due  to  the    concrete    and      (d)     k  — 
compressive  steel  equals 
(b)     Mc  =±  y2fck  (1  —  %k)  bda  + 
f'sp'bd  (d  —  d') 
It  may  also  be  shown*  that 
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VAt.ues  or  p 
Diagram  4. 
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(e) 


j  =  k2  +  2p'n 


d' 

k 

k     \  d 

Substituting  these  values  of  £'.  and       (2>     M*  =  bd2fsN        in  which 
j  in  the  resisting  moment  equations, 
the  latter  may  be  put  in  the  form 
(1)     Mc  =  bd2fcR        in  which 
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The  values  of  the  extreme  fibre 
stress  in  concrete  and  maximum  unit 
tensile  stress  in  steel  are  then 


M 


(3) 


(4) 


f« 


U 


bd8 
M 


bda 


Diagrams  1-5  give  values  of  R  and 
N  for  different  values  of  p  and  p',  and 
also  fc  and  fs  for  various  values  of 
M/bd2,  k  having  been  determined  from 
equation  (d).  The  procedure  to  be  fol- 
lowed in  using  these  diagrams  is  to 
first  determine  p  and  p';  then  enter 
the  proper  diagram  (this  depends  on 
d'/d)  with  the  computed  values  of  p 
and  the  ratio  p'/p,  the  intersection  of 
which  determines  R  (or  N) ;  follow 
along  the  R  (or  N)  curve  thus  located, 
to  the  intersection  with  a  horizontal 
line  through  the  existing  value  of 
M/bdJ;  the  value  of  £c  (or  £.)  may 
then  be  read  directly  from  the  curve, 
interpolating  if  necessary.  The  nu- 
merical values  of  R  and  N  are  un- 
necessary to  the  solution  of  the  prob- 
lem and  are  therefore  omitted  from 
the  curves.  The  error  involved  in 
using  the  diagram  for  d'/d  next  above 
the  actual  value  will  be  small  and  on 
the  side  of  safety.  Such  procedure 
is  recommended  because  of  the  sim- 
plification of  the  work. 

In  the  diagram  giving  values  of  fs 
for  d'/d  equal  to  0.2,  the  effect  of  the 
ratio  p'/p  is  negligible  as  is  evidenced 
by  the  fact  that  the  N  curves  are  ver- 
tical. For  this  reason  it  is  possible  to 
enter  this  one  diagram  with  values  of 
p  and  M/bd3  and  get  U  directly.  The 
result  will  be  the  same  as  that  ob- 
tained by  following  the  usual  pro- 
cedure given  above. 

Illustrative  Problem.  —  A  typical 
beam  in  a  reinforced  concrete  floor  of 
the  beam  and  girder  type  has  an  effec- 
tive depth  of  25.5  in.,  a  width  of  stem 
of  12  in.,  and  reinforcement  consisting 
of  four  one-inch  square  bars  in  one 
row,  the  center  of  which  is  2.5  in. 
above  the  lower  surface  of  the  beam. 
One-half  of  the  bars  are  bent  up  over 
the  support  to  provide  for  negative 
moment  and  the  other  half  continued 
straight  through  the  support  to  assist 
in  resisting  compressive  stresses  at 
that  point.  The  maximum  moment  i? 
the  beam  equals  1,500,000  inch-pound 
What  are  the  values  of  fs  and  fc 
the  support? 


4.0 


P  =  P' 


12  x  25.5 


s=  .0131 


2.5 


.098 


25.5 


M 


1,500,000 


=  192. 
bd2        12x(25.5)2 
Entering  Diagram  2     with  p  ==  .0131 
and  p'  =  p  and  followin   5  the  R  curve 
thus   determined  to    thi  >    intersection 
with  a  horizontal  line  th   rough  the  val- 
ue of  M/bd2  =  192,  it  is  f  'ound  that 
fc  =  650  lb.  per  sq.  :   In. 
Similarly  from  Diagra   m  4 
fs  =  16,600  lb.  per  s    qu  in- 
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New    Missouri    River    Highway 
Firidges 

By  B.  7H.  PIEPMBIER, 

Chief  Engineer,   Missouri   State  Highway 
Commission. 

For  many  years  Missouri  has  lacked 
adequate  facilities  for  highway  cross- 
ings of  the  Missouri  River.  This  has 
been  a  serious  impediment  to  com- 
mercial ami  social  intercourse  be- 
tween the  trwo  sections  of  the  state. 
The  three  e:  fisting  highway  bridges  at 
Kansas  City,  Jefferson  City  and  St. 
Charles  arci  too  widely  separated  to 
give  the  nended  service  and  are,  more- 
over, toll  bridges. 

However,  this  unsatisfactory  con- 
dition is  alDout  to  be  remedied.  The 
prospect  otf  securing  a  state  road 
system  hail  stimulated  new  activity 
in  the  promotion  of  several  bridge 
projects  thsit  have  remained  in  a  dor- 
mant stage  for  a  number  of  years. 

The  State  Highway  Commission  has 
very  properly  recognized  the  need  for 
these  lines  of  communication  between 
the  two  sections  of  the  state  and  has 
recently  approved  four  projects  for 
highway  crossings  and  allotted  Fed- 
eral Aid  money  to  them. 

These  projected  bridges  are  to  be 
constructed  at  Boonville,  Glasgow, 
Waverly  and  Lexington.  All  are  now 
under  contract  and  the  substructure 
work  of  the  Boonville  bridge  is  well 
under  way.  All  are  high  level  bridges 
with  sufficient  cUearance  above  stand- 
ard high  water  io  render  unnecessary 
any  type  of  movable  spans. 

The  Boonville  bridge  will  have  a 
steel  superstructure  2,665  feet  long 
and  a  substructure  of  concrete  piers 
resting  upon  bed  rock,  the  lowest  ele- 
vation of  which  is  8\4  ftvet  below  stand- 
ard low  water.  A  re.inforced  concrete 
trestle  approach  447  it.  long  connects 
the  main  structure  with  an  earth  fill 
confined  between  long  wings  of  a  U 
abutment  for  117  ft.  At  the  north 
end  of  the  bridge  is  another  earth  fill 
approach  442  ft.  long.  A  clear  road- 
way of  18  ft.  8  in.  is  provided.  The 
estimated  cost  of  this  structure  is 
$526,640.  Consulting  engineers  are 
Harrington,  Howard  &  Ash. 

The  Glasgow  bridge  consists  of  four 
river  spans,  approximately  1,224  ft. 
total  length.  The  approach  at  the 
Glasgow  end  is  nearly  300  ft.  long  and 
is  composed  of  three  deck  spans.  An 
earth  fill  225  ft.  long  connects  the 
approach  with  the  city.  For  the  west 
approach,  four  deck  spans,  totaling  384 
feet  are  provided.  An  earth  fill  ap- 
proximately 440  ft.  long  connects  the 


approach  with  the  mainland.  The 
river  piers  rest  upon  bed  rock  about 
38  ft.  below  standard  low  water  at 
the  deepest  place.  A  clear  roadway 
of  21  feet  is  provided.  The  contract 
price  for  this  structure  is  $566,312.60. 
Consulting  engineer,  F.  W.  Adgate. 

The  bridge  at  Waverly  consists  of 
five  river  spans  having  a  combined 
length  of  nearly  1,610  ft.  Piers  are 
sunk  to  bed  rock  about  53  ft.  below 
standard  low  water.  The  approach  at 
the  Waverly  end  is  made  up  of  one 
deck  truss  span  and  two  deck  girder 
spans  having  a  total  length  of  345  ft. 
A  short  earth  fill  connects  the  ap- 
proach with  the  streets  of  Waverly. 
At  the  north  end  an  earth  fill  termi- 
nates the  bridge.  A  roadway  of  20  ft. 
between  wheel  guards  is  provided. 
The  contract  price  is  $585,146.32.  Con- 
sulting engineers,  Harrington,  Howard 
&  Ash. 

The  Lexington  bridge  has  a  steel 
superstructure  3,071  ft.  in  length.  Bed 
rock  is  approximately  100  ft.  below 
low  water.  On  the  Ray  County  side, 
an  earth  fill  connects  the  main  struc- 
ture with  the  mainland.  On  the  Lex- 
ington side  the  main  structure  is  con- 
nected by  a  steel  trestle  with  the  city 
streets.  A  roadway  20  ft.  in  the  clear 
is  provided.  Contract  price  is  $1,169,- 
114.  The  additional  length  of  super- 
structure and  the  greater  depth  to  bed 
rock  explains  this  greater  cost.  J.  A. 
L.  Waddell  is  the  consulting  engineer. 

The  completion  of  these  four  large 
bridges  will  go  far  towards  giving 
Missouri  a  basis  for  a  compre- 
hensive road  system  connecting  all 
parts  of  the  state. 


Christopher  Wren,  English  Archi- 
tect,  to  Be  Honored. — American  ar- 
chitects are  preparing  to  observe  next 
February  the  200th  anniversary  of  the 
death  of  Sir  Christopher  Wren,  fa- 
mous English  astronomer  and  archi- 
tect. Sir  Christopher  died  in  London 
February  25,  1723,  and  is  buried  in  St. 
Paul's  cathedral,  which  he  planned. 
The  American  observance  will  be  con- 
sistent with  the  celebration  in  Eng- 
land where  the  Royal  Institute  of 
British  architects  has  set  aside  the 
entire  week  beginning  February  26, 
1923,  as  commemoration  week  in  hon- 
or of  Wren.  A  procession  will  march 
from  mansion  house  to  St.  Paul's  to 
hold  memorial  services  in  the  cathe- 
dral, followed  by  a  visit  to  the  crypt, 
where  the  president  of  the  Royal  in- 
stitute will  lay  a  wreath  on  Wren's 
tomb. 
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The   Eternal   Triangle  in   Construction 


Methods,  Seasonable  Disruption  of  Work  and  Transportation  Dis- 
cussed in  Address  Before  New  York  State  Industrial  Conference 

By  R.  C.  MARSHALL,  JR., 

General    Manager,    Associate    General    Contractors  of  America. 


Construction  management,  in  the 
opinion  of  the  engineering  world,  and 
to  some  extent  in  the  minds  of  the 
public,  is  charged  with  unnecessary 
wastefulness  in  its  operations,  and  is 
faced  with  the  responsibility  of  reduc- 
ing construction  costs.  It  is  natural 
that  in  approaching  this  problem  en- 
gineering minds,  which  are  accus- 
tomed to  deal  with  the  more  tangible 
factors  of  construction,  should  con- 
centrate upon  the  question  of  meth- 
ods, and  we  may  confidently  expect 
them  to  make  satisfactory  progress 
in  this  field.  But  in  looking  forward 
to  a  material  downward  movement  of 
building  and  other  construction  costs, 
it  is  important  to  remember  that  the 
improvement  of  construction  methods 
is  but  one  of  the  problems  which  the 
construction  company  must  solve.  It 
is  an  important  one,  but  there  are  at 
least  two  other  less  tangible  and  more 
difficult  which  must  be  corrected  be- 
fore the  inherent  wastefulness  of  the 
industry  can  be  removed.  These  are 
transportation  and  seasonal  disrup- 
tion of  the  work. 

As  the  construction  industry  pro- 
gresses with  its  consolidation  so  that 
a  greater  n  «nber  of  its  best  minds 
may  concentrate  upon  a  given  course 
of  constructive  action,  there  can  be 
little  doubt  that  these  three  factors 
of  construction  management  will  be 
satisfactorily  handled.  But  it  is  es- 
sential at  the  outset  that  their  inter- 
dependence and  relative  importance 
be  clearly  understood.  Upon  their 
proper  co-ordination  will  depend  the 
measure  of  success.  Seasonal  fluctua- 
tion, transportation  and  methods  are 
not  separate  and  distinct  considera- 
tions; they  are  closely  interlocked  in 
the  scheme  of  construction  develop- 
ment and  any  one  may  be  dependent 
upon  the  other  two.  This  is  espe- 
cially true  when  we  consider  the  se- 
lection of  the  most  economical  method 
for  building  a  given  project. 

Deciding  on  Most  Economical  Meth- 
od of  Construction.  —  In  adopting  a 
suitable  lay-out  of  plant  and  pro- 
cedure for  building  a  highway  or  any 
other  type  of  project,  one  of  the  first 
problems    of    the    construction    com- 


pany is  to  decide  upon  the  most  eco- 
nomical method  of  construction.  This 
is  not  purely  a  study  in  job  mechanics 
and  engineering,  but  is  also  a  study 
in  economics.  It  requires  a  decision 
as  to  whether  the  company  should 
purchase  special  equipment  or  exe- 
cute the  work  with  equipment  on 
hand;  and,  if  special  equipment  is 
advisable,  how  much  of  that  expense 
the  low  bid  can  stand  and  how  much 
the  equipment  will  bring  in  salvage. 
If,  as  is  commonly  presumed,  the  most 
efficient  method  were  always  the  most 
economical,  the  problem  would  be 
simple — a  question  in  job  mechanics; 
but,  since  this  is  not  the  case,  the  real 
problem  is  to  determine  whether  the 
most  efficient  method  will  in  the  end 
prove  the  most  economical. 

That  this  combination  of  mechanics 
and  construction  economies  is  a  vital 
point  may  be  readily  perceived,  if  we 
stop  to  consider  the  method  of  build- 
ing highways  in  several  parts  of  the 
world.  Take,  for  example,  the  build- 
ing of  a  roadway  in  the  interior  of 
China,  the  Andes  Mountains  and  the 
State  of  Illinois.  In  China,  the  most 
economical  manner  of  transporting 
material  is  frequently  on  the  head  of 
a  coolie.  This  is  obviously  not  an 
efficient  method,  but  in  that  particular 
locality  it  is  the  one  which  would  de- 
liver the  owner's  project  at  a  min- 
imum cost.  In  the  Andes  Mountains, 
materials  are  likely  to  be  delivered 
on  the  back  of  a  burro — an  economi- 
cal process  where  burros  are  inex- 
pensive, but  obviously  not  extremely 
efficient.  In  Illinois,  where  materials 
are  delivered  by  truck  and  industrial 
railway,  we  find  the  method  that  is 
both  very  efficient  and  very  economi- 
cal for  that  locality,  but  which  would 
entail  prohibitive  expense  in  many 
parts  of  China. 

Here  is  an  example  of  the  difference 
between  efficiency  and  economy  that 
is  encountered  in  a  greater  or  less 
degree  on  every  construction  project. 
If  these  methods  were  interchanged, 
we  should  have  a  miscarriage  of  both 
efficiency  and  economy — a  thing 
against  which  the  construction  com- 
pany must  always  be  on  guard.  That 
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this  frequently  cannot  be  avoided  is 
due  in  great  measure  to  the  fact 
that  the  company  must  often  se- 
lect a  method  to  fit  the  equipment  in 
its  possession  and  cannot  increase  its 
plant  to  take  advantage  of  some  es- 
pecially efficient  method  on  every  con- 
struction job. 

Why  Most  Effective  Methods  Are 
Not  Always  Used. — It  is  probably  true 
that  not  one  construction  project  in 
five  is  carried  out  under  the  most 
effective  methods  that  could  be  de- 
vised for  that  particular  piece  of  work. 
But  if  this  were  not  the  case  and  if 
every  project  were  equipped  for  the 
most  efficient  methods  known,  the 
plant  expense  for  each  project  would 
be  considerably  higher.  Except  in 
work  of  great  magnitude  that  would 
practically  consume  the  equipment, 
the  cost  of  the  last  word  in  efficiency 
is  apt  to  overrun  its  saving.  When 
the  policy  of  equipping  every  job  to 
the  maximum  efficiency  is  consistent- 
ly followed,  the  company  storage  yard 
is  likely  to  be  loaded  with  very  effi- 
cient, but  very  idle,  equipment,  which 
it  hopes  to  use  again  some  day,  or 
the  job  may  be  loaded  with  heavy 
equipment  costs. 

On  almost  every  construction  proj- 
ect the  problem  arises  whether  it  is 
more  economical  to  buy  additional 
equipment  and  install  a  superior  meth- 
od than  to  use  existing  plants  and  a 
method  less  effective.  This  means 
that  the  real  economy  in  methods 
arises  from  operating  plants  that  are 
not  necessarily  the  most  effective  for 
each  particular  job,  or  even  for  any 
particular  job,  but  which  are  the  most 
all-around  adaptable  for  all  of  the 
jobs  that  the  construction  company 
expects  to  perform.  Therefore,  in  in- 
vestigating and  improving  construc- 
tion methods,  it  is  necessary  to  con- 
sider not  only  the  most  effective 
means  of  performing  a  particular  type 
of  work,  or  a  particular  type  of  proj- 
ect, but  also  the  variety  of  work  for 
which  a  particular  plant  and  method 
can  be  employed. 

Improvement  of  Methods  Involves 
Study  of  Construction  Economics. — 
Obviously,  the  improvement  of  con- 
struction methods  is  not  merely  engi- 
neering, superintendence  and  equip- 
ment, but  involves  a  much  broader 
and  more  difficult  study  of  construc- 
tion economics.  Without  the  combina- 
tion of  these  two  things,  there  is  dan- 
ger that  the  savings  of  efficiency  may 
be  dissipated  in  other  channels.  This 
the    railroads    have   come    to    realize, 


and  are  searching  for  engineers  who 
can  combine  their  technique  with  a 
practical  analysis  of  commercial  and 
industrial  expansion. 

It  is  not  here  intended  in  any  sense 
to  minimize  the  value  of  investigation 
and  improvement  or  construction 
methods — they  are  an  important  fac- 
tor in  the  industry;  but  it  is  intended 
to  emphasize  the  fact  that  real 
economy  and  the  lowering  of  con- 
struction costs  go  far  beyond  the  ques- 
tion of  field  efficiency.  There  is  un- 
questionably the  need  for  further  im- 
provement, and  this  improvement 
should  be  carried  out  in  co-operation 
between  the  men  who  have  developed 
and  are  now  developing  equipment  and 
the  men  who  are  using  it  in  the  field. 
That  it  will  be,  we  have  good  reason 
to  believe.  Their  ingenuity,  their 
ability  and  their  ambition,  coupled 
with  strenuous  competition,  are  bring- 
ing evolution  in  the  field  of  methods, 
and  it  will  be  surprising  if  their  ef- 
forts do  not  outstrip  improvement  in 
the  other  two  important  fields  of  seas- 
onal fluctuation  and  transportation. 

Progress  in  Equipment  Development. 
— It  is  surprising  how  great  the 
progress  in  equipment  development 
has  been,  when  we  recall  the  lack  of 
contact  that  has  existed  between  the 
manufacturer  and  those  who  use  his 
machines.  In  producing  new  devices 
for  one  or  another  of  the  manufactur- 
ing industries,  development  has  been 
fostered  by  co-operative  studies  of 
plant  facilities  which  profited  from 
creative  minds  of  both  the  ma- 
chinery manufacturer  and  his  cus- 
tomer: but  in  the  construction 
industry  there  has  been  little 
such  co-operation.  Construction  com- 
panies have  either  accepted  or  re- 
jected the  devices  placed  before 
them,  while  the  manufacturer's  prin- 
cipal guidance  from  the  field  has  been 
his  rerofd  of  complaints.  As  these 
complaints  have  not  always  been  of 
a  constructive  character,  they  have 
failed  to  furnish  the  necessary  infor- 
mation and  both  groups  have  suffered 
through  the  lack  of  contact. 

The  manufacturers  have  been  handi- 
capned  by  the  lack  of  adequate 
study  and  criticism  from  the  field 
where  the  true  value  of  every  new 
device  is  determined;  and  construc- 
tion companies  have  been  handi- 
capped by  the  jack  of  adequate 
means  for  reaching  the  manufacturer 
and  obtaining  the  incorporation  of 
ideas  into  machines  suitable  for  the 
work.     The  time  has  come,  however, 
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when  both  parties  appreciate  the  val- 
ue of  eliminating  this  breach,  and 
the  initial  steps  have  been  taken  to 
establish  proper  co-operation  between 
them. 

To  accomplish  this,  the  joint  com- 
mittee of  representative  equipment 
manufacturers  and  members  of  the 
Associated  General  Contractors  of 
America,  which  was  recently  appoint- 
ed at  Detroit,  will  investigate  the  de- 
velopment of  equipment,  construction 
practices,  and  other  matters  that  will 
expedite  the  adoption  of  efficient 
methods.  Through  this  committee, 
which  will  have  available  the  con- 
structive thought  and  the  experience 
of  both  contractors  and  manufactur- 
ers, it  is  confidently  expected  that 
the  ground  for  any  charge  of  ineffi- 
ciency in  the  process  of  construction 
will  be  removed. 

The  Real  Sources  of  Wastefulness 
in  Construction  Industry. — We  are  ad- 
vised that  one  of  the  great  sources 
of  waste  in  the  construction  indurtry 
at  present  arises  from  the  laxit>  of 
construction  management  in  improv- 
ing its  processes;  and  considerable 
criticism,  constructive  enough  in  its 
intent,  but  failing  to  touch  the  more 
salient  problems  in  construction,  has 
been  voiced  in  the  past  three  years. 
This  criticism  is  all  valuable  and  will 
doubtless  produce  beneficial  results 
in  the  area  of  field  management,  yet 
one  cannot  but  wonder  that  the  minds 
of  engineers  and  business  men  have 
not  turned  more  vigorously  to  the  at- 
tack of  those  elements  which  are  the 
real  sources  of  wastefulness  in  the  in- 
dustry. The  importance  of  construc- 
tion methods,  in  comparison  with  eith- 
er labor  problems  or  the  disruption 
of  work  through  seasonal  shut-downs 
or  the  failure  of  transportation,  is 
comparatively  a  minor  affair.  Fig- 
uratively speaking,  we  are  shoot- 
ing at  a  rabbit  while  a  bear  stands 
growling  behind  us. 

To  illustrate  what  is  meant  by  this 
idea,  a  striking  example  is  found  in 
the  construction  of  hard  surface  high- 
ways, upon  which  the  different  states 
and  the  federal  government  are 
spending  hundreds  of  millions  of  dol- 
lars each  year.  The  building  of  these 
roads,  which  frequently  cost  more 
per  mile  than  a  railroad,  and  which 
in  four  years  has  developed  into  an 
industry  of  itself,  is  usually  carried 
out  by  methods  entailing  an  elaborate 
outlay  for  equipment.  Considering 
the  time  within  which  this  industry 
has    developed,    the   method    may    be 


called  efficient.  A  hundred  thousand 
dollars  may  represent  the  expendi- 
ture for  machines  to  build  a  20-mile 
stretch  by  road  by  the  industrial  rail- 
way methods;  yet,  with  all  this  outlay 
to  secure  maximum  output  at  the 
minimum  of  cost,  the  expenditure  for 
efficiency  has  in  many  cases  failed  to 
produce  satisfactory  costs. 

The  Waste  Due  to  Disrupted  Trans- 
portation.— That  this  is  true  is  not  the 
fault  of  the  construction  company 
nor  the  engineering  profession  nor 
the  equipment  manufacturers,  but  is 
due  to  the  disrupted  transportation. 
This  method  depends  primarily  upon 
continuity  of  material  delivery  by  the 
railroads  and  when  it  fails  the  field 
organization  is  tied  up  and  the  enj 
tire  operation  is  suspended — but  the 
overhead  expense  of  the  organization 
continues  at  the  rate  of  some  30  or 
40  dollars  an  hour.  When  these  dis- 
ruptions of  transportation  occur,  the 
construction  company  doubtless 
wishes  that  the  days  of  tremendous 
organization  had  not  arrived,  and  that 
it  were  doing  a  moderate  sized  job 
with  moderately  efficient  methods  and 
making  a  moderate  profit. 

In  this  case  we  have  an  example 
where  the  construction  method  has 
developed  to  a  higher  state  of  effi- 
ciency than  the  basic  facilities  upon 
which  it  depends.  It  illustrates  the 
interdependence  of  field  operations 
and  transportation,  both  of  which 
must  be  developed  simultaneously  to 
institute  real  economy. 

If  the  transportation  problem  were 
settled  satisfactorily,  we  should  be 
well  on  the  road  to  economy.  But 
even  if  transportation  were  in  such 
a  state  that  a  continuous  flow  of  ma- 
terials could  be  assured,  the  third  dis- 
turbing factor  would  remain.  We 
should  still  have  the  waste  of  seasonal 
fluctuation,  the  cause  not  ,only  of 
wastefulness  in  construction,  but  also 
of  inadequate  railway  service. 

Effect  of  Seasonable  Fluctuation  on 
Operations. — Consider  for  a  moment 
the  effect  of  seasonal  fluctuation  upon 
highway  operations.  On  account  of 
weather  conditions  and  other  factors, 
it  is  usually  July  before  the  construc- 
tion force  is  well  organized  with  each 
man  in  the  force  familiar  with  his 
particular  work.  The  maximum  out- 
put comes  along  in  October,  and 
shortly  thereafter  the  season  closes. 
At  this  pofnt  the  organization  is  brok- 
en up  and  scattered,  the  equipment 
remains  idle  and  the  painful  opera- 
tion  of   building   a   new   organization 
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must  be  carried  out  in  the  following 
spring.  Workmen  who  find  inside 
work  in  other  industries  may  not 
again  return  to  road  construction  and 
others  must  be  trained  to  fill  their 
places — for  in  any  highway  organiza- 
tion, as  they  are  now  established,  al- 
most every  man  has  a  specialized 
function.  How  far  construction  com- 
panies and  state  highway  departments 
can  go  in  stabilizing  highway  work 
is  problematical,  but  certainly  a  great 
amount  of  progress  is  possible — in 
building  work  the  possibilities  are 
practically  unlimited. 

Winter  Construction  as  Economic 
and  Industrial  Benefit. — To  remedy 
the  work  of  seasonal  fluctuation  and 
to  substitute  winter  construction  as 
both  an  economic  and  an  industrial 
benefit,  the  Associated  General  Con- 
tractors of  America  are  urging,  among 
other  things,  the  following  steps: 

1.  The  award  of  highway  and  oth- 

er public  works  contracts  in 
the  fall  or  early  winter,  well  in 
advance  of  the  construction  sea- 
son. 

2.  The  co-operation  of  engineers 
and  architects  in  inducing  pri- 
vate owners  to  start  their  proj- 
ects in  the  off  season. 

3.  Winter    discounts    on    construc- 

tion materials,  to  equalize  the 
cost  of  winter  and  summer 
work. 

4.  The  co-operation  of  other  indus- 
tries in  removing  the  country's 
great  seasonal  production  peaks. 

The  effect  upon  the  cost  of  any 
work  of  building  up  and  breaking 
down  an  organization  each  year  is 
too  well  known  to  need  further  ex- 
planation. Continuance  of  this  condi- 
tion seems  intolerable  in  the  face  of 
American  ingenuity,  and  it  is  now  up 
to  the  industry  to  carry  out  the  edu- 
cational work  that  will  eventually 
eliminate  all  unnecessary  seasonal 
fluctuation.  This  implies,  of  course, 
improvement  of  the  methods  of  per- 
forming winter  work  such  as  to  in- 
sure a  proper  quantity  of  construc- 
tion; and  it  also  illustrates  the  inter- 
dependence of  construction  methods 
and  seasonal  depression. 

The  benefit  to  be  derived  from  cor- 
recting seasonal  fluctuations,  not  only 
in  the  construction  industry  but  in 
every  other  industry  where  possible, 
may  not  be  so  apparent  as  the  neces- 
sity for  improving  transportation,  but 
it  is  even  more  essential  from  the 
standpoint  of  its  indirect  effect  upon 
production    cost.      It    is    questionable 


whether  the  transportation  system  of 
the  country  can  ever  function  properly 
while  the  present  seasonal  peaks  ex- 
isting in  practically  every  line  of  pro- 
duction continue. 

Extensive  studies  of  this  question, 
which  have  been  carried  on  by  the 
Federated  American  Engineering  So- 
cieties and  individual  manufacturers, 
have  shown  beyond  all  question  that 
this  is  one  of  the  vital  subjects  con- 
fronting American  industry.  Upon  it 
depends  the  satisfactory  solution  of 
a  number  of  the  most  pressing  labor 
problems,  as  well  as  the  matter  of 
transportation.  It  is  well  known  that 
strikes  and  industrial  discontent  are 
more  prevalent  in  the  seasonal  indus- 
tries than  in  any  others,  and  that  in 
these  industries  the  daily  wage  is  ab- 
normally high,  while  the  annual  wage 
is  low.  We  have  seen  it  especially 
in  the  case  of  coal  mining,  and  have 
heard  considerable  criticism  of  the 
operators  for  not  operating  their 
mines  at  a  more  continuous  rate. 
However,  it  should  be  recognized  that, 
although  they  have  been  at  fault  in 
aggravating  the  condition,  the  coal 
industry,  as  well  as  tne  transportation 
system,  cannot  escape  the  effect  of 
seasonal  fluctuation  until  this  is  wiped 
out  in  the  industries  which  use  their 
supplies  and  services. 

It  is  commonly  known  that  the  peak 
loads  of  the  great  majority  of  our 
industries  pile  up  in  the  late  summer 
and  fall  and  the  annual  scramble  for 
transportation  service  becomes  stren- 
uous during  September  and  October. 
Then  two  or  three  months  later  the 
demand  ceases,  and  the  surplus  of 
cars  is  enormous.  It  is  not  only  un- 
reasonable, but  it  is  economically  un- 
sound for  the  railroads  to  maintain 
a  supply  of  equipment  that  would 
fully  take  care  of  the  peak  loads 
of  late  summer.  The  capital  invest- 
ment necessary  to  accomplish  this 
would  be  far  in  excess  of  that  required 
to  serve  transportation  needs  if  the 
different  industries  were  under  con- 
tinuous operation.  The  lack  of  this 
continuity  we  may  attribute  principal- 
ly to  habits  that  should  long  ago  have 
been  discarded. 

Seasonable  Trend  of  Building  Opera- 
tions.— The  construction  industry  is  a 
noticeable  transgressor.  We  find  the 
seasonal  trend  of  building  operations 
and  other  classes  of  work  extending 
down  through  the  Southern  states, 
where  no  excuse  but  habit  is  found 
for  the  seasonal  depression.  Some 
years   ago   it  was  believed  that  con- 
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crete  buildings  and  other  forms  of 
construction  could  not  be  safely  car- 
ried on  in  winter,  but  now  we  know 
that  such  is  not  the  case.  The  con- 
struction companies  in  many  cities 
are  doing  successful  winter  work.  The 
chart  of  building  operations  for  New 
York  City  extended'  back  for  some 
20  years  shows  that  the  seasonal 
fluctuation  of  original  building  work 
in  that  locality  has  been  practically 
removed.  Repair  work  still  follows 
the  seasonal  trend  to  a  great  extent, 
but  it  likewise  could  be  made  con- 
tinuous. A  number  of  industries,  that 
were  once  considered  essentially  seas- 
onal, by  one  means  or  another  have 
wiped  out  their  seasonal  trend  and 
are  functioning  at  practically  a  con- 
tinuous rate. 

In  construction,  we  can  undoubted- 
ly do  the  same  to  a  great  extent. 
Just  as  we  once  said  that  concrete 
buildings  could  not  safely  be  built 
during  cold  weather,  now  we  declare 
that  highways  and  other  works  can- 
not be  so  built.  Yet  if  engineers  and 
the  owners  of  construction  would  take 
up  this  problem  in  co-operation  with 
construction  companies  and  give  them 
an  opportunity  to  experiment,  it  is 
safe  to  say  that  within  two  or  three 
years  some  construction  company 
would  find  an  economical  manner 
of  building  a  concrete  road  in  win- 
ter. Unless,  however,  united  effort 
by  engineers  and  construction  com- 
panies is  exerted,  the  fulfillment  of 
this  hope  will  doubtless  be  postponed 
for  many  years  to  come. 

The  Eternal  Triangle  of  Construc- 
tion.— In  this  particular  field  the  ques- 
tion of  construction  methods  assumes 
a  greater  importance,  and  we  see 
again  the  interdependence  of  these 
methods  and  seasonal  fluctuations.  In 
fact  these  two  combined  with  trans- 
portation might  be  termed  the  eternal 
triangle  of  construction. 

There  is  no  particular  set  of  con- 
struction methods  that  are  especially 
in  need  of  improvement,  but  there  are 
literally  thousands  of  places  where 
improvements  can  be  made  at  one 
point  or  another.  Development  has 
gone  too  far,  too  steadily  and  too  ex- 
tensively to  expect  the  discovery  of 
new  processes  which  will  suddenly  or 
materially  reduce  the  cost  of  con- 
struction. Occasionally  we  encounter 
some  new  device  that  promises  re- 
markable accomplishments,  but  after 
thorough  tests  in  the  field  we  find 
that   it   is   but   a   single   step  in   the 


hundreds  of  small  ones  that  make 
for  better  economy.  These  new  de- 
vices and  improvements  are  needed  to 
meet  the  increasing  demands  of  la- 
bor cost,  and  it  appears  that  they 
can  contribute  but  little  toward  re- 
duction. For  those  things  that  will 
depress  materially  the  present  level 
of  construction  costs  and  give  the  in- 
dustry a  healthy  pulse  and  tempera- 
ture, we  must  look  beyond  the  possi- 
bilities of  construction  methods  alone. 

Removal  of  Waste  of  Seasonable 
Depression. — The  prospective  owners 
of  construction  should  be  shown  the 
advantages  of  putting  projects  under 
way  in  a  manner  to  make  for  con- 
tinuity and  should  be  educated  out  of 
their  seasonal  habits.  The  construc- 
tion industry  should  actively  co-op- 
erate with  other  industries  in  remov- 
ing the  waste  of  seasonal  depression 
and  distributing  their  demands  for 
transportation.  We  shall  then,  almost 
automatically,  have  a  remedy  for  the 
transportation  problem.  From  the 
findings  of  scientific  investigations 
that  have  been  made  of  this  subject, 
it  is  safe  to  say  that  we  shall  be  in- 
dulging in  no  flight  of  imagination  to 
predict  that,  when  the  construction 
industry — and  other  industries  as 
well — have  earnestly  concentrated 
their  efforts  upon  this  subject,  the 
cost  of  construction  and  many  com- 
modities to  the  consumer  will  be  ma- 
terially decreased.  In  addition  to 
this,  the  standard  of  living  of  prac- 
tically every  citizen  can  be  raised  and 
probably  50  per  cent  of  our  industrial 
ailments  removed. 

In  view  of  the  present  prices  of  al- 
most every  article  of  consumption, 
and  the  increasing  complexity  of  com- 
mercial and  industrial  problems,  it  is 
important  that  this  undertaking  be 
pushed  by  every  possible  means.  It 
is  inconceivable  that  the  ingenuity 
and  ability  that  have  created  the  vast 
volume  of  production  in  the  United 
States  cannot  go  one  step  further 
and  remove,  its  unnecessary  fluctua- 
tion. 


The  Nation's  Lumber  Shipment  in 
1920. — The  Nation's  lumber  shipment 
in  1920,  a  recent  Forest  Service  study 
shows,  was  no  less  than  2,070,000  car- 
loads, and  the  average  haul  for  each 
carload  was  485  miles.  According 
to  the  best  estimate  the  Forest  Ser- 
vice is  abje  to  make,  the  freight  bill 
on  lumber  for  that  year  was  $275,000,- 
000. 
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Highway     Bridge     Location 
and  Maintenance 


Paper    Presented    Dec.    5    At    Annual 

Convention      of      Association      of 

State    Highway    Officials 

By    C.    B.    M'CULLOUGH, 

Bridge  Engineer,   State  Highway  Depart- 
ment  of   Oregon.  / 

Bridge  Location. — A  consideration 
of  this  phase  of  bridge  engineering 
lends  itself  to  classification  under 
three  distinct  headings: 

(1)  Economic  location  problems. 

(2)  Alignment   problems. 

(3)  Grade  line  treatment. 

In  seeking  a  location  for  his  struc- 
ture, the  bridge  engineer  invariably 
searches  for  the  cheapest,  adequate 
crossing.  This  generally  requires  the 
selection  of  the  shortest  possible 
crossing  length  together  with  one  em- 
bodying the  most  advantageous  foun- 
dation conditions.  It  frequently  hap- 
pens, however,  that  the  particular  lo- 
cation which  combines  these  features 
to  maximum  advantage,  does  not  com- 
bine advantageously  with  the  improve- 
ment project  viewed  as  a  whole. 
Some  sacrifice  in  the  selection  of  the 
bridge  site  is,  therefore,  frequently 
necessary  in  order  that  the  same  may 
the  more  completely  fit  into  the  gen- 
eral location  scheme. 

'An  Example.  —  Illustrating  this 
point,  the  writer  has  in  mind  a  cer- 
tain crossing  of  the  Rogue  River  in 
Oregon.  The  logical  site  for  the 
bridge  and  the  one  which  was  first 
chosen,  combined  a  very  narrowly  re- 
stricted neck  in  the  river  with  ex- 
posed solid  rock  foundations.  A 
steep,  high  cliff  on  one  side  of  the 
river  furnished  admirable  support  for 
the  structure,  eliminating  the  neces- 
sity for  an  abutment  at  this  point, 
thereby  effecting  a  very  marked  re- 
duction in  cost.  Unfortunately,  how- 
ever, it  so  happened  that  the  adoption 
of  a  comparatively  low  level  grade 
line  necessitated  intersecting  the  rock 
bluff  above  mentioned  at  about  one- 
half  its  height,  thus  introducing  sev- 
eral hundred  feet  of  rather  expensive 
rock  throughout.  If  on  the  other 
hand,  the  grade  line  was  raised  to  in- 
tersect the  edge  of  the  rim-rock  at  its 
upper  level,  the  far  side  of  the  ap- 
proach would  have  been  thrown  off 
its  support,  thereby  entailing  a  heavy 
expenditure  for  approach  fills  involv- 
ing rock  borrow  and  overhaul. 
As  compared  with  the  above  cross- 


ing site,  the  only  other  feasible  cross- 
ing involved  a  much  wider  river  width 
and  foundation  on  heavy  gravel  over- 
laying bedrock,  thereby  involving  ex- 
pensive cofferdam  construction.  Com- 
parative estimates  embracing  the 
bridge  structure  alone  were  such  as 
to  dictate  the  adoption  of  the  first 
crossing  by  an  overwhelming  percent- 
age. Careful  comparative  estimates 
covering  the  entire  project,  however, 
disclosed  the  fact  that  a  distinct  sav- 
ing could  be  made  by  adopting  the 
more  expensive  bridge  crossing  in  con- 
nection with  the  less  expensive  ap- 
proach construction. 

In  this  regard,  it  appears  that  both 
the  bridge  engineer  and  the  locator 
have  in  many  cases  adopted  a  rather 
short-sighted  attitude.  Each  has  been 
inclined  to  be  rather  insistent  regard- 
ing the  fulfillment  of  certain  condi- 
tions, which  while  admirable  from  one 
particular  standpoint,  impose  rather 
severe  limitations  on  the  other  phase 
of  the  work.  The  public  as  a  general 
rule  are  not  particularly  interested  in 
the  cost  per  lineal  foot  or  per  square 
foot  of  any  particular  bridge  struc- 
ture, nor  are  they  interested  in  the 
unit  cost  for  any  particular  section  of 
line.  They  are,  however,  vitally  inter- 
ested in  securing  the  maximum  high- 
way mileage  at  the  minimum  expendi- 
ture consistent  with  certain  standards 
of  safety  and  traffic  capacity.  In  the 
majority  of  cases  not  enough  prelim- 
inary work  has  been  done  in  the  se- 
lection of  bridge  crossings  and  not 
enough  attempt  has  been  made  to 
co-ordinate  and  balance  the  require- 
ments of  bridge  construction  against 
those  controlling  the  selection  of 
alignment. 

Approach  to  Bridge  Structures.— 
Highway  location,  especially  through 
rough  country,  must,  from  the  very 
nature  of  things,  parallel  waterway 
and  ridge  lines  for  a  major  portion  of 
its  length.  A  crossing  of  a  waterway, 
canyon  or  ravine,  therefore,  generally 
involves  an  approach  alignment  sup- 
porting down  one  side  of  the  canyon, 
crossing  over  the  same  and  up  on  the 
other  side,  either  doubling  back  or 
proceeding  ahead  as  the  case  may  be. 
If  the  line  after  crossing  the  canyon 
doubles  back  upon  itself  to  gain  dis- 
tance, it  is  in  many  cases  nearly  im- 
possible to  eliminate  curvature  from 
the  bridge  approaches  except  at  a 
prohibitive  expense.  If,  on  the  other 
hand,  the  location  proceeds  across  the 
canyon  and  on  in  the  same  general 
direction,  some  of  the  curvature  may 
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be  eliminated  by  the  selection  of  a 
skew-crossing. 

Curvature  per  se  is  undesirable  in 
any  line,  but  is  particularly  to  be 
avoided  on  the  approaches  of  bridge 
structures  because  of  certain  struc- 
tural difficulties  involved.  With  the 
high  speed  motor  vehicle  traffic  which 
apparently  is  with  us  to  stay,  the  va- 
rious states  are  finding  a  constantly 
increasing  need  for  superelevation  on 
curves.  In  fact,  throughout  the  coun- 
try, the  tendency  seems  to  be  toward 
the  provision  of  an  increasing  amount 
of  superelevation.  A  superelevated 
bridge  approach  involves  the  con- 
struction of  handrailings,  which  must 
be  either  out  of  plumb  or  else  not  per- 
pendicular to  the  deck.  If  such  rail- 
ings are  placed  prependicular  to  the 
deck,  thus  being  canted  out  of  the 
vertical,  the  appearance  is  one  of 
sag  and  lack  of  correct  alignment.  If 
on  the  other  hand,  the  railings  are 
placed  in  a  vertical  plane,  the  inner 
rail  obstructs  the  roadway  clearance 
by  an  amount  equal  to  the  height  of 
the  railing  multiplied  by  the  sine  of 
the  angle  of  superelevation.  This 
clearance  restriction  is,  of  course, 
very  small,  but  may  be  just  sufficient 
to  expose  the  railcap  to  impact  from 
the  bodies  of  trucks  and  motor  cars. 
Many  cases  may  be  observed  in  prac- 
tice where  concrete  railings  of  this 
type  are  becoming  seriously  marred, 
chipped  and  broken  due  to  the  above 
cause. 

Approach  Curvature  and  Skew 
Crossings. — The  problem  in  this  case, 
therefore,  involves  the  balancing  of 
approach  curvature  with  its  certain 
undesirable  details  against  the  addi- 
tional expense  and  general  undesira- 
bility  of  skew-crossing.  If  the  skew- 
crossing  is  particularly  undesirable 
because  of  certain  stream  conditions 
or  if  the  location  is  such  that  skewing 
the  bridge  will  not  reduce  approach 
curvature,  it  may  be  necessary  to 
consider  throwing  the  approach  align- 
ment on  either  side  back  into  the 
hill  in  order  to  secure  a  requisite  tan- 
gent length  for  the  structure.  This 
procedure  generally  involves  an  in- 
crease in  the  cost  of  the  line  and  in 
many  cases  necessitates  the  sharpen- 
ing up  of  the  curvature  away  from 
the  bridge. 

On  many  bridge  crossings,  the 
avoidance  of  curvature  is  a  rather 
difficult  matter  and  one  which  in- 
volves placing  a  substantial  increase 
in  the  cost  of  the  line.  It  would  ap- 
pear that  this  is  a  place  where  con- 


siderable time  may  be  well  spent  in 
careful  and  painstaking  preliminary 
study.  In  the  final  analysis,  the  lo- 
cation is  perhaps  the  only  permanent 
thing  on  the  highway  system.  Struc- 
tures may  be  reinforced  and  renewed, 
improper  paving  materials  may  be 
gradually  replaced  by  a  system  of 
maintenance  and  betterment;  but  if 
a  location  be  wrong,  the  public  for 
all  time  to  come  must  pay  the  penalty 
of  the  errors  which  are  made  now. 
Although  engineers  are  fast  forsak- 
ing the  idea  that  reinforced  concrete 
as  constructed  at  the  present  time  is 
a  truly  permanent  material,  the  feel- 
ing is  still  prevalent  and  amply  war- 
ranted by  experience,  that  heavy 
massive  concrete  work  will  last  for 
many  centuries.  In  building  this  type 
of  substructure,  therefore,  the  loca- 
tion problem  becomes  a  paramount 
issue  and  should  be  given  much  more 
study  than  has  often  been  the  case 
in  times   past. 

Trade  Line  Treatments. — There  are 
certain  things  which  can  be  done  and 
certain  things  which  cannot  be  done 
with  a  bridge  grade  line.  In  rolling 
country  practically  every  other  ver- 
tical curve  will  be  concave  upwards. 
On  the  highway  proper,  this  treat- 
ment is  not  objectionable  in  appear- 
ance and  unless  drainage  conditions 
interpose,  the  same  may  be  consid- 
ered good  practice.  On  bridge  struc- 
tures, however,  a  concave  grade  line 
treatment  invariably  presents  the  ap- 
pearance of  sag  in  the  handrailing 
and  creates  an  impression  of  weak- 
ness in  the  structure.  It  is,  there- 
fore, highly  essential  that  bridge 
lines  be  so  chosen  so  as  to  approach 
the  bridge  structure  from  each  ap- 
proach on  an  ascending  grade.  In 
general,  it  has  been  found  that  the  in- 
troduction of  camber  on  bridges  can 
be  done  more  efficiently  and  effective- 
ly by  springing  a  vertical  curve  from 
end  to  end  of  the  structure  than  by 
adopting  any  fixed  camber  diagram 
or  table.  It  is  also  desirable  to  have 
the  approaching  grade  lines  intersect 
at  a  point  as  near  as  possible  to  the 
center  of  the  bridge  in  order  to  make 
possible  a  symmetrical  grade  line 
treatment.  The  elimination  of  con- 
cave vertical  curvature  is  doubly  nec- 
essary in  cases  where  the  horizontal 
alignment  is  not  all  tangent.  It  is 
absolutely  impossible  to  combine  in- 
verse or  concave  vertical  curvature 
with  horizQntal  curvature  without  en- 
tirely ruining  the  appearance  of  the 
structure.      No    matter   how    straight 
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and  true  the  alignment  of  the  hand- 
rail, the  concave  of  inverse  vertical 
curve  in  combination  with  the  hori- 
zontal curve  will  introduce  an  optical 
illusion  of  reverse  curvature  in  the 
railing,  so  that  the  appearance  of  the 
structure   is   completely   ruined. 

Architectural  Treatment  of  Bridges. 
— More  and  more  are  engineers  and 
public  officials  coming  to  appreciate 
the  value  of  and  necessity  for  pleas- 
ing and  correct  aesthetic  or  architec- 
tural treatment  in  highway  construc- 
tion. For  bridge  structures,  the  ap- 
pearance is  a  function  of  the  quality 
of  the  structural  lines  rather  than 
that  of  the  texture  and  in  no  one 
point  can  the  appearance  of  the  bridge 
be  more  completely  made  or  marred 
than  in  the  treatment  of  the  grade 
line. 

The  optical  effect  resulting  from 
different  combinations  is  a  matter 
warranting  the  most  careful  and 
painstaking  study.  The  ancient 
Greeks  and  Romans  whose  architec- 
ture has  withstood  the  criticism  of 
20  centuries,  gave  a  prominence  to 
this  phase  of  design  which  has  been 
more  or  less  lost  sight  of  in  modern 
times. 

The  broad,  majestic,  circular  steps 
which  add  so  much  to  the  appearance 
of  many  of  the  ancient  edifices  are  in 
reality  not  flat  and  level  tables  as 
they  appear  to  be,  but  are  warped  at 
the  ends  just  sufficiently  to  counter- 
act the  foreshortening  of  the  perspec- 
tive and  thus,  create  an  optical  im- 
pression of  a  truly  level  plane.  This 
is  one  of  many  examples  which  may 
be  sighted  as  illustrating  the  tendency 
in  ancient  architecture  to  take  cog- 
nizance of  optical  illusions  and  arti- 
ficially counteract  the  same.  In  con- 
trast to  these  truly  artistic  creations, 
a  day's  drive  in  any  section  of  the 
United  States  will  disclose  numerous 
examples  of  expensive  and  otherwise 
handsome  concrete  bridge  construc- 
tion seriously  marred,  if  not  com- 
pletely ruined  in  appearance,  by  un- 
fortunate combinations  in  alignment 
and  grade  line  treatment. 

Bridge  Maintenance. — In  reviewing 
this  subject,  it  appears  that  there  is 
a  dual  service  to  perform;  first,  the 
actual  maintenance  of  the  structures 
— that  is  to  say — the  keeping  of  them 
safe  and  serviceable  for  traffic;  second, 
the  securing  of  first-hand  data  as  to 
the  relative  service  value  of  different 
types  of  construction,  relative  main- 
tenance costs,  economic  ratios  and 
other    like    data    which    there    is    a 


marked  dearth  at  the  present  time. 
We  know  very  little  concerning  the 
true  economic  values  of  the  va- 
rious types  of  bridge  construc- 
tion. We  think  that  certain  types 
will  last  a  certain  length  of  time 
and  that  certain  other  types  will 
have  a  service  life  shorter  or 
longer  in  duration  as  the  case  may 
be.  We  think  that  certain  types  will 
involve  higher  maintenance  costs 
than  certain  other  types  and  so  on. 
When  we  come,  however,  to  take  stock 
of  the  actual  sum  total  of  our  defin- 
ite knowledge  concerning  these  points, 
we  find  that  we  are  predicating  much 
of  our  designing  on  data  which  is 
more  or  less  a  matter  of  personal 
opinion   and   conjecture. 

The  railway  systems  with  their 
heavy  rolling  loads  present  an  entirely 
different  problem.  It  is  true  that  re- 
sults of  railway  experience  are  ex- 
ceedingly valuable  to  highway  bridge 
engineers  as  pointing  out  general  ten- 
dencies, however,  if  we  are  to  face 
this  problem  in  the  years  which  fol- 
low, it  is  necessary  that  we  commence 
at  the  earliest  possible  date  collecting 
service  data  by  means  of  an  organized 
maintenance  program  embodying  pe- 
riodic inspection,  service  records,  cost 
records  and  the  like. 

A  further  phase  of  the  maintenance 
problem  relates  to  its  effect  on  the 
problem  of  highway  transport.  High- 
way departments  are  no  longer  en- 
gaged in  the  mere  construction  of 
roads  and  structures,  but  in  the  broad- 
er field  of  delivering  a  commodity 
known  as  highway  transportation.  If 
these  departments  are  to  continue  to 
function  and  justify  their  existence, 
they  must  deliver  such  transportation 
— deliver  it  each  day  in  the  year  re- 
gardless of  storm  or  weather  condi- 
tion and  with  as  great  a  degree  of 
regularity  as  is  demanded  of  the  rail- 
ways. It  appears  that  the  state  high- 
way departments  may  do  well  to  fol- 
low the  lead  established  by  our  Ameri- 
can railways  in  the  establishment  of 
state  owned  and  operated  emergency 
outfits,  wrecking'  crews,  camp  or 
boarding  trucks  for  emergency  use, 
emergency  material  or  stock  piles  at 
convenient  points  over  the  state,  so 
that  material  and  equipment  may  be 
mobilized  at  a  moment's  notice  for 
work  in  connection  with  floods  and 
washouts.  In  connection  with  its  main- 
tenance, the  state  will  do  well  to  com- 
pile a  complete  inventory  of  equipment 
belonging  to  contracting  organizations 
in  the  immediate  vicinity,  so  that  this 
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material  may  also  be  made  available 
on  short  notice  in  case  of  emergency. 
A  careful  detour  system  should  be 
worked  out  and  mapped  embracing  ev- 
ery point  on  the  main  trunk  lines  at 
which  there  is  any  liability  of  any 
sudden  stoppage  of  traffic.  Reference 
is  made  in  this  connection  to  bridge 
crossings,  tunnels,  heavy  thorough- 
cuts,  and  other  points  where  storm 
or  flood  action  is  to  be  feared.  It  is 
only  by  careful  organization  along  the 
lines  above  outlined  that  highway  de- 
partments may  avoid  a  complete  par- 
alysis of  traffic  during  prolonged  or 
excessive  storm  periods. 


Methods  of  Boston  &  Maine 

Railroad  in  Repairing  or 

Strengthening  Bridges 

During  the  past  10  years  the  Boston 
&  Maine  R.  R.  has  repaired  or 
strengthened  fully  250  bridges  on  its 
system.  The  methods  of  doing  this 
work  were  described  by  B.  W.  Guppy, 
Engineer  of  Structures,  in  a  discus- 
sion at  a  recent  meeting  of  the  Bos- 
ton Society  of  Civil  Engineers.  We 
quote  from  the  November  Journal  of 
the  Society  as  follows: 

The  word  strengthening  is  often 
loosely  applied  to  work  that  should 
be  classed  as  repairs  although  to  be 
sure  the  bridge  is  stronger  after  the 
work  is  completed  than  it  was  before. 
We  are  governed  by  the  I.  C.  C.  clas- 
sification. Work  that  is  done  solely  to 
restore  the  bridge  to  its  original  ca- 
pacity is  classified  as  repairs  and 
charged  to  operating  expenses.  Work 
that  is  done  to  increase  the  original 
capacity  of  the  bridge  is  classified  as 
betterments  and  charged  to  capital  ac- 
count. 

The  two  operations  are  similar.  Or- 
dinarily the  work  has  to  be  done  un- 
der traffic  and  with  the  least  possible 
interference  with  traffic. 

The  necessity  for  repairs  is  due  to 
neglect,  accident,  improper  design  and 
construction,  overloading  and  malice 
aforethought.  The  reason  for  strength- 
ening is  obvious.  It  is  desired  to  put 
heavier  loads  on  the  bridge  than  it 
can  safely  carry  in  its  present  condi- 
tion. 

Our  method  of  procedure  is  simple. 

If  there  are  no  plans  of  the  bridge 
available,  measure  in  detail.  If  there 
are  plans,  check  them  against  the 
structure.  We  have  found  enough 
variations  between  plans  on  file  and 
structures   in   the   field  to  make   this 


rule  obligatory.  Make  a  thorough  in- 
spection at  the  same  time  to  deter- 
mine the  necessity  for  repairs.  Ar- 
range to  have  the  repairs  made  in  con- 
nection with  the  work  of  strengthen- 
ing. 

The  draftsman  is  required  to  take 
a  set  of  prints  to  the  site  and  sketch 
on  them  the  location,  nature  and  ex- 
tent of  all  defects  discovered.  A 
stress  sheet  is  next  made  for  the  pro- 
posed load  and  a  careful  investigation 
of  all  details.  Studies  are  then  made 
to  determine  whether  the  bridge  can 
be  strengthened  to  carry  the  proposed 
loads,  whether  safety  or  economy  re- 
quires the  use  of  falsework  and 
whether  it  will  be  cheaper  to  strength- 
en or  to  rebuild.  Additional  strength 
may  be  obtained  by  applying  addi- 
tional material  to  certain  members, 
by  replacing  certain  members  with 
stronger  members,  by  inserting  addi- 
tional members  (including  entire 
girders  or  trusses),  or  any  combina- 
tion of  these  three  methods.  Repairs 
are  effected  by  cutting  out  defective 
and  splicing  in  new  material,  by  ap- 
plying additional  material  or  by  re- 
vision of  details.  In  making  repairs 
due  to  failure  of  details  plan  the  work 
to  avoid  a  repetition  of  the  failure. 

Unless  means  are  taken  to  relieve 
the  member  being  strengthened  of 
dead  load  stress  the  additional  mate- 
rial will  only  carry  its  proportion  of 
the  live  load  stress  plus  the  stress 
due  to  any  dead  load  added  to  struc- 
ture after  member  is  strengthened. 
Members  may  be  relieved  of  stress  by 
forcing  panel  points  apart  or  pulling 
them  together  or  by  wedging  up  the 
entire  structure  on  falsework.  In 
most  cases  it  is  cheaper  to  be  liberal 
with  the  added  material  and  not  at- 
tempt to  redistribute  the  dead  load 
stress. 

On  account  of  the  increased  cost  of 
doing  work  under  traffic  the  greatest 
practicable  amount  of  work  should  be 
done  on  the  material  before  it  is 
placed  in  its  final  position. 

At  first  thought  it  would  seem  sim- 
pler to  make  good  loss  due  to  corro- 
sion by  applying  additional  material, 
but  it  is  generally  more  satisfactory 
to  cut  out  the  old  and  splice  in  new 
material.  The  irregular  surface  due 
to  corrosion  does  not  permit  of  close 
contact  and  tight  rivets  and  the  cost 
of  thoroughly  cleaning  and  painting 
same  is  disproportionately  high.  For 
this  reason  we  now  require  top  flanges 
of  girders,  floorbeams  and  built  up 
stringers  to  have  at  least  one  cover 
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plate  the  full  length  of  the  flange. 
Then  loss  due  to  corrosion  can  be 
easily  made  good  by  renewing  the 
flange  plate. 

A  carefully  worked  out  program  of 
operations  is  necessary  in  order  that 
the  work  may  be  carried  out  safely 
and  economically.  A  great  deal  of 
work  can  be  safely  done  without  any 
falsework  being  necessary.  When 
there  is  sufficient  time  between  trains, 
falsework  for  supporting  dead  load 
only  and  perhaps  the  construction 
equipment  may  be  all  that  is  neces- 
sary. In  other  cases  falsework  for 
carrying  traffic  may  be  required. 

Most  of  the  work  done  under  traffic 
without  the  use  of  falsework  consists 
in  applying  additional  material  or  in 
cutting  out  and  splicing  in.  When  the 
truss  has  boxchords  with  double  webs 
and  I  or  H-shaped  web  members,  work 
on  only  one  side  of  chord  or  web 
member  of  one  truss  at  a  time.  On 
highway  bridges  confine  traffic  to  one 
half  of  the  roadway  while  working 
on  the  other  side.  When  a  truss 
has  T-shaped  chords  and  web  mem- 
bers, trestling  is  a  necessity.  We 
once  had  a  very  regrettable  and  un- 
necessary accident  due  to  neglect  of 
this  precaution.  A  deck  highway 
bridge  had  several  lines  of  trusses. 
The  interior  trusses  were  double 
webbed,  the  exterior  ones  were  T- 
shaped.  The  bridge  was  over  a  busy 
station  platform  and  it  was  planned 
to  keep  in  falsework  only  while  work 
on  the  outside  trusses  was  under  way. 
The  foreman  of  the  repair  crew  suc- 
cessfully repaired  the  interior  truss- 
es and  without  giving  notice  that  he 
was  ready  to  work  on  the  outside 
trusses  and  without  waiting  for  the 
falsework  he  had  been  told  was  nec- 
essary to  cut  the  flange  angles  off 
of  one  end  post  of  an  outside  truss. 
The  result  was  several  casualties  and 
some  interruption  to  traffic,  but  no 
fatalities.  No  train  was  due  and  no 
passengers  on  the  platform. 

In  one  case  the  top  flange  angles 
only  of  the  stringers  of  a  single  track 
deck  truss  of  nine  panels  required 
renewal.  As  the  work  had  to  be  done 
under  traffic  it  seemed  simplest  to  re- 
new the  stringers  between  trains. 
The  material  cost  would  have  been 
great.  We  bought  two  entire  new 
stringers  and  the  necessary  flange 
angles  for  the  others.  The  old  string- 
ers in  one  end  panel  were  replaced 
by  the  new  ones.  New  flange  angles 
were  riveted  on  this  pair  of  old  string- 
ers and  they  were  substituted  in  the 


second  panel  and  so  on  till  all  string- 
ers had  been  changed  out  and  we 
were  left  with  an  old  pair  of  string- 
ers which  were  scrapped.  The  angles 
cut  from  the  first  pair  of  stringers 
were  used  as  templates  for  drilling 
the  new  angles  so  there  was  no  de- 
lay from  this  source.  The  only  work 
done  under  traffic  was  cutting  out 
and  driving  the  rivets  in  the  stringer 
connections. 

The  tops  of  a  number  of  bridge  piers 
have  been  rebuilt  or  remodeled  with 
the  use  of  a  minimum  amount  of  false 
work.  Between  trains  the  truss  was 
jacked  up  on  a  bent  placed  near  the 
pier  and  work  of  tearing  out  and  re- 
building proceeded  until  a  train  was 
due,  when  truss  was  lowered  onto 
blocking  on  pier  to  carry  train.  The 
new  stones  were  cut  to  close  fit  so 
there  was  no  delay.  Concrete  would 
have  been  cheaper  per  cubic  yard  but 
the  cost  of  falsework  to  carry  trains 
while  the  concrete  was  setting  made 
the  method  adopted  much  the  cheaper. 

A  word  of  caution  in  regard  to 
trestling  old  bridges.  A  bent  in  the 
center  of  a  Towne  lattice  truss  is  the 
proper  method  of  strengthening;  at 
the  center  of  a  Howe  truss  it  is  a 
crime.  If  a  bent  is  desired  near  one 
end  only,  remember  that  web  stresses 
are  increased  and  investigate  to  see 
that    members    are    not    overstressed. 


Live  Steam  for  Heating  Material  and 
Cleaning    Forms 

In  connection  with  the  construction 
of  the  New  Union  station  at  Chicago, 
the  Wieboldt  Construction  Co.,  is  us- 
ing a  comprehensive  system  of  steam 
pipes  for  supplying  live  steam  for 
cleaning  beam .  form  bottoms  as  well 
as  for  heating  materials  in  the  main 
supply  bin.  The  steam  is  obtained 
from  a  separate  boiler  plant  and  is 
delivered  at  120  lb.  pressure.  A  3- 
in.  main  enters  the  bin  just  below  the 
floor-line.  From  this  main  extend 
three  l^-in.  laterals  at  right  angles, 
and  from  them  %-in.  pipes  project 
about  8  in.  through  the  floor  at  fre- 
quent intervals.  From  the  end  of  the 
3-in.  main  there  is  a  2-in.  line  with 
valve  and  hose  connections  which 
furnishes  steam  for  cleaning  purposes 
as  described  above,  or  for  odd  melt- 
ing and  thawing  jobs. 


53,000  Engineering  Students  in  1921- 
1922. — The  total  enrollment  of  all  stu- 
dents in  colleges  of  engineering  in 
the  United  States  for  the  school  year 
1921-1922  was   53,414. 
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A   Long   Span   Concrete  Girder   Bridge 


Design  and  Construction  Features  of  Cohasset  Narrow  Bridge,  Massa- 
chusetts, Described  in  Paper  Presented  Oct.  18  Before 
Boston  Society  of  Civil  Engineers 

By  B.  A.  RICH, 

Of  Fay,  Spafford  &  Thorndike,  Consulting 
Engineers,   Boston,    Mass. 


The  Cohasset  Narrows  Bridge  lies 
in  the  towns  of  Wareham  and  Bourne, 
Mass.  The  Cohasset  Narrows  are  lo- 
cated just  west  of  the  Buzzards  Bay 
end  of  the  Cape  Cod  Canal  and  con- 
nect Buttermilk  Bay,  a  shallow  tidal 
pond  of  some  500  acres  in  extent, 
with  Buzzards  Bay.  The  New  York, 
New  Haven  &  Hartford  R.  R.  crosses 
the  Narrows  about  y%  mile  from  Buz- 
zards Bay.  About  1891,  a. wooden  pile 
highway  bridge  was  constructed 
across  the  Narrows  some  650  ft.  above 
the  railroad  bridge.  Later  a  bridge 
carrying  a  street  railway  was  con- 
structed adjacent  to  and  above  the 
highway  bridge.  The  highway  cross- 
ing this  bridge  is  the  main  highway 
to  the  south  side  of  Cape  Cod.  Since 
the  advent  of  the  automobile  the 
travel  over  this  highway  has  increased 
very  rapidly.  The  location  of  the  old 
bridge  was  such  as  to  require  several 
dangerous  curves  in  the  highway  be- 
tween it  and  the  village  at  Buzzards 
Bay  Railroad  station. 

The  condition  of  the  old  highway 
bridge  becoming  such  as  to  require 
its  renewal,  the  Cohasset  Narrows 
Bridge  Commission,  consisting  of  the 
County  Commissioners  of  Plymouth 
and  Barnstable  Counties,  was  estab- 
lished by  Chapter  165  of  the  General 
Acts  of  1918  for  the  purpose  of  re- 
constructing the  bridge.  The  com- 
mission was  given  power  to  deter- 
mine a  new  location  so  as  to  improve 
the  alignment  of  the  highway. 

Studies  for  the  location  of  the 
bridge  had  previously  been  made  by 
the  Massachusetts  Highway  Commis- 
sion, which  later  became  the  Divi- 
sion of  Highways  of  the  State  Depart- 
ment of  Public  Works,  and  the  com- 
mission determined  on  an  approxi- 
mate line  for  the  new  highway.  This 
line  was  an  extension  of  the  existing 
highway  in  the  town  of  Wareham 
across  the  Narrows  with  slight  curve 
connecting  it  to  the  existing  highway 
near  the  Buzzards  Bay  Railroad  Sta- 
tion. 

In  November,  1919,  the  Bridge  Com- 
missioners  retained   Fay,   Spofford    & 


Thorndike  of  Boston  as  engineers  for 
the  designing  and  construction  of  the 
new  bridge.  A  careful  study  was 
made  of  several  routes  approximating 
the  line  above  mentioned.  Soundings 
were  taken  in  the  vicinity  of  the  site 
and  wash  borings  were  made  at  the 
site  to  determine  the  surface  and  sub- 
surface  conditions. 

Method  of  Taking  Current  Meas- 
urements. —  Measurements  made 
showed  that  there  had  been  consid- 
erable scour  at  the  railroad  bridge 
since  it  was  reconstructed  in  1912. 
The  tidal  range  at  the  Buzzards  Bay 
entrance    to    the    Cape    Cod    Canal    is 


Reinforced    Concrete    Girder    Bridge    Over 
Cohasset    Narrows. 

given  in  the  tide  tables  as  4.1  ft.  This 
variation  in  tide  caused  a  large  vol- 
ume of  water  to  pass  through  the  Nar- 
rows, at  each  change  of  tide. 

Current  measurements  were  taken 
by  means  of  wooden  floats,  having  a 
draft  of  from  2V2  to  7  ft.  The  path 
of  each  float  was  obtained  by  locating 
its  position  by  triangulation  at  about 
one  minute  intervals.  The  position 
of  each  float  at  the  time  of  each  ob- 
servation was  plotted  and  where  nec- 
essary an  interpolated  point  was  plot- 
ted so  that  the  distance  between 
points  was  the  approximate  distance 
covered  in  a  minute.  In  this  way  the 
direction  of  movement  during  any 
minute  and  the  distance  traversed 
was  indicated  on  the  plan.  The  paths 
of  the  floats  used  on  flood  tide  were 
shown    by    solid    lines    and    of    those 
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used  on  ebb  tide  by  dotted  lines.    The  draw  was  necessary,  two  of  the  piers 

greatest  velocity   was   near   the  posi-  would   have    to    be    of  the   abutment 

tion    of    the    second    span    from    the  type    and    thus    greatly    increase    the 

north,  and   the   floats   drifted   toward  cost.     It  was  found  that  the  use  of  a 

the  location  of  that  span.     The  con-  1  to  4.5  mixture  of  concrete  was  the 

tours    interpolation    from    the    sound-  most  economical  to  use.     The  higher 

ings  show  this  place  to  be  the  deep-  allowable  stresses   permitted  the  use 

est  part  of  the  waterway.    The  aver-  of   longer   spans    for   the   same    dead 

age  surface  velocity  was  found  to  be  load  than  could  be  obtained  with  the 

about   1   ft.   per  second   or   about  0.7  1:6  mixture  commonly  used  for  this 

miles  per  hour  and  the  maximum  ve-  class    of  work.     The    soil   and    water 

locity  was  about  2  ft.  per  second  or  -  conditions  being  such  as  to  make  the 

about  1.4  miles  per  hour  at  both  ebb  construction    of    the    foundations    ex- 

and   flood  tide.     The  location   chosen  ceptionally  expensive  it  was  necessary 

placed  the  center  line   of  the  bridge  to  make  the  spans  as  long  as  possible 

practically  normal  to  the  current.  to  obtain  an  economical  structure. 

The  borings  showed  the  upper  10  General  Features  of  Bridge. — The 
ft.  of  the  soil  to  be  very  coarse  sand  bridge  is  32  ft.  wide  in  the  clear  be- 
and  gravel.  There  were  several  large  tween  side  railings,  there  being  a  26- 
boulders  above  the  surface,  particu-  ft.  roadway,  with  a  5-ft.  walk  on  one 
larly  on  the  Bourne  side  of  the  Nar-  side  and  a  1-ft.  wheelguard  on  the 
rows  and  the  borings  indicated  that  other.  The  length  of  the  bridge  be- 
there  were  boulders  in  the  underlying  tween  faces  of  abutments  is  303  ft. 
soil.  The  piers  are  of  sufficient  length   to 

The   Cohasset  Narrows   being  navi-  permit   the    placing    of   an    additional 

gable    waters,   it  was   necessary    that  light  girder  outside  the  present  side 

provision  be. made  for  the  installation  girders    on    the    sidewalk,    side.      By 

of  a  draw  if  future  conditions  should  moving    the    present    railing    to    the 

warrant  it.     The  draw  in  the  railroad  outer  side   of  this   girder   a   sidewalk 

bridge,  however,  had  not  been  opened  can  be  constructed   so  that  the  pres- 

during   the   previous   25   years  so  far  ent  roadway  can  be  widened  to  some 

as    could    be   ascertained.      The    navi-  30  ft.     This  would  then  provide  suffi- 

gation    in    the    Narrows    and    Butter-  cent  space  for  a  railway  track  in  the 

milk   Bay   is   by   pleasure   craft     and  center  with  a  line  of  vehicles  on  each 

small  fishing  boats.     As  the   existing  side.    It  was  assumed  that  the  trolley 

railroad  bridge  gave  a  clearance  which  line   might    be   placed   on   this  bridge 

had     proved     satisfactory     for     many  when     the     existing     street     railway 

years,  approximately  the  same  clear-  bridge  should  wear  out. 

ance  was  adopted  for  the  new  bridge.  The   live  loads   adopted   for  use   in 

The  maximum  clearance  above  mean  the    design    of    the    slab    and    girders 

high  water  is  9  ft.  at  center  span  of  were  as  follows:     For  the   slab  a  20- 

the  new  bridge  and   8.9  at  the   draw  ton   truck   with    25    per    cent   for   im- 

in  the  railroad  bridge.     These   clear-  pact,   each   rear    wheel   being   consid- 

ances     proved     satisfactory     to     the  ered  to  be  distributed  over  a  width  of 

United    States    Engineers    and  the  li-  6  ft.     For  the  interior  girders  a  train 

cense    was    granted    with    the    under-  of  two  50-ton  cars   with   22  per   cent 

standing    that    a    draw    could    be    in-  for   impact,   and   one-half  of  a   20-ton 

stalled  if  required  in  the  future.  truck    with    25    per    cent    for    impact. 

x*..  „  n „  .     n,„Aa„  Tw„a  xa/«  ol  For  outside  girders  a  20-ton  truck  with 

■    V  /  C°ncrete+G''der  TyPe  Wa,s  S£  25   per   cent   for   impact.     These   live 

y^7^Ic^lTee7Z^^  loads  are  those  s*ecified  in  "Specin" 

zirders    concrete  arches  and  concrete  cations  for  Bridges  CarryinS  Elect™ 

Orders'  S^^uTtortSr  of          n  Railways,"  adopted  by  the  Massachu- 

girders    or   various    lengtns    or    span  Public  Service  Commission,  Re- 

The  result  of  these  studies   was  the  March     1<H5 

adoption  of  a  concrete  girder  bridge  visert    ^llses  ii the  concrete  in  the 

of  five  spans  of  56  ft.  6  in.  each  in  the  Hie  stresses  in  me  concrete  in  tne 

clear  between  copings  of  piers.     The  superstructure   were   kept  within   the 

arch    bridge    did    not    prove    as    eco-  maximum  al  owed  by  J^e  Joint   pom- 

nomical    as    the    girder    bridge.      The  m*tee  reP°rt  oftl  191b-  that  *j "»*?*? 

two  principal  reasons  being   that  the  1:11/*   mixture,  they  were  as  follows, 

arch    bridge    required    that    the    high-  Ben  dine                                   Per8f2q'lb 

way  be  placed  at  a  considerably  high-  shear" ...... . . . . . . . .' . . . . . . .'  •  '■ '.  '■  '•  125  lb] 

er  elevation  to  provide  sufficient  clear-         Bond loo  lb. 

ance;    and    that,    as    provision   for   a         Bearing    563  lb. 
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The  Substructure. — The  soil  being 
sand,  gravel  and  boulders  to  a  depth 
of  20  or  more  feet  below  the  surface, 
it  was  decided  to  place  the  founda- 
tions directly  on  it.  The  area  of  the 
waterway  of  the  new  bridge  being 
only  22  per  cent  greater  than  the  ex- 
isting railroad  bridge,  where  consid- 
erable   scour   had   occurred,    the   bot- 


curved  cut-waters  to  reduce  the  ob- 
struction to  the  flow  of  the  water  to 
a  minimum.  The  tops  of  the  piers  are 
6  ft.  3  in.  wide.  A  construction  joint 
Was  placed  18  in.  from  the  tops  of  the 
piers.  This  upper  18  in.  contains  the 
expansion  bearings  on  one  side  of 
the  pier  and  the  fixed  bearings  on  the 
other.      These   bearings    were   placed 


S'OC  GtROlR 

Intermediate  and  Side  Girders  of  Cohasset   Bridg< 


toms  of  the  footings  were  placed 
about  5  ft.  below  the  ground  surface. 
The  abutments  are  of  the  "U"  type, 
the  wingwalls  being  cantilevered  in 
order  to  reduce  the  area  of  the  coffer- 
dams to  a  minimum.  The  concrete 
in  the  footing  part  of  each  abutment 
was  placed  under  water  within  a  steel 
sheet  pile  cofferdam  having  the  same 
dimensions  as  the  footing.  The  abut- 
ments are  faced  with  granite  from 
elevation  87.0,  about  1  ft.  below  mean 
low  water,  to  elevation  96.0  above  all 
but  the  extreme  high  tides,  this  part 
being  alternately  exposed  to  the  sea 
water  and  the  air.  Above  the  granite 
coping,  elevation  96.0,  the  abutment 
and  wingwalls  are  of  reinforced  con- 
crete. The  highest  water  of  which 
record  could  be  found  was   97.13,   or 


CX»J  ScctiCih 

Fig.  3  —  Cohasset  Narrows  Bridge  — .  S 

Cross    Section    of    Superstructure    of    Co- 
hasset   Bridge. 

about  7.00  above  mean  sea  level.  The 
datum  used  being  90.13  below  mean 
sea  level. 

The  piers  are  similar  in  construc- 
tion to  the  abutments.  There  is,  how- 
ever, a  course  of  concrete  between 
the  footing  course  and  the  granite 
facing  on  account  of  the  greater  depth 
of  the  foundations.     The   piers   have 


in  position  before  this  upper  layer 
of  concrete  was  deposited. 

The  piers  were  all  designed  consid- 
ering that  any  span  could  be  removed 
and  a  draw  span  substituted  if  neces- 
sary. The  soil  pressure  was  deter- 
mined considering  the  maximum  re- 
action from  one  span  and  the  dead 
load  only  from  the  other  span,  the 
pier  being  submerged  to  low  water 
only.  The  effect  of  removing  one 
span  and  having  the  remaining  span 
carry  the  maximum  live  load  was  also 
considered.  The  maximum  soil  pres- 
sure was  about  6,000  lb.  per  square 
foot. 

The  Superstructure.— The  super- 
structure of  each  span  of  the  bridge 


Expa  nsion  '  Joints 

Expansion    Joints   and    Conduit   Joint. 

was  composed  of  four  longitudinal  re- 
inforced concrete  girders  each  59  ft. 
center  to  center  of  bearing  composed 
of  concrete  mixed  in  the  proportion 
of  1  part  cement  to  4%  parts  of  ag- 
gregate. The  two  interior  girders 
were  designed  to  carry  a  live  load 
of  a  train  of  two  50-ton  electric  rail- 
way cars  and  the  side  girders  to  carry 
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a  live  load  of  a  20-ton  truck.  The  al- 
lowance for  impact  and  the  stresses 
allowed  have  been  previously  given. 
The  ends  of  the  girders  were  con- 
nected by  a  concrete  cross  beam  and 
two  light  cross  beams  were  placed 
between  the  outside  and  the  interior 
girders  at  the  third  points. 

The  deck  of  the  bridge  was  made 
flat  and  the  crown  given  to  the  road- 
way by  filling  to  allow  for  a  future 
railway  track.  A  2-in.  bituminous 
wearing  surface  was  placed  on  the 
clean  gravel  filling.  Small  drains  were 
placed  through  the  slab  to  drain  the 


mme        mm 


Bottom  Casting. 
Stccl  Castinos  ro/r  rixzo  £w> 

Top   Casting   and    Steel   Casting  for  Fixed 
End. 

filling.     Scuppers  were  placed  in  each 
span  to  drain  the  roadway  surface. 

The  Expansion  Joints. — The  expan- 
sion joints  in  the  deck  between  the 
spans  were  formed  by  imbedding  two 
steel  angles  in  the  upper  edge  of  the 
slab  and  placing  a  4x4  tee  with  its 
stem  in  the  joint  between  the  spans. 
A  special  detail  was  used  at  the  curbs 
composed  of  a  steel  angle  riveted  to 
the  tee  and  backed  by  a  pre-molded 
expansion  strip.  These  expansion 
joints  have  worked  well  and  there  is 
no  indication  on  the  surface  of  the 
roadway  of  the  movement  of  the  con- 
crete structure.  The  expansion  joints 
in  the  walls  and  railings  are  filled 
with  heavy  wool  felt  saturated  with 
paraffin.  At  the  time  of  a  visit  made 
in  October,  the  girders  had  expanded 
slightly  due  to  the  warm  weather  and 


the  felt  showed  signs  of  having  been 
compressed. 

The  conduits  for  electric  wires 
were  placed  under  the  granolithic 
sidewalk.  Movement  at  the  expansion 
joints  was  provided  for  by  reaming 
out  a  coupling  attached  to  the  pipe 
on  one  side  so  that  the  pipe  from  the 
other  side  formed  a  slip  joint. 

The  long  concrete  spans  meant  that 
there  would  be  considerable  longitu- 
dinal movement  due  to  varying  tem- 
eratures,  also  that  the  bearing  stress 
at  the  edge  of  a  pier  would  be  greatly 
increased  by  the  deflection  of  a  girder 
under  maximum  live  loads.  It  was, 
therefore,  decided  to  place  the  fixed 
end  of  the  girders  on  pin  bearings  so 
that  the  deflection  of  a  girder  would 
bring  no  excess  pressure  on  the  pier 
or  abutment.  The  expansion  end  was 
placed  on  a  single  cast  steel  segmen- 
tal roller  thus  providing  a  single  bear- 
ing and  preventing  excess  pressure  at 
the  edge  of  the  pier  and  at  the  same 
time  permitting  that  end  to  move 
longitudinally  with  ease.  The  fixed 
end  bears  on  2-in.  steel  pins,  the  only 
novel  feature  being  the  manner  of 
connecting  the  upper  casting  to  the 
girder.  To  connect  this  casting  se- 
curely to  the  girder,  ribs  were  cast  to 
extend  into  the  girder.  These  ribs 
ran  in  the  direction  of  the  length  of 
the  girder  and  were  spaced  so  that 
the  reinforcing  rods  passed  between 
them.  In  this  way  any  tendency  of 
the  girder  to  separate  from  the  plate 
was  obviated. 

The  Expansion  Bearing. — A  consid- 
erable amount  of  study  was  necessary 
to  design  a  satisfactory  expansion 
bearing  before  the  one  shown  was  de- 
cided on.  The  bearing  decided  on  is 
both  simple  and  efficient.  It  is  formed 
of  a  12-in.  diameter  segmental  roller 
under  each  girder  and  provides  for 
the  deflection  of  the  girder  and  for 
horizontal  movement  with  one  bear- 
ing. The  two  pins  in  each  face  of 
the  roller  prevent  its  working  out  of 
place.  The  upper  casting  of  this  bear- 
ing is  designed  the  same  as  the  upper 
casting  of  the  fixed  end.  As  this  joint 
could  not  be  examined  in  the  future 
in  the  manner  that  it  could  be  on  a 
steel  bridge  it  was  decided  to  place 
it  in  a  cast-iron  box  and  fill  the  box 
with  a  heavy  grease.  This  box  was 
placed  in  upper  course  of  concrete  of 
the  pier  and  the  top  of  the  box  comes  ■ 
a  short  distance  above  the  ordinary 
top  of  the  pier.  The  casting  attached 
to  the  girder  fits  over  this  box  and 
forms  a  weatherproof  joint.    The  joint 
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between  the  pier  and  the  girder  was 
formed  by  a  ^-in.  layer  of  paraffined 
wool  felt. 

The  anchor  bolts  for  the  bearings 
were  embedded  in  the  part  of  the 
pier  under  the  construction  joint  18 
in.  below  the  top  of  the  pier.  The 
bearing  plates  were  carefully  adjusted 
in  position  by  means  of  double  nuts 
on  the  anchor  bolts  before  the  upper 
part  of  the  pier  was  concreted. 

Construction. — The  contract  for  the 


north  abutment  and  the  northerly 
piers  the  area  of  the  foundation  was 
dredged  approximately  to  grade  and 
the  steel  sheet  pile  cofferdam  then 
driven.  Such  little  further  dredging 
as  was  required  was  done  inside  the 
cofferdams.  The  southerly  piers  and 
abutment  were  constructed  by  first 
driving  the  cofferdam  and  then  dredg- 
ing the  material  inside.  On  this  side 
there  were  several  boulders  within 
the    cofferdam    which    required    blast- 


for  mformtdtotr     QirJers 


cast  Iron  Scupper  for 
North  Side  at  Sidewalk. 


C.,l  SMihewn  Hut-  ffif^ 

Cosl  Iron  shc»n  thvs 


Steel  Pin'R" 

For  RocKttt  m  MouAeu  Eso 


Cast  Iron  Scupper  for  South  Side. 


Iron    and    Steel    Castings   for    Movable    End  and    Other    Details. 


construction  of  the  bridge  was  let  to 
Holbrook,  Cabot  &  Rollins  on  June 
28,  1920,  for  the  sum  of  $200,000  for 
the  bridge  alone.  Work  was  begun 
about  July  20,  1920,  and  the  bridge 
open  to  traffic  July  2,  1921,  the  super- 
structure being  all  constructed  in  the 
spring  of  1921. 

The  work  was  started  on  the  north- 
erly   or   Wareham     shore.      For    the 


ing.  The  piling  was  considerably 
damaged  in  driving  and  was  very  dif- 
ficult to  withdraw  after  the  piers  were 
constructed.  As  soon  as  the  dredging 
in  the  cofferdams  was  completed,  con- 
crete was  placed  with  bottom  dump 
buckets  £b  form  the  lower  course  of 
the  foundation.  This  lower  or  foot- 
ing course  filled  the  area  of  the  cof- 
ferdam and  formed  a  seal.    As  soon  as 
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this  concrete  had  set  the  cofferdams 
were  pumped  out  and  the  remainder 
of  the  pier  or  abutment  placed  in  the 
dry.  The  cofferdams  proved  to  be 
sufficiently  tight  although  the  driving 
was  very  hard.  After  the  completion 
of  the  pier  and  abutments  all  sheet- 
ing and  piles  were  removed. 

The  forms  for  the  superstructure 
were  all  made  in  a  mill  and  assembled 
on  the  job.  They  were  supported  on 
piles  which  were  pulled  out  when  no 
longer  needed.  The  steel  reinforcing 
was  erected  on  shore  and  carried  to 
the  girder  and  lowered  into  position 
as  one  unit.  The  railings  were  cast  in 
place  using  a  light  colored  aggregate. 
After  the  concrete  had  become  hard 
the  surfaces  of  the  railings  were  bush 
hammered  with  6  cut  hammers.  The 
finish  obtained  is  both  pleasing  and 
durable.  The  lamp  posts  were  pre- 
cast of  the  same  aggregate  as  in  the 
railings  and  while  very  simple  in  de- 
sign add  a  great  deal  to  the  attrac- 
tiveness of  the  bridge. 


The    Engineer    and 
Architect 


the 


Finds    Small    Houses    Can    Use    8-In. 
Brick  Walls 

That  8-in.  brick  walls  can  be  used 
in  1  and  2-family  houses  having  walls 
under  30  ft.  high  was  one  of  the  con- 
clusions reached  in  a  recent  extensive 
investigation  of  building  codes  by  the 
Building  Code  Committee  of  the  U.  S. 
Department  of  Commerce.  This  con- 
clusion was  reached  as  a  result  of 
careful  analyis  of  building  codes,  of 
a  series  of  fire  tests  conducted  at  the 
U.  S.  Bureau  of  Standards,  and  of  a 
series  of  strength  tests  conducted  at 
the  same  institution.  It  is  expected 
that  this  recommendation  will  result 
in  a  substantial  saving  in  construc- 
tion cost,  as  the  present  building 
codes  usually  require  thicker  walls 
than  this.  Exception  must,  of  course, 
be  made  in  regions  liable  to  earth- 
quake shock. 


Concrete   for  Bridge  Deck  Conveyed 
in  Truck  Running  on  Rails 

In  pouring  the  concrete  deck  of 
some  bridges  constructed  recently  at 
Toronto,  Ont.,  the  contractor  had  a 
Ford  ton  truck,  equipped  with  a  dump 
body  fitted  with  wheels  to  run  on 
rails.  The  concrete  was  mixed  at 
one  end  of  the  bridge  and  poured  in- 
to the  truck  which  was  then  backed 
out  to  the  other  end  of  the  bridge 
and  dumped.  As  the  flooring  was 
finished  the  rails,  which  were  in  short 
lengths,  were  lifted  as  the  concrete 
reached   them. 


An  Address  Presented  Oct.  17  Before 

the  Engineers  Club   of 

Philadelphia 

By   DR.   WARREN   P.    LAIRD, 

Dean  of  the  School  of  Fine  Arts,  Univer- 
sity of  Pennsylvania. 

Possibly  in  the  past  40  years,  the 
engineering  profession  has  undergone 
a  greater  development  than  in  any 
previous  period  of  its  existence.  We 
who  are  not  engineers  look  upon  the 
development  of  that  profession  as  a 
very  remarkable  thing.  It  has  kept 
pace  with,  and  is  largely  accountable 
for,  the  great  growth  of  industrial  ac- 
tivities. That  would  have  been  im- 
possible save  for  the  engineers.  And 
along  with  the  industrial  activity  of 
the  country,  wealth  producing  activity 
generally  has  grown,  and  has  grown 
immensely,  needing  the  great  con- 
structions which  the  engineers  have 
created  and  developed. 

I  am  not  able  to  give  a  definition  of 
the  engineer.  Nor,  perhaps,  should  I 
attempt  to,  of  the  architect.  A  pro- 
fession which  is  so  complex  and 
makes  so  many  demands  upon  train- 
ing and  intelligence  and  experience 
and  judgment  as  do  those  of  engi- 
neering and  of  architecture,  is  a  pro- 
fession that  is  very  hard  to  compress 
into  a  definition. 

The  Architect's  Point  of  View.— 
However,  I  would  like  to  say  a  word 
to  you  of  the  architect's  point  of  view; 
of  what  the  architect  at  his  best  tries 
to  stand.  I  want  to  do  that  because 
I  believe  between  the  architect  at 
his  best  and  the  engineer  at  his  best 
there  is  the  possibility  of  a  full  recip- 
rocal relation.  I  believe  that  the  one 
does  not  at  all  render  the  other  un- 
necessary, but,  where  each  is  per- 
forming its  function  in  the  best  way 
possible,  they  are  both  necessary  in 
the  life  of  this  country  and  its  ad- 
vance in  civilization. 

The  architect  is  a  man  who  pro- 
duces buildings,  and  these  are  works 
of  utility,  almost  invariably.  He 
would  not  exist  if  he  had  to  do  only 
those  very  few  works  which  are  small 
and  monumental  and  mere  expressions 
of  sentiment.  The  architect  almost 
invariably  has  to  deal  with  a  work  of 
utility,  as  does  the  engineer.  The 
architect,  however,  is  expected  to 
bring  to  that  work  of  utility  an  ele- 
ment with   which  the   engineer  does 
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not  charge  his  mind  and  for  which 
the  world  generally  does  not  hold  him 
responsible.  That  we  may  define  as 
the  element  of  beauty. 

The  implication  is  that,  if  the  archi- 
tect is  concerned  with  beauty  he  can- 
not, well  be  a  very  practical  person; 
and  that  the  work  of  utility  must  look 
to  some  other  talent  than  his  if  it  is 
to  become  useful  and  enduring.  The 
impression  frequently  obtains  that  the 
architect  is  a  dreamer  of  dreams,  a 
maker  of  pictures,  a  conserver  of 
beauty,  and  a  general  nuisance  to  the 
practical  man.  The  conception  is 
wrong.  I  do  not  state  it  before  you 
in  an  accusing  way.  It  is  not  your 
view,  but  it  is  a  view  sometimes  held 
of  the  architect  where  he  is  not 
thought  of  very  carefully. 

Three  Great  Laws  of  Architecture. 
— In  the  schools  we  teach  our  stu- 
dents fundamentals;  and  it  is  one  of 
the  major  fundamentals  that  archi- 
tecture, to  be  successful,  observes 
three  great  laws.  It  observes,  first  of 
all,  stability — the  building  must  be 
well  built  to  be  good  architecture. 
It  must  be  economically  built.  There 
must  be  conservation  of  material,  or 
cost  or  it  is  not  good  architecture. 

In  the  second  place,  it  must  be  con- 
venient— must  adapt  itself  to  its  pur- 
pose, and  perhaps  the  central  thought 
of  the  architect,  in  his  preliminary 
studies,  is  to  produce  a  good  plan,  a 
good  arrangement  of  parts. 

And  the  third  element,  which  goes 
without  saying,  as  Hamlet  does  in  the 
play,  is  that  of  beauty. 

We  try  to  bring  to  the  conscious- 
ness of  the  student  that  conception  of 
architecture.  If  he  has  it,  if  he  is 
trained  under  it,  if  he  remains  true  to 
it,  he  becomes  a  good  constructor,  he 
becomes  a  good  planner,  and  he  is 
able  to  give  to  his  buildings  the  sem- 
blance of  beauty,  to  give  to  them 
good  proportion  and  color;  good  lines, 
good  detail,  and  a  true  expression  of 
their  purpose;  in  short,  a  spiritual 
quality. 

That  program  for  architecture 
means  that  the  architect  must  be  a 
pretty  broad  man;  that  he  must  have 
a  good  mind;  that  he  must  be  educat- 
ed in  the  laws  of  construction;  that  he 
must  have  a  good  training  in  the  the- 
ory and  practice  of  composition,  or 
design;  that  he  must  have  his  taste 
and  his  creative  instinct  developed  un- 
der discipline.  All  this  we  try  to  do, 
and  it  is  attempted  in  all  the  good  ar- 
chitectural schools  of  the  country.  It 
is  the  endeavor  to  train  him  in  those 


three  laws  and  to  bring  him  finally  to 
a  state  where  he  will  be  able  to  mas- 
ter the  problems  of  architectural  prac- 
tice. 

Another  thing  that  we  teach  him  is 
that  he  is  not  the  master  of  every- 
thing with  which  he  comes  in  con- 
tact. He  cannot  expect  of  himself, 
and  the  world  does  not  expect  of  him, 
to  be  able  to  handle  complicated  or 
unusual  problems  that  lie  in  the  field 
of  the  engineer,  and  therefore  he  must 
have  in  service  upon  the  building  that 
he  is  designing  that  expert  knowl- 
edge which  can  be  found  only  among 
the  engineers  in  the  field  of  steel  con- 
struction, of  sanitation,  of  illumina- 
tion, and  so  on. 

The  architect  ought  to  be  able — 
and  he  is  an  incomplete  architect  if 
he  is  not  able — to  solve  all  ordinary 
structural  problems,  but  the  excep- 
tional problem  frankly  goes  beyond 
him. 

Control  of  Design  and  Construction. 
— What  is  this  factor  that  differen- 
tiates the  architect  from  the  engi- 
neer? It  did  not  exist  at  one  time. 
When  those  buildings  were  construct- 
ed that  we  regard  as  the  world's  mas- 
terpieces of  architecture,  they  were 
constructed  under  a  single  intelli- 
gence— the  great  cathedrals,  the  mon- 
uments of  the  past,  such  as  the  Par- 
thenon, of  which  Emerson,  I  think, 
said,  "Earth  proudly  bears  the  Par- 
thenon as  the  best  gem  upon  her 
zone."  We  all  admit  that  the  Par- 
thenon is  man's  masterpiece  in  archi- 
tecture. 

We  separate  our  day  from  .the  day 
which  produced  those  things.  They 
were  governed  by  a  single  intelligence 
which  controlled  construction,  and  de- 
sign, and  produced  masterpieces.  In 
these  modern  times  and  for  some 
hundreds  of  years  past,  the  architect 
and  the  engineer  have  been  taking 
divergent  paths;  and  today  the  engi- 
neer does  a  vast  number  of  things 
which  the  architect  could  not  pretend 
to  do,  and  the  architect  does  things 
that  the  engineer  does  not  pretend  to 
do. 

But  why  is  it  not  possible  for  these 
two  intelligences  to  function  togeth- 
er? I  believe  it  is.  It  only  needs  for 
each  to  come  to  a  better  understand- 
ing of  the  other. 

The  engineer,  I  think  you  will  let 
me  say,  dismisses  from  his  mind,  as 
being  outside  of  his  field,  any  concern 
for  beauty.  When  he  has  designed  a 
bridge  or  any  other  work,  he  has  put 
into  that  design  all  the  material  that 
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the  use  of  the  structure  will  require 
and  not  an  ounce  more,  because  that, 
being  superfluous,  is  waste.  He  has 
covered  every  factor  of  safety  but  he 
will  not  waste  any  material  and  he 
will  perhaps  regard  that  thing  which 
produces  the  element  of  beauty  as 
being  excess  of  necessary  material. 
That,  however,  is  not  quite  the  way 
to  look  at  it. 

How  the  Architect  Produces  His 
Effects. — The  architect  does  not  pro- 
duce his  effects  through  wastefulness, 
through  excess,  through  prodigality  or 
improvidence,  but  he  is  aiming  to  pro- 
duce something  that  will  satisfy  not 
alone  scientific  judgment,  that  will  not 
simply  bear  strains  and  endure  the 
asperities  of  time  and  weather,  but 
he  is  trying  to  satisfy  something  that 
lies  beyond  that  scientific  judgment 
and  that  exists  in  the  mind  and  heart 
of  man — a  love  of  the  beautiful.  He 
is  trying  to  give  something  to  the  ob- 
server which  will  satisfy  the  intel- 
ligence in  the  first  place  and  which 
will  go  beyond  that  and  satisfy  the 
craving  for  beauty. 

Among  the  few  things  that  we  ar- 
chitects believe  and  teach  is  this  prop- 
osition, that  beauty  is  not  to  be  had 
at  mere  money  cost;  that  it  is  not  al- 
ways, and  perhaps  not  often,  neces- 
sary to  go  beyond  the  economic  re- 
quirements of  a  building  to  make  it 
beautiful.  On  the  contrary,  making  a 
building  beautiful  is  a  question  of 
good  taste  and  good  judgment  in  the 
employment  of  material;  shown  in 
the  selection  of  materials  that  will 
harmonize  in  color;  that  have  good 
texture  and  will  please  the  eye  by 
their  surface  character  and  by  the  se- 
lection of  ornament  that  will  be  ap- 
propriate and  well  placed. 

Under  the  severities  of  his  training, 
the  architect  comes  to  learn  that  the 
process  of  making  a  thing  beautiful 
is  the  process  of  simplifying  it.  I 
wish  I  could  show  you  the  process 
through  which  the  student  passes,  in 
which  we  harrow  his  soul  by  requir- 
ing him  to  leave  things  out,  whereas 
his  instinct  is  to  put  things  in  to  make 
his  building  beautiful.  Ordinarily  the 
simplest  things  are  the  most  beauti- 
ful. 

Sometimes  there  is  a  deliberate  ef- 
fort to  make  a  thing  sumptuous  and 
rich  and  gay,  but  that  is  an  essay  in 
a  certain  kind  of  design.  The  result 
may  not  be  satisfactory  because  it  is 
a  great  deal  more  difficult  to  make  a 
very  extravagant  thing  beautiful  than 
to  give  that  quality  to  a  simple  thing. 


The  Architect's  Great  Concern — 
Composition. — The  architect's  great 
concern,  then,  in  his  work  is  design, 
or  composition;  that  is  to  say,  the 
arrangement  of  the  parts  into  a  whole. 
In  designing  his  plan,  he  has  in  mind 
not  merely  the  distribution  of  spaces 
into  a  convenient  arrangement,  or  the 
nature  of  the  structure  which  is  to 
support  the  roofs  and  to  separate 
those  spaces,  but  also  of  something 
that  he  must  carry  along  at  the  same 
time;  he  has  in  mind  always  the  pro- 
ducing of  something  which  will  de- 
velop into  a  form  of  beauty.  It  is 
one  of  the  commonplaces  in  architec- 
ture, in  the  judgment  of  designs  in 
architectural  competitions — I  think 
that  is  not  commonly  realized — that 
the  jury  will  attach  greater  weight  to 
plan  than  to  elevation;  and  if  there  is 
a  slight  difference  in  merit  between 
two  plans,  it  would  take  an  extraordi- 
nary badness  in  the  elevation  of  the 
better  of  those  designs,  and  an  ex- 
traordinary beauty  in  the  elevation 
of  the  second  best  design  to  give 
that  second  best  plan  the  first  place 
in  the  competition.  The  best  archi- 
tectural jury  will  look  first  at  the 
plan,  to  see  whether  it  is  going  to 
produce  the  utility  that  will  meet  the  , 
purpose  and  whether  it  is  going  to  be 
economical  in  its  construction  or  not. 
They  feel  a  security  in  doing  that  be- 
cause of  the  fact  that  a  good  plan 
will  produce  a  good  elevation  in  com- 
petent hands.  Hence,  the  architect's 
major  responsibility  and  the  thing  that 
occupies  most  of  his  time  and  study 
is  the  problem  of  providing  something 
practical,  something  that  will  satisfy 
economic  requirements,  and  he  can 
best  produce  a  work  of  beauty  out  of 
those  conditions. 


The  New  Officers  of  Indiana  Sand 
and  Gravel  Association.  —  A.  M. 
Brown,  of  Indianapolis,  was  elected 
president  of  the  Indiana  Sand  and 
Gravel  Producers'  Association  at  its 
annual  convention  Jan.  12.  J.  A. 
Shearer,  secretary-treasure,  was  re- 
elected and  L.  W.  Witty  was  chosen 
vice-president. 


Meeting  of  New  York  State  Asso- 
ciation of  Builders. — The  annual  con- 
vention of  this  association  will  be  held 
Jan.  30  and  31  at  Elmira,  N.  Y. 
Stepren  A.  Smith,  Albany,  N.  Y.,  is 
President  and  Edward  A.  Keeler,  New 
York,  is  Secretary  and  Treasurer, 
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The  Quantity  Survey 

Statement  Prepared  By  Committee  of 
Quantity  Survey  of  the  Society  of 
Constructors  of  Federal  Build- 
ings   and    Printed    in    the 
Journal  of  the  Society 

That  the  quantity  survey,  as  a  sys- 
tem, has  great  merit  is  conceded  by 
all  interested  in  the  building  indus- 
try, but  its  general  adoption  in  this 
country  has  been  delayed  by  several 
causes,  one  of  which,  the  World  War, 
resulted  in  a  necessary  suspension  of 
all  building  activities.  Of  other  rea- 
sons assigned  for  the  delay  in  its  adop- 
tion may  be  mentioned  the  dubious 
attitude  of  some  who  imagine  that  a 
new,  and,  as  they  say,  non-producing 
factor  is  to  be  added  to  the  industry: 
the  query,  "Who  will  assume  the  bur- 
den of  cost?"  is  propounded. 

The  apparent  reluctance  to  abandon 
old  methods,  admitted  to  be  faulty, 
is  being  dispelled,  however,  as  knowl- 
edge of  the  quantity  survey  becomes 
assimilated. 

Definition  and  Purpose  of  Quantity 
Survey. — A  quantity  survey  has  been 
defined  as  a  comprehensive  and  sys- 
tematically prepared  schedule  of  all 
the  materials  to  be  incorporated  in  n 
structure — the  result  of  a  thorough 
survey  and  check  of  the  required 
drawings  and  specifications  by  highly- 
trained  technical  men. 

The  most  important  purpose  of  a 
quantity  survey  is  that  of  rendering 
on  the  same  basis  as  to  quantities  all 
bids  of  the  competitors  for  the  work. 
Thus,  in  formulating  his  bid,  the  com- 
petitor has  only  to  append  to  the  ma- 
terial costs,  his  labor  costs,  "over- 
head," profits,  etc.,  which  may  be  ap- 
plied by  the  unit  system  or  otherwise. 
These  schedules  are  so  prepared 
that  contractors  or  others  interested 
may  readily  determine  the  character 
and  value  of  any  article  indicated. 
Such  indications  are  graphic  descrip- 
tions, supplemented  by  measurements 
and  diagrams  if  necessary,  but  in  no 
case  are  they  to  be  used  in  lieu  of  the 
drawing  and  full  size  details  from 
which  to  execute  the  work. 

Possibility  of  Error  Reduced  to  a 
Minimum. — Some  opponents  have 
thoughtlessly  condemned  the  system 
on  the  ground  that  inaccuracies  may 
occur.  An  indemnifying  bond  as  a 
guarantee  of  accuracy  has  been  sug- 
gested. "By  .their  fruits  ye  shall  know 
them."  An  architect  does  not  guaran- 
tee the  stability  of  a  building,  but  he 


certainly  suffers  a  loss  in  the  event 
of  any  failure  of  construction. 

The  functional  interdependence  of  a 
careful  survey  of  quantities  and  a 
thorough  check  of  the  survey  is  a  fea- 
ture of  the  proposed  system.  The  pos- 
sibility of  error  is  reduced  to  the 
minimum.  What  of  the  probability  of 
error  under  the  present  system?  How 
often  is  the  success  of  a  competitor 
attributable  solely  to  error  in  taking 
off  quantities?  It  may  be  said  that 
absolute  perfection  will  not  be  at- 
tained, but  it  is  reasonable  to  assume 
that  the  element  of  error  will  be  no 
greater  than  that  of  any  survey  made 
in  the  office  of  the  contractor  under 
the  usual  unfavorable  conditions  under 
which  most  estimates  are  made. 

In  some  public  work  the  bidders  are 
required  to  check  the  schedules,  and 
are  afforded  an  opportunity  to  make 
provision  in  their  proposals  for  any 
inaccuracies  which  may  have  been  dis- 
closed, though  in  general  practice  all 
proposals  are  to  be  based  upon  the 
schedules  as  submitted  to  the  bidders 
and  the  low  bidder  will  be  permitted 
to  have  such  adjustments  as  may  be 
required  after  acceptance  of  the  con- 
tract. 

For  obvious  reasons,  adjustments 
before  the  award  of  contract  are  not 
generally  advocated,  but  any  antagon- 
ism due  to  this  fact  can  readily  be  dis- 
pelled. These  adjustments  can  cer- 
tainly be  made  after  the  award  of  con- 
tract. The  bidder  is  assured  of  a 
foundation,  not  otherwise  procurable, 
upon  which  he  can  build  a  proposal. 

In  some  instances  purchases  of  the 
materials  are  made  and  bids  for  labor 
only  are  required.  If  after  the  sur- 
veyor's check  inaccuracies  still  re- 
main, and  it  is  discovered  during  con- 
struction or  after  completion  that  the 
scheduled  quantities  upon  which  the 
labor  bids  were  based  were  either  in- 
adequate or  in  excess  of  the  require- 
ments, then  the  adjustments  for  labor 
can  be  made. 

These  applications  of  the  system  are 
cited  to  show  that  no  interests  can  be 
jecpardized  by  the  fact  that  a  quan- 
tity survey  may  lack  perfection. 

Guarantee  of  Accuracy  of  Survey. — 
It  is  now  possible  to  obtain,  with  a 
quantity  survey,  a  guarantee  of  the 
accuracy  of  same  to  within  a  small 
percentage  of  the  total  sum  involved. 
The  contractor  may  assume  this  differ- 
ential by  omitting  it  and  the  cost  of 
the  indemnity  as  components  of  his 
bid,  or  ha  may  transmit  them  to  the 
owner.     With  the  view  of  maintain- 
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ing  at  the  minimum  the  cost  of  the 
quantity  survey,  some  advocates  as- 
sert that  a  guarantee  of  accuracy  nec- 
essarily involves  an  additional  cost 
and  an  element  of  chance  for  which 
some  interest  must  pay,  and,  further- 
more, is  superfluous  if  the  system  is 
properly  applied. 

Due  to  the  diverse  methods  of  esti- 
mating employed,  there  really  exists 
in  connection  with  the  present  system 
of  contract  awards  a  competition  in  the 
quantities  of  materials  involved  by 
construction  work.  To  eliminate  this 
quantity  competition  is  a  function  oi 
the  quantity  survey,  and  thus  is  sim 
plified  the  whole  matter  of  competi- 
tion. The  intent  of  the  drawings  and 
specifications  may  be  in  some  respects 
quite  vague  and  ambiguities  may  ex- 
ist, but  to  this  can  be  attributed  only 
a  very  small  percentage  of  the  wide 
variances  of  the  material  bills  as  as- 
certained by  different  estimators.  The 
quantity  survey  clarifies,  and  every 
bidder  commences  work  on  his  pro- 
posal with  the  satisfying  knowledge 
(hat  the  entire  job  has  been  carefully 
examined  and  that  ambiguities  which 
otherwise  might  have  been  costly  have 
been  eliminated;  also  that  every  other 
competitor,  for  his  guidance  in  mak- 
ing up  his  bid,  has  been  supplied  with 
the  identical  information  with  which 
he  himself  has  been  provided. 

Cutting  Out  the  Gamble  in  Bidding. 
— The  necessity  for  improvement  of 
methods  has  long  been  felt,  and  such 
need  is  emphasized  by  the  contractor's 
wail  that  instead  of  engaging  in  a 
business  he  is  playing  a  most  hazard- 
ous game.  In  any  discussion  of  a  con- 
tractor's business  you  will  hear  the  as- 
sertion that  the  business  is  a  gamble, 
that  profits  cannot  be  assured,  and 
that  a  contractor's  hope  of  salvation 
is  that  from  some  future  work  an  ab- 
normal profit  can  be  derived  which 
will  compensate  or  over-balance  the 
losses  sustained  on  work  which  has 
been  performed.  This  is  a  frank  ad- 
mission and  is  indicative  of  an  un- 
healthy condition  which  certainly 
calls  for  the  administration  of  some 
treatment.  Primarily,  competition 
will  not  permit  a  realization  of  the 
hope  for  large  profits.  The  uncer- 
tainty of  chance  must  be  eliminated, 
or  at  least  reduced  to  a  minimum  not 
in  excess  of  that  of  any  other  busi- 
ness. 

In  order  to  procure  the  necessary 
volume  of  work,  it  must  all  be  on  a 
close  margin;  and  it  is  seldom,  if  ever, 


that  a  contractor  can  withstand  a 
loss. 

As  diagnosed  by  most  authorities, 
the  fault  is  with  the  contractor  him- 
self, and  consists  of  blindly  following 
precedent,  employing  methods  some  of 
which  are  now  obsolete  and  others 
which  never  had  any  valid  reason  for 
existence;  in  numbers  of  cases  there 
is  an  absolute  failure  to  acquire  the 
requisite  knowledge  of  the  materials 
to  be  furnished  and  the  work  to  be 
performed. 

A  contractor  sustaining  losses  is 
prone  to  communicate  them  to  others 
with  whom  he  is  in  contact,  and  it  is 
thus  that  the  whole  industry  is  ren- 
dered ill  and  in  need  of  a  remedy. 

Provide  for  Overhead. — In  addition 
to  a  profit  on  his  material  and  labor 
costs,  a  contractor  is  entitled  to  a 
reasonable  margin  on  his  operating 
costs,  inclusive  of  his  own  salary  and 
the  costs  of  estimating  with  other 
office  expenses.  In  every  proposal 
should  also  be  given  due  consideration 
to  depreciation  on  plant  and  equip- 
ment, interest  on  borrowed  capital, 
taxes,  and  losses  through  bad  ac- 
counts. If  the  business  is  to  endure, 
such  business  principles  cannot  be 
ignored  or  laid  aside  for  the  gambling 
methods,  and  the  contractor  who  is 
habitually  remiss  in  making  up  his 
bid  and  who  applies  his  prices  and 
profits  by  the  rule  of  guess-  can  not 
find  salvation  in  the  quantity  survey 
system,  as,  through  force  of  habit,  he 
will  continue  his  rule  of  guess  prac- 
tices and  eventually  be  self-effaced. 
The  contractor  who  excels  in  manage- 
ment is  an  advocate  of  the  quantity 
survey  system. 

It  has  been  said  that  the  surveys 
could  not  be  satisfactory,  as  no  two 
estimators  employ  the  same  methods, 
and  that  the  contractor,  whose  busi- 
ness it  has  always  been,  is  as  capable 
of  preparing  a  survey  as  any  other 
person.  Granting  the  truth  of  these 
statements,  the  fact  remains  that  the 
one  official  survey,  prepared  by  one  or 
more  surveyors,  would  govern  any 
competition.  There  can  be  but  one 
survey  of  any  project.  If  it  were 
otherwise,  it  is  apparent  that  the 
present  chaotic  conditions  would  be 
but  little  proved. 

Profession  Must  Be  Official. — Tire 
profession  of  quantity  surveyor  and 
the  surveys  must  be  inseparably 
linked  with  the  word  "official"  by  vir- 
tue of  license  by  the  owner  or  archi- 
tect. The  institution  of  the  system 
and  its  operation  does  not,  as  some 
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suppose,   provide  a  wide  field  of  op-      we  must  apparently  wait  until  the  law 


eration  for  competing  surveyors,  who 
will  sell  their  products  to  the  con- 
tractors. In  some  instances,  contrac- 
tors' associations  have  established 
survey  bureaus  from  which  could  be 
procured  uniform  surveys  of  any  de- 
sired project,  but  it  is  to  be  noted 
that  even  in  this  connection  uniform- 
ity is  the  very  essence  of  the  matter. 

The  survey,  in  conjunction  with  the 
unit  rates  of  the  proposal,  has  a  value 
which  will  be  appreciated  by  the 
owner  and  architect. 

The  uncertainty  of  chance  being 
eliminated  from  the  business  of  the 
contractor,  the  owner  need  no  longer 
fear  the  possibility  of  being  compelled 
to  assume  this  chance  in  some  degree 
unknown. 

As  in  any  sound  business  arrange- 
ment, the  owner,  who  corresponds  to 
the  consumer,  must  assume  the  costs 
of  estimating  or  overhead  of  the  ven- 
dor, the  contractor. 

Eliminate  the  Waste. — Confronted 
as  we  are  at  the  present  time  by  the 
greatly  increased  costs  of  all  commo- 
dities, which  may  or  may  not  have 
reached  the  peak  of  their  ascension,  it 
has  obviously  become  necessary  to 
eliminate  from  all  transactions,  so  far 
as  may  be  possible  or  practicable, 
every  source  of  extravagance  or 
waste. 

Of  the  various  industries  none  has 
been  more  severely  affected  or  feels 
more  acutely  the  necessity  for  relief 
in  some  form  than  building. 

With  the  exorbitant  costs  of  raw 
materials  on  the  one  hand  and  of  la- 
bor, skilled  or  otherwise,  necessary  to 
shape  them  into  finished  structures 
on  the  other,  together  in  many  in- 
stances with  excessive  profits  or  com- 
missions being  exacted  by  distribu- 
tors and  contractors,  the  tentative 
builder  of  limited  resources,  who  may 
not  hope  to  protect  his  investment  by 
correspondingly  increased  rentals,  is 
driven  entirely  out  of  the  market  and 
the  field  is  largely  restricted  to  in- 
vestors of  unlimited  means. 

As  it  is  upon  the  former  class  of  in- 
vestor that  the  industry  must  depend 
to  a  very  large  extent  after  the  imme- 
diate demand  for  mercantile,  public 
and  semi-public  structures  shall  have 
been  satisfied,  it  is  apparent  that  for 
the  best  interests  of  all  concerned 
every  effort  should  be  exerted  toward 
bringing  the  expenses  within  the- lim- 
its of  his  means. 

The  System  in  Vogue. — For  relief, 
as  concerns  material  and  labor  costs, 


of  supply  and  demand  shall  ultimate- 
ly lower  or  stabilize  these,  but,  in  the 
meantime,  it  is  certain  that  an  appre- 
ciable effect  may  be  realized  through 
the  adoption  of  other  more  efficient 
business  methods  and  procedure  than 
now  obtain,  by  which  the  added  or 
"overhead"  expenses  of  operation  and 
administration  would  be  in  a  measure 
curtailed. 

For  instance,  by  the  system  general- 
ly in  vogue  at  the  present  time,  the 
drawings  and  specifications  for  a  pro- 
posed building  project  go  into  the 
offices  of  the  various  contractors  from 
whom  competitive  bids  are  being  so- 
licited, in  each  of  which  separate  es- 
timates may  be  prepared  in  more  or 
less  detail  and  with  varying  degrees 
of  accuracy,  according  as  errors  oc- 
cur in  "taking  off,"  etc.,  or  different 
interpretations  of  requirements  are 
assumed;  also  the  limited  time  al- 
lowed generally  precludes  even  a 
cursory  checking. 

The  above,  of  course,  takes  no  ac- 
count of  that  class  of  contractors  re- 
ferred to  above  whose  estimates,  be- 
ing the  result  of  a  general  scanning 
of  the  work  contemplated  and  a  com- 
parison with  a  similar  structure  pre- 
viously built,  are  only  too  often  dis- 
astrous both  to  themselves  and  their 
patrons,  which  practice  will  inevitably 
eliminate  them  in  time  from  the  field. 

Experience  has  shown  that  an  esti- 
mate prepared  with  any  degree  of  ac- 
curacy will  generally  range  in  cost 
between  %  of  1  per  cent  to  1%  per 
cent  of  the  actual  cost  of  the  finished 
work. 

Assuming  that  in  the  manner  pre- 
scribed above  estimates  have  been 
prepared  by  six  competitors,  the  proc- 
ess has  been  duplicated  six  times, 
which,  taking  the  lower  of  the  above 
limits,  brings  the  total  expenditure 
for  estimating  the  job  in  question  up 
to  3  per  cent  of  its  cost,  and,  under 
certain  conditions,  may  reach  9  to  10 
per  cent,  or  proportionately  more  as 
the  number  of  bidders  increases. 

Owner  Pays  for  Duplicate  Estimates. 
— While  at  first  sight  it  may  not  be 
apparent  to  the  layman  builder  that 
he  is  paying  practically  the  entire  cost 
of  estimating  his  job,  both  by  the  suc- 
cessful and  unsuccessful  bidders,  if  he 
will  consider  the  fact  that  the  operat- 
ing and  overhead  expenses  of  every 
contracting  concern  include  the  cost 
of  all  estimates  prepared  both  for 
work  obtained  and  work  lost  to  other 
bidders,  and  are  prorated  against  and 
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defrayed  by  the  enterprises  in  which 
they  are  the  successful  bidders,  he 
will  at  once  realize  that  the  estimate 
submitted  for  his  particular  job  em- 
braces on  the  above-cited  basis  a  pro 
rata  of  the  entire  operating  expense 
of  the  concern,  which  would  by  the 
law  of  averages  very  nearly  approxi- 
mate the  above-given  total  cost  of  es- 
timates on  this  job.  Data  compiled 
for  this  purpose  has  shown  that  the 
average  contracting  firm  figures  from 
8  to  10  jobs  to  every  one  that  they  ob- 
tain; consequently,  that  one  carries 
the  estimating  cost  of  six  or  more. 

It  will,  therefore,  be  seen  that  elim- 
ination of  this  duplication  in  the  tak- 
ing off  or  surveying  of  projects  must 
of  necessity  produce  an  appreciable 
saving  in  incidental  expense. 

This  elimination  of  duplication  is 
one  of  the  advantages  to  be  realized 
from  a  general  adoption  by  the  build- 
ing world  of  the  quantity  survey  sys- 
tem. 

Probably  thechief  difficulty  in  se- 
curing the  adoption  of  this  system  is 
that  of  convincing  the  owner  that  the 
added  fee  for  the  quantity  surveyor, 
which  may  be  paid  either  directly  or 
through  the  architect,  is  in  reality  a 
saving  in  that  under  the  quantity  sur- 
vey system  he  is  paying  for  this  serv- 
ice only  once,  while  under  the  present 
practice  (though  it  may  not  be  ap- 
parent to  him)  it  is  paid  proportion- 
ately to  the  number  of  bids  taken. 

Knowledge  of  the  quantity  survey 
system  is  being  disseminated  by  nu- 
merous mediums,  and  for  the  elimina- 
tion of  any  prejudice  which  still  exists 
a  further  campaign  of  education  is  re- 
quired. We  would  express  our  appre- 
ciation of  the  privilege  of  patricipating 
in  such  campaign  in  submitting  this, 
the  first  of  a  contemplated  series  of 
papers  on  the  advantages  of  the  quan- 
tity survey  system. 

Ship  Draftsman  Wanted.— The  U. 
S.  Civil  Service  Commission,  Wash- 
ington, D.  C,  announces  an  open  com- 
petitive, examination  for  ship  drafts- 
man, Grade  A  (small  boats).  Vacan- 
cies in  the  Bureau  of  Construction 
and  Repair,  Navy  Department,  Wash- 
ington, D.  C,  at  $6.80  to  $8.80  per 
diem  (plus  bonus),  and  vacancies  in 
positions  requiring  similar  qualifica- 
tions, at  these  or  higher  or  lower  sal- 
aries, will  be  filled  from  this  exami- 
nation, unless  it  is  found  in  the  in- 
terest of  the  service  to  fill  any  va- 
cancy by  reinstatement,  transfer,  or 
promotion. 


Heavy  Structural  Steel  Work 

in  Cleveland,  O.,  Theatre 

and  Office  Building 

To  provide  clear  unobstructed  space 
in  the  first  story  of  the  new  21  story 
Keith  office  building  and  theatre  at 
Cleveland,  O.,  which  is  mainly  occu- 
pied by  the  entrance  hall  and  ticket 
lobby  of  the  theatre  in  the  rear,  heavy 
steel  girder  construction  had  to  be  in- 
troduced to  support  the  superstruc- 
ture columns  over  these  spaces  and 
also  to  carry  the  front  wall  across  a 
broad  doorway.  No  steel  truss  work 
was  used  in  the  office  building  but 
long  steel  trusses  were  employed  to 
support  the  theatre  balcony  and  roof. 
We  are  indebted  to  The  Canadian 
Engineer  for  the  following  details: 

The  building  is  situated  at  the  cor- 
ner of  Euclid  Ave.  and  17th  St.  and  is 
L-shape  in  plan,  having  frontage  of 
135  ft.  and  138  ft.  and  a  depth  of  68 
ft.  Behind  this  building,  partly  under 
the  17th  St.  wing  and  partly  in  the 
space  formed  by  the  L,  are  the  grand 
foyer,  the  lobby,  promenade  and  bal- 
cony foyer  of  the  theater.  Beyond  the 
intermediate  part  of  the  structure  is 
the  theatre  proper  162  by  135  ft.  The 
foundation  of  the  building  consisted 
of  concrete  piles  driven  in  sand  to 
carry  the  footings  for  the  street  col- 
umns. 

Floor  Construction  of  Office  Build- 
ing.— The  floor  construction  of  the 
office  building  consists  mainly  of  I- 
beams  supporting  joists  and  slab 
floors,  except  in  the  lower  floors 
where  the  heavy  construction  occurs. 
Here  the  floor  slabs  are  8-in.  and  12-in. 
solid  concrete  to  conform  to  the 
building  by-laws. 

In  the  front  or  Euclid  Ave.  section 
are  four  double  plate  girders  33-ft. 
span  at  the  third  floor  level.  These 
girders  extend  across  the  lobby  and 
main  entrance  and  each  girder  carries 
one  intermediate  line  of  columns  for 
the  upper  stories. 

As  these  girders  are  51  in.  deep 
they  are  placed  at  the  third  floor 
level  in  place  of  the  second,  so  that  a 
spacious  appearance  might  be  given 
the  entrance  hall.  The  second  floor 
was  supported  by  means  of  hangers 
from  these   girders. 

At  the  fourth  floor  framing  of  the 
wing,  three  double  girders  of  40-ft. 
6-in.  "span  are  required  to  carry  the 
upper  office  floors  over  the  grand  hall 
and  other  large  spaces  for  theatre 
purposes.     These  girders  like  those  of 
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the  third  floor  are  not  built  up  box 
girders  but  consist  of  a  pair  of  60-in. 
single  web  girders  placed  close  to- 
gether. Upon  shoe  plates  riveted 
across  the  top  flanges  of  each  double 
girder  are  seated  two  intermediate 
columns. 

The  first  of  these  three  girders  is 
framed  into  the  flanges  of  two  col- 
umns. The  arrangement  of  the  other 
two  is  different.  At  the  inner  end  the 
60-in.  double  girder  is  seated  upon  an 
80-in.  girder  15  ft.  8  in.  long.  At  the 
outer  end  the  girder  is  framed  against 
the  web  of  a  108-in.  girder  15  ft.  8  in. 
long.  Two  columns  rest  upon  tho 
double  girder  and  a  third  in  line  with 
them  rests  upon  the  outer  girder.  This 
outer  girder  carries  the  intermediate 
columns  over  the  entrance  to  the 
balcony. 

Over  the  main  entrance  a  portal 
girder  of  33  ft.  span  and  7  ft.  depth 
was  placed  at  the  second  floor  level 
in  the  Euclid  Ave.  front.  This  girder 
carries  an  intermediate  column  and 
the  weight  of  the  front  wall. 

Steel  Construction  in  Theatre. — In 
the  theatre  proper  the  balcony  is  sup- 
ported by  a  steel  riveted  truss  of 
106-ft.  3-in.  span  c.  to  c.  of  bearing 
without  any  intermediate  columns. 
This  truss  is  very  shallow,  being  only 
9  ft.  10  in.  deep,  owing  to  it  having  to 
fit  between  the  ceiling  under  the  bal- 
cony and  the  sloping  floor  of  the  bal- 
cony. 

Where  the  curved  ends  of  the  bal- 
cony occur  two  diagonal  trusses  were 
used,  one  end  of  which  was  riveted 
to  the  main  truss  and  the  other  to  an 
interior  column.  These  trusses  were 
49  ft.  8  in.  by  6  ft.  7  in.  deep  and 
39  ft.  5  in.  by  5  ft.  6  in.  deep  re- 
spectively. The  main  truss  weighed 
11G  tons  and  the  diagonal  trusses  18 
and  14  tons.  All  were  shipped  com- 
plete as  no  field  splices  were  allowed. 

To  support  the  inclined  floor  of  the 
balcony,  long  cantilevered  concrete 
girders  were  used  having  one  end  an- 
chored to  the  wall  steel  framing  and 
the  other  seated  in  the  transverse 
truss.  Beyond  the  truss  the  girder 
had  a  projection  of  27  to  30  ft. 

To  support  the  wall  over  the  stage 
opening  a  66-in.  plate  girder  was  use! 
of  65  ft.  span,  from  which  a  suspended 
curved  angle  was  hung  to  carry  the 
curved  9-in.  brick  wall  directly  over 
the  proscenium  arch.  Another  65-ft. 
girder  72  in.  deep  was  used  near  the 
top  of  the  wall  to  carry  the  gridiron 
framing. 

A  feature  of  the  theatre  framing  is 


the  steel  roof  truss  of  120  ft.  6  in. 
span  with  steeply  inclined  chords. 
The  top  chord  is  unusual  as  it  is  com- 
posed of  two  15-in.  channels  riveted 
back  to  back  and  a  similar  channel 
with  legs  downward  riveted  upon  the 
top  flange.  The  rise  of  the  trusses 
is  20  ft.  and  they  are  spaced  18  ft. 
apart  and  connected  by  sway  bracing. 


Hints  to  Engineers  on  Finance 

Some  useful  suggestions  on  the 
above  subject  were  given  by  H.  W. 
Dubiske,  President  of  H.  W.  Dubiske 
&  Co.,  Philadelphia,  in  a  recent  ad- 
dress before  the  Philadelphia  Chap- 
ter, American  Association  of  Engi- 
neers. Extracts  from  the  address  fol- 
low: 

If  an  engineer  goes  to  a  banker  to- 
day for  a  loan  or  other  financial  as- 
sistance he  must  show  that  he  is 
a  sound  business  man  or  he  doesn't 
get  the  loan. 

Many  inventors  have  come  to  me  to 
get  assistance  in  financing  an  inven- 
tion, and  very  few  of  them  are  busi- 
ness men.  Many  inventors  think  that 
some  capitalist  will  steal  their  in- 
vention away  from  them.  They  are 
not  business  men  or  they  would  not 
think  that  way.  Most  invenors  think 
that  when  they  get  a  patent  they  have 
the  National  Cash  Register,  the  De- 
Long  Hook  &  Eye,  or  some  other 
wonderful  thing;  and  they  expect  to 
become  millionaires  in  a  day.  If  you 
go  to  a  banker  today  he  sits  down 
and  talks  with  you,  he  watches  you 
closely  meanwhile;  he  is  sounding 
your  knowledge  of  business  and  busi- 
ness methods;  he  investigates  you 
and  the  business  for  which  you  ask 
his  assistance  and  you  must  convince 
him  that  you  are  a  sound  business 
man  and  that  the  business  for  which 
you  are  soliciting  funds  is  a  going 
business. 

Many  of  the  great  corporations  of 
today  are  in  need  of  funds  and  are 
marketing  issues  of  stocks  or  bonds, 
the  bonds  to  have  a  fixed  maturity 
date,  but  the  stocks  are  retired  usual- 
ly at  the  convenience  of  the  issuing 
company.  The  usual  method  of  mar- 
keting stocks  is  to  issue  a  certain  pro- 
portion of  preferred  to  the  number 
of  shares  of  common  stock,  the  pre- 
ferred stock  to  be  retired  leaving  the 
common  stocks  on  the  market  or  in 
the  hands  o,f  the  investors. 

In  order  to  hold  a  big  position  in 
one  of  the  big  business  houses  or  big 
industries     of     today     the     engineer 
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should  have  a  business  education  to 
supplement  his  engineering  training, 
if  the  engineer  had  a  business  educa- 
tion he  would  realize  that  it  is  neces- 
sary to  sit  down  and  count  the  cost 
before  putting  his  pet  theories  into 
practice.  Too  many  business  houses 
have  tried  to  put  engineering  theories 
into  practice  without  counting  the 
cost  in  the  last  two  years  and  are 
no  more.  The  engineer  when  he 
gets  out  his  slide  rule  says  we  are 
dealing  with  facts  now;  but  I  tell 
you  the  facts  of  business  cannot  be 
figured  on  a  slide  rule. 

If  engineers  have  businesses  that 
need  financing  my  advice  is  to  get 
some  reputable  house  to  market  a 
stock  or  bond  issue,  preferably  a 
stock  issue  because,  with  a  bond  is- 
sue, you  may  not  be  able  to  pay  in 
full  at  the  maturity  of  the  bonds,  and 
you  are  in  the  same  position  you  were 
in  the  first  place;  whereas  with 
stocks  you  can  retire  them  at  your 
own  convenience. 

The  practice  of  buying  stock  has 
been  frowned  upon  by  the  so-called 
capitalist  because  of  the  risk  in- 
volved; but  today  the  stockholders 
of  any  big  enterprise  will  number  up 
into  the  thousands,  so  the  public  is 
really  the  capitalist  of  today.  The 
Pennsylvania  Railroad  has  one  hun- 
dred thousand  stockholders,  the  Amer. 
ican  Telephone  and  Telegraph  Co.  has 
two  hundred  thousand  stockholders, 
and  the  United  States  Steel  has  one 
hundred  twenty-five  thousand  stock- 
holders. 

Study  well  and  master  some  phase 
of  business  whether  it  be  industrial 
management,  finance,  or  salesman- 
ship, and  exercise  your  voting  privi- 
lege and  the  engineer  will  soon  reach 
that  position  in  society  to  which  his 
education  and  ability  entitles  him. 


Tests  of  Building  Stone 

During  the  past  month  tests  have 
been  conducted  by  the  U.  S.  Bureau 
of  Standards  on  6  samples  of  slate  for 
the  Superintendent  of  Public  Build- 
ings and  Grounds  and  on  4  samples 
the     Post      Office      Department. 


for 


Weathering  tests  have  also  been  con- 
ducted on  various  samples  of  lime- 
stone and  sandstone.  Part  of  this 
work  consists  of  actual  freezing  tests 
while  another  part  makes  use  of  the 
crystallization  of  common  salt  in  the 
pores  of  the  stone.  The  latter  is  of 
interest    in   practice   where    stone    is 


used  in  and  above  salt  water- and  also 
in  soils  that  carry  a  considerable 
amount  of  salts.  Attention  is  also 
being  given  to  the  relation  of  this  ac- 
tion to  actual  freezing,  since  it  offers 
the  possibility  of  determining  the 
weathering  qualities  of  stone  by  a 
simpler  method  than  that  of  actual 
freezing. 


Titanium   as  a  Steel  Alloy 

The  use  of  titanium  as  an  alloying 
element  for  steel  is  much  shrouded  in 
secrecy.      According    to     information 
supplied  to  the  U.  S.  Bureau  of  Mines, 
carbon-free    ferrotitanium     has     been 
employed   in   Europe   for   making   an 
electric  steel  containing  5    to    7    per 
cent  titanium.    Rumors  of  the  use  of 
titanium-alloy  steels    for    armor-plate 
have  been  circulated,  but  so  far  as  is 
known  to   the   Bureau,   no   mei'it  has 
been  found  in  the  addition  of  titanium 
to   steel  as  an  alloying  element,  and 
experiments  with  steel  containing  0.1 
to  1.0  per  cent  titanium  have  shown 
no   special   advantages.     A   more   in- 
terpretative investigation  than  any  so 
far  carried  out  is  required  to  distin- 
guish more   clearly  the  merits   of  ti- 
tanium-alloy  steels,    and   it    must   be 
assumed  now,  pending  exact  proof  to 
the   contrary,   that  the    steels   are  of 
no  particular  value,  or  at  least  yield 
no  advantages  not  provided  by  other 
steels.    It  is  rather  difficult  to  get  the 
carbon-free  ferrotitanium  to  alloy  with 
steel  without  much  loss  of  titanium, 
and  this  fact,  coupled  with  the  high 
price    of    the    carbon-free     alloy    has 
tended  to  discourage  experimentation 
by  steel  makers  in  this  direction.     It 
is  possible,  however,  that  if  the  cost 
were  less,   some   combination  of  tita- 
nium,   either    alone     or     with     other 
metals,  might  produce  valuable  steels 
for  some  purposes,    and    experiments 
need  to  be  carried  out.     Titanium  in- 
creases the  hardness  of  steel,  and  ex- 
periments   on    titanium     steels     have 
been    made    by    Guillet,     Braun     and 
Lamort.    It  has  been  shown  recently 
by  G'illet  and  Mack  in  Bulletin  199  of 
the  Bureau  of  Mines  that  fair  recov- 
eries  may  be   expected   with   carbon- 
free  ferro-titanium,  provided  the  alloy 
is  added  at  the  end  of  the  heat  and 
the  steel  is  very  hot.     Complex  iron- 
chromium-titanium    alloys   have   been 
patented  for  use  in  making  chromium 
steels — for  example,  55  to  75  per  cent 
chromium,  5  per  cent  titanium,  5  to  10 
per  cent  carbon,  and  34  to  10  per  cent 
iron. 
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General   Principles  and  Examples  of   Unusual  Procedure   Described 

in  Paper  Presented  Oct.  18  Before  Boston  Society 

of  Civil  Engineers 

By  LEWIS  E.  MOORE, 

Consulting     Engineer,     73     Tremont     St.,  Boston,   Mass. 


Perhaps  the  most  important  ques- 
tion that  arises  in  considering  the 
strengthening  of  an  old  bridge  is 
what  loads  the  bridge  will  actually 
be  called  upon  to  carry.  In  the  de- 
sign of  a  new  bridge  this  question  is 
not  so  important  because  the  current 
practice  which  requires  new  struc- 
tures to  carry  from  80  to  100  lbs.  per 
square  foot,  together  with  a  heavy 
load  concentration  such,  for  instance, 
as  a  20-ton  truck,  will  adequately  pro- 
vide for  all  usual  traffic  conditions 
with  a  considerable  margin  for  future 
increase  in  loads. 

New  bridges  should  not  be  designed 
to  take  care  of  very  occasional  unusu- 
al heavy  loads  such  as  steam  shovels 
and  other  equipment  because  it  is  not 
justifiable  to  spend  public  funds  to 
accommodate  occasional  very  heavy 
loads  that  are  entirely  out  of  the 
run  of  ordinary  traffic.  It  is  usually 
easy  to  lay  skids,  which  will  serve 
to  distribute  these  very  heavy  loads 
and  so  make  it  safe  to  move  them 
over  the  structure.  Such  provision 
should  be  made  wholly  at  the  expense 
of  the  man  who  desires  to  move  the 
unusual  load. 

Another  type  of  the  load  problem 
may  arise  where  an  old  bridge  is  op- 
erated under  traffic  restrictions.  A 
case  in  point  is  the  Slade's  Ferry 
Bridge  over  the  Taunton  River  at  Fall 
River,  Mass.  This  bridge  has  two  decks, 
the  upper  one  carrying  electrified 
steam  railroad  tracks  and  the  lower  one 
carrying  a  highway  with  two  trolley 
tracks.  The  electrified  steam  road 
traffic  consists  of  light  cars  run  in 
trains  of  two  or  three.  The  restric- 
tions on  the  bridge  were  based  on 
the  capacity  remaining  for  highway 
traffic  when  a  steam  operated  freight 
train  was  on  the  bridge.  After  the 
restrictions  had  been  in  force  for 
years  someone  woke  up  to  the  fact 
that  the  steam  train  crossed  the 
bridge  only  twice  a  day,  at  about  2  a. 
m.,  and  4  a.  m.,  and  that  all  other 
times  the  railroad  load  was  so  light 
that  the  highway  traffic  restrictions 
could  be  practically  removed. 

Specified  Loadings. — Before  the  ad- 


vent of  the  motor  truck,  specifications 
for  bridges  generally  provided  for  a 
distributed  load  of  anywhere  from 
60  to  100  lbs.  per  square  foot,  and  a 
concentrated  load  consisting  either  of 
a  heavy  wagon  or  a  steam  roller, 
weighing  anywhere  from  10  to  15  tons. 
Very  rarely  was  a  single  load  greater 
than  15  tons  provided  for.  The  ad- 
vent of  motor  transportation  produced 
different  conditions  of  loading.  To 
meet  these  conditions  heavier  concen- 
trated loads  are  provided  in  new  speci- 
fications, but  not  much  heavier  dis- 
tributed loads. 

The  specifications  of  the  Massachu- 
setts Public  Utilities  Department 
provide  for  a  20-ton  motor  truck, 
which  is  supposed  to  be  heavy  enough 
to  take  care  of  almost  any  load  that 
may  come  on  the  bridge.  This  load 
is  not  yet  commonly  met  with.  With- 
in my  own  experience  in  the  last  two 
years  a  truck  has  been  operated  in 
the  city  of  Lowell  weighing  about  22 
tons.  The  average  is  considerably 
under  that  and,  as  a  matter  of  fact, 
15  tons  is  not  often  exceeded.  There 
are  certain  trucks  regularly  carrying 
cotton  from  Boston  to  New  Bedford 
and  Fall  River  which  weigh  16  tons. 

In  studying  old  bridges  inexperi- 
enced engineers  are  very  apt  to  take 
the  latest  specification  for  highway 
bridges  which  they  can  obtain,  and 
study  the  bridge  with  reference  to 
the  design  loads  provided  in  these 
specifications.  If  it  is  incapable  of 
carrying  the  heavy  loads  now  speci- 
fied for  new  designs  they  condemn 
it  and  quite  commonly  recommend 
that  a  new  bridge  should  be  built. 
This  is  by  no  means  always  necessary. 

There  are  a  large  number  of  bridges 
throughout  the  country  which,  be- 
cause of  the  increasing  amount  and 
changed  character  of  loads  on  the 
highways,  now  appear  to  be  absolete 
and  nearly  useless.  It  is  often  pos- 
sible, however,  by  careful  considera- 
tion and  planning,  to  get  a  number  of 
years'  additional  service  out  of  such 
old  structures  at  a  moderate  cost. 
The  first  element  to  consider  is  that 
of  actual  loads. 
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Actual  Loads  from  Automobile 
Traffic— I  have  a  few  facts  with  re- 
gard to  actual  loads  from  automobile 
traffic  to  present.  My  own  car 
weighs,  ready  for  the  road,  without 
passengers,  3290  lb.,  with  five  passen- 
gers it  weighs  about  4000  lb.  It  is  5 
ft.  6  in.  wide  and  15  ft.  long  over  the 
bumpers,  and  so  covers  an  area  of  a 
little  over  80  sq.  ft.  Four  thousand 
pounds  distributed  over  an  area  of  80 
sq.  ft.  gives  just  50  lb.  per  square  foot. 
A  certain  seven-passenger  touring 
car  of  a  different  make  weighs  3800 
lb.,  without  passengers.  With  seven 
passengers,  ready  for  the  road,  it 
would  weigh  about  5000  lb.  Being  18 
ft.  long  over  bumpers,  it  covers  a 
roadway  area  of  practically  100  sq. 
ft.,  which  again  gives  a  weight  of  50 
lb.  to  the  square  foot.  Ford  cars, 
which  constitute  the  majority  of  tho^e 
met  on  the  road,  weigh  considerably 
less  per  sq.  ft.  If  it  were  possible 
to  pack  a  roadway  full  of  automo- 
biles touching  each  other  on  all  sides 
you  would  get  then  an  average  load 
of  about  50  lb.  per  square  foot  with 
occasional  heavier  concentrations, 
due  to  trucks.  As  a  matter  of  fact, 
such  a  loading  is  rarely,  if  ever,  met 
with. 

The  actual  average  loading  over 
the  whole  roadway  may  be  arrived 
at  by  considering  traffic  on  congested 
city  streets.  In  this  case  the  number 
of  lines  of  traffic  must  be  considered 
in  order  to  get  the  average  load  per 
square  foot.  At  an  instance,  consider 
the  double  deck  bascule  bridge  on 
Michigan  Avenue  in  Chicago.  The  top 
roadway  is  50  ft.  wide  and  I  can 
safely  state,  having  observed  the 
bridge  immediately  after  an  opening, 
that  six  lines  of  traffic  are  all  that 
can  be  accommodated.  For  example, 
the  cars  I  referred  to  previously 
weigh  270  lb.  per  foot  of  length.  Six 
lines  of  them  would  weigh  1620  lb. 
per  lineal  ft.  The  average  weight  per 
square  foot  of  roadway  is  obtained 
by  dividing  1620  by  the  width  of  the 
roadway  or  54  ft.  This  gives  30  lb. 
rer  square  foot  as  an  average.  This 
assumes  that  the  cars  are  touching 
fore  and  aft,  but  not  on  the  sides. 

Beacon  street,  Boston,  alongside  the 
Common,  averages  about  40  ft.  wide, 
as  measured  from  a  city  atlas.  It 
accommodates  only  four  line  of  traf- 
fic. Multiplying  four  by  270  and  di- 
viding by  40  gives  27  lb.  per  square 
foot  on  the  assumption  that  each  car 
is  touching  the  next  preceding  one. 
Beacon  street,  between  Park  and  Tre- 


mont,  is  only  about  25  ft.  wide  and 
will  only  accommodate  three  lines  of 
cars.  Multiplying  3  by  270  and  di- 
viding by  25  gives  32  lb.  per  square 
foot. 

Some  passenger  cars  are  heavier 
than  those  above  mentioned,  but  this 
is  offset  by  the  fact  that  cars  do  not 
touch  each  other,  front  and  rear,  as 
they  are  proceeding  along  the  road, 
so  that  the  length  assigned  to  a  car 
in  the  above  discussion  is  actually 
too  small.  It  would  appear  then  that 
the  present  type  of  passenger  cars 
will  give  an  average  load  concentra- 
tion on  a  roadway  not  greater  than 
30  or  at  most  35  lb.  per  square  foot. 
My  own  belief  is  that  the  smaller  fig- 
ure is  more  nearly  correct. 

Utilizing  Excessive  Live  Load 
Capacity.  —  Now  suppose  we  have 
an  old  bridge  designed  for  say 
80  lb.  per  square  foot  live  load, 
in  adition  to  sufficient  capacity 
to  carry  its  own  dead  load.  If 
you  subtract  the  average  actual 
live  load  of  30  lb.  per  square  foot 
from  the  80  lb.  live  load  capacity, 
you  will  have  50  lb.  per  square  foot 
left,  which  may  be  regarded  as  ex- 
cess live  load  capacity  over  and  above 
the  actual  requirements  of  traffic.  A 
considerable  proportion  of  this  50  lb. 
per  square  foot  excess  capacity  can 
be  used  to  add  material  which  will 
strengthen  the  bridge.  In  the  case  of 
an  old  structure,  it  is  certainly  good 
judgment  to  do  this,  provided  the 
cost  of  such  repairs  is  less  than  the 
cost  of  a  new  structure.  It  is  poor 
economy  to  throw  away  a  bridge, 
when  at  a  moderate  cost  some  of  its 
excess  live  load  capacity  can  be  used 
to  strengthen  it.  In  these  days  of 
high  taxes  the  taxpayers  cannot  afford 
to  have  their  money  spent  in  building 
new  structures  unless  the  economic 
conditions  affecting  the  bridge  under 
consideration  warrant  a  new  struc- 
ture. 

The  motor  truck  must  not  be  lost 
sight  of,  but  as  a  general  proposition 
all  that  is  required  is  to  design  the 
floor  strengthening  so  as  to  care  for 
the  concentration  which  it  may  pro- 
duce at  any  given  point. 

Elimination  of  Vibration  in  Old 
Bridges. — Sometimes  old  bridges  are 
condemned  because  of  their  vibration 
under  modern  loads.  I  know  by  ex- 
perience that  pro<per  strengthening 
will  practically  eliminate  this  difficul- 
ty. Old  bridges  are  sometimes  con- 
demned because  they  have  some  cer- 
tain type  of  detail.     For  instance,  the 
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hanger  used  in  suspending  floor  beams 
from  pin  trusses  is  quite  often  the 
cause  of  condemning  an  old  struc- 
ture. I  have  examined  thousands  of 
bridges,  many  of  them  with  hangers, 
and  while  I  have  found  hangers  im- 
properly adjusted  and  without  suffi- 
cient provision  for  transference  of 
load  from  floor  beam  to  hanger,  I 
have  yet  to  find  a  broken  hanger  of 
this  type.  I  venture  to  say  that  such 
broken  hangers  are  much  less  fre- 
quently met  with  than  are  cracked 
riveted  connections.  Bridges  with  this 
detail  can  often,  by  a  little  judicious 
strengthening  of  the  detail  connecting 
the  hanger  to  the  floor  beam,  be  made 
sufficiently   strong   for   modern   loads. 

I  have  a  few  instances  which  illu- 
strate what  may  be  done  in  strength- 
ening old  bridges.  The  first  one  is 
a  small  bridge  involving  many  of 
these  points  mentioned  above.  It  has 
a  span  of  127  ft,  with  trusses  spaced 
only  13  ft.  on  centers,  and  is  located 
in  the  city  of  Northampton.  Traffic 
over  it  is  not  heavy,  though  occasion- 
ally a  heavy  truck  uses  it.  The  bridge 
is  of  wrought  iron,  built  some  time 
prior  to  1885.  All  of  the  tension 
members  are  loop-rods.  Many  of  the 
details,  particularly  of  the  top  lateral 
system,  would  not  be  used  today. 
Careful  inspection  showed  that  all 
parts  were  in  good  condition.  The 
floor  consisted  of  iron  floor  beams 
with  wooden  stringers  and  a  3-in. 
wooden  plank  floor.  A  Ford  car  pass- 
ing over  the  bridge  would  cause  a 
tremendous  vibration  and  rattling  of 
the  structure.  As  it  then  stood,  I  lim- 
ited the  loads  on  it  to  two  tons,  but 
after  a  little  study  decided  that  it 
would  not  pay  to  throw  away  the  old 
bridge.  Traffic  conditions  were  such 
that  there  never  would  be  any  neces- 
sity for  a  wider  roadway.  The  bridge 
was  apparently  originally  designed  for 
80  lb.  per  squart  foot  live  load  and 
the  dead  load  amounted  to  about  30 
lb.  per  square  foot.  After  strengthen- 
ing, the  total  dead  load  was  about  60 
lb.  per  square  foot,  which  absorbed 
30  of  the  80  and  so  left  50  lb.  per 
square  foot  live  load  capacity.  The 
individual  details  are  such  that  it  will 
also  carry  a  single  20-ton  truck. 

The  strengthening  consisted  of  put- 
ting in  new  hangers,  new  steel  floor 
beams,  new  steel  stringers  and  a  4-in. 
concrete  slab  floor.  It  was  imprac- 
ticable to  connect  the  laterals  at  the 
bottom  of  the  posts  without  incurring 
considerable  expense.  Inasmuch  as 
the  concrete  slab  floor,  when  complet- 


ed, would  render  a  lateral  system  un- 
necessary, I  decided  to  attach  the  lat* 
eral  system  to  the  bottoms  of  the 
outer  stringer  at  points  close  to  the 
floor  beams  and  to  make  them  of  rods 
with  threaded  ends.  A  nut  at  each 
end  served  to  tighten  the  lateral 
enough  to  hold  it  in  place  and  stiffen 
the  bridge  laterally  until  the  floor 
slab  was  completed.  In  handling  this 
job  in  the  field,  we  took  out  not  over 
two  panels  of  the  floor  system  and 
laterals  at  a  time  in  order  to  prevent 
the  bridge  from  collapsing  sidewise. 

The  design  of  the  parapet  is  novel. 
In   most  highway  bridges  one   of  the 
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Lattice    Truss   Spans. 


sources  of  serious  trouble  is  the  ac- 
cumulation of  dirt  and  debris  on  the 
bridge  seats.  This  is  rarely  swept 
off  and  usually  rusts  out  the  points  of 
support.  The  parapet  was  designed 
to  eliminate  this  difficulty.  In  prin- 
ciple it  consists  of  building  a  parapet 
whose  coping  is  at  the  same  height 
as  the  top  of  the  curb  and  which  ex- 
tends a  sufficient  distance  beyond  the 
trusses  to  adequately  protect  them 
from  dirt  and  debris.  The  parapet  is 
notched  out  at  the  right  height  to 
support  the  floor  slab,  together  with 
its  curbs.  The  floor  slab,  when  it  is 
poured,  must  be  prevented  from 
bonding  to  the  parapet.  The  strength- 
ening entirely  eliminated  the  vibra- 
tion. The  total  cost  was  $3,778.50, 
about  $2.29  per  square  foot. 

Method  of  Strengthening  Two  Lat- 
tice Truss  Spans. — Another  type  of 
bridge  strengthening  which  possesses 
some  unusual  features  and  may  be  of 
interest  was  that  of  two  lattice  truss 
spans  160  ft.  long,  (Fig.  1).  The 
town  having  charge  of  the  mainten- 
ance of  this  bridge  found  it  necessary 
to  replace  the  existing  wooden  floor 
and  decided  to  replace  it  by  pre-cast 
concrete  slabs  resting  on  the  string- 
ers. After  the  slabs  were  cast,  cer- 
tain questions  were  raised  which  re- 
suited  in  my  being  brought  into  the 
matter.  After  careful  study  of  the 
situation,  I  made  up  my  mind  that  the 
best  course  to  pursue  was  to  place 
the    pre-cast    slabs    as    planned    and 
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strengthen  the  floor  system  by  placing 
intermediate  floor  beams  in  the  cen- 
ter of  each  panel.  These  floor  beams 
were  riveted  to  the  trusses  at  their 
ends  and  supported  by  new  hangers 
connected  to  the  intersections  of  the 
truss,  which  was  a  quadruple  system 
lattice  girder.  The  collision  struts 
at  the  ends  of  the  trusses  were  the 
only  original  truss  members  which  re- 
quired strengthening.  Stiffeners  were 
riveted  to  the  stringers  at  their  cen- 
ters and  they  were  blocked  up  on 
the  new  floor  beams  by  steel  shims 
about  3  in.  in  height.  The  reason  for 
making  these   shims   so   deep  was  to 


Method  of  Strengthening  Bridge  at 
Holyoke,  Mass. — Figure  2  shows  an 
entirely  different  type  of  strengthen- 
ing which  was  first  installed  in  a 
bridge  in  Holyoke  in  1914.  The  bridge 
consisted  of  two  spans  of  very  light 
continuous  trusses  over  a  water-power 
canal.  The  ice  froze  on  one  side  of 
the  stone  masonry  pier,  with  the  re- 
sult that  occasionally  it  would  tip  3 
or  4  in.  out  of  line.  After  the  ice  was 
melted,  or  cut  away  from  the  pier, 
it  would  settle  back  to  its  original  po- 
sition. This  movement  of  the  pier 
would  damage  the  truss  whenever  it 
occurred.     Because  of  the  conditions, 
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Fig.    2 — Method    of    Strengthening    Bridge      at   Holyoke,   Mass. 


allow  the  existing  lateral  system  to 
pass  over  the  new  floor  beams  with- 
out disturbance.  There  was  one  trol- 
ley track  on  the  bridge  near  one  truss. 
This  method  of  strengthening  not  only 
doubled  the  strength  of  the  stringers 
for  concentrated  loads,  but  also  re- 
lieved each  existing  floor  beam  of 
nearly  half  of  its  dead  load,  thereby 
increasing  its  live  load  capacity.  The 
construction  recommended  for  the 
street  railway  track  was  steel  ties 
with  rails  fastened  to  them  and  con- 
crete slabs  poured  in  place.  This 
construction  was  afterwards  modified 
for  reasons  which  had  nothing  to  do 
with  the  engineering  feature  of  the 
situation. 

Using  a  live  load  of  68  lb.  per  square 
foot  with  a  single  20-ton  truck  and  a 
50-ton  trolley  car  placed  anywhere, 
the  top  chord  would  be  overstressed 
in  the  center  panel  13  per  cent,  and 
one  of  the  tension  diagonals  would  be 
overstressed  the  same  amount.  In- 
asmuch as  it  is  doubtful  if  the  aver- 
age load  on  the  highway  ever  exceeds 
30  lb.  per  square  foot,  it  is  probable 
that  the  bridge  is  never  actually  over- 
stressed  at  all. 


trolley   traffic   was   discontinued   over 
the  bridge. 

I  was  asked  by  City  Engineer  Mc- 
Carthy to  suggest  a  means  of 
strengthening  the  bridge  so  that  trol- 
ley traffic  could  be  resumed.  I  sug- 
gested taking  out  the  wooden  string- 
ers under  the  trolley  track  and  sub- 
stituting 15-in.  Bethlehem  girder 
beams,  which  would  extend  unbroken 
from  each  abutment  to  the  center 
pier.  Such  beams  are  strong  enough 
to  support  a  30-ton  trolley  car  over 
the  full  span  of  50  odd  feet.  The 
deflection  of  the  beams  alone,  under 
such  conditions,  figures  about  2  in., 
but  the  actual  effect  of  such  beams 
is  to  distribute  the  load  between  the 
different  floor  beams  and  the  longi- 
tudinal beams  themselves.  The  act- 
ual result  is  that  there  is  very  little 
deflection,  but  a  very  great  stiffening 
of  the  structure.  A  parapet  was  built 
on  the  center  pier,  thoroughly  an- 
chored to  the  bridge  seat,  as  shown, 
and  the  girder  beams  were  butted 
against  this  wall  and  also  solidly 
against  the  parapet  walls  of  the  abut- 
ment, no  room  being  left  for  expan- 
sion.    The    effect   was   that   the   pier 
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never  tipped  again;  the  bridge  was 
stiffened  enough  so  that  there  was 
no  perceptible  deflection  under  trolley 
car  traffic;  and  truck  drivers  used  it 
in  preference  to  other  bridges  over 
the  same  canal  because  of  its  stiff- 
ness. The  cost  of  this  work,  which 
was  done  in  1914,  was  about  $1,200. 
The  same  scheme  has  been  Used  in 
other  places  with  similarly  good  re- 
sults. In  one  case  it  was  applied  to 
a  wooden  truss  bridge  with  very  satis- 
factory results. 

Method  of  Strengthening  Bridge 
Under  Street  Railway  Tracks. — An  en- 
tirely different  problem  was  presented 
in  the  case  of  two  spans,  one  a  truss 
about  90  ft.  long  and  the  other  a 
girder  about  40  ft.  long  (Fig.  3).  This 
is  a  highway  bridge  with  one  street 
railway  track  at  one  side  of  the  road- 
way. The  bridge  itself  consisted  of 
very  light  sections,  very  badly  cor- 
roded, and  beyond  the  possibility  of 
strengthening  in  its  entirety  at  any 
reasonable  cost.  The  street  railway 
company,  however,  was  desirous  of 
strengthening  its  track. 

Apparently  the  existing  bridge  had 
been  preceded  by  three  spans,  prob- 
ably of  wooden  stringers,  as  the  debris 
of  the  old  pier  is  still  in  existence  in 
the  middle  of  the  truss  span.  There 
is  considerable  heavy  rip-rap  around 
the  existing  pier.  This  rip-rap  and 
debris  of  the  old  pier  are  above  the 
water  level  at  most  times  and  have 
not  altered  their  position  in  the  last 
12  years,  to  my  own  knowledge.  I 
therefore  decided  to  build  a  small 
concrete  pier  on  the  debris  of  the 
old  one,  two  small  buttress  piers  on 
the  rip-rap  around  the  existing  pier 
and  to  notch  out  the  existing  masonry 
in  the  abutments  for  new  bridge 
seats,  all  with  the  purpose  of  placing 
longitudinal  girders  beneath  the  ex- 
isting stringers  and  transferring  the 
load  on  the  stringers  to  these  girders, 
thus  relieving  the  highway  bridge  of 
any  responsibility  for  street  railway 
loads. 

The  street  railway  stringers  of  the 
highway  bridge  are  directly  supported 
>n  new  H's;  extending  crosswise 
from  one  girder  to  the  other.  These 
['s  are  so  located  that  they  break 
up  the  individual  stringer  spans  so 
that  instead  of  being  about  15  ft.,  they 
become  not  more  than  6  ft. 

Some  will  undoubtedly  criticize  the 
)lacing  of  piers  on  debris  and  on 
rip-rap,  as  is  done  here,  but  it  should 
be  borne  in  mind  that  this  debris  has 
been    unchanged   for   years   and   that 


even  in  the  unlikely  event  of  a  wash- 
out of  one  of  these  piers,  the  old 
structure  would  still  be  there  on  its 
old  supports.  In  this  case  I  do  not 
think  that  there  would  be  any  eco- 
nomical justification  for  going  below 
the  debris  or  rip-rap  in  order  to  ob- 
tain theoretically  better  foundations 
for  the  new  masonry. 

The  new  girders  are  placed  by  slid- 
ing them  in  sidewise  on  the  piers  and 
abutments  and  then  jacking  them  up 
until  the  new  H's  bear  on  the  under 
side  of  the  old  stringers.    Castings  are 


\    y   v    /    v 


Dotted  lines  show  old  steel. 


Fig.    3 — Method    of    Strengthening    Bridge 
Under  Street  Railway  Tracks. 

then  put  on  the  abutments  and  piers 
underneath  the  girders  to  carry  them. 
These  castings  are  about  15  in.  deep 
in  this  case. 

The  above  are  a  few  illustrations  of 
rather  unusual  methods  of  strength- 
ening, each  one  of  which  was  intend- 
ed to  be  adapted  not  only  to  the  pure- 
ly engineering,  but  also  to  the  eco- 
nomic requirements  of  the  situation. 


Bridge  Construction  by  Indiana 
Highway  Commission. — In  the  3% 
years'  existence  of  the  Indiana  state 
highway  department,  148  bridges  have 
been  built  on  highways  included  in  its 
system  at  a  total  cost  of  $1,627,000,  a 
report  of  William  J.  Titus,  chief 
bridge  engineer,  shows.  The  federal 
government  paid  half  the  cost  of 
eighty ?one  of  the  bridges  or  half  of 
a  total  cost  of  $908,945.14,  it  is  shown. 
The  state  alone  constructed  sixty-five 
structures,  at  a  cost  of  $425,601.34. 
In  1922,  the  report  points  out,  the 
state  highway  department  had  under 
construction  fifty-five  federal  aid 
bridges  and  fifty-eight  other  bridges, 
the  total  contract  cost  of  which  was 
$555,099.42.  Of  this  number,  thirty- 
four  federal  aid  bridges  and  thirty  of 
the  other  bridges  were  completed  dur- 
ing the  year.  A  total  of  $566,701.84 
was  spent  by  the  department  on 
bridge  construction  during  1922,  it  is 
shown,  as  compared  with  $559,359.06 
in    1921    and    $78,063.     in    1920, 
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Index  Numbers  of  Wholesale  Prices  January,  1913, 
to  November,  1922 


The  accompanying  tabulation  shows 
the  revised  index  numbers  of  whole- 
sale prices  by  groups  of  commodities 
as  computed  by  the  U.  S.  Bureau  of 
Labor  Statistics. 

The  group  of  miscellaneous  com- 
modities includes  such  important  ar- 
ticles as  leather,  cottonseed  meal,  lub- 
ricating oil,  jute,  rubber,  newsprint 
and  wrapping  paper,  rope,  soap, 
starch,  tobacco,  Manila  hemp,  sisal 
and  wood  pulp.  The  commodities, 
composing  the  other  groups,  are  as 
indicated  by  the  titles. 

The  new  index  numbers  and  the  fol- 
lowing explanations,  are  from  Bureau 
of  Labor  Statistics,  Form  1531: 

The  weighing  of  the  process  used 
in  constructing  the  index  numbers  for 
the  different  groups  of  commodities 
by  the  new  1919  census  figures  of  pro- 
duction, instead  of  the  1909  data  used 

REVISED    INDEX    NUMBERS    OF    WHO 
MODITIES    AND    BY    MONTHS, 


in  preceding  reports,  conforms  to  the 
plan  contemplated  by  the  Bureau  at 
the  inception  of  its  weighted  index 
number  system  in  1914  of  revising  the 
weighting  factors  every  ten  years  as 
new  census  information  should  be- 
come available.  All  computations  have 
been  carried  back  to  1913  in  order  to 
insure  comparability  of  the  figures 
and  also  to  provide  a  prewar  standard 
for  measuring  wholesale  price 
changes. 

The  following  table  gives  the  re- 
vised index  numbers  for  the  several 
commodity  groups  from  January,  1913, 
to  the  latest  month  for  which  com- 
plete information  is  available.  For 
comparison  with  the  new  series,  the 
old  general  index  of  all  commodities 
is  shown  in  the  last  column  of  the 
table.  Publication  of  the  old  series 
was  suspended  with  the  April,  1922, 
figures. 

LESALE  PRICES,  BY  GROUPS  OP  COM- 
1913    TO    1922    (1913    EQUALS    100). 

All  com- 
modities. 


L913    100 

January    98 

April     99 

July    99 

October    103 

1914    103 

January   103 

April     102 

July    103 

October   101 

1915     104 

January     104 

February    105 

March     104 

April    104 

May     105 

June    101 

July    104 

August     103 

September    101 

October    106 

November    104 

December    105 

1916   123 

January    110 

February    110 

March    Ill 
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May    115 

June    114 

July    117 

August   125 

September   131 

October    136 

November    147 
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1917    190 
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Efficiency  of  Various  Kinds 
of  Ventilating  Ducts 

A  study  of  the  uniformity  of  air 
distribution  attained  with  ventilating 
ducts  of  various  designs  has  been 
made  recently  by  C.  E.  A.  Winslow, 
Professor  of  Public  Health  at  Yale 
School  of  Medicine,  and  Leonard 
Greenburg,  Assistant  Sanitary  Engi- 
neer, U.  S.  Public  Health  Service. 
The  results  were  given  by  Messrs. 
Winslow  and  Greenburg  in  Public 
Health  Reports.  A  reprint  (No.  773) 
of  their  contribution  has  been  issued 
by  the  U.  S.  Public  Health  Service, 
from  which  the  notes  following  have 
been  taken. 

Earlier  English  Experiments.— The 
Second  Report  of  the  English  Depart- 
mental Committee  appointed  to  in- 
quire into  the  ventilation  of  factories 
and  workshops  (London,  1907)  pre- 
sented highly  suggestive  researches 
on  the  effect  of  the  design  of  ventilat- 
ing ducts  upon  the  uniformity  of  air 
distribution.  The  studies  of  the  com- 
mittee demonstrated  that  it  is  diffi- 
cult to  secure  good  distribution  with 
branch  ducts  constructed  at  right 
angles  to  the  main  duct,  but  that  it 
is  easy,  by  inclining  the  branch  ducts 
at  an  angle  of  30 °,  to  attain  a  fairly 
uniform  air  flow  at  all  points.  Another 
point  brought  out  by  these  English 
experiments — the  influence  of  tapered 
as  compared  with  untapered  main 
ducts — appears  to  have  attracted  less 
general  notice.  In  regard  to  exhaust 
ducts,  the  appendix  to  the  second  re- 
port of  the  departmental  committee 
states  that  "the  effect  of  substituting 
a  tapered  for  a  uniform  parallel-sided 
main  duct  was  always  to  exaggerate 
the  difference  in  air  flow  through  the 
different  branch  ducts  or  openings. 
For  example,  the  currents  through 
ducts  A  and  D  were  as  1  to  1%  with 
the  uniform  air  duct,  but  as  1  to  2 
with  the  tapering  air  duct.  A  main 
exhaust  air  duct  tapering  toward  the 
far  end  is  thus  not  merely  of  no  use 
in  helping  to  equalize  the  flow  through 
the  branch  air  ducts,  but  its  influence, 
if  any,  is  distinctly  harmful,  as  might, 
indeed,  have  been  predicted  on  pure- 
ly theoretical  grounds." 

With  plenum  supply  ducts  and 
branch  ducts  set  at  right  angles  to 
the  main  duct,  a  tapered  main  duct 
gave  better  results  than  a  straight- 
sided  main  duct,  as,  with  the  untap- 
ered main  duct  and  right  angled 
branches,  the  outlets  near  the  fan 
showed  a  relatively  low  air  velocity; 


but  with  properly  designed  branch 
outlets  inclined  at  an  angle  of  30°  the 
straight-sided  main  duct  was  again 
better  than  a  tapered  duct. 

It  seems  probable  that  the  original 
reason  for  tapering  the  main  ducts  in 
a  system  of  exhaust  or  plenum  venti- 
lation was  to  save  material.  However, 
there  has  gradually  grown  up  among 
ventilating  engineers  a  feeling  that 
tapering  is  essential  for  good  distribu- 
tion. As  stated  in  the  English  report, 
"It  has  come,  however,  to  be  common- 
ly considered  that  the  real  essential 
of  success  in  obtaining  a  uniform  flow 
of  air  is  the  tapered  form  of  the  main 
duct."  In  practice  we  often  find  main 
ducts  elaborately  tapered  when  the 
extra  cost  of  workmanship  must  more 
than  balance  the  saving  in  materials. 
There  appeared,  therefore,  to  be  good 
reason  for  repeating  the  work  of  the 
English  investigators  to  determine  on 
a  somewhat  more  exhaustive  scale  the 
true  efficiency  of  straight-sided  and 
tapered  ducts  from  the  standpoint  of 
distribution;  and  the  study  here  re- 
ported was  planned  with  that  end  in 
view. 

Description  of  American  Experimen- 
tal Plant. — The  experimental  plant 
consisted  of  two  ducts,  a  tapered  and 
an  untapered  one.  Both  main  ducts 
were  22  ft.  10  in.  long  and  were  placed 
side  by  side  on  wooden  supports.  At 
the  upper  end  they  were  joined  by  a 
Y-branch>  at  which  point  a  damper 
was  so  placed  that  the  air  could  be 
shut  off  from  either  duct  at  will.  The 
single  leg  of  the  Y  was  connected 
by  means  of  a  tube  6  ft.  long  to  a  45- 
in.  steel  plate  planing-mill  fan  ar- 
ranged so  as  to  blow  air  into  the 
ducts.  The  fan  was  driven  by  a  con- 
stant speed  electric  motor.  Proper 
control  apparatus  was  provided  by 
means  of  which  the  motor  speed  could 
be  varied  at  will.  It  will  be  observed 
from  the  figure  that  each  duct  was  1 
ft.  4  7/16  in.  square  at  its  beginning, 
the  tapered  duct  being  finally  reduced 
to  6  in.  square  at  the  further  end. 
Both  main  ducts  were  provided  with 
six  branch  pipes,  five  on  the  side  and 
one  at  the  far  end  (numbered  1-6). 
In  designing  the  tapered  duct,  the 
plan  was  to  provide  a  main  duct  of 
cross  sectional  area,  25  per  cent  in 
excess  of  the  sum  of  the  branch  areas 
from  any  point  to  the  end  of  the  duct. 
All  of  the  branch  pipes  were  6  by  6 
in.  in  cross  section  and  entered  the 
main  duct  at  an  agle  of  30°.  Ports 
were  also  placed  at  five  points  in  the 
side  of  the  duct  for  the  study  of  direct 
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discharge  (or  exhaust)  without  slant- 
ing branch  ducts  (designated  as  A-F). 
At  the  upper  end  of  each  duct  there 
was  also  placed  a  large  handhole  8 
by  12  in.,  as  shown.  All  of  the  branch 
pipes,  the  ports,  and  the  handhole 
were  provided  with  sliding  dampers. 
All  joints  in  the  ducts,  branches,  and 
dampers  were  designed  and  construct- 
ed with  care  so  as  to  insure  the  ap- 
paratus being  air-tight. 

In  the  third  and  fourth  series  of  ex- 
periments reported  below,  the  straight 
leg  of  the  Y  originally  connecting  with 
the  discharge  outlet  of  the  fan  was 
connected,  instead,  to  the  inlet  of  the 
fan  by  an  S-shaped  bend  so  that  the 
apparatus  could  be  used  as  an  ex- 
haust  system. 

Method  of  Making  Observations. — 
The  apparatus  was  adjusted  for  mak- 
ing observations  by  closing  the  ports 
and  the  handhole  on  the  duct  under 
observation,  and  fully  opening  the 
dampers  on  its  branch  pipes  or  by 
closing  the  dampers  on  branch  pipes 
and  leaving  the  lateral  ports  in  the 
main  duct  open.  The  motor  speed 
was  then  set  and  the  damper  between 
the  two  main  ducts  was  so  adjusted 
as  to  give  the  desired  average  velo- 
city. The  velocity  of  discharge  (or 
exhaust)  was  determined  by  means 
of  a  4-in.  amemometer,  calibrated  at 
the  Bureau  of  Standards  at  Washing- 
ton. A  stop  watch  reading  directly  to 
0.2  second  was  used  for  determining 
the  time.  The  amemometer  was 
placed  in  the  opening  of  the  branch 
pipe  or  in  the  lateral  port,  as  the  case 
might  be.  The  stop  watch  was 
started  when  the  amemometer  regis- 
tered zero,  and  the  amemometer  con- 
tinued registering  until  the  stop 
watch  showed  that  one  minute  had 
elapsed.  In  this  manner  two  check 
observations  of  one  minute  each  were 
made  of  the  velocity  at  each  succes- 
sive branch  pipe. 

Results  of  Air  Supply  Studies  with 
Slanting  Branch  Ducts. — Sixteen  tests 
were  made  with  the  straight  duct 
and  16  tests  with  the  tapered  duct, 
involving,  in  all,  192  velocity  measure- 
ments, the  slanting  branch  ducts  be- 
ing open  in  all  cases  and  the  side 
ports  of  the  main  ducts  closed. 

A  general  inspection  of  the  results 
indicates  that  the  velocity  of  dis- 
charge from  branch  duct  6  (farthest 
from  the  fan)  was  always  less  than 
the  mean,  except,  in  the  case  of  low 
velocities  with  the  straight  main  duct. 
Branch  5  always  showed  a  velocity 
lower  than  the   mean.     At  branch   4 


the  velocity  was  generally  very  close 
to  the  mean,  except  with  the  lowest 
velocities  in  the  case  of  the  tapered 
main  duct.  At  branches  2  and  3  the 
velocity  was  always  above  the  mean. 
At  branch  1  (nearest  the  fan)  the 
velocity  was  markedly  lower  than  the 
mean  at  low  mean  velocities  and 
somewhat  higher  than  the  mean  at 
high  mean  velocities. 

In  general,  the  distribution  was 
more  even  with  mean  velocities  over 
800  ft.  per  minute  than  with  mean 
velocities  under  600  ft.  On  the  whole, 
however,  the  deviations  were  in 
most  cases  remarkably  small.  Dis- 
regarding sign,  we  find  that  out  of 
192  individual  observations,  44  devi- 
ated by  less  than  2  per  cent  from  the 
mean,  49  by  2-3.9  per  cent,  50  by  4-5.9 
per  cent,  39  by  6-9.9  per  cent,  and 
only  10  by  10  to  20  per  cent.  Of  the 
10  highly  aberrant  observations,  8 
were  made  at  branch  1,  where  low 
mean  velocities  indicated  the  strong 
tendency  for  an  air  current  of  low 
velocity  to  pass  this  outlet. 

Finally,  on  comparing  the  results 
obtained  with  the  tapered  and 
straight-sided  ducts,  respectively,  it 
is  evident  "that  there  is  very  little  dif- 
ference between  them;  but  that 
what  advantage  exists  is  on  the  side 
of  the  untapered  duct.  Averaging  the 
observations  for  all  velocities  we  get 
an  average  deviation  from  the  mean 
of  4.7  per  cent  for  the  tapered  and 
4.4  per  cent  for  the  untapered  duct. 

Results  of  Air-Supply  Studies  with 
Lateral  Ports. — The  second  set  of 
tests,  16  with  the  tapered  and  16  with 
the  untapered  duct  (including  192 
velocity  measurements),  was  conduct- 
ed with  the  slanting  branch  ducts 
closed,  so  that  the  air  emerged  only 
from  the  6  by  6  in.  ports  in  the  side 
and  at  the  end  of  the  main  duct. 

It  is  obvious  that  with  the  tapered 
duct  the  change  from  slanting  branch 
ducts  to  lateral  ports  has  had  a  most 
disastrous  effect  upon  the  evenness 
of  distribution.  Results  obtained  with 
the  untapered  duct  are  slightly  less 
satisfactory  than  those  recorded  in 
the  previous  tests,  but  for  the  tap- 
ered duct  we  find  average  deviations 
of  about  23  per  cent  at  all  velocities. 

With  the  slanting  branch  ducts  the 
air  passed  out  in  excess  through  the 
branches  near  the  fan,  whereas  a  de- 
ficiency was  manifest  at  the  terminal 
end  of  the  system.  With  lateral  ports 
open,  the  untapered  duct  showed  ex- 
actly the  reverse  relation,  the  ports 
near  the  fan  having  a  minimum,  and 


(51) 


234 


Buildings  Monthly  Issue  of 


January, 


those  at  the  far  end  a  maximum  dis- 
charge. The  tapered  duct,  on  the 
other  hand,  with  lateral  ports,  showed 
the  same  general  tendency  manifest 
with  the  branch  ducts  to  decreased 
flow  as  we  pass  away  from  the  fan, 
but  in  much  more  marked  degree, 
port  E  having  a  deficiency  of  over  60 
per  cent;  whereas  the  terminal  port 
(F)  at  the  end  of  the  duct  and  in  the 
direct  line  of  flow  showed  a  marked 
excess. 

With  the  tapered  duct  the  velocity 
of  air  flow  made  little  difference  in 
the  distribution,  which  was  always 
highly  uneven;  but  with  the  untap- 
'  ered  duct  the  low  velocities  gave  the 
poorest  results. 

Results  of  Air-Exhaust  Studies 
with  Slanting  Branch  Ducts. — Forty 
tests  (including  240  velocity  measure- 
ments) were  made  with  the  system 
operated  on  the  exhaust  plan,  but 
with  slanting  branch  ducts  open  and 
side  ports  on  main  ducts  closed,  as 
in  the  experiments  of  the  first  series. 

Five  velocity  groups  are  represent- 
ed, extending  up  to  2,500  ft.  per  min- 
ute, as  higher  velocities  commonly 
obtain  in  exhaust  systems  than  in 
plenum  systems.  Otherwise  the  tech- 
nique was  the  same  as  that  described 
above. 

As  far  as  the  distribution  between 
the  different  branch  ducts  is  con- 
cerned, branch  duct  6  (farthest  from 
the  fan)  here  shows  a  consistent  ex- 
cess, probably  because  this  branch 
duct,  as  indicated  in  the  figure, 
opened  at  the  end  of  the  main  duct 
in  the  direct  line  of  air  flow  instead 
of  slanting  off  at  an  angle  from  the 
side  of  the  main  duct.  Branch  duct 
5  showed  a  velocity  very  close  to 
the  mean,  and  branch  ducts  1,  2 
and  4  were  fairly  close.  Branch  duct 
3,  curiously  enough,  generally  showed 
a  distinct  deficiency  in  air  flow. 

Comparing  different  velocities,  we 
find  that  the  untapered  duct  agrees 
with  the  results  obtained  for  both 
ducts  under  plenum  conditions  in 
showing  most  marked  deviation  at 
the  low  velocities  (under  600  ft).  On 
the  other  hand,  the  tapered  duct 
shows  its  most  marked  deviation  un- 
der exhaust  condition  at  high  veloc- 
ities. 

As  in  the  case  of  the  plenum  stu- 
dies with  slanting  branch  ducts,  the 
deviations  are,  in  most  cases,  re- 
markably  small.  Forty-nine  measure- 
ments showed  deviations  of  less  than 
2  per  cent  from  the  mean,  65  were 
between   2   and    3.9    per  cent,   61   be- 
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tween  4  and  5.9  per  cent,  42  between 
6  and  9.9  per  cent,  and  23  between  10 
and  20  per  cent. 

When  we  compare  the  tapered  with 
the  untapered  duct,  it  appears  that 
the  tapered  duct  gave  better  results 
at  mean  velocities  under  600  ft., 
whereas  at  all  the  higher  velocities 
the  untapered  duct  gave  more  even 
distribution. 

Averaging  the  figures  for  all  veloc- 
ities, we  find  a  grand  average  devia- 
tion from  the  mean  of  5  per  cent  for 
the  tapered  duct  and  4.5  per  cent  for 
the  untapered  duct.  Still  more  sig- 
nificant is  the  fact  that  out  of  23  de- 
viations of  10  per  cent  and  over,  20 
were  observed  with  the  tapered  duct 
(including  all  the  observations  made 
with  this  duct  at  branch  6 — farthest 
from  the  fan),  and  only  3  (at  branch 
ducts  3,  4,  and  6,  with  low  velocities) 
with  the  untapered  duct. 

Results  of  Air  Exhaust  Studies 
with  Lateral  Ports. — Finally,  a  series 
of  tests  was  made  of  exhaust  ventila- 
tion with  lateral  ports  and  no  branch 
ducts,  including  24  tests  and  144 
velocity  measurements,  the  extreme 
range  of  velocities  being  the  same 
used  in  the  third  series,  with  two  of 
the  intermediate  velocity  groups 
omitted. 

Again  the  substitution  of  lateral 
ports  for  slanting  branch  ducts  proved 
highly  detrimental  to  the  evenness 
of  distribution,  particularly  with  the 
tapered  duct. 

In  all  cases  the  ports  nearest  the 
fan  showed  a  markedly  excessive  air 
flow  and  those  at  a  distance  from  the 
fan  a  marked  deficiency.  Port  F 
(at  the  end  of  the  duct  in  the  direct 
line  of  air  flow)  exhibited  the  most 
striking  deficiency  with  the  tapered 
duct,  but  gave  a  value  near  the  mean 
with  the  untapered  duct. 

The  velocity  of  air  flow  showed  lit- 
tle influence  upon  the  evenness  of 
distribution  in  the  case  of  the  tapered 
duct,  but  with  the  untapered  duct 
the  results  were  least  satisfactory  at 
low  velocities. 

General  Conclusions. — In  Table  I 
are  summarized  the  main  results  ob- 
tained, arranging  the  averages  for  the 
four  series  of  tests  with  tapered  and 
untapered  duct  in  order,  with  the 
tests  showing  best  results  at  the  top 
and  those  with  more  uneven  distribu- 
tion in  regressive  order  downward. 
The  general  conclusions  to  be  drawn 
from  this  study  are  brought  out  in 
the  clearest  fashion  by  an  inspection 
of  this  table. 
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It    will    be    noted    that    without    a  tribution   so   markedly   uneven   as   to 

single   exception —  detract  in  a  serious  measure  from  its 

(a)      Branch  ducts   give   better   re-  efficiency,    whereas    the    lateral    port 

suits  than  lateral  ports;  system,  though  never  as  good  as  one 

TABLE  I— GENERAL  RESULTS  IN  REGARD  TO  EVENNESS  OF  DISTRIBUTION 

IX    ALL   TESTS— AVERAGE   PER   CENT   DEVIATION,   DISREGARDING  SIGN. 

i Velocity  (feet  per  minute).- — — — ->, 

Type  of           Type  of           Type  of            400-       800-     1,100-     1,500-    2,300-  Alive- 
ventilation,             duct.                outlet.               <>00.      1,000.     1,400.     1,800.     2,500.  locities. 

Plenum    Untapered     Branch  ducts        5.5          3.3          3.7          4.1         ....  4.4 

Exhaust  Untapered     Branch   ducts        5.6          4.7          4.2          4.2          3.8  4.5 

Plenum    Tapered       Branch  ducts        6.3          4.4           4.4          3            4.7 

Exhaust   Tapered       Branch  ducts        4.6          4.9          4.8          5             5.6  5.0 

Plenum     Untapered     Lateral   ports        6.8          5.7          5.3          5.3         ....  5.8 

Exhaust   Untapered     Lateral   ports       10.1         8.2         8.4  8.9 

Plenum     Tapered       Lateral   ports       22.2        23.1        23.0        23.4         22.9 

Exhaust   Tapered       Lateral  ports       35.8         35.0         35.8  35.5 


(b)  With  either  branch  ducts  or 
lateral  ports,  an  untapered  main 
duct  gives  better  results  than  a  tap- 
ered one; 

(c)  Other  conditions  being  equal, 
plenum  ventilation  is  more  even  than 
exhaust  ventilation. 

The  most  important  factor,  as  the 
English  departmental  report  pointed 
out,  is  the  use  of  slanting  branch 
ducts  for  the  exhaust  or  discharge  of 
air  into  or  from  the  main  duct.  Where 
such  lateral  branches  are  provided 
the  shape  of  the  main  duct  makes 
little  difference,  as  in  all  the  tests 
made  with  such  branches  in  operation 
we  obtained  results  showing  an  aver- 
age deviation  of  less  than  5  per  cent. 

If  lateral  branch  ducts  are  not  pro- 
vided, on  the  other  hand,  the  design 
of  the  main  duct  becomes  of  com- 
pelling importance.  A  tapered  main 
duct   with   lateral   ports   gives   a   dis- 


which  involves  the  use  of  branch 
ducts,  may  yield  results  which  are 
fairly  satisfactory  if  the  main  duct  is 
untapered. 

In  conclusion,  then,  it  may  be 
stated: 

1;  That  in  order  to  secure  the  most 
even  distribution,  ventilating  sys- 
tems, on  either  the  plenum  or  the 
exhaust  plan,  should  be  constructed 
with  slanting  branch  ducts,  the  ques- 
tion whether  the  main  duct  should  be 
tapered  or  untapered  being  decided 
by  the  relative  cost  of  labor  and  ma- 
terials involved. 

2.  That  reasonably  good  distribu- 
tion can  be  economically  effected  with 
an  untapered  duct  discharging  or  ex- 
hausting through  lateral  ports. 

3.  That  a  tapered  duct  discharging 
or  exhausting  through  lateral  ports 
is  likely  to  give  rise  to  serious  irreg- 
ularity   in    distribution. 


The  Need  for  Definite  Pro- 
gram for  Solution  of 
Labor  Problems 

Discussion    Presented    Nov.   21    Before 
American    Institute    of   Consult- 
ing   Engineers 

By  R.  C.  MARSHALL,  JR., 

General     Manager,      Associated     General 
Contractors    of   America. 

Considering  present  industrial  rela- 
tions, one  naturally  looks  back  over 
the  past  eight  years  to  the  beginning 
of  the  World  War,  and  immediately  is 
struck  with  a  most  significant  and 
outstanding  development — namely,  the 
rise  of  labor  and  its  sympathizers  in 
the  control  of  industry  and  govern- 
ment to  a  peak  at  the  end  of  the  war 
and  the  subsequent  decline  and  reac- 
tion which  has  followed.  In  Russia,  in 
Germany,  in  Italy,  in  France,  in  Eng- 


land and  in  the  United  States,  the 
movement  has  been  unmistakable. 
The  rise  of  the  Soviet,  the  coming 
into  power  of  Socialist  and  Socialist- 
Labor  groups  in  continental  countries, 
the  amazing  growth  of  the  British 
Labor  Party  in  England,  the  increased 
recognition  given  the  American  Fed- 
eration of  Labor,  the  separate  organ- 
ization of  the  Department  of  Labor, 
and  the  successful  exercise  of  power 
by  labor  unions  in  the  United  States, 
are  all  characteristic  of  the  rise  of 
labor  to  a  new  place  in  world  eco- 
nomics. 

The  great  expansion  of  liberal  and 
radical  policies,  however,  has  been 
followed  by  reaction.  In  Russia,  the 
soviet  idea  is  being  greatly  modified; 
in  Italy  the  Fascisti  have  driven  the 
Socialists  from  power;  in  France,  the 
conservative*  have  long  since  gained 
the  upper  hand;  and  in  England,  the 
conservatives     and    Die-Hards     have 
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just  come  into  control.  In  the  United 
States,  an  administration  distinctly 
favorable  to  labor  has  been  followed 
by  an  administration  which,  to  say 
the  least,  has  been  cool  on  labor  prob- 
lems; while  in  industry  we  have  wit- 
nessed a  great  nation-wide  fight  for 
the  open-shop,  which  has  threatened 
in  some  instances  to  destroy  the  labor 
organizations. 

The  significant  question  suggested 
by  this  ebb  and  flow  of  the  labor  tide 
is,  having  gone  to  both  extremes, 
where  will  the  pendulum  swing  nor- 
mally? The  answer  depends  on  how 
we  shall  meet  some  of  the  industrial 
problems  now  demanding  attention. 

Some  of  America's  Industrial  Prob- 
lems.— What  are  some  of  these  prob- 
lems in  America?  There  is  the 
question  of  the  open  or  the  closed 
shop  and  the  problem  of  inadequate 
labor  supply,  in  which  are  involved 
the  proper  training  of  apprentices  in 
the  various  trades  and  a  suflicient  and 
scientifically  selected  immigration. 
There  is  the  problem  of  adjusting  the 
cost  of  living  and  the  living  wage 
with  lower  prices  and  healthy  busi- 
ness conditions.  There  are  the  ques- 
tions of  how  we  shall  settle  industrial 
disputes;  how  much  of  a  share  in 
industrial  control  shall  be  granted  to 
labor;  and  how  shall  industry  and 
labor  share  in  the  control  of  govern- 
ment? These  latter  two  problems 
have  not  yet  become  acute  in  Amer- 
ica, but  are  bound  to  come  to  us  from 
European  sources  sooner  or  later.  In 
fact,  the  share  which  labor  shall  have 
in  industry  and  the  share  which  in- 
dustry shall  have  in  government  are 
apt  to  outdistance  all  the  other  prob- 
lems in  their  importance  and  magni- 
tude. 

In  meeting  these  problems,  we  have 
at  the  present  time  a  great  variety  of 
opinion  and  an  equally  great  variety 
of  suggested  action  on  the  part  of 
small  minorities  and  isolated  groups. 
During  the  World  War  the  Govern- 
ment set  up  several  boards  of  adjust- 
ment, the  most  notable  survivor  of 
which  is  the  Railroad  Labor  Board. 
In  Kansas,  they  are  trying  an  indus- 
trial court.  In  the  building  trades  we 
are  trying  a  voluntary  Board  of 
Awards.  While  labor  points  to  the 
high  cOst  of  living  as  a  reason  for 
maintaining  wage  standards,  employ- 
ers point  to  high  wages  as  the  reason 
for  maintaining  the  high  cost  of  liv- 
ing. While  the  labor  supply  in  the 
construction  industry,  for  example, 
during  the  past  year  has  been  totally 


inadequate,  we  continue  an  immigra- 
tion policy  which  netted  us  during  the 
year  ending  June  30,  1922,  88,000 
women  and  children  and  a  loss  of 
men.  To  try  to  fill  the  ranks  here 
and  there,  apprenticeship  schools  are 
being  started  to  train  American  youth 
in  the  trades,  but  no  very  extensive 
program  has  been  mapped  out. 

While  one  association  of  employers 
refuses  to  have  anything  to  do  with 
the  unions,  other  groups  maintain 
that  only  through  the  closed  shop  can 
responsible  leadership  be  secured  in 
labor  organizations.  The  courts  de- 
clare that  every  American  citizen 
should  have  the  right  to  work  where 
and  as  he  pleases,  but  the  practical 
side  of  the  matter  is  that,  without 
other  means  of  presenting  its  case, 
labor  must  fall  back  upon  its  unions 
to  represent  it  and  in  consequence  the 
tendency  is  naturally  toward  as  com- 
plete control  of  the  available  men  in 
any  trade  as  possible. 

While  the  American  Federation  of 
Labor  has  officially  announced  a  con- 
tinuance of  its  policy  of  non-partisan- 
ship in  politics  and  support  of  all 
candidates  favorable  to  labor,  strong 
local  groups  are  breaking  away  from 
the  traditional  program  and,  combin- 
ing with  the  farmers,  have  organized 
a  party  of  their  own,  and  plans  for 
granting  labor  a  share  in  the  control 
of  industry  are  almost  as  numerous 
as  Fords. 

The  Need  for  a  Definite  Program.— - 
The  fact  of  the  matter  is  that  we  have 
no  national  industrial  program,  or 
programs  of  any  outstanding  merit, 
backed  by  any  representative  group 
of  citizens,  tending  toward  any  defi- 
nite line  of  action,  or  aiming  to  pro- 
duce any  specific  results.  The  lack  of 
such  a  program  on  the  part  of  the 
present  administration  was  most 
strikingly  shown  in  the  handling  of 
the  recent  railroad  and  mine  disturb- 
ances. While  the  transportation  of 
the  country  was  being  tied  into  knots 
and  the  coal  supply  being  brought  to 
zero,  we  stood  helplessly  by  and 
hoped  against  fate  that  some  means 
of  settling  the  difficulty  would  be 
found.  At  last  when  things  could  get 
no  worse  without  going  completely  to 
smash,  settlements  were  concluded. 
But  at  best  they  are  only  a  temporary 
truce.  They  are  not  founded  upon  any 
well  settled  or  established  principles, 
but  rather  upon  a  compromising 
necessity  for  getting  together  some- 
how and  some  way. 
The  same  situation  exists  in  every 
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other  line  of  industry.  In  construction, 
employers  and  employes  swing  from 
one  compromise  to  another,  each 
pushing  its  advantage  to  the  limit 
when  in  control.  As  a  result,  the  pub- 
lic is  getting  restless.  They  are  de- 
manding a  more  definite  program; 
they  are  trying  first  one  party  and 
then  the  other  in  the  hope  of  securing 
relief.  The  time  is  ripe  for  definitely 
recognizing  that  this  country  has  out- 
grown the  political  and  social  organi- 
zation which  fitted  a  semi-agricultural 
state,  such  as  existed  prior  to  1900, 
and  to  begin  to  frame  our  political 
machinery  and  our  legislation  to  the 
economic-industrial  state  which  has 
emerged  with  the  rise  of  great  com- 
binations of  both  capital  and  labor  as 
governing  factors  in  the  life  of  this 
country. 

It  would  be  useless  for  me  to  go 
into  a  detailed  discussion  of  each  of 
these  problems  or  to  attempt  to  map 
out  such  a  national  program.  No  sin- 
gle individual  is  capable  of  doing  so. 
However,  from  the  welter  of  ideas 
and  questionings  which  arise  out  of 
this  very  complicated  problem  in 
America  there  come  to  me  two  out- 
standing thoughts.  One  is  that  the 
labor  question  in  this  country  is  not 
so  much  a  question  of  labor  only  as  a 
question  of  the  whole  control  of  in- 
dustry as  a  whole  and  its  relationship 
to  the  Government  as  such  and  to  the 
people  as  consumers.  What  we  do 
with  that  problem  will  determine  what 
we  shall  do  with  the  labor  problem. 

The  second  thought  is  that  the  men 
in  industry  who  are  most  concerned 
in  this  question,  the  employers  and 
the  employees,  are  so  close  to  the 
problem  that  they  cannot  see  it.  They 
must  be  concerned  with  the  everyday 
detail  involved  in  the  actual  main- 
tenance of  the  structure  of  industry, 
and  the  farthest  they  can  go  with  the 
question  is  so  to  adjust  it  and  com- 
promise it  from  day  to  day  as  to  keep 
the  machinery  of  industry  function- 
ing. They  have  no  time  to  rebuild. 
The  machine  which  they  are  trying  to 
manage  and  operate  was  built  to  work 
under  very  different  conditions  and 
they  are  having  their  hands  full  re- 
pairing the  breaks,  bolstering  up  the 
weak  spots,  and  substituting  here  and 
there  make-shift  parts  to  produce  the 
results  which  are  expected  of  them, 
not  next  year  or  ten  years  hence,  but 
today.  This  is  why  they  go  from  com- 
promise to  compromise;  why  they 
fight  each  other  as  long  as  they  can 
hold  out,  and  then  get  together  quick- 


ly and  work  feverishly  to  make  up  for 
lost  time.  In  the  creation  of  a  new 
design  for  a  modern  machine,  they 
are  able  and  ready  to  offer  the  advice 
and  suggestions  which  are  based  upon 
their  years  of  experience,  but  we  must 
look  elsewhere  for  the  creative  mind 
which  shall  fashion  it. 

Where,  then,  shall  we  look?  Where 
else  than  to  you  who  are  so  close  to 
industry  and  whose  daily  life  is  made 
up  of  the  analysis  of  industry,  yet  who 
are  not  a  part  of  it  and  not  biased  by 
its  detailed  problems;  whose  minds 
are  trained  to  think,  and  plan,  and 
create. 

The  Possible  Solution.— How,  then, 
shall  it  be  done?  Shall  you  get  to- 
gether in  your  societies  and  formu- 
late an  industrial  program  for  the  na- 
tion, which  shall  be  offered  as  a  man- 
ifesto? Perhaps.  Or  shall  you,  as 
the  professional  representatives  of  in- 
dustry, demand  and  seek  places  in  the 
councils  of  the  great  political  parties, 
there  to  map  out  a  constructive  in- 
dustrial program  in  co-operation  with 
the  business  men,  the  labor  leaders, 
and  the  social  and  political  organizers 
of  the  country?  Suppose,  for  a  mo- 
ment, that  each  major  campaign  com- 
mittee of  the  leading  parties  should 
have  on  it  at  least  one  representative, 
professional  or  industrial  engineer, 
whose  avowed  purpose  in  being  there 
was  to  see  that  a  constructive,  indus- 
trial program  was  made  a  part  of  the 
party's  platform  and  carried  through. 
Suppose,  without  formulating  a  fixed 
program  of  any  kind,  that  the  national 
professional  engineering  and  indus- 
trial societies  of  the  country  should 
demand,  in  the  reorganization  of  polit- 
ical affairs  which  lies  just  ahead  of 
us,  a  voice  in  the  party  councils  of 
the  Government — just  that  and  noth- 
ing more — leaving  to  their  representa- 
tives on  these  committees  the  different 
expressions  of  opinion  and  the  def- 
inite steps  in  the  programs  to  be 
mapped  out.  As  a  result  there  might 
be  evolved,  not  a  single  arbitrary 
cure-all,  but  several  different  well- 
considered  programs  backed  by  rep- 
resentative men,  from  the  discussion 
of  which  as  party  issues  would  actu- 
ally develop  effective  political  action. 

I  do  not  believe  there  is  going  to 
be  any  great  transformation  of  indus- 
try in  America.  We  shall  push  along, 
patching  up  here  and  there,  and  get- 
ting things  done  somehow  or  other  as 
usual.  That  is  to  my  mind  the  great 
genius  of  the  American  business  man 
as    well   as  the   American  Workman. 
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We  are  all  "on  the  make"  and  we  get 
there  in  spite  of  ourselves.  The 
thought  which  I  am  bringing  to  you 
men,  whose  business  it  is  to  analyze 
and  advise,  is  this:  that  in  the  present 
confusion  of  industrial  problems  there 
lies  a  great  opportunity  for  a  bold, 
constructive  piece  of  work,  represen- 
tative of  what  we  like  to  think  is  our 
American  genius  for  organization.  I 
am  urging  no  panacea;  I  am  rather 
proposing  a  new  motif  in  the  work 
which  the  professional,  industrial  men 
of  this  country  can  do,  not  only  for 
labor,  but  also  for  all  industry. 


Meeting     of     Associated     Equipment 
Distributors 

The  annual  meeting  of  the  Asso- 
ciated Equipjment  Distributors,  held 
Jan.  12-13  at  Milwaukee,  Wis.,  was  at- 
tended by  82  manufacturers,  a  num- 
ber of  contractors,  and  most  of  the 
representative  equipment  firms  of  the 
United  States.  A  number  of  subjects 
of  interest  to  the  man  who  purchases 
construction  machinery  as  well  as 
the  one  who  makes  it  and  sells  it, 
were  discussed  at  the  meeting.  The 
subject  of  service  was  particularly 
emphasized.  Mr.  William  F.  Tube- 
sing,  president  of  the  Builders'  and 
Traders'  Exchange  of  Milwaukee,  and 
also  of  the  Tubesing  Construction 
Go.,  gave  a  very  interesting  talk  along 
these  lines,  in  which  he  urged  the 
manufacturers  to  standardize  on  one 
size  catalogue  for  easier  filing,  and 
also  to  standardize  on  repair  parts, 
issuing  accurate  repair  part  booklets 
from  which  one  can  order  repairs  and 
get  what  he  needs  promptly.  He  also 
urged  that  standard  parts  be  listed  as 
such,  so  that  nuts,  bolts,  piston  rings 
and  other  standard  items  could  be 
purchased  locally  at  much  reduced 
saving  in  time  to  the  contractor. 

The  big  factor  of  the  Associated 
Equipment  Distributors'  meetings  is 
the  mingling  of  all  three  parties  to 
the  average  equipment  sale  and  the 
chance  this  offers  of  securing  better 
co-operation  between  the  contractor, 
distributor  and  manufacturer.  Any 
American  construction  equipment  firm 
maintaining  adequate  stocks  of  ma- 
chinery and  supplies,  backed  by  serv- 
ice, mechanics,  financial  reliability 
and  a  reputation  for  square  dealing, 
is  eligible  for  membership  in  the  As- 
sociated Equipment  Distributors,  of 
which  M.  R.  Hunter,  President  Hunter 
Machinery  Co.,  16th  St.  Viaduct,  Mil- 
waukee, Wis.,  is  Secretary. 


Personals. 

W.  P.  Beightler  has  been  appointed  city 
engineer  of  Marysville,  O. 

The  Rochester  Bureau  of  Municipal  Re. 
search,  Inc.,  is  now  located  at  310  Aetna 
Bldg.,  25  Exchange  St.,  Rochester,  N.   Y. 

Clarence  A.  Gould,  division  superintend- 
ent of  the  Barge  Canal,  New  York  State, 
will  resign  March  1  to  enter  the  research 
engineering  department  of  the  Buick 
Motor  Co.   at  Flint,   Mich. 

Directors  of  Akron  Municipal  University 
have  announced  the  promotion  from  as- 
sistant professorships  to  full  professor- 
ships of  the  following  members  of  the 
engineering  college  faculty:  John  T. 
Walther,  electrical  engineering;  Ross  C. 
Durst,  civil  engineering,  and  Henry  F. 
Gauss,   mechanical  engineering. 

Philip  Harrington  has  been  appointed 
chief  electrical  engineer  of  the  Sanitary 
District  of  Chicago.  Mr.  Harrington  was 
graduated  from  the  Armour  Institute  of 
Technology  in  1906,  and  in  that  year  went 
to  work  for  the  district.  He  rose  in  the 
engineering  department  from  a  minor  po- 
sition to  the  post  of  principal  assistant 
chief  engineer.  He  has  had  charge  of 
the  hydraulic,  canal  and  other  depart- 
ments vital  to  electrical  development. 

G.  W.  Buchholz,  general  secretary  of 
the  Associated  General  Contractors  of 
America,  will  leave  the  Association  Feb. 
15,  1923,  after  three  years  of  service,  to 
become  the  Eastern  manager  of  the  W. 
M.  Sutherland  Building  &  Contracting  Co. 
of  St.  Louis,  with  offices  in  the  Munsey 
Bldg.,  Washington,  D.  C.  Mr.  Buchholz 
joined  the  Association  staff  as  its  first 
secretary  on  Feb.  10,  1919,  when  head- 
quarters were  in  Chicago.  During  these 
past  three  years  he  has  helped  to  build 
up  the  Association  from  its  small  begin- 
ning of  a  "handful"  of  contractors  to  its 
present  membership  of  1,500  throughout 
the  country;  and  to  establish  an  organi- 
zation of  service  to  all  contractors.  E  pe- 
cially  in  his  work  of  broadening  the  mem- 
bership of  the  A.  G.  C,  and  in  the  or- 
ganization of  local  chapters,  Mr.  Buch- 
holz has  continually  spread  the  gospel  of 
strength  in  unity  and  co-operative  ac- 
tion, and  in  bringing  contractors  together 
for  such  purposes  he  has  enjoyed  their 
support  and  warm  appreciation.  During 
these  three  years  he  has  traveled  and 
met  with  contractors  in  every  state  in 
the  country  and  in  that  time  has  achieved 
a  wide  friendship  which  will  wish  him 
every  success  in  his  new  work. 


Industrial  Notes. 

The  Inland  Engineering  Co.,  6  North 
Michigan  Ave.,  Chicago,  111.,  has  recently 
entered  into  the  manganese  and  chrome 
steel  castings  business.  Walter  S.  Mc- 
Kee  is  president  and  treasurer  of  the 
new  organization.  Edward  S.  Black,  Eu- 
gene C.  Bauer  and  J.  W.  Plant  are  vice 
presidents,  Alfred  H.  Exton  is  chief  en- 
gineer, and  Claude  Rorabeck  is  consulting 
engineer. 

The  Dodge  Sales  &  Engineering  Co., 
Mishawaka,  Ind.,  which  has  for  the  past 
eight  years  been  operating  as  the  selling 
subsidiary  of  the  Dodge  Manufacturing 
Company  and  Dodge  Steel  Pulley  Cor- 
poration, has  now  been  consolidated  with 
the  parent  company,  Dodge  Manufactur- 
ing Corporation,  which  was  organized  and 
began  business  last  July. 
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Scientific    Investigation   and 

Economy  in  Sewage 

Treatment 

Editorial  in  The  Surveyor,  London. 
No  better  proof  of  the  great  value 
of  research  work  is  to  be  found  than 
in  the  case  of  sewage  treatment.  The 
activated  sludge  system  was  the  out- 
come of  such  efforts,  and  a  further 
and  most  important  advance  is  indi- 
cated by  the  work  of  Mr.  J.  H.  Garner 
at  Huddersfield.  Certain  small-scale 
experiments  have  been  made  at  Hud- 
dersfield, and  these  were  described 
in  the  paper  read  by  Mr.  Garner  be- 
fore the  recent  annual  meeting  of  the 
Association  of  Managers  of  Sewage 
Disposal  Works.  Model  plants  de- 
signed upon  the  system  adopted  at 
Bury  by  Mr.  Bolton  were  used.  The 
sewage  dealt  with  is  a  very  difficult 
one  to  treat,  containing  from  40  to 
80  parts  per  100,000  of  solids  consist- 
ing largely  of  fatty  matters  from  trade 
processes  and  containing  also  soapy 
scouring  liquids,  dye-works  refuse,  so- 
dium salts,  iron  salts,  and  many  oth- 
er troublesome  chemical  constituents. 

(1) 


Experiments  made  with  this  plant 
without  chemical  treatment  did  not 
give  satisfactory  results,  either  in 
treating  the  sewage  as  a  whole  or  in 
treating  the  sewage  effluent  after  set- 
tlement, but  later  good  results  were 
obtained  from  chemical  treatment.  It 
may  be  said  that  the  work  of  the 
chemist  began  where  the  mechanical 
treatment  had  failed.  It  was  argued 
that  improved  aeration  and  settle- 
ment might  be  effected  by  the  addi- 
tion to  the  sludge  of  certain  inorganic 
gelatinous  bodies  such  as  ferric  hy- 
droxide and  silicia  gels,  and  that 
thereby  it  might  be  possible  to  build 
up  the  activated  sludge  and  to  in- 
tensify the  aeration.  It  is  to  be  gath- 
ered Mr.  Garner  was  of  opinion  that, 
given  a  sludge  which  could  not  be 
brought  into  a  suitable  condition  by 
a  given  amount  of  aeration,  he  might 
be  able  to  increase  the  effect  of  aera- 
tion by  the  addition  of  certain  chem- 
icals, and  thus  purify  the  sludge,  and 
the  sewage,  possibly  with  even  less 
aeration.  Trials  were  therefore  made 
which  proved  the  correctness  of  the 
argument?  and  the  important  fact  was 
established  that  it  is  possible  to  cur- 
tail the  aeration  period  considerably 
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by  means  of  chemical  treatment  in  the 
aeration  tank.  Incidentally  the  ben- 
eficial action  of  iron  salts  present  in 
sewage  under  certain  conditions,  to 
which  we  have  more  than  once  called 
attention  in  these  pages,  was  again 
proved. 

The  treatment  of  sewage  can  al- 
ways be  effected,  even  under  the  most 
difficult  conditions  by  the  engineer  at 
a  certain  cost,  but  the  chemist  may 
be  able  to  help  him  to  reduce  this 
cost  enormously.  Small  scale  experi- 
ments carried  out  in  order  to  enable 
the  chemist  to  make  full  investigation 
as  to  possibilities  may  lead  to  a  great 
saving  of  money  and  to  perfection 
of  results.  It  is  clearly  unscientific 
in  these  days  to  base  the  design  of 
large  works  on  a  few  samples  of  sew- 
age submitted  to  the  chemist  for  am 
alysis.  It  is  unfair  to  the  chemist 
and  unfair  to  the  engineer.  Just  as 
acidity  or  alkalinity  may  be  neutra- 
lized, so  may  other  chemical  -con- 
stituents of  sewage  be  dealt  with  and 
even  turned  to  good  account  by  scien- 
tific treatment.  "The  activated  sludge 
process  affords  an  opportunity  of  in- 
tensifying those  processes  which 
bring  about  purification."  These  are 
the  words  of  Mr.  Garner,  and  they  are 
at  the  root  of  the  whole  matter  of  this 
fresh  advance.  Mr.  Garner  has  shown 
that  by  inexpensive  chemical  treat- 
ment it  is  possible,  under  different 
conditions  with  a  complex  sewage,  to 
build  up  and  maintain  an  activated 
sludge  capable  of  producing  effective 
purification  in  a  reasonable  period  and 
to  intensify  the  aeration  process.  Thus 
he  would  effect  an  economy  by  con- 
centrating upon  chemical  research 
work  rather  than  upon  improvements 
in  mechanical  efficiency.  We  suggest 
that  it  would  be  better  to  concentrate 
upon  both.  We  need  the  most  effi- 
cient chemical  treatment,  but  we  also 
need  the  most  efficient  system  of  aera- 
tion and  construction  without  which 
truly  economical  results  cannot  pos- 
sibly be  obtained.  Crude  and  ineffi- 
cient mechanical  appliances  can  never 
produce  the  same  good  result  as  effi- 
cient plant,  while  good  construction 
and  intelligent  design  of  structural 
work  are  of  absolute  importance  in 
the  production  of  the  best  and  most 
economical  result.  The  world  is  full 
of  instances  where  the  work  of  the 
chemist,  perfect  in  theory,  has  failed 
owing  to  neglect  of  the  engineering 
side  of  the  question.  Let  us  work  to- 
gether. 


The    Validity    of    Einstein's 
Doctrine 

Kditorial  in  The  Engineer,  London. 
From    the   time   of   Copernicus   and 
Galileo  to  the  introduction  of  the  or- 
igin of  species  and  the  modern  theory 
of  vitamines  it  has  been  the  fate  of 
all    great    developments    of    scientific 
thought   to   be   both   bitterly   opposed 
and  ardently  supported.  That  the  Ein- 
stein theory  of  relativity  should  have 
been  accepted  by  some  and  rejected 
by  others  is  therefore  completely  in 
keeping  with  precedent.    The  warmth 
of  the  welcome  accorded  to  it  by  a 
large  body  of  astronomers,  physicists, 
mathematicians  and  others  leaves  lit- 
tle room  for  doubt  that  it  is  found  sat- 
isfying to  many  scientifically  trained 
minds.    Where  it  is  accepted,  it  is  re- 
ceived with  a  completeness  and  unan- 
imity which,  to  the  outside  observer, 
is  a   little  surprising  in  view  of  the 
slender    nature    of    the    experimental 
or  observational  evidence  upon  which 
its  verification  has  so  far  rested.  So 
powerful,  indeed,  is  the  support  given 
it    that    criticism    of   the   theory   has 
been  partially  stifled.    A  few  eminent 
scientists,  such  as   Sir  Oliver  Lodge, 
have  from  the  first  refused  to  accept 
it,  and  have  boldly  raised  their  opin- 
ions  against  those   of   their   fellows; 
while    in    some    quarters,    notably   in 
Germany,  the  principal  author  of  the 
theory  has,  on  grounds  more  personal, 
perhaps,  than  scientific,  been  treated 
with    hostility    and    even    threatened 
with    physical    violence   quite   in   the 
mediaeval  manner.     It  cannot  be  de- 
nied that  as  time  goes  on  the  breach 
between   the   supporters   and   the  op- 
ponents of  the  theory  shows  no  signs 
of  closing.     On  the  contrary,  it  is  dis- 
tinctly widening,  and  on  examination 
it  would  appear  that  it  is  doing  so  far 
more    as    a    result    of    the    increased 
strength,   in   numbers   and   argument, 
of  those  who  oppose  the  theory  than 
of  any  gain  in  the  evidence  advanced 
in  its  favor  by  those  who  support  it. 
Legitimate   criticism  of  the  theory 
of  relativity  has  taken  two  directions, 
namely,  an  examination  of  the  mathe- 
matical processes  involved  in  its  de- 
rivation and  of  the  experimental  evi- 
dence adduced  in  its  support.    On  the 
mathematical   side,   Painleve   has   en- 
deavored to  show  that  Einstein's  con- 
clusions and  formulae  are  not  the  only 
conclusions  and  formulae  which  may 
be  derived  from  his  postulates.    The 
same    assumptions,    according   to    the 
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French    mathematician,    lead    equally 
well  to  other   results.     In  one   direc- 
tion they  take  us  back  to  conclusions 
identical  with  those  of  classical  mech- 
anics; in  another  they  wield  a  result 
diametrically    opposed    to    Einstein's 
interpretation;    while  in  a  third  they 
lead  to  a  system  of  mechanics  of  a 
nature  more  startling  even  than  that 
of   relativity.      On    the    experimental 
side  a  volume  of  criticism  of  a  very 
damaging    nature    is    being    accumu- 
lated.    It  may  be  recalled  that  Ein- 
stein    derived     inspiration     for     his 
studies  from  the  failure  of  the  Mich- 
elson    experiment   of   1887    to    record 
the    orbital    movement    of    the    earth 
relatively  to  the  ether.     If  the  ether 
is  stagnant,  as  it  was  supposed  to«be 
until   Einstein    provided    a   means   of 
dispensing     with   the     conception     of 
ether,  stagnant  or  otherwise,  then  the 
interferometer     used     by     Michelson 
should  have  been  capable  of  measur- 
ing the   earth's  velocity   of   19   miles 
per  second  relatively  to  it.     That  no 
velocity   at   all   was   recorded   is   one 
of  the  corner  stones  of  the  theory  of 
relativity,    for    that   theory   expressly 
states  that  there  is  no  such  thing  as 
absolute    velocity,    and    therefore    no 
possibility   of  measuring   it;    that  all 
velocities  are  relative,  and  that  abso- 
lute rest  does  not  exist  anywhere  in 
the  universe.  It  was  suggested  long  ago 
that  the  negative  result  of  the  1887 
experiment  was  due  to  the  fact  that, 
while  the  general  body  of  the  ether 
was    stagnant,    a    layer    of    it    was 
dragged  along  by  the  rough   surface 
of  the   earth   and   partook  of  its  ve- 
locity,   so    that   at    the    ground    level 
there    would    be    no   relative    motion. 
Last   year   Professor   Miller  repeated 
the  experiment  at  Mount  Wilson  Ob- 
servatory   at    an    altitude    of    nearly 
6,000  ft.  and  obtained  a  definite  indi- 
cation of  an  "ether  drift"  of  about  one- 
tenth  of  the  full  amount.    The  experi- 
ment is  to  be  repeated  with  improved 
apparatus,  but  even  already  the  very 
foundations  of  Einstein's  theory  have, 
in   the   opinion  of   some,   been   badly 
shaken.     Of  the  tests  applied  to  the 
theory,  that  to   which   its   supporters 
have  called  greatest  attention  is  the 
explanation  which  it  affords  of  the  ro- 
tation  of   the   perihelion   of   Mercury. 
The  major  axis  of  the   orbit  of  this 
planet  is  not  stationery,  but  is  slowly 
rotating  about  the  sun  as  pivot  at  a 
rate  which,  according  to  the  best  ob- 
servations,  is   about   41.6   seconds   of 
arc  per  century.     This  movement  has 
been  variously  explained  without  de- 


parting from  the  laws  of  classical  dy- 
namics, as,  for  example,  by  assuming 
the  existence  of  an  unknown  planet, 
"Vulcan,  between  Mercury  and  the  sun, 
or  by  changing  the  index  in  the  de- 
nominator of  the  inverse  square  law 
of  universal  gravitation  from  2  to 
2.00000016.  The  theory  of  relativity 
by  itself  is  capable  of  accounting  for 
the  perturbation  and  on  calculation  it 
is  shown  that  it  should  be  43  seconds 
per  century.  This  close  agreement 
seems  very  favorable  to  the  soundness 
of  the  theory;  but  Professor  Poor, 
of  Columbia  University,  has  recently 
attacked  the  question  in  a  very 
trenchant  manner  in  a  volume  en- 
titled "Gravitation  versus  Relativity" 
(Putnam)  and  has  destroyed  much 
of  the  significance  of  the  agreement. 
The  orbits  of  Venus,  the  Earth  and 
Mars  all  show  rotations  of  the  peri- 
helion, although  they  are  much  less 
than  that  of  Mercury.  The  observed 
values  and  the  values  calculated  by 
the  Einstein  theory  are,  in  the  cases 
of  these  planets,  very  far  from  being 
in  agreement.  In  the  case  of  Venus 
the  observed  and  the  calculated  rota- 
tions are  actually  in  opposite  direc- 
tions. Professor  Poor  has  also  sub- 
jected to  examination  the  alleged  evi- 
dence in  favor  of  the  theory  of  rela- 
tivity afforded  by  the  eclipse  photo- 
graphs taken  in  May,  1919,  by  British 
astronomers.  Einstein  argued  that 
the  light  from  the  stars  would  be  de- 
flected from  a  straight  line  when  pass- 
ing the  sun,  and  calculated  the  amount 
for  several  stars.  It  came  in  the 
case  of  the  seven  stars  chosen  for 
observation  to  between  0.32  and  0.8S 
of  a  second  of  arc.  In  two  instances 
the  observed  values  after  sundry  cor- 
rections agreed  with  the  calculated  to 
within  3  per  cent.  In  others,  however, 
the  error  varied  from  11  to  60  per 
cent.  That  the  observations  and  all 
the  corrections  were  accurately  taken 
and  applied  is  a  matter  open  to  con- 
siderable doubt;  but  the  gravamen 
of  Professor  Poor's  criticism  is  to  be 
found  in  his  statement  that,  while  at- 
tention has  been  widely  directed  to 
the  close  agrement  between  the  ob- 
served and  calculated  amounts  of  the 
shifts,  no  attention  has  hitherto  been 
called  to  the  fact  that  the  directions 
of  the  shifts  were  very  far  from  agree- 
ing with  the  Einstein  values,  being  in  ■ 
one  case  as  much  as  36  deg.  out.  The 
Fizeau  experiment  and  the  shift  of 
the  lines  of  the  solar  spectrum  have 
also  been  discussed  by  Professor  Poor? 
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with    results    equally    discrediting,  to 
the  theory  of  relativity. 

The  criticism  levelled  against  the 
relativity  "tests"  by  Professor  Poor 
charges  Einstein  and  certain  of  those 
who  have  actively  supported  him  with 
having  "selected"— a  human  failing 
against  which  the  scientific  mind  is 
presumed  to  be  armed— the  "evi- 
dence" in  favor  of  the  theory,  whilst 
facts  and  figures  telling  against  it 
have  been  ignored  and  data  leaning,  in 
Professor  Poor's  view,  neither  to  one 
side  nor  the  other  have  been  made 
to  support  the  theory.  Such  charges 
are  fortunately  based  on  matters  of 
fact  and  should  therefore  lend  them- 
selves to  speedy  settlement.  To  the 
impartial  observer  it  would  appear 
that  the  case  against  relativity  is  very 
strong.  It  would,  in  fact,  be  almost 
convincing  were  it  not  for  the  knowl- 
edge that  on  the  opposite  side  is 
ranged  the  support  of  a  large  body 
of  men  whose  opinion  in  the  matter 
cannot  be  ignored.  It  is  possible  that 
these  men  can  have  allowed  them- 
selves to  be  hypnotized  by  a  specious 
theory,  that  their  judgment  has  been 
warped  and  their  eyes  blinded?  We 
can  hardly  think  so.  On  the  other 
hand,  the  alacrity  with  which  many 
have  accepted  Einstein's  doctrines  on 
the .  strength  of  alleged  evidence  in- 
volving the  measurement  of  abstruse 
quantities  of  a  very  minute  nature  is 
not  above  suspicion,  for  it  suggests 
that,  faced  with  an  ever-growing  and 
almost  intolerable  complexity  of  prop- 
erties demanded  of  the  ether,  scien- 
tists have  accepted  relativity,  not  for 
the  sake  of  the  reasonableness  of  the 
theory,  but  because  it  afforded  a 
means  of  escaping  from  the  concep- 
tion of  that  intangible,  perplexing 
fluid. 


Power  Requirements  of  Acti- 
vated Sludge  Plants 

Editorial     in     The     Surveyor,     London. 

It  is  extraordinarily  difficult  to 
make  any  comparison  with  regard  to 
the  horse  power  required  for  the 
treatment  of  a  given  quantity  of  sew- 
age by  different  activated  sludge 
plants.  There  are  a  great  many  fac- 
tors, each  of  which  has  an  important 
bearing  upon  the  question.  The  re- 
quired horsepower  is,  however,  a  mat- 
ter of  great  importance,  and  attention 
is  naturally  drawn  at  once  to  any  fig- 
ures which  may  be  given.  It  is  possi- 
ble,  however,   to   come   to   very   erro- 


neous conclusions  unless  all  condi- 
tions are  considered.  In  the  annual 
report  of  the  city  of  Manchester  Riv- 
ers Department  we  find  that  the  flow 
of  sewage  treated  in  the  large-scale 
continuous-flow  activated  sludge  plant 
for  the  year  ending  March,  1922,  va- 
ried from  a  minimum  rate  of  240,000 
to  a  maximum  of  2,000,000  gal.  per  24 
hours.  It  is  also  stated  that  assum- 
ing 50  per  cent  compressor  efficiency 
and  an  air  consumption  of  not  more 
than  1.5  cubic  ft.  per  gallon,  the  sew- 
age treatment  would  require  an  out- 
put of  energy  amounting  to  35  b.h.p. 
per  1,000,000  gal.  It  must  be  remem- 
bered, however,  that  the  efficiency  of 
a  good  compressor  is  generally  con- 
siderably more  than  50  per  cent. 
Makers  would  certainly  guarantee  an 
efficiency  of,  say,  from  60  to  75  per 
cent;  if  the  efficiency  were  taken  at  a 
higher  figure,  the  horsepower  would 
be  correspondingly  reduced.  It  ap- 
pears that  30  HP.  per  1,000,000  gal. 
would  not  be  an  unreasonable  figure 
to  assume  under  the  circumstances. 

At  a  recent  meeting  of  the  Associa- 
tion of  Managers  of  Sewage  Disposal 
Works  held  at  Sheffield,  it  was  stated 
that  the  horsepower  per  1,250,000  gal. 
at  Sheffield,  including  pumping,  was 
45  HP.,  and  that  32  HP.  per  1,000,000 
gal.  was  estimated  for  the  new  instal- 
lation. At  the  first  glance  this  would 
appear  to  show  a  certain  agreement 
with  the  Manchester  figure,  but  it 
must  be  remembered  that  whereas 
practically  crude  sewage  is  treated  at 
Davyhulme,  the  sewage  at  Sheffield 
wrould  apparently  have  six  hours'  pre- 
liminary settlement.  It  must  also  be 
remembered  that  the  iron  wastes 
present  in  the  Sheffield  sewage  may 
tend  to  help  the  precipitation,  where- 
as the  chemical  wastes  at  Manchester 
appear  to  have  an  opposite  effect.  The 
sizes  of  the  tank  at  Sheffield  and 
Davyhulme  are  comparable,  but  it  ap- 
pears that  twice  as  much  sewage  is 
treated  per  day  by  the  tank  at  Davy- 
hulme as  by  the  tank  at  Sheffield.  The 
Manchester  sewage  contains  excessive 
quantities  of  oily  or  tarry  matter,  con- 
cerning which  a  special  note  is  made. 
This  oily  matter  when  present  in  sew- 
age spreads  itself  upon  the  surface 
and  must  tend  to  prevent  surface 
aeration.  It  seems  to  follow  that  in 
such  a  case  as  this  purification  which 
was  dependent  upon  surface  aeration 
would  be  hindered,  but  that  in  the 
case  of  diffused  air  there  would  be 
an  enormous  advantage.  It  will  thus 
be  seen  how  extremely  difficult  it  is  to 
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make  any  comparison  between  various 
processes.  It  is  to  be  hoped  that  re- 
sults will  be  forthcoming  from  places 
where  the  mechanical  agitation 
method  and  the  diffused  air  method 
have  been  working  under  identical 
conditions.  How  interesting  it  would 
be  to  see  mechanical  agitation  applied 
on  the  same  scale  as  diffused  air  at 
Davyhulme  or  the  diffused  air  princi- 
ple applied  on  an  equal  scale  to  me- 
chanical agitation  at  Sheffield.  It  cer- 
tainly does  appear  that  the  advocates 
of  surface  aeration  must  take  into  ac- 
count the  presence  of  oily  matters 
which  are  of  minor  importance  in  the 
case  of  diffused  air.  The  greater  the 
attention  given  to  this  subject  of  ac- 
tivated sludge  treatment  the  more 
evident  does  it  become  that  it  is  ex- 
tremely complicated  and  that  the  best 
and  most  economical  results  can  only 
be  reached  after  considering  each  case 
with  the  very  greatest  care  on  its  own 
merits. 


Electric  Locomotives 

Editorial    in    The    Engineer,    London. 

The  discussion  at  the  Institution  of 
Mechanical  Engineers  on  Sir  Vincent 
Raven's  paper  was  worthy  of  the  sub- 
ject, but  was,  nevertheless,  disappoint- 
ing in  one  respect.  The  electric  loco- 
motive must,  no  less  than  the  steam 
locomotive,  be  regarded  first  and  fore- 
most as  a  vehicle.  In  all  locomotives 
the  means  of  propulsion,  be  it  by  re- 
ciprocating steam  engines,  by  tur- 
bines, by  oil  or  gas  engines,  or  by 
electric  motors,  are  secondary  to  the 
consideration  of  the  wheel  arrange- 
ment, the  loads  per  axle,  the  ease  and 
safety  of  running,  the  tractive  effort, 
speed,  and  all  the  matters  that  con- 
cern the  traffic  manager,  rather  than 
the  locomotive  superintendent.  For 
this  reason  it  is  to  be  regretted  that 
none  of  the  chief  mechanical  engi- 
neers spoke,  and  that  the  discussion 
was  left  almost  wholly  in  the  hands 
of  electrical  people.  The  experience 
of  those  who  for  many  years  have  had 
to  provide  locomotives  that  will  do 
what  the  traffic  department  wants 
without  carrying  away  all  the  bridges 
and  scraping  out  the  insides  of  all 
the  tunnels,  which  will  run  steadily 
round  reverse  curves  at  high  speed 
and  will  not  hammer  the  rails  to 
pieces,  is  of  necessity  invaluable  to 
electrical  engineers  and  would  have 
been  appreciated  by  the  members.  We 
may  regret,  moreover,  that  the  elec- 
tric locomotive  was  allowed   to  have 


all  its  own  way  and  that  no  one  stood 
up  to  defend  the  steam  engine.  For- 
tunately, we  are  aware  that  the  au- 
thor himself  is  not  an  electrical  whole- 
hogger;  he  is  so  far  willing  to  see 
good  in  the  steam  locomotive  that 
he  is  building  a  very  large  one — it 
is  now  in  the  paint  shop — which,  when 
opportunity  and  facilities  occur,  will 
be  run  in  direct  competitive  test  with 
his  latest  electric  locomotive.  We 
could  name  other  C.M.E.'s  who  have 
still  not  surrendered  their  belief  in 
the  steam  locomotive,  and  we  feel 
regret  that  they  did  not  take  part  in 
the  debate.  We  venture  to  express 
a  hope  that  they  will  find  time  to 
"send  their  remarks  in  writing." 

The  completion  of  Sir  Vincent 
Raven's  express  electric  locomotive 
marks  a  distinct  step  in  the  develop- 
ment of  such  machines  in  this  coun- 
try. It  is  the  most  direct  challenge 
to  the  main  line  steam  locomotive 
that  has  yet  appeared,  and  its  career 
will  be  followed  with  exceptional  in- 
terest. Sir  Vincent  stated,  with  nat- 
ural pride,  that  it  had  an  efficiency 
of  81  per  cent.  We  presume  he  meant 
the  efficiency  between  electrical  units 
at  the  bow  and  horsepower  at  the  rail. 
Taking  it  so,  it  is  an  astonishing  rec- 
ord. If  we  assume  that  the  motors 
ran  at  90  per  cent  efficiency,  then  it 
follows  that  the  whole  of  the  mechan- 
ical part  has  also  to  run  at  90  per 
cent,  which,  to  say  the  least  of  it,  is 
a  remarkably  high  figure  for  a  plant 
which  involves  the  use  of  six  gear  re- 
duction pairs.  >  If  it  were  not  that  90 
per  cent  X  90  per  cent  makes  the  81 
per  cent  which  Sir  Vincent  gave,  we 
should  be  tempted  to  believe  that  his 
figure  was  the  average  electrical  effi- 
ciency only  for  all  loads,  and  putting 
the  whole  mechanical  efficiency  at, 
say,  another  80  per  cent,  we  should 
have  a  total  efficiency — bow  to  draw- 
bar— of  about  65  per  cent.  Before 
this  figure  can  be  contrasted  with  the 
equivalent  for  a  steam  locomotive  the 
power  station  thermal  efficiency  must 
be  taken  into  account.  If  we  put  that 
figure  at  20  per  cent  we  shall  err  on 
the  generous  side.  Thus  the  net  effi- 
ciency— disregarding  for  the  moment 
transmission  losses — comes  down  to 
16  per  cent  on  Sir  Vincent's  figure 
and  to  13  per  cent  on  ours.  But  the 
transmission  losses,  including  sub- 
station losses,  are  very  material.  It 
will  not  be  safe  to  take  them  at  less 
than  10  per  cent,  and  the  net  result 
is  an  efficiency  as*  between  coal  at 
power    station    and    draw-bar      horse- 
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power  of  between  12  and  14  per  cent. 
It  is  worth  noting  that  in  his  recent 
book  Mr.  Carter  makes  the  efficiency 
of  the  locomotive  from  turbine  to  rail 
55  per  cent,  which  makes  the  net  effi- 
ciency, coal  to  draw-bar,  no  more  than 
12  per  cent.  Corresponding  figures  for 
steam  locomotives  are  not  easily  ob- 
tained, but  in  the  St.  Louis  tests  of 
1904  it  was  found  that  a  draw-bar 
horsepower  could  be  secured  for  2  lb. 
of  coal,  and  the  figure  has  no  doubt 
been  reduced  in  the  intervening  18 
years,  during  which  superheating  has 
been  developed.  We  may  possibly  an- 
ticipate that  Sir  Vincent's  new  steam 
locomotive  will  show  in,  efficiency, 
coal  to  draw-bar,  of  something  like  10 
per  cent,  not  very  far  removed  from 
that  of  an  electric  locomotive  driven 
by  a  super-power  station.  Both  will 
probably  be  beaten  easily  by  the  in- 
ternal combustion  locomotive  when  it 
is  perfected. 

It  is  in  this  matter,  as  in  nearly  all 
others,  unwise  to  lay  too  much  stress 
on  thermal  efficiency  when  contrasting 
different  systems,  and  we  only  men- 
tion it  here  to  moderate  belief  as  to 
the  enormous  saving  of  coal  that  is  to 
be  effected  by  electrification  of  rail- 
ways. It  is  in  other  directions  that 
we  must  look  for  economy  and  most 
notably  in  the  reduction  of  mainte-  ' 
nance  costs  and  convenience  of  traffic 
handling.  Sir  Vincent's  figures  on 
the  first  point  are  startling.  Dealing 
with  the  10  electric  freight  engines 
on  the  Shildon  branch  line,  he  tells 
us  that  in  the  year  1920,  a  fairly  nor- 
mal year,  the  total  cost  for  repairs,  in- 
spection, preparation,  cleaning,  etc., 
amounted  to  no  more  than  three-half- 
pence per  engine  mile,  as  against 
elevenpence  halfpenny  for  steam  lo- 
comotives doing  the  same  work.  Those 
are  very  striking  figures.  Again,  ex- 
perience shows  that  electric  locomo- 
tives can  be  run  for  many  more  hours 
per  year  than  steam  locomotives,  so 
that  for  the  same  service  a  less  num- 
ber is  required.  Such  items  as  these 
are  more  strongly  in  the  favor  of  elec- 
tric locomotives  than  a  rather  prob- 
lematical coal  saving;  but,  as  Mr.  Dal- 
ziel,  of  the  Midland  Railway,  said  in 
the  discussion,  even  then  it  is  diffi- 
cult to  set  up  a  financially  attractive 
case  for  the  electrification  of  main 
lines.  He  found  that  to  electrify  the 
Derby  to  Manchester  lines — some  61 
miles — would  cost  today  two  and 
three-quarter  million  pounds  and 
could  be  operated  with  115  electric 
locomotives  at  about  £294,000,  as 
against    £533,000    for    251    steam   en- 
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gines.  But  even  then  the  capital 
charges  ran  away  with  all  the  ad- 
vantages and  left  a  debit  balance  of 
£3,000   per  year! 


Activated  Sludge  Treatment 
at  Manchester,  England 

Editorial  in  The  Surveyor,  London. 
"In  the  light  of  the  experience 
gained  with  the  existing  activated 
sludge  plant  it  was  felt  advantageous 
to  increase  the  proportion  of  the  flow 
of  sewage  received  at  these  works 
treated  by  this  process  rather  than 
incur  serious  expense  on  the  renewal 
of  the  filters."  These  words  are  taken 
from  the  annual  report  of  the  city 
of  Manchester  River  Department  for 
the  year  ending  March  last,  and  they 
are  a  clear  indication  of  the  trend 
of  things.  It  is  anticipated  that  a 
better  average  effluent  will  be  ob- 
tained and  that  there  will  be  a  saving 
in  running  costs.  The  report  shows 
that  the  plant  which  was  installed  at 
Withington  in  the  year  1917,  and 
which  was  put  out  of  operation  for 
two  months  in  1921  in  order  that  the 
conversion  from  steam  to  electric 
power  might  be  effected,  has  been  at 
work  since  the  middle  of  April,  1921, 
dealing  with  263,000  gal.  daily  with 
an  air  consumption  of  1.35  cu.  ft.  per 
gallon;  but  it  is  to  be  noted  that  the 
volume  of  air  used  has  been  in  ex- 
cess of  that  employed  in  previous 
years,  partly  on  account  of  stronger 
sewage  treatment  and  partly  for  the 
purposes  of  experiment.  "The  dif- 
fusers,  which  have  now  been  in  use 
for  a  period  of  five  years,  continue  to 
give  satisfaction,  a  slight  increase 
only  in  friction  being  observed."  This 
statement  is  very  important,  because 
it  clearly  shows  that  there  has  been 
very  great  exaggeration  with  regard 
to  the  clogging  of  diff users;  under 
proper  conditions  it  is  certain  that 
clogging  will  not  occur. 

The  research  work  recorded  with 
regard  to  the  sludge  dewatering  in- 
cludes a  trial  with  a  centrifuge  of  spe- 
cial design  which  proved  to  be  unsuit- 
able. The  addition  of  light  mineral 
matter  such  as  flue  dust  was  found 
to  assist  the  release  of  water  from  the 
sludge,  but  the  quantity  of  mineral 
matter  required  is,  however,  so  large 
as  seriously  to  depreciate  the  value 
of  the  final  product.  Trials  have  also 
been  made  with  vacuum  treatment. 
The  treatment  of  sludge  with  acid  as 
a    preliminary    to    vacuum   treatment 
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makes  the  removal  of  water  easier, 
and  the  cost  of  such  treatment  is 
more  than  counter-balanced  by  the 
increased  output,  the  water  content 
being  reduced  to  86  per  cent,  and  even 
to  84  per  cent,  and  the  volume  of  the 
sludge  from  6  to  1.  Preliminary  heat- 
ing of  the  sludge,  however,  does  not 
appear  to  be  practicable.  While  the 
cost  of  treatment  in  this  manner  is 
not  unreasonable,  it  is  feared  that  the 
renewal  cost  would  be  prohibitive  in 
the  case  of  the  horizontal  traveling 
gage  system,  and  it  is  expected  that 
the  vacuum  wheel  method  of  treat- 
ment will  give  better  results.  In  this 
method  a  slowly-rotating  wire-mesh 
cone  fed  internally  or  a  revolving 
gauze  cylinder  in  the  sludge  itself  are 
used,  and  by  this  means  the  volume 
of  the  original  sludge  is  reduced  from 
3  to  1  with  a  94  per  cent  water  con- 
tent without  the  use  of  acid.  This 
product  is  then  passed  over  an  end- 
less wire-gauze  carried  on  rollers,  hav- 
ing a  superimposed  band  which  pro- 
duces a  squeezing  effect,  and  by  this 
means  the  water  content  is  reduced 
to  86  per  cent.  Experiments  have 
also  been  made  by  impregnating  acti- 
vated sludge  with  gases  and  thereby 
causing  it  to  float.  Although  consid- 
erable success  is  promised  from  cer- 
tain experiments  made  in  America,  it 
does  not  appear  that  the  Manchester 
experiments  offered  any  good  pros- 
pect of  success. 


troubles  arising  from  Crenothrix  in 
iron-bearing  waters  may  be  eliminat- 
ed by  the  germicidal  action  of 
chloramine.  Dosing  to  the  extent  of 
0.5  parts  per  million  prevented  their 
development,  and  the  residual  matter 
did  not  become  offensive  even  after 
prolonged  storage,  thus  the  problem 
was  reduced  to  one  of  iron  removal 
without  complications.  Chloramine 
is  formed  by  treating  dilute  solutions 
of  hypochlorites  with  dilute  am- 
monia and  can  only  be  prepared  in 
very  weak  concentrations. 


Iron  Bacteria  in  Water  Mains 

Editorial    in    Municipal    Engineering, 
London. 

Considerable  trouble  and  inconve- 
nience are  often  caused  by  the  pres- 
ence in  water  of  iron  bacteria,  so 
called  because  of  their  occurrence  in 
iron-bearing  waters.  These  bacteria, 
of  which  the  most  troublesome  is 
probably  Crenothrix,  accumulate  in 
the  mains  and  the  water  is  rendered 
unsightly  and  unfit  for  dietetic  pur- 
poses by  the  development  and  decay 
of  the  organisms.  It  is  undecided 
whether  the  organism  receives  its  en- 
ergy from  oxidation  of  ferrous  to  fer- 
ric iron,  or  whether  the  separation 
of  ferric  hydroxide  is  an  independent 
mechanical  phenomenon  not  connect- 
ed with  the  life  processes  of  the  cell. 
The  success  attendant  upon  the  use 
of  chloramine  to  destroy  vegetable 
bacterial  cells  led  to  experiments  with 
it  in  the  treatment  of  water  contain- 
ing iron  bacteria,  and  Mr.  W.  F. 
Mountfort  has   shown  that  the  acuta 
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Grouping  Highway  Areas 

Editorial    in    The    Surveyor,    London. 

Sir  Henry  Mabury's  suggestive  ad- 
dress to  the  Manchester  Statistical 
Society  recently  may  be  regarded  as 
more  than  an  indication  of  the  trend 
of  events  with  respect  to  improved 
methods  of  transport;  it  was,  in  our 
view,  really  a  signpost  pointing  the 
way  of  future  developments  in  road 
administration,  and  the  lettering 
thereon  may  be  confidently  recom- 
mended to  the  consideration  of  the 
local  authorities  throughout  the  coun- 
try. The  speaker,  in  the  course  of 
his  introduction,  contrasted  the  pros- 
perity of  the  railways  with  the  de- 
cadence of  the  canals,  and  pointed  out 
that  while  in  the  case  of  the  railways 
there  had  been  a  gradual  develop- 
ment of  combination  towards  the  new 
grouping  system,  this  tendency  had 
been  lacking  in  the  case  of  the  canals. 
This  led  Sir  Henry  by  an  easy  stage 
to  the  case  of  the  highways,  in  which, 
as  he  pointedly  remarked,  there  had 
been  so  far  little  progress  in  group- 
ing and  combination.  The  number  of 
highway  authorities  still  exceeded  2,- 
000,  and  an  impartial  survey  indicat- 
ed that  their  equipment  and  resources 
were  in  some  cases  slender.  This  is, 
of  course,  a  truism,  but  it  might  be 
added  that  alike  in  cases  where  re- 
sources are  slender  and  those  where 
the  rateable  income  is  upon  a  more 
liberal  scale,  there  is  virtual  unanim- 
ity in  their  attitude  towards  the  finan- 
cial liabiliities  entailed  by  the  new 
form  of  transport.  Sir  Henry  pro- 
ceeded to  quote  from  a  recent  report 
in  which  Mr.  G.  H.  Jack,  county  sur- 
veyor of  Hereford,  expressed  the  opin- 
ion that  the  trunk  roads  of  the  coun- 
try would  some  day  be  maintained  on 
a  regular  plan  and  as  efficiently  as 
railway  tracks,  irrespective  of 
whether  they  passed  through  rich 
areas  or  poor;   and  hinted  at  the  de- 
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sirableness  of  creating  highway  areas 
for  the  utilization  of  the  road  rate 
and  the  maintenance  of  the  roads  to 
a  scientific  standard  throughout  sev- 
eral counties.  Answering  his  own 
question  whether  the  expenditure  of 
enormous  sums  of  money  on  highway 
improvements  was  justified,  Sir  Hen- 
ry instanced  the  proposed  new  Liver- 
pool-Manchester arterial  road,  and  set 
up  a  powerful  justification  for  the 
scheme  on  the  plea  of  many-sided 
economies.  Whatever  else  may  be  in 
view  with  respect  to  road  problems, 
it  appears  to  be  almost  certain  that 
changes  in  administrative  grouping 
and  combination  will  not  be  long  de- 
layed. 


Motor  Bus  Transport  in  Ru- 
ral Areas  in  England 

Editorial    in    Engineering,    London. 

Passenger  transport  today  in  rural 
areas  presents  a  number  of  peculiar 
features  which  did  not  exist  in  the 
days  of  our  forefathers.  Not  so  long 
ago  the  stage  coach,  a  few  phaetons, 
the  squire's  dog  cart  and  the  farmer's 
gig,  supplemented  by  the  more  hum- 
ble seat  in  the  carrier's  cart,  or  the 
still  less  ostentatious  means  of  loco- 
motion provided  by  Shanks'  mare,  suf- 
ficed for  the  needs  of  those  whose 
business  or  pleasure  required  them  to 
journey  from  one  place  to  another. 
The  rise  of  the  towns,  and  the  devel- 
opment of  the  railways,  which  did 
much  to  foster  passenger  traffic  in 
their  early  days  by  absurdly  cut  rates, 
resulted  in  the  gradual  spread  through 
country  places  of  a  wish  for  something 
more  than  the  occasional  visit  to  the 
nearest  market,  or  a  journey  by  coach 
to  the  county  town,  or  perhaps,  even 
to  the  wonderful  city  of  London.  The 
old  idea  that  anything  in  the  way  of 
a  long-distance  excursion  was  an  un- 
dertaking of  grave  physical  risk,  not 
to  be  lightly  undertaken,  not  to  men- 
tion the  moral  peril  of  "going  out 
into  the  world,"  has  now  altogether 
dispersed,  though  it  is  only  quite  re- 
cently that  there  were  still  old  folk 
who  had  never  journeyed  by  train, 
and,  may  be,  such  could  still  be  found 
in  some  of  the  remotest  corners  of  the 
kingdom. 

The  stage  coach  provided  mainly 
for  long  distance  traffic.  Apart  from 
this  the  movement  about  the  country 
was  mostly  due  to  visits  to  markets. 
Both  forms  of  traffic  are  catered  for 
by  the  railways  today.  The  stage 
coach  has  been  absolutely  eliminated, 


while  the  special  facilities  and  addi- 
tional accommodation  provided  for  lo- 
cal market  days  has  built  up  to  the 
railways  a  goodly  amount  of  patron- 
age and  brings  to  the  towns  far  great- 
er crowds  than  ever  visited  them  be- 
fore. The  number  of  smaller  places 
served  is,  however,  still  limited, 
though  each  country  station  is  the  col- 
lecting point  for  a  good  deal  of  traffic. 
Many  villages  of  some  size  are  served 
by  good  roads,  though  still  distant 
from  any  railway.  It  is  not  to  be 
expected  now  that  these  will  ulti- 
mately have  railway  connection.  The 
cost  of  construction  of  the  normal  sys- 
tem makes  the  proposition  an  impos- 
sible one,  while  attempts  to  foster 
light  railway  enterprise  have  so  far 
been  abortive  in  this  country.  The 
extension  even  of  tramways  into  re- 
mote rural  districts  would  burden  the 
system  with  heavy  costs  of  a  per- 
manent character  which  the  traffic 
could  ill  stand,  so  that  there  would 
appear  to  be  in  this  rural  traffic  a 
field  of  enterprise  peculiarly  suited  to 
the  motor  omnibus.  In  this  form  of 
transport,  as  Mr.  S.  E.  Garcke  pointed 
out  in  the  paper  he  read  before  the 
Institution  of  Transport  on  Monday 
last,  the  capital  expenditure  does  not 
depend  upon  the  miles  of  route*  oper- 
ated, but  on  the  number  of  vehicles 
in  service,  and  it  is  therefore  suitable 
for  employment  where  traffic  is  so 
light  that  heavy  capital  costs  would 
overload  an  enterprise.  At  present, 
as  we  all  know,  the  motor  omnibus, 
though  subjected  to  a  certain  amount 
of  taxation,  is  not  called  upon  to  meet 
anything  like  the  charges  which  a  rail- 
way has  to  face  with  regard  to  the 
road  it  runs  over,  and  its  contribu- 
tion, such  as  it  is,  is  independent  of 
distance  traversed.  How  long  this 
position  of  privilege  will  persist,  it  is 
impossible  to  say,  but  while  some  ad- 
vantages to  a  young  industry  thus 
arise  to  which  the  older-established 
systems  not  unnaturally  take  excep- 
tion, the  operation  of  a  successful  'bus 
service  is  not  as  a  consequence  all 
plain  sailing.  The  road,  which  is  free 
to  them,  is  also  free  to  any  self-ap- 
pointed rival.  The  railway  has  to 
meet  opposition  by  road,  water  and 
air  traffic,  but  other  railway*  competi- 
tion has  largely  disappeared.  Even 
when  competition  was  rife  between 
railway  companies  it  was  largely  con- 
cerned with  the  traffic  of  certain  defi- 
nite points,  while  intervening  areas 
were  left  undisturbed  by  the  state  of 
rivalry  which  existed. 
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Today  the  motor  'bus  often  runs  on 
roads  alongside  the  railway,  but  we 
concur  in  what  we  gather  to  be  Mr. 
Garcke's  opinion  that  competition  of 
this  kind  over  the  greater  distances 
will  not  last  for  long.  Mr.  Garcke 
points  out  that  the  recent  extraor- 
dinary development  of  the  summer 
char-a-banc  traffic  occurred  at  a  time 
when  the  railways  had  not  recovered 
from  the  effects  of  the  war,  and  were 
further  suffering  the  great  inconveni- 
ence consequent  upon  the  coal  strike. 
That  there  is  still  a  vast  number  of 
people  who  have  a  preference  for  the 
railways  for  the  longer  journeys  has 
been  amply  proved  by  the  patronage 
accorded  in  practically  every  case  in 
which  the  attempt  has  been  made  to 
restore  pre-war  railway  services  in 
connection  with  holiday  traffic.  There 
will  always  be  in  the  future  many  peo- 
ple who  will  enjoy  a  ride  by  motor  in 
good  weather,  and  to  these  the  motor 
char-a-banc  offers  unique  opportuni- 
ties of  seeing  the  beauties  of  rural 
districts.  No  one,  for  instance,  could 
seriously  compare  a  visit  to  the  Duker- 
ies  by  railway  with  a  tour  by  road. 
These  individuals,  however,  do  not 
bulk  so  large  in  number  as  might  be 
imagined,  and  in  the  summer  months 
there  will  always  remain,  we  hope, 
to  be  served  a  goodly  contingent  of 
large  and  small  families  with  all  their 
holiday  paraphernalia  which  the  rail- 
ways know  so  well  how  to  handle,  but 
which  would  be  absolutely  declined 
by  the  motor  services. 

It  is  thus  not  in  competition  for  reg- 
ular holiday  traffic  that  the  motor  will 
be  successful;  but  motor  transport 
can  without  doubt  render  a  great  serv- 
ice to  the  country  by  catering  for  or- 
dinary rural  traffic.  This  involves 
running  over  considerable  distances 
and  demands  above  all  as  Mr.  Garcke 
shows  the  strictest  regularity  in  oper- 
ation. The  traffic  cannot  afford  a 
frequent  service  as  is  customary,  for 
instance,  on  a  tramway  system,  and 
to  offset  for  this  absolute  adherence 
to  time-table  is  essential.  In  this  the 
country  'bus  service  resembles  train 
working,  but  unfortunately  for  the 
'bus  this  introduces  considerable 
drawbacks.  On  the  one  hand  the  om- 
nibus is  --a  small  unit,  and  a  heavy 
rush  of  passengers  on  one  journey, 
perhaps  at  some  intermediate  point, 
is  difficult  to  handle  without  disap- 
pointment to  the  patrons.  The  'bus 
has  not  the  elasticity  of  the  train  in 
this  respect.  Again,  the  train  can 
publish   its   time-table   without   much 


harm  resulting,  but  if  a  motor  service 
follows  this  custom  it  is  open  to  any 
rival  to  run  over  exactly  the  same 
route  just  ahead  of  the  best  runs  of 
the  regular  service,  and,  as  the  expres- 
sion is,  "scoop"  all  the  traffic.  The 
very  success  of  one  service  is  tanta- 
mount to  an  invitation  to  rivals,  but 
where  one  may  just  make  a  profit 
two  may,  and  most  likely  would,  fail, 
and  it  may  quite  possibly  be  that  one 
which  is  most  deserving  of  support 
by  reason  of  its  adherence  to  a  regu- 
lar schedule.  Rivalry  has  existed,  of 
course,  on  the  roads  before  now.  At 
one  time  it  was  a  prominent  feature 
of  the  coaching  traffic,  but  it  must 
be  admitted  that  it  is  a  little  hard  on 
a  well-conducted  service  that  it  should 
suffer  in  such  ways  for  its  very  suc- 
cess. Mr.  Garcke  would  like  to  see 
the  services  licensed  and  restricted, 
but  we  do  not  think  that  the  country 
would  consider  such  a  proposition. 
The  roads  in  principle  at  least  are 
available  for  all  users,  and  the  only 
ground  upon  which  control  is  likely 
is  not  to  enable  one  company  or  an- 
other to  make  a  profit,  but  to  protect 
the  general  public  from  an  excess  of 
motor  traffic,  or  from  abuse  by  the 
running  of  unfit  cars  by  unsound  con- 
cerns intent  only  on  "pirating." 

The  question  of  excess  of  traffic  is  a 
very  difficult  one  which  so  far  as  we 
are  aware  has  not  yet  brought  forward 
any  adequate  solution.  If  such  ex- 
cess occurs  at  the  starting  point  it 
may  be  dealt  with  by  a  relief  car, 
but  if  as  often  happens  it  quite  un- 
expectedly arises  at  some  intermedi- 
ate point,  unless  overcrowding  is  per- 
mitted, many  would-be  passengers  are 
liable  to  have  to  wait  over  a  long  in- 
terval for  the  next  regular  car.  This, 
of  course,  means  disappointment  and 
is  detrimental  to  the  service.  These 
rushes  are  spasmodic;  they  neither 
occur  at  the  same  time  of  day,  nor 
regularly  on  the  same  day  of  the 
week.  For  the  more  regular  crowds, 
Mr.  Garcke  advocates  the  use  of 
trailers  which  are  now  largely  adopt- 
ed on  the  Continent.  He  points  out 
that  abroad,  the  London  type  of  omni- 
bus, carrying  36  passengers,  is  worked 
with  a  16-seated  trailer,  thus  making 
available  for  the  regular  crowded 
trips  a  52-seated  unit.  There  is  little 
doubt  that  the  trailer  could  be  devel- 
oped to  suit  most  roads  in  this  coun- 
try. It  is,  as  Mr.  Garcke  says,  a 
matter  of  design,  and  we  are  sure 
that  genius  sufficient  exists  here  to 
tackle  this  problem   successfully. 
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On  the  whole,  Mr.  Garcke  recom- 
mends the  larger  single-decked  ve- 
hicle as  opposed  to  the  small  unit, 
but  he  would  see  it  specially  designed 
instead  of  practically  a  machine  es- 
sentially developed  for  heavy  goods 
transport.  Better  springing  is  re- 
quired, and  a  reduction  of  unsprung 
weight,  when  even  solid  tires  on  good 
roads  would  result  in  a  material  re- 
duction in  the  vibration  which  in  cases 
is  so  pronounced.  We  are  pleased  to 
note  that,  where  a  large  staff  is  im- 
possible, Mr.  Garcke  leans  towards 
the  management  being  in  the  hands 
of  an  engineer.  There  is  no  doubt 
that  an  engineer's  training  brings  out 
many  qualities  which  are  of  value  in 
such  a  position,  and  a  keen  man  can 
supplement  these  as  the  service  de- 
velops. One  of  the  main  difficulties 
is  the  foreseeing  of  extra  traffic,  and 
this  can  only  be  provided  for  by  ob- 
taining intelligence  from  all  points  of 
the  area  served.  Much  may  be  done 
in  this  direction  at  small  cost,  but  it 
will  be  a  very  alert  official  who  will 
not  find  himself  caught  occasionally, 
even  then. 


Work  of  the  Sanitary 
Engineer 

Editorial  in  The  Surveyor,  London. 
Although  it  might  have  been  ex- 
pected that  the  wonderful  achieve- 
ments of  sanitary  engineers  in  safe- 
guarding the  troops  from  disease  dur- 
ing the  Great  War  would  have  con- 
vinced the  public  once  and  for  all  of 
the  importance  of  all  sanitary  engi- 
neering work,  subsequent  experience 
has  shown  either  that  this  never  was 
the  case  or  that  the  public  memory 
is  so  short  that  the  lessons  then 
learned  have  already  been  forgotten. 
Mr.  H,  C.  H.  Shenton,  the  new  presi- 
dent of  the  Institution  of  Sanitary 
Engineers,  did  well,  therefore,  to 
emphasize  at  the  very  beginning  of 
his  able  inaugural  address  that  sound 
and  competent  sanitary  engineering 
is  the  very  basis  of  a  high  standard 
of  public  health.  The  prevention  and 
cure  of  disease  really  form  two 
branches  of  one  subject,  and  although 
the  engineer  cannot  be  expected  to 
be  a  doctor  or  the  doctor  an  engineer, 
common  sense  seems  to  demand  a 
much  closer  degree  of  co-operation 
between  the  two  professions  than  has 
hitherto  been  customary.  Both  have 
the  same  object  in  view — namely,  the 
health  of  the  people — and  it  must  be 
to  the  advantage  of  either  to  look  at 


the  matter  from  time  to  time  fiom  th  > 
standpoint  of  the  other.  For  example, 
there  is  a  tendency  at  the  present 
time  to  reduce,  for  reasons  of  so- 
called  "economy,"  the  former  high 
standard  required  in  the  execution  of 
sanitary  works;  and  the  expressed 
opinion  of  the  medical  profession 
would  be  of  the  greatest  possible  value 
in  reinforcing  the  protests  of  sanitary 
engineers  against  such  a  retrograde 
movement.  Mr.  Shenton  also  referred 
to  new  methods  of  construction  and 
new  appliances  in  connection  with 
sewerage,  and  emphasized  the  need 
for  a  more  careful  consideration  of 
the  mechanical  engineering  side  of 
the  activated  sludge  process.  Very 
wisely,  however,  he  did  not  limit  him- 
self to  the  larger  works  for  which  the 
sanitary  engineer  of  to-day  is  respon- 
sible, but  pointed  out  with  great 
cogency  that  such  a  matter,  as  house 
drainage  is  not  a  matter  which  can 
safely  be  left  in  the  hands  of  ama- 
teurs. An  architect  is  not,  as  a  rule, 
a  sanitary  engineer,  and  it  is  quite 
unfair  to  expect  a  contractor  to  under- 
take any  responsibility  as  regards  de- 
sign. In  all  but  the  simplest  cases 
the  employment  of  a  sanitary  engi- 
neer for  this  purpose  will  result  not 
only  in  efficient  design,  but  also  in  all 
probability  in  an  actual  saving  of 
money.  The  institution  is  once  more 
to  be  congratulated  on  having  chosen 
as  its  president  one  who  is  a  well- 
known  expert  in  all  branches  of  his 
profession,  and  who  has  shown  by  his 
inaugural  address  that  he  takes  a 
broad  and  enlightened  view  of  the 
special  problems  which  are  calling 
for  solution  at  the  present  time. 


French  Railway  Electrification 

The  Government  having  decided  in 
favor  of  the  1,500-volt  continuous- 
current  system  for  the  electrification 
of  more  than  5,000  miles  of  the  French 
railways,  a  standard  locomotive  has 
been  designed,  and  those  lines  already 
electrified  with  alternating  current  are 
under    conversion. 

The  first  of  the  new  locomotives  has 
been  turned  out  of  the  works  at 
Tarbes.  Weighing  72  tons,  it  is  capa- 
ble of  developing  1,400  HP.  from  its 
four  motors  and  of  attaining  a  speed 
of  nearly  60  m.p.h.  Provision  is  made 
for-  regenerative  braking  and  forced 
ventilation  at  high  speeds.  Low-ten- 
sion current  (120  volts)  is  supplied 
from  a  small  auxiliary  set  for  remote 
control,  heating  and  lighting  purposes. 
— The  Railway  Engineer,  London. 
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Autographic  Pile  Set  Gauge 

From  Engineering,   London.' 

We  illustrate  a  convenient  auto- 
graphic pile  set  gauge  devised  by  Mr. 
A.  S.  B.  Ackermann  of  17  Victoria 
St.,  London,  S.  W.  1.  The  instrument 
consists  essentially  of  a  frame  which 
is  firmly  secured  to  the  pile.  A  light 
plate  carrying  the  paper  on  which  the 
record  is  to  be  made,  is  arranged  to 


right-hand  end  of  its  path.  The  pen- 
cil point  touches  the  paper  near  its 
bottom  margin,  and  when  the  monkey 
falls  it  strikes  a  trigger  arranged 
some  distance  above  the  head  of  the 
pile,  and  by  means  of  a  Bowden  wire 
releases  the  hook  which  detains  the 
platen.  The  latter  being  thus  freed 
is  already  moving  horizontally  under 
the  tension  of  its  spring,  when  the 
monkey  reaches  the  head  of  the  pile. 


Figs.  1  and  2 — Autographic  Pile  Set  Gauge. 


slide  horizontally  in  this  frame,  under 
the  tension  of  the  horizontal  spring 
shown  to  the  left  in  Fig.  1.  A  weight 
carrying  a  pencil  is  suspended  from 
the  top  of  the  pile  through  the  inter- 
mediary of  the  vertical  spring  shown, 
which  is  made  so  long  that  its  tension 
does  not  alter  much  by  a  reduction 
in  its  length  equal  to  the  probable 
set  of  the  pile.  As  represented  in 
Fig.  1,  the  instrument  is  ready  to 
make  a  record.  The  platen  carrying 
the  paper  is  secured  by  a  hook  at  the 


As  the  latter  is  driven  down,  the 
weight,  being  spring  supported,  lags 
behind,  since  the  only  force  accelerat- 
ing it  is  the  difference  between  its 
weight  and  the  spring  tension,  which, 
as  stated,  does  not  alter  much  for  a 
change  in  length  equal  to  the  set  of 
the  pile.  As  the  duration  of  the  blew 
is  less  than  1/10  second,  perhaps  less 
than  1/100  second,  the  weight  may 
for  all  practical  purposes  be  consid- 
ered as  remaining  stationary  for  this 
interval  of  time,  and  as  the  paper  is 
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carried  down  by  the  motion  of  the 
pile  and  traversed  horizontally  by  the 
spring,  a  record  is  obtained  in  which 
the  ordinates  represent  downward 
motion  of  the  pile,  whilst  the  abscis- 
sae are  functions  of  the  time.  The 
trip  gear  which  releases  the  platen 
is  shown  to  a  larger  scale  in  Fig.  2. 
Whilst  the  instrument  affords  a 
convenient  means  for  determining  the 
set  of  a  pile,  it  promises  to  be  of 
utility  in  other  directions.  It  is  now 
recognized  that  the  phenomena  as- 
sociated with  pile  driving  are  much 
more  complicated  than  has  been  as- 
sumed in  the  past.  In  addition  to  the 
set  of  the  pile  proper  there  is  an 
elastic  compression  of  its  substance, 
the  energy  absorbed  in  this  way  be- 
ing unavailable  for  driving  the  pile, 
and  mainly  responsible  for  the  re- 
bound of  the  monkey.  Some  useful 
and  interesting  conclusions  in  regard 
to  these  matters  and  to  the  elastic 
compressibility  of  the  soil  should  be 
deducible  from  a  study  of  the  auto- 
graphic  diagrams   thus   obtained. 


Sixty  Years  Ago 

From  The  Engineer,  London. 
It  is  interesting  to  the  engineer,  no 
less  than  the  general  public,  to  turn 
back  the  clock  for  a  period  of  years, 
and  from  the  files  of  an  old-estab- 
lished newspaper  discover  from  time 
to  time  what  our  fathers  or  grand- 
fathers were  doing  and  discussing. 
Sixty  years  ago,  in  our  issue  of  Jan. 
2,  1863,  in  our  annual  review  of  the 
year,  we  were  congratulating  our- 
selves— just  as  we  may  perhaps  do 
today — that  the  preparations  we  had 
been  making  for  what  would  have 
been  a  calamitous  war — with  the 
United  States — had  been  rendered  un- 
necessary, and  were  expressing  the 
belief  that  industry  had  now  gone 
through  the  worst  of  its  troubles.  The 
prospects  of  a  vast  increase  of  our 
armaments  being  greatly  diminished, 
a  greater  sense  of  security  abounded, 
and  we  anticipated  a  better  disposi- 
tion to  embark  in  commercial  under- 
takings at  home  and  abroad.  The 
near  approach  to  completion  of  the 
overland  telegraph  to  India  was  re- 
corded in  another  article.  Within  12 
months,   we   find   it   written,  "London 


will,  in  point  of  time,  be  within  12 
hours'  distance  of  Bombay,  Madras, 
Calcutta  and  Rangoon!"  Fears  were 
expressed,  however,  regarding  the  at- 
titude of  the  fierce  tribes  living  be- 
tween Bagdad  and  the  Persian  Gulf, 
and  it  was  suggested  that  a  subsidy 
of  £1,000  a  year  might  have  to  be 
paid  to  the  most  powerful  of  the 
Arabs  to  undertake  the  protection  of 
the  line  against  all  comers.  The  para- 
mount importance  of  laying  imme- 
diately an  Atlantic  telegraph  was  em- 
phasized in  a  report  of  the  comple- 
tion of  repairs  to  the  Great  Eastern, 
following  an  accident,  at  the  entrance 
to  Long  Island  Sound,  for  four  weeks 
were  required  to  inform  the  owners 
and  receive  their  instructions  in  the 
matter  of  effecting  the  repairs.  The 
vessel  struck  a  submerged  rock,  and 
received  a  fracture  85  ft.  long,  and 
in  places  4  ft.  broad.  Yet  she  not  only 
remained  afloat,  but  proceeded  a  hun- 
dred miles  farther  on  her  voyage,  and 
safely  discharged  at  New  York  near- 
ly 1,000  passengers  and  2,000  tons  of 
merchandise.  Her  double  skin  saved 
her,  and  she  might  indeed,  we  find  it 
stated,  have  been  safely  navigated 
back  to  this  country  before  being  re- 
paired. In  a  note  on  the  "Charing 
Cross  Railway"  we  recorded  that  "the 
great  iron  girder  bridge  over  the 
Thames"  was  nearly  completed,  and 
that  the  entire  site  for  the  station 
had  been  cleared  and  the  laying  of  the 
foundations  begun.  Today,  of  course, 
there  are  many  who  are  strongly  ad- 
vocating the  demolition  of  both  sta- 
tion and  bridge.  Perhaps  the  most 
interesting  item  in  the  issue  to  the 
railway  engineer  of  today  is  a  table 
giving  the  cost  of  locomotive  power 
per  mile  run  on  the  12  principal  Brit- 
ish railways.  The  highest,  value  re- 
corded was  20y2  ct.  for  the  London 
and  North-Western  and  the  London, 
Brighton  and  South  Coast,  and  the 
lowest  lZy2  ct.  for  the  North-Eastern. 


Automatic  Furnace  for  Heating  Drill 
Steel. — According  to  the  South  African 
Mining  and  Engineering  Journal  the 
chief  engineer  of  the  E.  R.  P.  M.,  Mr. 
D.  O'Donovan,  has  invented  a  furnace 
which  automatically  heats  rock  drill 
steels  to  the  best  temperature  for  tem- 
pering. It  appears  that  the  steel  is 
held  in  the  furnace  by  a  magnet, 
against  the  tension  of  a  spring.  When 
the  desired  temperature  is  reached  the 
steel  loses  its  magnetic  properties  and 
the  spring  withdraws  it. 
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Vaal  River  Water  Supply  Development 

$7,500,000  Project  of  the  Rand  Water  Board,  South  Africa,   Now 

Nearing  Completion. 

By    W.    INGHAM. 

Chief   Engineer    Rand   Water   Board. 

From  The  Journal  of  the  South  African 

The  Vaal  River  Scheme,  which  is 
now  nearing  completion,  was  author- 
ized by  the  Union  Parliament  in  June, 
1914,  but  owing  to  the  outbreak  of 
the  war  the  construction  of  the  Bar- 
rage was  not  commenced  until  Octo- 
ber, 1916.  From  November,  1917,  to 
March,  1919,  a  period  of  17  months, 
it  was,  however,  impossible  to  carry 
out  any  work  in  the  river  bed  owing 


Institution  of  Engineers,  Johannesburg. 

all  floods.  This  design  prevents  the 
accumulation  of  silt  in  the  reservoir 
area,  and  also  avoids  the  flooding  of 
private  property  on  the  river  banks. 
The  quantity  of  silt  carried  down  the 
Vaal  River  at  the  Barrage  during  an 
average  year  is  16,000,000  cubic  feet, 
or  1,200,000  tons,  and  this  would  cover 
720  acres  to  a  depth  of  six  inches. 
The    flow    of   the    Vaal    River    has 


The   Completed    Barrage  of  Vaal   River  Development.    View  Looking  Up  Stream. 


to  the  very  high  flood  discharge  of  the 
Vaal  River.  The  works  were  also  de- 
layed during  and  subsequent  to  the 
war  owing  to  a  number  of  causes 
which  it  is  not  necessary  to  enumer- 
ate here. 

Impounding  Reservoir. — The  Vaal, 
like  many  South  African  rivers,  car- 
ries, during  flood  periods,  very  large 
quantities  of  silt,  and  to  obviate  the 
danger  of  the  reservoir  being  silted 
up,  the  structure  chosen  to  dam  up 
the  water  is  of  the  barrage  type,  and 
consists  of  a  series  of  large  sluice 
gates,  which  can  be  opened  to  pass 


varied  between  no  flow  in  October, 
1912,  to  187,000  cu.  ft:  per  second 
(about  101,000,000,000  gal.  per  day) 
on  Nov.  22nd,  1917.  The  silt  contents 
has  been  found  to  vary  between  80 
parts  per  million  in  winter  to  about 
1,050  parts  per  million  in  summer 
when  the  river  is  in  flood,  but  it  is 
probable  that  the  latter  figure  may 
occasionally  rise  to  1,500  parts  per 
million  by  weight. 

The  depth  of  water  held  up  at  the 
Barrage  is  25  ft.  1  in.  and  this  backs 
up  the  Vaal  River  for  a  distance  of 
nearly  40  miles.    The  maximum  width 


(13) 


252 


Quarterly  Issue  of 


January, 


at  full  supply  level  will  be  about 
4,000  ft.,  and  the  top  water  line  is  120 
miles  in  length.  The  reservoir,  when 
full,  will  have  a  capacity  of  13,633,- 
000,000  gal.,  and,  after  allowing  for 
losses  due  to  evaporation,  absorption 
and  water  contained  in  the  reservoir 
below  the  point  of  abstraction  by  the 
pumps,  and  deducting  the  1,800  mil- 
lion gallons  reserved  for  riparian 
owners  on  the  reservoir  area,  there 
will  be  20  million  gallons  per  day,  or 
7,300  million  gallons  per  annum  avail- 
able for  the  water  supply  of  the  Rand. 

The  Barrage. — The  barrage  has 
been  constructed  about  25  miles 
down-stream  of  the  Vereeniging  Rail- 
way Bridge,  and  the  point  of  abstrac- 
tion is  about  iy2  miles  below  the  rail- 
way bridge,  where  the  river  pumping 
station  has  been  constructed.  The 
original  width  of  the  river  at  the  bar- 
rage site  was  620  ft,  but  the  length 
of  the  barrage  is  1,400  ft.  The  ob- 
ject of  cutting  into  the  banks  of  the 
river  was  to  increase  the  waterway 
to  compensate  for  the  area  taken  up 
by  the  concrete  piers  and  additional 
gates,  so  that  no  question  could  arise 
gate  area  in  case  of  injury  to  the 
in  future  in  regard  to  the  obstruction 
of  the  natural  flow  of  the  river  dur- 
ing high  floods.  The  additional  wa- 
terway is  approximately  40  per  cent, 
greater  than  the  largest  flood  area. 
The  rock  at  the  barrage  site  was  con- 
tinuous for  the  whole  width  of  the 
river,  and  no  difficulties  were  en- 
countered in  obtaining  a  good  foun- 
dation. 

At  the  barrage  site  alone  275,000 
cu.  yds.  of  rock,  loose  shale  clay  and 
earth  have  been  excavated. 

Hydraulicing  was  adopted  for  re- 
moving the  clay  and  earth  on  the 
Orange  Free  State  bank.  The  plant 
installed  for  this  work  included  a 
Sulzer  centrifugal  pump  capable  of 
raising  2,100  gal.  per  minute,  against 
a  head  of  80  lb.  per  square  inch.  250- 
Hp.  steam  engine  was  installed  for 
driving  the  pump  by  means  of  a 
"Renolds"  chain.  The  delivery  pipe 
from  the  pump  was  15  in.  diameter, 
and  had  three  8-in.  branches.  Three 
"Monitors"  were  used  for  removing 
the  material,  and  the  nozzles  were 
iy8  in.  and  1%  in.  diameter.  This 
method  was  found  to  be  very  cheap 
and  expeditious  for  removing  earth 
and  soft  clay,  but  hard  clay  had  to  be 
excavated  with  pick  and  shovel. 

A  concrete  apron  covers  the  river 
bed  for  the  entire  length  of  the  bar- 
rage and  for  a  width  of  100  ft.  down- 


stream. This  apron  is  necessary  to 
prevent  erosion  of  the  foundations, 
and  is  carried  for  a  distance  of  45  ft. 
downstream  of  the  piers.  The  velo- 
city of  the  water,  with  a  full  reser- 
voir, when  a  gate  is  raised  12  in.,  is 
about  38  ft.  per  second.  The  average 
thickness  of  the  apron  is  4  ft,  and 
the  concrete  mixture  is  6:3:1,  except 
for  the  top  6  in.  which  is  5:2^:1. 
Longitudinal  and  cross  drains  were 
constructed  under  the  apron,  down- 
stream of  the  gates,  to  prevent  any 
possibility  of  fracture  due  to  upward 
pressure. 

On  the  downstream  edge  of  tre 
apron  a  dwarf  wall,  3  ft.  high,  has 
been  constructed  to  form  a  water 
cushion  at  the  back  of  the  gates,  so 
as  to  break  the  velocity  of  the  water 
when  the  gates  are  being  opened; 
cross  walls  have  also  been  built  at 
every  fourth  pier  to  prevent  cross 
currents. 

The  barrage  consists  of  a  series  of 
piers  with  large  mild  steel  sluice 
gates  erected  between  the  piers. 
There  are  35  piers  and  two  abut- 
ments, thus  giving  36  openings,  which 
are  closed  by  36  gates.  Each  pier  is 
8  ft.  thick,  34  ft.  6  in.  high  and  55  ft. 
long,  and  the  foundations  for  the  piers 
were  carried  down  into  the  solid  rock 
below  the  apron  foundation.  The  con- 
crete mixture  for  the  piers  was  5: 
2%:1.  The  average  depth  of  the  pier 
foundations  was  about  6  ft.  below  the 
surface  of  the  rock,  and  the  concrete 
is  strengthened  by  heavy  steel  rails 
to  prevent  damage  in  case  a  gate 
should  run  down  quickly  at  any  time. 
The  gear  for  operating  the  gates  is 
placed  on  a  platform  35  ft.  above  the 
top  of  the  piers,  and  the  platform  is 
supported  by  a  series  of  reinforced 
concrete  columns,  2  ft.  6  in.  square, 
well  braced  together  by  cross  mem- 
bers. The  platform,  main  and  sec- 
ondary beams  are  all  made  of  rein- 
forced concrete. 

The  whole  of  the  concrete  at  the 
barrage  has  been  made  by  the  Duff 
and  Abrams  method,. 

Gates  and  Operation. — The  steel 
sluice  gates  closing  the  openings  are 
25  ft.  high  and  32  ft.  6  in.  in  width, 
closing  a  30  ft.  opening  between  the 
piers;  the  gates  are  let  into  a  slot  in 
the  side  of  the  piers  for  a  distance  of 
18  in.  In  these  slots  are  placed  the 
vertical  roller  trains  on  which  the 
gates  slide,  and  the  roller  run  on  cast 
iron  machined  liners,  which  are 
bolted  securely  to  the  concrete  of  the 
piers.      Each    gate    weighs    about    26 
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tons,  and  to  enable  the  lifting  and 
lowering  to  be  carried  out  easily  the 
gate  is  balanced  by  a  counter-weight 
of  about  60  tons,  as  the  counter- 
weight only  travels  through  half  the 
distance  that  the  gate  travels.  The 
gate  is  attached  to  the  counter-weight 
by  means  of  two  1  7-16-in.  diameter, 
flexible  galvanized  wire  ropes;  each 
rope  passes  over  and  around  a  double 
conical  grooved  drum,  then  over  a 
pulley  attached  to  each  end  of  the 
counter-weight,  and  the  free  end  is 
attached  to  an  adjustable  capstan 
erected  on  the  top  platform.  The  con- 
ical drum  was  designed  to  overcome 
certain  difficulties  of  operation;  for 
instance,  when  the  gate  is  closed  the 
rope  attached  to  the  gate  lies  on 
the  small  diameter  of  the  cone,  while 
the  end  of  the  rope  from  the  counter- 
balance lies  on  the  large  diameter  of 
the  cone,  so  that  when  a  gate  is  being 
opened  the  counter-balance  acts  on  a 
greater  leverage  than  the  balancing 
leverage  of  the  gate,  and  consequent- 
ly the  greatest  force  is  exerted  at  the 
start.  Immediately  movement  com- 
mences the  diameter  of  the  cone  on 
the  counter-balance  side  decreases, 
while  that  for  the  gate  increases  un- 
til about  half-way  through  the  full 
travel  of  the  gate,  when  the  ropes  lie 
on  equal  diameters;  after  this  point 
the  cone  diameter  for  the  gate  is 
greater  than  that  for  the  counter- 
balance, and  thus  an  adequate  brac- 
ing effect  is  introduced  which  brings 
the  gate  to  rest. 

It  must  be  remembered  that  the 
total  moving  loads  are  about  82 
tons,  and  as  the  gate  travels  through 
a  distance  of  23  ft.  in  about  iy2  min- 
utes the  forces  brought  into  play  are 
very  considerable.  In  addition  to  the 
automatic  braking,  a  flywheel  33  in. 
diameter  and  weighing  400  lb.  is  con- 
nected through  the  operating  gear 
and  acts  as  a  damper  in  preventing 
excessive  speeds  from  being  built  up 
during  the  earlier  portion  of  the  trav- 
el. The  two  drums  for  each  gate  are 
connected  by  a  3  3-8-in.  diameter 
steel  shaft,  with  the  operating  head- 
stock  placed  in  the  middle  of  the 
shaft.  When  a  gate  is  to  be  raised,  a 
clutch  is  withdrawn,  and  this  frees 
the  gear;  the  counterbalance  then 
raises  the  gate  to  a  predetermined 
height,  and  this  point  has  been  fixed 
at  21  ft.  above  the  cill  of  the  gate  with 
a  full  reservoir.  To  close  a  gate  the 
clutch  is  replaced  and  the  gate  is 
lowered  by  hand  through  worm  gear- 
ing.    This   operation  will     take     two 


.men  about  20  minutes,  so*  the  whole 
of  the  gates  can  be  closed  in  about 
12  hours. 

Provision  has  been  made  to  raise 
the  gates  about  7  ft.  4  in.  above  the 
highest  known  flood  level,  which  was 
about  26^  ft.  deep  in  November,  1917. 

Upstream  of  the  slots  in  the  piers 
which  house  the  ends  of  the  main 
gates  a  further  set  of  slots  is  provided 
for  inserting  a  spare  gate  to  close 
the  opening  should  it  be  necessary  at 
any  time  to  remove  the  main  gate  for 
repairs,  and  two  spare  gates  are 
available  for  this  purpose.  In  or- 
der to  remove  the  spare  gate  easily, 
a  valve  has  been  fixed  in  the  gate  so 
that  water  can  be  allowed  into  the 
space  between  the  gates,  and  thus  bal- 
ance the  pressure  on  both  sides  of 
the  spare  gate. 

A  railway  track  has  been  laid  along 
the  whole  length  of  the  barrage,  on 
which  a  Goliath  crane,  driven  by  a 
petrol  engine,  travels  for  transport- 
ing the  gates.  The  track  is  carried 
from  pier  to  pier  on  reinforced  con- 
crete girders  which  are  10  ft.  apart. 
The  whole  of  the  excavation  and  con- 
crete work  was  carried  out  depart- 
mentally,  but  the  gates  were  made 
by  Messrs.  Glenfield  &  Kennedy,  of 
Kilmarnock,  to  the  design  of  the  Chief 
Engineer  of  the  Board,  and  the  con- 
tract price  for  the  supply  and  erec- 
tion of  the  gates  is   £162,000. 

Pumping  Plant. — The  water  is  ab- 
stracted at  Vereeniging  at  a  point 
23^  miles  upstream  of  the  barrage, 
where  the  river  intake  station  has 
been  built.  The  building  is  of  rein- 
forced concrete  47  ft.  long  by  30  ft. 
wide,  and  the  motor  floor  is  55  ft. 
above  the  river  bed  level.  The  sub- 
structure is  divided  into  eight  com- 
partments for  installing  four  electri- 
cally driven  vertical  spindle  pumping 
units.  The  pumps  are  installed  in 
dry  chambers,  and  a  set  of  screens 
will  be  erected  in  the  wet  chambers 
nearest  to  the  river.  The  compart- 
ment nearest  the  river  has  a  3  ft.x2  ft. 
6  in.  opening,  controlled  by  a  special- 
ly designed  penstock.  Iron  screens 
with  %-in.  spacings  are  fixed  over  the 
outer  openings,  and  two  sets  of  fine 
brass  wire  screens  in  the  wet  cham- 
bers. The  pumps  will  draw  the  water 
from  the  front  chamber  by  means 
of  pipes  placed  in  the  dividing  wall 
so  that  the  pump  chamber  will  al- 
ways remain  dry.  This  enables  the 
pump  and  shafting  to  be  examined 
and  repaired  without  difficulty.  Elec- 
tric motors   will  be  installed  on  the 
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top  floor  for  driving  the  pumps,  and 
electric  current  will  be  generated  at 
the  main  station,  about  one  mile 
away,  and  transmitted  through  an 
underground  cable.  Each  unit  in- 
stalled at  the  river  pumping  station 
will  be  capable  of  raising  six  million 
gallons  per  day  against  a  head  of  86 
ft.  to  the  sedimentation  tanks  at  the 
main  pumping  station. 

The  pumps  are  made  by  Amag-  Hil- 
pert,  of  Nurnberg,  and  the  motors  by 
Siemens  Schuckert,  of  Berlin.  This 
station  is  arranged  to  be  run  auto- 
matically from  the  main  station;  that 


2,000  volt,  50  cycle,  three  phase  ascyn- 
chronous  type. 

A  10-ton  hand  -operated  crane  is 
being  installed  in  the  river  station 
for  handling  the  machinery.  The 
water  from  this  station  is  pumped  to 
the  main  station  through  a  33  inch 
diameter  pipe  line,  and  the  length  of 
the  pipe  line  is  about  5,500  ft. — one- 
half  of  which  is  Hume  pipe  and  the 
other  half  steel  riveted  pipe. 

Main  Pumping  Station.--rThe  wa- 
ter from  the  river  intake  station  be- 
fore being  delivered  into  the  sedimen- 
tation tanks  is  treated  with  sulphate 
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View   of   Piers   in    Course  of   Erection,   Showing  Dwarf  Wall   and  Water  Cushion. 


is  to  say,  the  motors  can  be  started 
up  and  shut  down  and  also  the  speed 
controlled,  electrically,  from  the 
switchboard  at  the  main  station. 
Special  protective  devices  will  be  in- 
stalled to  ensure  that  should  the  plant 
at  the  river  station  shut  down  owing 
to  the  switch  tripping  as  the  result 
of  any  defect  developing  in  the  plant, 
it  cannot  be  restarted  from  the  main 
station  until  the  plant  has  been  in- 
spected and  the  apparatus  reset  at  the 
river  station. 

The  pumps  are  specially  designed 
to  deal  with  Vaal  River  water,  which 
may  on  occasions  carry  as  much  as 
1,500  parts  per  million  of  silt  and 
other  suspended  matter. 

The    motors    are    each    185    K.    W. 


of  alumnia,  and  the  water  is  then  run 
along  a  trough  arranged  with  baffles, 
so  that  thorough  mixing  takes  place. 
The  water  then  enters  the  sedimen- 
tation basins,  four  of  which  have  been 
constructed  to  deal  with  a  total  of 
6,000,000  gal.  per  day.  the  sedimenta- 
tion tanks  are  225  feet  long,  75  ft. 
wide,  and  have  an  average  depth  of 
about  eight  feet,  the  capacity  of  each 
tank  being  800,000  gal. 

The  slow  passage  of  the  water 
through  these  tanks  enables  the  floc- 
culent  precipitate,  caused  by  the  sul- 
phate of  alumina,  to  settle  to  the  bot- 
tom, and  carries  down  with  it  the 
greater  portion  of  the  suspended  mat- 
ter and  bacteria.  It  is  anticipated 
that  over  80  per  cent  of  the  bacteria 
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will  be  removed  in  the  tanks  by  add-  Two  sets  of  centrifugal  pumps  are 

ing  from  iy2  to  3  grains  of  sulphate  installed  in  the  filter     house;     these 

of  alumina  per  gallon  of  water.    When  pumps  raise  the  water  from  the  col- 

the   water   leaves    the   sedimentation  lecting  reservoir  in  the  basement  to 

tanks   it  is  passed   through   a  set  of  a  clear  water  reservoir  having  a  ca- 

eight  Paterson  filters,  and  the  clear  pacity   of   five   million    gallons.     The 

water  from  these  filters  is  collected  in  pipe  line  to  the  large  reservoir  is  24 

a  small  reservoir  situated  in  the  base-  in.   diameter,  and  a  bye-pass   is     ar- 

ment  under  the  central  portion  of  the  ranged  so  that  all  or  any  portion  of 

filter  house.  the    water    can   be    diverted    through 

Filter  House  and  Plant.-The  filter  *he    condensers   in   the   main   engine 

plant  is  of  the  gravity  rapid  type,  and  nouse  aAn^  th^ce  \°  tne  la.rSe  /eser- 

the  water  is  passed  through  a  bed  of  ™ir-     After  the  .<*ean   Y*te\  l?*™* 

sand   and   gravel   and     collected     by  tn.e    condensers    it   will   be   sterilized 

means    of    pipe    network    known    as  Wlth  chlorine  if  found  necessary, 

manifold.     The   finely   divided  floccu-  Pipe    Lines. — The     following     pipe 

lent  precipitate  which  does  not  settle  lines  have  been  laid     in     connection 

in  the  sedimentation  tanks  is  retained  with  the  new  scheme:  — 

on  the  sand  bed.     After     a     certain  Di              f 

length  of  time  (the  duration  of  which  Location.                        pipe6  in.  Lineal  ft. 

is  determined  by  the  quantity  of  silt  Fr0m  Benoni  to  Benoni 

in   the   water)    the   efficiency   of   the         Reservoir  12  12,500 

sand  bed  becomes  impaired  and  it  is  From  Simmer  and  Jack 

necessary  to  wash  the  sand.     This  is  to  Signal  Hill  Reser- 

—    ..    -  f        -u    ...  jm  ,.  voir    12  4,000 

effected  by  shutting  off  the  raw  water,  village  Main  Re-f 

draining  off  the  water  above  the  sand  to  Signal  Hill  Reser- 

and  then  blowing  back,  through  the         voir    24  &  27        35,500 

manifold,  a  large     volume     of     com-  From   River  intake  to 

pressed  air  and  water.     Immediately  Jlnhdnf tation'     Ver"       33             5  500 

after  the  air  is  shut  off,  water  under  Main  g  station       Ver- 

a  head  of  30  ft.  is  discharged  through  eeniging,    to  '  Zwart- 

the    manifold    and    upwards    through         kopjes   22  &  24      140,000 

the  sand  bed;  this  washes  all  the  par-  Zwartkopjes  to  Leeuw- 

tides   of   sand,   and   the   dirty   water         ^vt    18,  21  &  24      89,000 

is  run  to  waste  into  the  sump  below         Lineal  feet  286,500 

the   filters      After   a   short  time   has  h     f         rf     u  miles 

ant  %™h  .ess  %$?  £  »«/s&  s the  pipes  is  n>- 

pipe    arrangement    is    such   that    the  500  tons  of  2'000  ">B-         fc 
first  discharge  from  the  filters  after  The  total  cost  of  the  scheme  as  de- 
washing  can  be  run  to  waste,  and  as  scribed  is    £1,525,000,  and  it  will  be 
soon  as  the  water  is  clear  it  will  be  completed  in  April,  1923. 
turned   into   the   collecting   reservoir.  The   principal     particulars     of   the 
The  whole  of  the  filtration  plant,  in  barrage   are   as  follows: 

addition  to  the  chemical  feed  appara-      Excavation    cu    yd    275,000 

tus,   is  being  supplied  by  the  Pater-  stone  crushed  for  concrete, 

son  Filtration  Co.     The  outlet    from         cu.  yd. 42,200 

the    filters    is    controlled    by    a   float  gS^rtS"  g}" 'ft\\\\\^::::::            lifoo 

valve  which     automatically     restricts      cement, 'tons   10,000 

the   flow  through  the     filter     if     the  Materials  transported  to  the 

quantity  is  greater  than  a  certain  pre-  tb0anrsra^   fr0™  .Ve.r.ee.nl.gl.ng            2o,000 

determined    figure.  Length  "of  reservoir,  miles...                  40 

The  chemical  feed  appartus  is  for  ggSgftflgg" . ; ; ; ; ; ; ; ; ; ;  ■™^™ 

the    purpose    of    introducing    sulphate  Depth   of  water  at    barrage.        25  ft.  1  in. 

of  alumina   and  lime  into     the     raw  Size  of  gates  ...30  ft.  wide  by  25  ft.  deep 

water  before  it  reaches  the  sedimen-  ^S^dgSt^oP&h^Ate 

tation   tanks.      The    appartus    is    con-  and  appurtenances,  tons  ..                  100 

trolled  from  a  Venturi  tube  inserted      Length  of  barrage,  ft *AKHift 

in  the  pipe  line  so  that  any  difference  gggg  f0ft  g  S££g'  «d                ' 

in  flow  automatically  affects  the  ap-         bridge   £477,000 

paratus  and   discharges  more   chemi-  Total    cost    of    Vaal    River             .    ^ 

cal  if  the  quantity  of  water  increases,  T*tV  capital  "of"  Rand  Water 

or  restricts  the   quantity  of   chemical  Board  when  new  scheme  is 

if  the  quantity  of  water  decreases.  completed £5,000,000 
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Report  of  Joint  Conference 
on  Steel  Frame  Structures 

By  EWART  S.  ANDREWS, 

From    Engineering    Review,    London. 

The  long-awaited  report  of  the 
Joint  Conference  for  Securing  Uni- 
formity of  Practice  with  regard  to 
the  London  Steel  Frame  Act  has  just 
been  issued.  This  conference  was 
composed  of  representatives  of  the 
Royal  Institute  of  British  Architects, 
the  District  Surveyors'  Association 
and  the  Concrete  Institute,  Mr.  F.  R. 
Farrow,  F.R.I.B.A.,  acting  as  chair- 
man. 

Before  considering  in  brief  detail 
the  main  provisions  of  the  report,  I 
may  point  out  that  the  adoption  of 
the  recommendations  will  help  to  re- 
move some  of  the  very  serious  hard- 
ships (and  waste  of  material)  im- 
posed by  the  act,  and  will  serve  as  a 
stop  gap  until  the  whole  act  comes 
up  for  revision.  But  that  reviison  is 
still  urgently  needed,  and  structural 
engineers  must  not  be  satisfied  by 
this  bone  thrown  to  them  and  should 
not  desist  from  their  demand  for  com- 
plete revision  of  the  act. 

As  a  matter  of  fact,  rules  for  detail 
design  should  never  have  been  incor- 
porated in  an  act  of  Parliament  at 
all;  the  act 'should  have  only  given 
power  for  the  framing  of  "rules," 
because  such  rules  can  be  modified 
without  the  circumambient  procedure 
of  a  new  act  of  Parliament. 

Permissible    Stresses    in    Pillars.— I 

have  many  times  during  the  past  10 
years  drawn  attention  to  the  unduly 
heavy  pillars  necessitated  in  design- 
ing according  to  the  provisions  of 
the  act.  This  difficulty  arose  because, 
instead  of  following  the  usual  prac- 
tice of  dealing  with  end-fixity  by  pro- 
viding equivalent  lengths  for  the  vari- 
ous conditions  and  specifying  work- 
ing stresses  for  equivalent  slender- 
ness  ratios,  the  act  provides  moderate 
stresses  for  the  "both  end-fixed"  pil- 
lars and  much  lower  stresses  for  other 
methods  of  fixing,  even  on  compara- 
tively short  columns-.  The  district 
surveyors  have  usually  adopted  the 
attitude  in  the  past  that  the  theoreti- 
cal "both-ends  fixed"  condition  is 
never  realized  in  practice  for  the  pil- 
lars occurring  in  steel-framed  build- 
ings, and  that  the  pillars  regarded  as 


"one-end  hinged"  are  fixed;  this  at- 
titude was  justified,  but  the  stress  al- 
lowed by  the  act  for  this  condition 
was  much  too  low. 

In  the  report  under  review  it  is  pro- 
posed to  allow  pillars  to  be  regarded 
as  "fixed-ended"  for  calculation  pur- 
poses, if  certain  conditions  are  satis- 
fied. These  may  be  summarized  as 
follows: 

(1)  The  pillar  must  be  continuous, 
and  if  not  rolled  in  one  length  must 
be  jointed  near  a  beam  level  with  a 
closely  butted  and  spliced  joint  or 
a  fully  spliced  joint. 

(2)  The  splices  must  be  designed 
according  to  rules  laid  down. 

(3)  The  pillar  must  have  a  beam  at- 
tached to  it  in  the  direction  of  the 
radius  of  gyration  under  considera- 
tion, the  connection  being  designed 
according  to  rules  specified. 

This  concession  alone  will  allow, 
roughly,  25  per  cent  of  the  weight 
of  pillars  at  present  required  to  be 
saved. 

Eccentric  Loading  of  Pillars. — In 
the  important  and  contentious  ques- 
tion of  eccentric  loading  of  pillars  the 
report  proposes  to  give  some  relief 
by  allowing  one-half  of  the  eccen- 
tricity to  be  taken  as  effective  in 
•causing  bending  moment  in  the  case 
of  a  continuous  pillar,  in  all  but  the 
top  lengths. 

The  report  also  makes  clear  a  num- 
ber of  points  that  have  always  been 
in  some  doubt.  It  recommends  that 
in  the  case  of  single-web  connections 
the  eccentricity  shall  be  measured  to 
the  center  of  the  cleat  or  two  inches 
from  the  web  surface,  whichever  is 
the  greater,  and  that  in  the  case  of 
double-web  or  flange  connections  the 
eccentricity  may  be  measured  to  the 
outer  edge  of  the  section. 

On  the  question  of  oblique  loading, 
that  is,  loading  which  is  eccentric  to 
both  the  principal  axes,  the  report 
makes  clear  the  fact,  often  neg- 
lected by  practical  designers,  that  the 
bending  stresses  calculated  from  the 
separate  eccentricities  must  be  added 
together. 

Although  the  concession  of  allow- 
ing one-half  of  the  eccentricity  to  be 
taken  into  account  does  give  some 
relief  against  the  severity  of  the  pro- 
visions of  the  act  with  respect  to  ec- 
centric loading,  it  does  not  deal  with 
the  real  objection  to  such  provisions. 

This  objection  is  that  when  we  have 
added  the  direct  stress  to  the  bending 
stress,  the  result  must  not  be  more 
than  the  tabulated  central  load  stress 
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for  the  same  slenderhess  ratio.  I  be- 
lieve I  am  correct  in  stating  that 
there  is  no  theoretical  or  test  evi- 
dence in  favor  of  this  result.  The  re- 
duced stress  allowed  in  pillars  accord- 
ing to  their  slenderness  ratio  is  to 
allow  for  accidental  eccentricity. 
When  there  is  a  definite  eccentricity 
of  appreciable  amount,  this  accidental 
eccentricity  is  relatively  almost  neg- 
ligible; in  any  case,  if  it  is  not  neg- 
ligible, there  are  several  accepted 
formulas  which  do  not  differ  much 
among  themselves  in  the  results,  and 
which  give  results  enabling  much 
more  economical  design  to  be  effect- 
ed than  with  the  present  method,  even 
with  the  half-and-half  allowance  which 
can  equally  well  be  applied  to  the 
formulas  above  referred  to. 

Solid  Steel  Pillars.— The  use  of 
solid  steel  pillars  is  precluded  in  the 
act  by  the  delightful  process  of  stat- 
ing that  every  pillar  must  have  a 
base-plate  riveted  thereto  with  suit- 
able gusset  plates  and  such  riveted 
base  plates  cannot  possibly  be  pro- 
vided with  solid  pillars.  The  report 
points  out  that  they  may  be  used  in 
isolated  situations  provided  that  they 
are  not  considered  as  adding  to  the 
stability  of  the  building  (whatever 
that  may  mean)  and  then  sets  out" 
rules  for  design  and  construction  of 
such  pillars  which  appear  to  be  quite 
satisfactory  and  will  serve  as  a  use- 
ful   guidance   for   designers. 

Stresses  in  Mansard  Roofs. — Fol- 
lowing a  useful  summary  of  weights 
of  materials,  the  report  then  passes 
to  a  number  of  appendices,  the  first 
of  which  is  by  Mr.  H.  Kampton  Dy- 
son and  deals  with  the  Stresses  in 
Mansard  Roofs.  This  appendix  is  a 
real  addition  to  the  literature  of  the 
subject,  and  is  written  with  the  care 
and  thoroughness  of  Mr.  Dyson's 
work.  It  is  to  be  hoped  that  this  re 
port  will  prevent  the  use  in  future 
of  flimsy  connections  between  man- 
sard beams  and  rakers  which  are  ca- 
pable of  resisting  very  little  bending 
moment  and  have  been  much  too  com- 
mon in  the  past. 

Other  subjects  dealt  with  in  ap 
pendices  to  the  report  are:  Dimen- 
sions of  Rivet  Heads,  by  Mr.  W.  G. 
Perkins;  Shear  in  Rivets  in  Com- 
pound Girders,  by  Mr.  Dyson;  and 
The  Design  of  Splice  Plates,  by  Mr. 
Perkins  and  Mr.  E,  F.  Etchells. 

The  report  is  to  be  obtained  from 
the  Concrete  Institute,  Denison 
House,  Westminster,  S.  W.  1,  Eng- 
land.   Price,  24  ct. 


A    Colorimetric    Method    of 

Analysis  for  Sewage 

Effluents 

By    R.    C.    S.    WALTERS    and    V.    G. 
PICKERING. 

From  The  Engineer,  London. 

The  accompanying  curves  are  the 
results  of  some  experiments  carried 
out  in  order  to  find  out  a  relationship, 
if  any,  between  the  density  of  color 
in,  and  the  amount  of  oxygen  ab- 
sorbed by,  sewage  effluents  from  the 
sewage  works  of  the  corporation  of 
Cheltenham. 

It  is  fairly  well  established  that 
with  potable  waters  the  amount  of 
neutral  tint,  as  seen  through  a  colori- 
meter or  tintometer,  is  directly  pro- 
portional to  the  amount  of  oxygen 
absorbed.*  This  relationship  will  be 
seen  'to  be  applicable  to  sewage  efflu- 
ents after  single — Fig.  1 — and  after 
double  filtration — Fig.  2 — and  under 
certain  conditions  even  to  settling 
tanks  effluents — Figs.  4  and  5. 

The  oxygen  absorbed  tests  were 
carried  out  by  the  acid-permanganate 
method  after  three  hours'  digestion, 
and  the  corresponding  color  values 
were  measured  through  a  9-in.  trough 
of  the  Lovibond  tintometer.  This  in- 
strument contains  50  yellow,  blue  and 
red  glasses  of  different  shades,  which 
are  inserted  to  match  any  desired 
shade  of  liquid  in  the  trflugh;  the  yel- 
low, blue  and  red  together  making 
the  neutral  tint,  the  remaining  yellow 
and  red  forming  orange,  with  a  cer- 
tain amount  of  yellow  left  over  in 
every  case.t 

Figs.  1  and  2  show  a  remarkable 
agreement  between  the  oxygen  ab- 
sorbed and  the  color  tests,  and  as  the. 
latter  occupies  less  than  five  minutes 
to  perform,  while  the  former  takes 
three  hours  or  more,  it  is  thought 
that  such  a  simple  piece  of  apparatus 
as  the  tintometer  might  be  more  in 
general  use  in  sewage  works,  not  nec- 
essarily to  supersede  the  work  of  the 
chemist,  but  to  be  used  by  the  sewage 
works  manager  and  those  visiting  in- 
spectors and  engineers,  with  limited 
time,  who  would  like  a  simple  test 
as  an  adjunct  to  the  customary  shake 
and  smell  test. 

A  •  few   experiments  carried   out  on 


*  "Transactions,"  Inst.  Water  Engi- 
neers.  London.    Vol.  XXII,  p.  32. 

f A  full  description  of  this  instrument  is 
given  in  "Transactions,"  Inst.  Water  En- 
gineers, Vol.  XXII,  p.  19. 


(20) 


1923 


Engineering  and  Contracting 


259 


the  detritus  and  settling  tank  efflu- 
ents, which  are  of  more  academic 
than  practical  interest,  show  that  the 
tintometer  is  not  so  well  suited,  ow- 
ing to  the  turbidity  of  the  sewage, 
which  takes  periods  of  24  hours  or 
more  to  settle  in  the  trough.  Fig.  3 
gives  to  the  eye  the  law  of  settlement 
of  such  effluents,  showing  a  rapid  set- 
tlement followed  by  a  slower  settle- 


In  all  these  tests,  the  color  and 
amount  of  oxygen  absorbed  appeared 
to  have  no  connection  with  (1)  the 
quantity  of  sewage  per  24  hours,  (2) 
the  flow  through  the  Alter  when  the 
sample  was  taken,  and  (3)  the  num- 
ber of  revolutions  of  the  distributor 
per  day. 

The  density  of  the  neutral  tint  is 
said  to  vary  with  the  number  of  bac- 
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:igs.    1-5 — Relationship    Between    Density    of  Color  in  and  Oxygen  Consumed  by  Sew- 
age Effluents. 

ment.    Figs.  4  and  5  compare  a  few      teria    in    the    water,    but    further    re- 


oxygen  absorbed  tests  with  color 
tests  on  the  detritus  and  settling  tank 
effluents;  the  color  readings,  being 
taken  after  different  periods  of  settle- 
ment, are  reduced  in  accordance  with 
the  curve  of  Fig.  3  to  equivalent 
values  taken  six  hours  and  half  an 
hour  after  settlement,  respectively. 


search  is  necessary  to  establish  this 
statement  definitely. 


Highway  Construction  in  China. — 
The  Ministry  of  Communications  is 
considering  the  building  of  the  Tient- 
sin-Tsinan  and  the  Tsinan-Kaifeng 
highways  at  a  cost  of  about  $6,000,000. 
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Method     of     Strengthening 
Floor  of  the  Forth  Bridge 

By  WILLIAM   ALEXANDER 

FRASER. 

Abstract    of   a   paper   read   Dec.    5,    1922. 

before   the    Institution   of   Civil 

Engineers. 

The  paper  describes  the  renewal  of 
the  inner  railtroughs  and  the  buckled 
plating  of  the  floor  of  the  bridge,  the 
strengthening  of  the  cross-transoms 
of  the  internal  viaducts,  and  the  pro- 
vision of  additional  cross  bracing  be- 
tween the  main  girders  of  the  ap- 
proach spans.  The  rails  which  form 
the  up  and  down  lines  on  the  bridge 
are  carried  on  timber  waybeams,  laid 
in  four  continuous  steel  troughs.  The 
two  outer  troughs  form  the  top  boom 
of  the  main  girders  of  both  the  north 
and  south  approach  spans  and  the 
internal  viaducts.  The  two  inner 
rail-troughs,  on  the  other  hand,  are 
carried  on  cross-transoms  which  span 
between,  and  connect  to,  the  side 
plates  of  the  top  booms  of  these  gir- 
ders. From  bay  4  of  the  cantilevers, 
where  the  internal  viaduct  teminates, 
to  the  ends  of  the  cantilevers  and 
across  the  central  spans,  the  four 
troughs  are  carried  on  cross-transoms 
spanning  between  the  bottom  booms 
of  the  cantilevers  and  the  main  gir- 
ders of  the  central  spans. 

The  section  of  the  old  troughs  was 
uniform  throughout  the  bridge,  with 
the  exception  of  the  troughs  over  the 
cantilever  ends  and  central  spans, 
which  had  a  heavier  section  to  suit 
the  wider  spacing  of  the  transoms. 
The  troughs  were  side-stiffened  by 
sloped  supports  riveted  to  the 
troughs  and  the  cross-transoms. 
Buckled  plating,  with  the  buckle  con- 
vex, closed  the  floor  between  the 
troughs,  the  plates  being  riveted  to 
the  lower  flanges  of  the  troughs.  Tha 
cross-transoms  are  of  ordinary  plate- 
web  construction,  12  in.  deep  in  the 
internal  viaducts  and  24  in.  and  47% 
in.  maximum  depth  in  the  approach 
viaducts  and  central  girder  spans  re- 
spectively. The  internal  viaduct  tran- 
soms, unlike  the  others,  have  a  cen- 
tral support.  The  maximum  spacing 
of  the  transoms  ranged  from  7  ft.  in 
the  approach  viaducts  to  15  ft.  and 
22y2  ft.  in  the  internal  viaducts  and 
central  spans  respectively. 

In  the  course  of  renewing  the  tim- 
ber waybeams  in  1906,  it  was  dis- 
covered that  the  bottom  plates  of  the 


inner  troughs  were  fractured  be- 
tween the  rivet  holes  in  many  places 
at  the  support  of  the  trough  on  the 
cross-transom,  and  that  a  large  num- 
ber of  the  rivets  connecting  the 
trough  and  transom  had  worked 
loose.  The  horizontal  rivets  in  the 
cross-transom  connecting  the  top 
angle  and  web  immediately  beneath 
the  inner  troughs  had  also  worked 
loose  through  lack  of  rigidity  in  the 
transom,  these  rivets  having  on 
previous  occasions  given  trouble.  The 
defects  were  attributed  previously  to 
(a)  the  heavier  loads  passing  over 
the  floor  of  the  bridge,  and  (b)  the 
lack  of  rigidity  of  the  inner  troughs 
as  compared  with  the  outer  troughs, 
the  destructive  effect  being  accentu- 
ated by  water  and  grit  discharged 
from  the  inside  of  the  troughs.  In 
1890,  when  the  bridge  was  opened 
for  traffic,  the  weight  of  a  locomotive 
was  771/4  tons,  with  a  maximum  axle 
weight  of  15  ^  tons,  whereas  today 
these  weights  amount  to  119%  tons 
and  20  tons  respectively. 

Before  the  new  waybeams  were 
placed,  all  the  loose  rivets  were  cut 
out,  the  fractured  bottom  plates  were 
reinforced  with  covers  placed  inside 
the  troughs,  and  new  rivets  were  in- 
serted. In  1908,  while  the  renewal  of 
the  timber  waybeams  was  still  in 
progress,  it  was  evident  that  the  re- 
pairs were  not  likely  to  prove  satis- 
factory, as  a  large  number  of  the  new 
rivets  had  again  worked  loose.  In 
1909  it  was  decided,  as  an  experimen- 
tal measure,  to  insert  an  additional 
cross-transom  between  the  existing 
transoms  at  bays  3  and  4  of  the  can- 
tilevers, so  as  to  give  additional  sup- 
port to  the  lighter  inner  rail-troughs. 
The  provision  of  these  transoms  did 
not,  however,  provide  a  remedy  for 
the  deterioration  at  the  bearings, 
which,  by  1911,  had  developed  to  such 
an  extent  as  to  necessitate  consider- 
ation of  further  remedial  measures. 
It  was  decided,  therefore,  to  renew 
the  inner  rail  troughs  and  buckled 
plating  on  the  approach  and  internal 
viaducts,  to  strengthen  and  stiffen 
the  cross-transoms  of  the  internal 
viaducts,  and  at  the  same  time  to  pro- 
vide additional  cross-bracing  between 
the  main  girders  of  the  approach 
spans  so  as  to  brace  each  panel-point, 
the  existing  bracing  being  arranged 
at  alternate  panel  points  only. 

The  new  troughs  are  constructed  of 
three  steel  channels,  17  in.  deep, 
which  had  to  be  specially  rolled,  and 
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which  give  a  very  stiff  section  with 
a  minimum  amount  of  riveting — a 
matter  of  considerable  importance  in 
a  floor  of  this  type.  To  prevent  the 
percolation  of  water  from  the  inside 
of  the  troughs,  a  close  rivet  patch 
was  adopted,  the  edges  of  the  bottom 
channel  being  caulked.  The  stresses 
in  the  new  troughs  were  calculated 
on  the  basis  of  the  latest  axle-load- 
ing, assuming  the  troughs  to  be  con- 
tinuous, and  adopting  a  modified  unit 
stress  of  4  tons  per  square  inch.  The 
section-modulus  of  the  original 
troughs  for  spans  up  to  15  ft.  was 
100  units  as  against  137  »units  in  the 
new  troughs,  and  for  the  larger  spans 
184  units  as  against  197  units.  The 
old  type  of  sloped  lateral  support,  the 
riveting  of  which  gave  considerable 
trouble,  was  discarded  in  favor  of  a 
flat  right-angled  support  which,  af- 
ter experiment,  was  found  to  be  suffi- 
cient and  which  enabled  an  efficient 
connection  to  be  made  between  the 
trough  and  transom  without  the 
necessity  of  riveting  the  trough  and 
transom  directly.  This  was  important 
in  view  of  the  trouble  experienced 
with  the  rivets  connecting  the  old 
troughs  to  the  transoms,  and  was  a 
decided  improvement  from  a  mainte- 
nance point  of  view,  as  in  future  re- 
pairs could  be  carried  out  without  dis- 
turbing the  permanent  way,  which 
was  imposible  under  the  old  arrange- 
ment. 

The  strengthening  of  the  internal 
viaduct  transoms  and  the  reduction 
of  shear  on  the  web  rivets  have  been 
effected  by  increasing  the  depth  of 
the  transoms  by  means  of  additional 
angles  riveted  to  the  lower  flange  and 
by  providing  heavy  bosom  plates  on 
each  side  of  the  web  immediately  be- 
low the  inner  troughs.  The  section- 
modulus  of  the  original  transom  was 
35.3  units,  while  that  of  the  stiffened 
transom  is  87.4  units. 

The  new  buckled  plates  between 
the  troughs  are  riveted  to  the  bot- 
tom flange  of  the  troughs  as  before, 
but  the  curve  of  the  buckle  is  re- 
versed. This  alteration  was  made 
with  the  object  of  throwing  all  debris 
and  surface  water  to  the  centre  of 
the  plates,  instead  of  to  the  sides  as 
formerly,  difficulty  having  been  ex- 
perienced in  keeping  the  junction  of 
the  floor-plate  and  the  bottom  flange 
of  the  trough  in  a  satisfactory  condi- 
tion, owing  to  lodgment  of  debris  and 
water  there. 

The  work  was  carried  out  by  means 
of   timber   platforms    hung   from    the 


main  girders.  The  renewal  of  the 
troughs  and  work  in  connection 
therewith  was  done  on  Sundays,  the 
remainder  of  the  wOrk,  which  did 
not  interfere  with  the  running  lines, 
being  carried  out  in  stages  during  the 
week.  On  Sundays  it  was  necessary 
to  retain  one  line  for  traffic,  and  for 
this  purpose  a  fully-equipped  electric 
tablet  system  of  single-line  working 
was  installed.  The  up  and  down  lines 
were  closed  on  alternate  Sundays,  the 
troughs  in  both  lines  for  one  section 
being  completed  before  the  work  on 
another  section  was  commenced.  An 
extensive  system  of  temporary  hori- 
zontal bracing  was  adopted  so  that 
the  old  floor  plates  could  be  cut  out 
and  the  rivets  could  be  removed  dur- 
ing the  week,  without  materially  im- 
pairing the  rigidity  of  the  viaduct  un- 
der traffic  conditions. 

The  work,  the  greater  part  of 
which  was  carried  out  under  war  con- 
ditions, was  commenced  in  May,  1914. 
and  was  completed  in  September, 
1920,  the  number  of  troughs  laid  be- 
ing 340,  occupying  145  Sundays. 

The  approximate  weight  of  old 
steelwork  removed  from  the  bridge 
was  2,400  tons,  and  the  weight  of  new 
steelwork  used  was  3,212  tons.  The 
net  cost  of  the  work,  exclusive  of  the 
cost  of  the  work  in  lifting  and  re- 
placing the  timber  waybeams,  rails, 
etc.,  was  about  $700,000.  The  contrc- 
tors  for  the  renewal  of  the  steelwork 
were  Messrs.  Sir  William  Arrol  and 
Co.         

Water-Divining    Extraordinary 

The  St.  Asaph  (Flint)  R.D.C.  has 
received  a  report  upon  water  divining 
operations  carried  out  by  Mr.  R.  Owen 
in  the  Rhuallt  and  Cwm  districts 
which  reveals  hidden  possibilities  in 
the  mystic  art  of  the  "dowser."  The 
diviner  succeeded,  it  appears,  in  locat- 
ing water  at  a  number  of  points,  and 
one  of  the  councillors  who  took  part 
in  the  ceremony  stated  that  in  one 
instance  the  water  was  so  impregnat- 
ed with  soda  that  it  had  to  be  diluted 
with  whisky!  Great  interest  was  man- 
ifested at  the  meeting  and  it  was  de- 
cided to  make  further  investigations. 
Who  knows  that,  at  other  points, 
water  may  not  be  found  so  impreg- 
nated with  whisky  that  it  will  be 
necessary  to  dilute  it  with  soda?  Be- 
lievers in  water  divination  are  quite 
credulous  enough  to  anticipate  so 
delectable  a  phenomenon. — Water  and 
Water  Engineering,  London. 
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Effect  of  Water  Containing  X^%%$JK?&F&& 

Sulphates  on  Concrete  These  ore  cements,  when  mixed  with 

_            _,                         '  •                          ,  sand,  were  more  resistant,  but  in  one 

From      Concrete  ^  and  ^Constructional  cage   a   lean    (1.g)    mixture    immersed 

in  a  10  per  cent  magnesium  sulphate 
The  effect  on  concrete  of  water  con-  solution  was  completely  disintegrated 
taining  sulphates  in  the  solution  is  a  in  two  months.    On  repeating  the  ex- 
matter    of   great    importance    to   engi-  periment     with     similar     test-pieces, 

neers  and  builders,  and  the  matter  is  whfich  Yere  *<**  "■  ™ter  f°r  4?  ^8 

before  immersion  in  the  salt  solution, 

by  no  means  as  well  understood  as  it  a    wnolly    durable    material    was    ob- 

should  be.     The  recent  works  of  Stre-  tained. 

bel  on  the  effect  of  water  containing  (5)  Two    well-known    Portland    ce- 

calcium  sulphate     (gypsum)    and     of  meT\ts.    w*re    mixed.    with    trass    and 

i«i ; •-*•■'  lj    7  sand  in  the  proportions: 

Cary  on  the  effect  of  peaty  water  are  A         B          c          D 

valuable,   and    the    following   abstract      Cement     l  l  l  l 

„  ....  .    .__   _.        .  Trass     0.7  0.7  0.5         0.5 

of  a  still  more  recent  report  by  Dr.      Sand  3  g  2  8* 

Herrmann    (Director   of   the   Chariot-  These   mixtures   are   all   permanent 

tenburg  Research  Station)  taken  from  in  the  gypsum  and  sodium  solutions, 

Tonindustrie    Zeitung    adds   still    fur-  but  B  was  affected  after  two  years  by 

ther  to  our  knowledge  of  the  subject.  the   magnesium  sulphate  solution. 

A  series  of  investigations  on  the  (6)  Mixtures  of  lime,  trass,  and 
effect  of  sulphates  on  concrete  was  sand  in  equal  volumes  are  rapidly  de- 
started  in  1916,  with  the  following  re-  stroyed  by  all  the  salt  solutions,  and 
suits:  the   use   of  double   the   proportion   of 

(1)  Six  different  well-known  trass  effected  no  improvement, 
brands  of  Portland  cement  were  all  The  decomposition  was  due  in  each 
unable  to  resist  the  prolonged  action  case  to  the  formation  of  a  crystalline 
of  a  solution  containing  10  per  cent  calcium  aluminum  sulphate,  which  is 
of  sodium  sulphate,  or  of  a  similar  formed  when  a  soluble  sulphate,  free 
solution  containing  magnesium  sul-  lime,  alumina,  ana  water  are  mixed 
phate.  Five  of  these  cements  cracked  together  and  allowed  to  stand.  The 
after  only  five  months,  and  were  com-  crystals  are  stable  in  an  alkaline  so- 
pletely  disintegrated  in  19  months.  lution,  but  on  exposure  to  air  they 
The  more  resistant  cement,  which  readily  decompose,  forming  a  slurry 
lasted  19  months  before  cracking,  and  of  calcium  carbonate,  sulphate,  and 
was  not  completely  destroyed  in  four  alumina.  When  prepared  synthetical- 
years,  contained  only  5  per  cent  of  ly  they  correspond  to  the  formula 
alumina,   and   only    61.8    per   cent  .of  3CaO  A1203,  3CaS04,  24H20. 

lime.  The  effect  of  this  complex   salt  on 

(2)  Out  of  five  first-class  iron  Port-  concrete  depends  on  the  porosity  of 
land  cements  similarly  exposed  only  the  latter  and  on  the  presence  of  sul- 
one  was  resistant  for  four  years,  and  phates  in  solution.  With  a  limited 
even  this  one  showed  signs  of  de-  amount  of  solution  the  pores  in  .the 
terioration  and  could  not  be  regarded  cement  become  filled  with  crystals  of 
as  durable.  In  this  case  also  the  most  the  calcium  aluminium  sulphate,  and 
resistant  cement  was  low  'in  lime  no  further  decomposition  occurs,  but 
(56.5  per  cent)  and  in  alumina  (8  per  if  the  conditions  permit  the  removal 
cent).  of  the  crystals  on  the  exposure  of  a 

(3)  Two  ordinary  Portland  cements  fresh  quantity  of  cement  the  decom- 
made  of  slag,  and  two  special  slag  position  continues.  For  instance,  it 
cements,  when  mixed  with  sand  and  may  be  observed  in  the  concrete 
stored  for  two  and  a  half  years  in  a  banks  of  some  canals  that  the  upper 
saturated  solution  of  gypsum  and  a  part  of  the  concrete  is  completely 
10  per  cent  solution  of  sodium  sul-  converted  to  a  whitish  mass  whilst 
phate,  respectively,  showed  no  signs  the  lower  parts  are  unaltered,  except 
of  deterioration,  but  were  seriously  superficially.  The  difference  is  almost 
affected  in  six  months  by  a  10  per  wholly  due  to  the  mechanical  effect 
cent  solution  of  magnesium  sulphate.  of    the    "wash"   of    the   more   rapidly 

(4)  Ore  cements  are  made  of  iron  moving  surface  water. 

ore  and  limestone  in  the  same  man-  The  prevention  of  this  destruction 

ner  as  Portland  cements.     They  have  of  concrete  by  sulphatic  waters  is  dif- 

the   same  composition  as  a  Portland  ficult.     It   lies  chiefly  in  making  the 
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concrete  waterproof  by  the  aid  of  a 
repellent,  or  the  use  of  a  rich  mix- 
ture (such  as  1  part  of  cement  to  2 
parts  of  sand),  or  by  the  addition  of 
a  little  trass,  as  previously  men- 
tioned. Slag  cements  are  also  use- 
ful, but  they  should  be  specially  made 
for  this  class  of  work. 

If  the  sulphatic  water  is  under  pres- 
sure a  rich  ore  cement  mixture  may 
be  used.  If  a  rich  mixture  of  good 
Portland  cement  and  sand  is  cured  by 
immersion  in  soft  water  for  several 
weeks  before  it  is  exposed  to  the  salt 
solution  a  greater  resistance  to  the 
latter  will  be  obtained. 

Attempts  to  insulate  the  concrete 
by  coating  it  with  a  solution  of  as- 
phalt or  tar,  in  benzol,  or  other  im- 
permeable materials,  have  not  proved 
satisfactory — chiefly  because  it  is  sel- 
dom practicable  to  obtain  a  sufficient- 
ly adherent  coating. 


A  New  Depth  Finder 

To  determine  the  depth  of  water 
beneath  a  ship  in  uncharted  seas  or 
waters  the  lead  and  line  is  probably 
the  most  usual  instrument.  An  im- 
provement on  this  was  the  sounding 
instrument  devised  by  Sir  William 
Thompson,  afterwards  Lord  Kelvin. 
A  new  step  in  progress  is  the  optical 
depth  finder  described  as  Burn's  Con- 
tinuous Depth  Finder.  This  com- 
prises a  sluice  valve,  from  which  is 
directed  a  powerful  beam  of  light 
from  the  bottom  of  the  ship.  The 
particular  construction  used  permits 
the  observer  to  clear  the  glass  should 
it  become  obscured,  while  there  is  a 
safety  mechanism  should  the  glass 
become  broken  from  any  cause.  The 
beam  of  light  is  projected  vertically 
on  the  sea  bed,  while  further  along 
the  ship  the  observer  can  note  the 
angle  at  which  the  spot  of  light  on 
the  bottom  appears.  Operating  a 
lever,  the  observer  picks  up  the  re- 
flected light  in  an  angle  finder,  and 
thus  the  depth  of  the  sea  bottom  is 
indicated  on  a  scale  calibrated  ac- 
cording to  the  distance  between  the 
observer  and  the  light  ray  in  the  ver- 
tical tube.  When  the  valve  and  angle 
finder  are  100  ft.  apart  a  depth  of 
about  96  fathoms  can  be  recorded.  An 
advantage  claimed  for  this  apparatus, 
which  will  be  fairly  obvious,  is  that 
the  operation  of  depth  finding  is  in- 
dependent of  the  speed  at  which  the 
vessel  is  proceeding. — Bulletin  of  In- 
formation, Department  of  Oversees 
Trade,  London. 


Successful     Experiment     in 

Salvage  of  House 

Refuse 

From    Municipal    Engineering    and     The 
Sanitary  Record,  London. 

The  corporation  of  Eccles  has  al- 
ways been  to  the  fore  in  the  disposal 
of  house  refuse.  Some  20  years  ago 
the  council  installed  destructors  for 
the  dual  purpose  of  refuse  incinera- 
tion and  the  generation  of  steam  to 
drive  the  pumping  machinery  at  the 
sewage  disposal  works.  Owing  to  the 
incapacity  of  this  plant  to  cope  with 
the  increased  flow  of  sewage  rendered 
necessary  by  a  growth  in  population 
from  36,000  to  45,000,  and  to  addi- 
tional works  which  have  sprung  up  in 
the  district  of  later  years,  the  Eccles 
corporation  found  it  incumbent  to 
propound  a  scheme  to  deal  effectively 
with  this  increased  volume  of  sewage 
and  house  refuse.  After  careful  de- 
Jiberation  of  the  various  methods  open 
to  them  they  embarked,  apparently 
with  very  successful  results,  upon  a 
refuse  salvage  scheme,  which  is  now 
in  working  operation.  This  new  plant, 
in  addition  to  supplying  all  the  energy 
necessary  to  drive  the  pumping  ma- 
chinery at  the  sewage  disposal  works, 
shows  a  net  profit  on  last  year's  work- 
ing in  fuel  values  alone  of  £903  per 
annum,  exclusive  of  the  income  de- 
rived from  the  sale  of  tins,  bottles, 
and  other  articles  salved  from  the 
refuse.  The  household  refuse  collect- 
ed, which  totals  approximately  11,000 
tons  per  annum,  consists  of  ashbin 
refuse  only,  and  this  is  delivered  to 
the  refuse  salvage  plant  which  is  sit- 
uated at  the  sewage  disposal  works. 
The  working  procedure  is  as  follows: 
The  contents  of  the  vehicles  are 
tipped  on  to  a  conveyer  band  which 
carries  the  material  to  a  separating 
screen,  the  cinders,  dust,  and  small 
debris  passing  through  the  screen, 
whilst  the  paper,  bricks,  cans  and  bot- 
tles are  rejected  by  it  and  conveyed 
to  a  picking  belt.  The  material  which 
falls  through  the  screen  is  carried  by 
a  conveyor  band  to  a  second  screen 
equipped  with  a  dust  jacket  screen, 
which  serves  the  purpose  of  separat- 
ing the  dust  from  the  cinders.  The 
cinders  having  been  rejected  by  this 
dust  jacket  screen  are  then  conveyed 
by   a   conveyor   belt   to   the   front   of 
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two  Lancashire  boilers.  These  boil- 
ers, which  are  hand  fed,  provide  the 
necessary  steam  for  the  pumping  ma- 
chinery, etc.,  at  the  sewage  works. 
The  cans,  which  are  picked  out  and 
baled,  find  a  ready  market  despite  the 
slump  in  trade.  The  paper — for  which 
there  is  no  market  at  present,  together 
with  other  combustible  debris — is 
burnt  in  the  destructor,  while  the  bot- 
tles, broken  glass,  iron  scrap,  brick- 
bats, etc.,  are  all  sorted  and  sold  in 
the  best  market. 

Increased  Steam  from  Cinders. — It 
has  been  proved  by  experiment  that 
the  screened  cinders  obtained  from 
a  known  quantity  of  refuse  produce 
twice  the  volume  of  steam  as  that  ob- 
tained by  burning  the  same  amount 
of  unsceened  refuse.  The  cinders 
yield  an  evaporation  of  6  lb.  of  water 
per  pound  of  cinders,  and  comparing 
this  with  coal  with  an  evaporation 
of,  say,  8.5  lb.  of  water  per  pound,  the 
daily  quantity  of  cinders  obtained 
from  the  refuse,  namely,  11.1  tons,  is, 
therefore,  equivalent  to  7.9  tons  of 
coal.  Taking  the  price  of  coal  at  £1 
2s.  6d.  per  ton,  this  shows  a  fuel  value 
of  £8  17s.  9d.  per  day,  or  an  equiv- 
alent annual  value  of  approximately 
£3,300.  It  will  thus  be  seen  that  by 
screening  the  refuse  an  additional 
fuel  value  of  half  this  amount  is  ob- 
tained each  year. 

The  Financial  Aspect. — The  saving 
effected  by  the  salvage  method  over 
the  destructor  treatment,  exclusive 
of  the  revenue  derived  from  saleable 
articles,  is  given  as  3s.  4d.  per  ton. 
This  is  derived  as  follows: 

Destructor  Treatment. — Cost  of  la- 
bor in  handling  the  refuse  and  carting 
away  of  clinkers,  6s.  4d.  per  ton; 
capital  charges,  Is.  6d.  per  ton;  re- 
pairs and  maintenance,  Is.  per  ton; 
total  8s.  lOd.  per  ton.  Salvage  meth- 
od: Cost  of  dealing  with  the  refuse, 
including  screening,  tipping  dust  and 
debris,  destroying  paper  and  com- 
bustible matter,  including  firemen's 
wages,  3s.  per  ton;  repairs  and  main- 
tenance, 6d.  per  ton;  capital  charges 
on  buildings  and  machinery,  10 y2<\. 
per  ton;  total,  4s.  4^d.  per  ton.  For 
approximately  10,700  tons  of  refuse 
this  gives  an  annual  saving  in  hand- 
ling the  refuse  by  salvage  methods 
against  destructor  treatment  of  £1,- 
781  3s.  4d.  To  this  has  to  be  added 
half  the  fuel  value  by  salvage  meth- 
ods over  destructor  treatment  of 
£1,621  9s.  4d.,  which  gives  a  total 
saving  in  labor  and  fuel  for  the  former 
method  of    £3,403  2s.  8d.     The  posi- 


tion today  with  the  Eccles  refuse  salv- 
age plant  is  as  follows:  Labor  and 
all  handling,  £1,603;  capital  charges, 
£470;  repairs  and  maintenance, 
£267;  total,  £2,340.  Profit  on  fuel 
values,  £903  18s.  9d.  The  analysis 
of  the  refuse  is  as  follows:  Dust, 
40.58  per  cent;  cinders,  37.6  per  cent; 
debris,  16.16  per  cent;  paper,  2.9  per 
cent;  tins,  etc.,  1.3  per  cent;  rags, 
sackins,  etc.,  0.84  per  cent;  broken 
glass,  etc.,  0.62  per  cent.  The  refuse 
dust  having  a  higher  value  of  nitro- 
gen than  horse  manure  and  cow  ma- 
nure, it  is  expected  that  there  will  be 
no  difficulty  in  finding  a  sale  for  it 
which  will  cover  transport  and  other 
costs. 


The  Lloyd  Dam 

From   The  London  Times  Trade   Supple- 
ment. 

This  work  was  begun  in  1913  to 
give  relief  to  a  Deccan  area  particu- 
larly liable  to  famine.  The  pioneer 
scheme,  carried  out  between  1881  and 
1892,  provided  a  dam  at  Bhatgarh,  In- 
dia, known  as  Lake  Whiting  Dam, 
and  a  canal  on  the  left  bank  of  the 
Nira  River  to  protect  an  area  of  about 
300,000  acres.  The  new  dam  will  store 
about  five  times  as  much  water  as  the 
existing  dam,  and  will  protect  some 
900,000  acres  on  both  sides  of  the 
Nira  Valley. 

The  dam  is  over  a  mile  in  length, 
with  a  maximum  height  of  190  ft.  and 
a  width  at  base  of  125  ft.  The  volume 
of  the  masonry  used  in  its  construc- 
tion will  approach  22,000,000  cu.  ft, 
or  three  millions  more  than  in  the 
case  of  the  Aswan  dam.  The  project 
will  cost  approximately  Rs.  5  crores 
(£3,333,333).  Full  advantage  has 
been  taken  of  the  natural  resources 
of  the  site  to  develop  electric  energy 
to  the  extent  of  2,000  HP.,  which  is 
used  for  driving  machinery.  Two 
waste  weirs,  with  81  openings  each  of 
10  ft.  3  in.,  of  which  45  are  fitted  with 
automatic  and  86  with  roller  gates, 
are  being  built  into  the  body  of  the 
dam. 

The  storage  available  will  be  con- 
served for  the  hot  weather  and  win- 
ter crops,  although  it  will  probably 
not  provide  for  the  full  requirements 
of  the  latter.  It  is  intended  to  pro- 
vide additional  storage  for  the  irriga- 
tion of  such  of  the  winter  crops  as 
Bhatgarh  is  unable  to  supply,  and 
for  the  maintenance  of  a  constant 
volume  during  the  breaks  in  the  mon- 
soon. 
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Quay  Wall  Construction  with 

Pre-Cast  Block 

Monoliths 

By  F.  M.  G.  DU-PLAT  TAYLOR. 

Abstract   of   Paper   Read   Dec.    19   Before 
Institution  of  Civil  Engineers. 

The  works  described  consisted  of 
the  extension  of  the  main  dock  at  Til- 
bury, England,  for  a  distance  of  1,611 
ft.  westwards  with  two  new  masonry 
quay  walls,  1,611  ft.  and  361  ft.  long 
respectively  on  the  south  and  west 
sides,  but  with  an  earthen  embank- 
ment, faced  with  chalk,  on  the  north 
side,  so  as  to  admit  of  future  exten- 
sion in  that  direction.  The  depth  of 
water  provided  for  alongside  the 
greater  part  of  the  new  quays  was  42 
ft.  6  in. 

The  water  area  added  to  the  Tilbury 
docks  by  these  extensions  was  16 
acres,  4,608  sq.  yd.,  with  657  lin.  yd. 
of  additional  quayage,  three  single- 
story  transit  sheds  552  ft.,  600  ft.  and 
648  ft.  long  respectively,  and  120  ft. 
wide,  5  miles  of  railway  laid  with 
75-lb.  flat-bottomed  rail,  2  miles  of 
10-ft.  fencing,  4,000  lineal  ft.  of  new 
sewers,  and  sundry  buildings.  The  to- 
tal area  of  land  taken  in  by  the  ex- 
tensions was  135  acres.  The  sub-soil 
over  the  whole  site  consisted  of  alter- 
nate layers  of  clay  and  peat  down  to 
the  ballast,  which  afforded  the  only 
stable  foundation,  occurring  at  depths 
ranging  from  38  ft.  to  45  ft.  below 
O.  D.  The  level  of  the  surface,  which 
was  intersected  by  dykes  and  drains, 
was  about  9  ft.  above  O.  D.  The  clay 
which  formed  the  bulk  of  the  exca- 
vation weighed  about  90  lb.  per  cubic 
foot  in  its  natural  state  and,  when 
dried,  shrank  to  about  two-thirds  of 
its  normal  bulk.  Its  angle  of  repose 
was  vertical  when  dry  and  about  26 
deg.  40  minutes  when  wet.  Loading 
tests  at  ground  level  showed  that  it 
would  hot  carry  more  than  12  lb. 
per  square  foot  without  some  sub- 
sidence, and  that  the  subsidence  in- 
creased directly  with  the  load  up  to 
8  cwt.  per  square  foot,  when  it  reached 
2.45  in.  With  higher  loading  it  in- 
creased more  rapidly,  so  that  at  13^ 
cwt.  it  was  17  in.  Apart  from  this 
low  bearing  capacity  there  is  a  reg- 
ular subsidence  of  the  ground  at  Til- 
bury, due,  in  the  author's  opinion,  to 
the  gradual  alteration  and  shrinkage 
of  the  peat  strata. 

In  the  first  instance  several  trenches 
were  opened;   but  trouble  was  experi- 


enced from  the  ground  rising  in  the 
bottom  and  from  the  lower  ends  of 
the  runners  coming  inwards;  and 
eventually  construction  in  trenches 
was  abandoned.  It  was  then  decided 
to  carry  out  the  quay  wall  in  monolith 
construction,  with  the  exception  of  a 
short  length  at  the  east  end  of  the 
south  wall,  adjoining  the  old  quay 
wall,  which  was  constructed  in  a 
trench  as  a  mass  concrete  wall 
founded  at  29.5  ft.  below  O.  D.  and 
carried  on  139  vertical  and  14  inclined 
reinforced  concrete  piles  driven  into 
the  ballast. 

Construction  of  Monoliths. — The 
monoliths  were  constructed  of  pre- 
cast blocks.  They  were  pitched  with 
a  space  of  6  ft.  5  in.  between  adjoin- 
ing monoliths,  the  number  of  mono- 
liths required  for  the  south  quay  wall 
being  43,  and  for  the  west  wall  10. 
The  monolith  blocks  were  6  to  1  con- 
crete, with  radial  joints  adapted  to 
resist  external  pressure.  The  shoes 
were  made  of  steel  joist  sections  and 
had  no  cutting  edge.  Sinking  was 
carried  out  by  grabbing  within  the 
wells,  and  was  assisted  as  necessary 
by  the  use  of  cast-iron  kentledge 
blocks,  of  which  the  maximum  weight 
placed  on  any  monolith  at  any  one 
time  was  1,000  tons.  The  spaces  be- 
tween monoliths  were  closed  back  and 
front  by  driving  timber  sheet  piling, 
and  after  the  monoliths  had  been 
sunk  to  the  full  depth,  i.  e.,  about  2 
ft.  into  the  ballast,  these  spaces  were, 
together  with  the  monolith  wells, 
cleaned  out  and  sealed  with  5  to  1 
concrete  deposited  under  water.  When 
the  monoliths  in  the  course  of  sink 
ing  reached  a  critical  depth,  which 
varied  with  their  position  in  relation 
to  the  old  dock  and  river,  water  came 
into  the  wells  and  henceforth  rose  and 
fell  with  a  lag  behind  the  tides  and 
with  less  amplitude  than  the  tidal  rise 
and  fall. 

To  prevent  any  pressure  from  being 
put  upon  the  sealing  concrete  before 
it  set,  a  steel  vent-tube  was  inserted 
in  each  seal  and  finally  closed  by 
grouting  after  the  seal  was  hard.  The 
wells  and  spaces  were  then  pumped 
out  and  filled  with  concrete,  excepting 
the  front  wells,  which  were  left  empty 
to  reduce  the  pressure  on  the  founda- 
tion beneath  the  toe. 

In  moulding  the  blocks,  the  sand 
and  stone  in  the  ballast  were  washed 
and  separated,  and  then  re-mixed  in 
the  mixers  in  predetermined  propor- 
tions   according    to    the    ascertained 
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voids  in  the  stone.  Experiments 
showed  that  the  best  admixture  was 
5  per  cent  more  sand  than  the  voids 
in  the  stone,  and  that  there  was  a 
more  rapid  deterioration  in  strength 
with  an  excess  of  sand  beyond  5  per 
cent  than  there  was  with  a  like  de- 
ficiency of  sand. 

Resistance  to  Sinking. — Records 
were  kept  of  the  resistance  to  sink- 
ing of  the  monoliths,  and  of  bearing 
resistance. 

(1)  From  observation  of  the  initial 
subsidence  before  any  grabbing  was 
begun,  the  resistance  to  bearing  was 
SO  lb.  to  100  lb.  per  square  foot  in  dry 
material,  falling  to  12  lb.  to  15  lb.  in 
wet. 

(2)  Skin  friction  in  more  or  less  dry 
clay  and  peat  averaged  877  lb.  per 
square  foot. 

(3)  Skin  friction  in  clay  and  peat 
with  water  rising  to  the  top  of  the 
monolith  averaged  855  lb.  per  square 
foot. 

(4)  Skin  friction  after  the  monolith 
had  entered  the  ballast  averaged  873 
lb.  per  square  foot. 

The  friction  recorded  was  the  fric- 
tion of  rest.  From  observation,  the 
action  was  to  shear  off  a  layer  of 
clay,  etc.,  which  sank  with  the  mono- 
lith, and  the  friction  recorded  was 
that  between  surfaces  of  clay,  etc., 
and  not  between  concrete  and  clay. 

Whatever  bearing  resistance  ex- 
isted is  included  in  these  figures,  it 
being  impossible  to  separate  this  from 
the  frictional  resistance;  but  as  the 
wells  were  grabbed  well  below  the 
bottom  of  the  shoes  before  any  move- 
ment took  place,  the  bearing  resist- 
ance can  only  have  been  small.  The 
foregoing  figures  are  very  high  in 
comparison  with  previous  records, 
which  is  attributed  to  the  nature  of 
the  peat  layers,  as  it  was  observed 
that  great  difficulty  was  experienced 
in  drawing  piles  driven  through  the 
peat,  as  compared  with  the  effort  re- 
quired to  draw  piles  driven  in  clay 
and  similar  strata.  The  rate  of  sink- 
ing of  monoliths  averaged  21.57  ft.  per 
week. 


French  Hydro-Electric  Production. — 
The  power  of  the  various  hydro-elec- 
tric stations  now  existing  in  France  is 
estimated  at  2,100,000  H.P.,  and  that 
of  stations  under  construction,  which 
will  be  completed  within  two  years,  at 
300,000  H.P.  The  power  of  the  sta- 
tions in  activity  at  the  end  of  the  war 
amounted  to  1,500,000  H.P. 


Illuminating   Engineering  in 
Relation  to  Architecture 

By  LAWRENCE  M.  TYE. 
Prom  The  Surveyor,  London. 

Illuminating  engineering  during 
quite  recent  years  has  developed  and 
become  an  applied  science,  enabling 
light  to  be  dealt  with  as  a  definite 
quantity,  predetermined  with  exacti- 
tude and  no  longer  giving  way  to 
rule-of-thumb  application. 

The  early  use  of  petroleum  was 
followed  by  the  introduction  of  gas 
lighting  and  the  electric  arc  round 
about  the  year  1809,  but  it  was  not 
until  Swan  and  Edison's  introduction 
of  the  electric  glow-lamp  in  1879,  and 
Welsbach's  discovery  of  incandescent 
mantles  in  1883,  that  real  progress  be- 
gan to  be  made. 

The  success  of  gas  and  electricity 
as  illuminants,  particularly  with  subse- 
quent progress  in  their  efficiency,  has 
led  to  the  enormous  application  of 
artificial  lighting,  and  installations 
have  been  made  indiscriminately,  in 
many  cases  without  any  regard  being 
paid  to  physiological  requirements  or 
its  application  to  get  the  best  effects. 

In  the  first  place,  this  advancement 
in  the  efficiency  of  illuminants  has 
brought  with  it  such  high  values  of 
intrinsic  brilliancy  or  surface  bright- 
ness that  it  becomes  positively  dan- 
gerous, apart  from  discomfort  from 
the  point  of  view  of  vision,  to  employ 
modern  light  sources  without  due  pre- 
caution being  taken  to  suppress  glare, 
quite  apart  from  matters  of  light  dis- 
tribution. 

As  an  example,  with  our  early  oil 
lamps  the  intrinsic  brilliancy  of  the 
source  was  in  the  order  of  3-8  candles 
per  square  inch.  In  the  case  of  the 
modern  gas-filled  electric  lamp  this 
figure  has  reached  as  high  a  value  as 
2,000  candles  per  square  inch.  This 
in  contrast  to  the  brightness  of  aver- 
age white  sky,  which  is  given  as  in 
the  order  of  2.5  candles  per  square 
inch. 

From  this  will  be  gathered  the  need 
for  the  judicious  application  of  mod- 
ern light  sources  and  for  suitable 
methods  to  be  applied  to  suppress 
glare. 

Direct  Lighting. — There  are  in  the 
main  three  methods  applied  to  the 
lighting  of  interiors — i.  e.,  direct,  semi- 
indirect,  and  indirect. 

Direct  lighting  is  unquestionably 
the  most  efficient,  and  results  can  be 
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predetermined  with  extreme  accuracy. 
This  method  is  least  dependent  upon 
favorable  surroundings — i.  e.,  those 
having  a  high  coefficient  of  reflection. 

By  direct  lighting  with  prismatic 
reflectors  it  is  possible  to  re-direct 
75  per  cent  of  the  total  light  imme- 
diately to  your  working  plane  while 
transmitting,  in  addition,  20  per  cent 
for  the  illumination  of  walls  and  ceil- 
ing. 

In  general  practice  with  direct  light- 
ing it  is  found  that  at  least  three  dis- 
tinct and  definite  types  of  light  dis- 
tribution are  necessary.  These,  for 
distinction,  are  usually  termed  ex- 
tensive, intensive,  and  focussing. 

The  extensive  type  reflectors  are 
required  for  the  lighting  of  low  build- 
ings, or  where  the  distance  between 
the  points  is  rather  great.  The  cor- 
rect spacing  ratio — i.  e.,  distance  apart 
to  height — for  this  type  reflector  is  2 
to  1  for  the  attainment  of  uniform 
lighting.  Thus,  for  points  spaced,  say. 
18  feet  apart,  the  correct  height  would 
be  9  feet  above  the  plane  you  are 
illuminating,  which  is  usually  2  ft.  6 
in.  above  the  floor  level.. 

The  intensive  type  reflectors  are  re- 
quired for  the  illumination  of  build- 
ings with  average  ceiling  heights  and 
spacings.  The  correct  ratio  in  this 
case  for  uniform  lighting  is  1%  to  1, 
thus,  for  the  example  cited  above — 
i.  e.,  18  foot  spacing — the  correct 
height  would  be  12  feet. 

The  focussing  type  reflectors  are 
required  for  the  lighting  of  buildings 
having  high  ceilings.  In  addition  they 
are  employed  for  the  efficient  lighting 
of  buildings  with  galleries,  where  the 
low  mounting  of  light  units  would 
bring  them  into  the  direct  range  of 
vision.  In  other  cases  the  focussing 
type  is  used  where  concealed  lighting 
effects  are  aimed  at. 

Particularly  are  focussing  type  units 
necessary  in  the  case  of  factory  light- 
ing with  overhead  travelling  cranes. 
In  practice  it  is  generally  desirable  to 
adopt  as  high  a  mounting  height  as 
possible,  consistent,  of  course,  with 
reasonable  accessibility.  By  doing 
this  you  reduce  the  liability  of  glare, 
and  it  is  particularly  noticeable  the 
extent  to  which  shadows  are  reduced 
in  consequence.  This  latter  point  is 
emphasized  particularly  in  school 
lighting  where  you  get  a  rising  floor 
level. 

Now,  in  adopting  these  greater 
mounting  heights  it  does  not  allow 
that  the  lighting  efficiency  of  an  in- 
stallation suffers  in  consequence. 


It  is  now  as  well  to  consider  the  va- 
rious media  available  for  the  control 
of  light,  and  to  see  how  far  they  may' 
be  expected  to  comply  with  the  re- 
quirements as  set  out  above. 

From  the  point  of  view  of  efficiency 
and  flexibility  of  control,  also  for  com- 
plete conformity  with  the  fundamental 
laws  of  optics,  we  will  first  consider 
prismatic  glass  reflectors.  These  re- 
flecors  are  designed  on  the  principle 
of  total  reflection,  and  by  modification 
in  the  contour  it  is  possible  to  obtain 
any  type  of  light  distribution  from 
extensive  to  extremely  concentrating. 

Opalescent  glassware,  while  giving 
good  diffusion,  has  not  such  complete 
control  of  the  light.  Incident  rays  on 
reaching  the  opal  surface  are  mostly 
broken  up  and  scattered  more  or  less 
equally  in  all  directions.  Thus  while 
the  contour  of  an  opalescent  reflector 
may  be  varied  as  much  as  is  desired, 
it  does  not  appreciably  affect  its  final 
light  distribution  curve,  which  re- 
mains of  a  general  character. 

Vitreous  enamelled  reflectors  suffer 
from  the  same  defect,  that  alteration' 
in  contour  does  not  appreciably  alter 
the  character  of  the  final  light  dis- 
tribution curve,  which  limits  their  ap- 
plication in  practice  for  most  efficient 
lighting. 

Semi-Indirect  Lighting.  —  Semi-indi- 
rect lighting  units  comprise  a  trans- 
lucent dish  -made  of  opalescent  glass, 
prismatic  glass,  or  alabaster.  They 
send  most  of  the  light  to  the  ceiling, 
from  which  it  is  reflected  downwards, 
but  a  certain  percentage  passes 
through  the  unit  itself,  depending 
upon  the  density  of  the  medium. 

This  method  of  lighting  must  of 
necessity  be  more  wasteful  than  di- 
rect lighting,  considered  from  the 
point  of  view  into  a  secondary 
source.  The  reflection  coefficient  for 
a  good  white  ceiling  is  82  per  cent, 
which  immediately  creates  an  absorp- 
tion independent  of  that  of  the  unit 
itself. 

In  semi-indirect  lighting,  therefore, 
it  is  necessary  for  its  successful  appli- 
cation that  the  ceilings  are  made  as 
light  in  color  as  possible,  also  that 
they  are  plain  surfaces  as  free  from 
obstruction  as  possible.  It  is  desir- 
able to  bear  in  mind  subsequent  de- 
terioration of  a  ceiling  with  age, 
which  naturally  has  a  bearing  on  the 
maintenance  of  efficiency  of  this  sys- 
tem. The  system  should  not,  of 
course,  be*  applied  to  situations  with 
roof  lights,  etc.,  otherwise  a  very 
heavy  loss  will  result. 
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The  use  of  a  ceiling  as  a  reflector 
is  unscientific,  and  the  results  un- 
balanced, for  the  reason  that  atten- 
tion can  best  be  concentrated  upon  a 
given  object  when  it  is  well  illumin- 
ated and  the  surroundings  are  not 
made  to  predominate.  The  latter  point 
is  accentuated  in  the  case  of  totally 
indirect  lighting  where  the  source 
appears  as  an  opaque  body. 

Semi-indirect  lighting  came  into 
prominence  in  the  early  days  of  the 
gas-filled  lamp.  The  latter  having  a 
much  higher  intrinsic  brilliancy  than 
the  former  metal  filament  lamps,  they 
required  greater  diffusion.  In  many 
cases  this  was  overcome  by  the  whole- 
sale application  of  opalescent  bowls, 
but  the  inefficiency  of  this  method 
immediately  took  away  the  benefits 
that  should  otherwise  have  been  de- 
rived from  the  increased  candle-power 
which  these  lamps  made  available. 

On  investigation  it  will  be  found 
that  large  numbers  of  semi-indirect 
lighting  installations  are  being  re- 
placed by  more  efficient  means,  and 
the  solution  seems  to  rest  in  a  return 
to  units  of  a  direct  character,  but 
offering  a  higher  degree  of  diffusion. 
Illuminating  engineers  have  been  en- 
gaged for  some  time  now  towards 
this  ideal,  and  already  several  most 
promising  new  units  have  been  made 
available. 


The   Effects   of  the   Drought  of 

1921  on  Water  Supplies 

in  England 

From  The  Engineer,  London. 
The  effects  of  the  drought  of  1921 
and  of  the  slight  winter  rainfall  made 
themselves  felt  over  a  large  area  of 
the  country  throughout  1922.  During 
the  first  six  months  the  water  posi- 
tion in  many  parts  was  acute,  quite 
a  large  percentage  of  water  under- 
takings flying  signs  of  distress,  and 
though,  later,  the  rainfall  was  suffi- 
cient to  relieve  the  anxiety  of  water 
authorities  in  most  localities,  there 
still  remained  places  in  which,  at  the 
end  of  the  year,  conditions  were  by 
no  means  normal.  Various  authori- 
ties, including  the  Ministry  of  Health, 
issued  warnings  quite  early  in  the 
year  as  to  the  necessity  of  taking 
care  in  the  use  of  water  and  advocat- 
ing the  employment,  if  possible,  of 
other  than  pure  waters  for  non-do- 
mestic purposes.  With  a  view  to  in- 
vestigating the  best  means  of  ren- 
dering supplies,  hitherto  regarded  as 


not  being  potable,  fit  for  domestic 
consumption,  Sir  Alfred  Mond  in  Jan- 
uary appointed  a  Departmental  Com- 
mittee made  up  of  experts  including 
Sir  A.  C.  Houston.  In  many  cases  sup- 
ply had  to  be  curtailed,  while  in 
others  supplies  actually  failed.  Towns 
as  widely  separated  as  Northampton, 
Bath  and  Folkestone,  to  name  just  a 
few— were  anything  but  happily 
placed.  Bath,  in  its  trouble  just  re- 
ferred to,  engaged  the  services  of  a 
water  diviner  with,  apparently,  most 
beneficial  results.  It  was  at  first  re- 
ported that  springs  had  been  discov- 
ered which  were  capable  of  yielding 
as  much  as  65,000,000  gal.  per  year, 
and  that  150,000  gal.  were  being  fed 
from  them  into  the  reservoirs  each 
day.  In  later  reports  the  daily  quan- 
tity obtained  was  given  as  409,000 
gal.,  and  still  later  the  figure  quoted 
was  over  1,300,000  gal.  per  day.  The 
additional  supplies  were,  we  under- 
stand, obtained  without  the  construc- 
tion of  any  reservoirs.  There  were 
districts  into  which  water  had  to  be 
taken  by  rail,  and  others  in  which  it 
Was  so  scarce  that  it  was  retailed  by 
the  bucketful  at  the  charge  of  2  ct. 
or  more.  What  would  have  been  the 
state  of  affairs  had  we  had  another 
year  of  lengthy  rainless  periods  it  is 
not  pleasant  to  contemplate,  and  even 
now  it  is  not  possible  to  say  that  all 
trouble  is  at  an  end,  for  deep-seated 
springs  have  by  no  means  in  all  cases 
been  filled  up  to  their  normal  levels. 
The  chalk  springs  in  the  valleys  of 
the  Thames  and  its  tributaries  may 
be  quoted  as  instances.  Unless  there 
are  fairly  heavy  rains  between  this 
and,  say,  April  next,  it  is  certainly 
possible  that  difficulties  in  some  places 
may  be  experienced  during  subsequent 
months,  though  the  heavy  precipita- 
tion towards  the  end  of  the  year  will, 
undoubtedly,   have   helped   matters. 


Water  Power  in  Norway. — With  re- 
gard to  the  use-  of  water-power  in  vari- 
ous categories  of  purposes,  the  follow- 
ing may  be  assumed  as  a.  reliable  esti- 
mate :  Per  cent. 

For  lighting 10 

For  heating   9 

For  motive  power  34 

For  electro-chemical  purposes    47 


Railway  Electrification  in  Mexico. — 
The  survey  of  the  section  of  the  Mexi* 
can  National  lines  of  railway  between 
Monterrey  and  Cerneros,  which  it  is 
proposed  to  electrify,  has  been  com- 
pleted, it  is  stated. 
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Land  Reclamation  by  Sand  Pumping 

Description  of  English  Suction  Dredgers  and  Methods  and  Costs  of 

Operation 

By  GASCOIGNE  LUMLEY. 

From    Engineering,    London. 


Very  little  literature  appears  to  be 
extant  on  the  subject  of  reclamation 
of  land  by  sand  pumping,  although  a 
good  deal  has  been  written  about  the 
dredging  side.  This  method  was  ap- 
parently first  started  in  Holland, 
where  bucket  dredgers  discharged 
their  spoil  into  containers  or  cylinders 
where  admixture  with  water  took 
place,  a  pump  then  forcing  the  mix- 
ture on  to  the  land  to  be  reclaimed. 
The  pipe  line  was  of  wood,  the  pipes 
being  made  of  parallel  staves  hooped 


The  great  advantage  of  the  draghead 
is  that  while  it  can  deal  with  muddy 
or  clay  bottoms  it  does  not  lift  stones 
or  other  substance  which  are  likely 
to  damage  the  reclamation  pumps, 
these  portions  of  the  spoil  being  left 
behind  on  the  newly-formed  bottom 
at  sufficient  depths  to  render  them 
harmless  to  navigation. 

The  method  of  pumping  direct  from 
the  bottom  into  a  pipe  line  floated  on 
pontoons  has  often  been  employed; 
this    allows     of     the     dredger     being 


DistributianBox 


Distribution     jtiu*M»be 
Box 


w/;//w//;ws//w;/;//r/w;ww 


Fig.    1 — Side  and   End   View  of  Suction 
Dredge  for  Reclamation   Work. 

together  and  jointed  to  each  other 
by  means  of  leather  bands. 

Later,  at  the  widening  of  the  Kiel 
Canal,  bucket  dredgers  discharged 
into  hopper  barges,  which,  when  load- 
ed, were  towed  alongside  the  pump- 
ing plant  where  their  contents,  mixed 
with  water,  were  sucked  out  and  de- 
livered on  shore.  No  very  long  dis- 
tances were  attempted  as  the  opera- 
tions were  in  this  case  primarily  for 
the  disposal  of  spoil.  Here  the  shore 
pipe  line  was  of  steel  with  flanged  con- 
nections. 

In  more  recent  times  bucket  dredg- 
ers have  to  a  great  extent  been  su- 
perseded by  the  suction  type,  which, 
since  the  invention  of  the  cutter  and 
of  the  draghead  with  hydraulic  jets, 
is  capable  of  dealing  with  spoil  which 
was  formerly  considered  unsuitable, 
for  any  but  bucket  or  grab-dredgers. 


moved  about  over  a  considerable  area 
without  disconnecting,  but  not  suffi- 
cient to  permit  of  a  draghead  being 
used.  This  system  was  used  when 
dredging  the  harbor  of  Bombay,  where 
the  dredgers  Jinga  and  Kalu,  fitted 
with  cutters,  delivered  spoil  through 
floating  pipe  lines  either  on  shore  or 
into  shallow  water  for  making  land. 
It    was    also    employed    at    Rangoon, 
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where  spoil  was  delivered  behind  a 
training  wall  into  from  10  ft.  to  70 
ft.  of  water  through  42-in.  pipes,  for 
the  purpose  of  filling  in  the  area,  en- 
closed  by   the   wall. 

A  modern  plant  capable  of  sending 
the  spoil  a  mile  or  more  inland  gen- 
erally consists  of  a  dredger  fitted  with 
a  draghead  and  hydraulic  jets,  a  tug, 
three  or  four  hopper  barges  and  a 
reclamation  vessel  with  its  shore  con- 
nections and  steel  pipe  line. 

Dredger.  —  The  dredger,  Fig.  1, 
should  be  of  as  light  a  draught  as 
possible  so  as  to  be  able  to  work  over 
the  shallowest  parts  to  be  dredged. 
It  should  be  self-propelling  so  that 
moves  may  be  made  from  one  posi- 
tion to  another,  or  for  coaling  and  re- 
pairs, without  the  aid  of  tugs.  Sep- 
arate propelling  engines  are  not  nec- 
essary, as  one  set  can  be  arranged 
to  be  coupled  either  to  the  pump  or 
to  the  propeller  shaft,  as  required, 
by  means  of  suitable  clutches.  A  cut- 
ter may  be  fitted  for  use  when  rocks 
or  very  hard  clay  are  encountered, 
but  for  ordinary  spoil  other  than  this 
the  draghead  will  be  found  sufficient. 
The  suction  pipes  are  generally 
worked  by  a  hydraulic  engine,  the  de- 
livery pipes  by  steam,  or  by  hand  in 
smaller  vessels. 

Four  large  winches  are  required, 
one  on  each  bow,  in  addition  to  the 
windlass,  and  one  on  each  quarter, 
also  two  capstans,  one  forward  and 
one  aft.  When  operating,  four  heavy 
anchors  are  dropped,  each  attached 
to  about  300  fathoms  of  wire,  con- 
trolled by  each  of  the  four  winches, 
respectively.  Two  of  these  anchors  are 
ahead  and  two  astern,  the  leads  be- 
ing spread  so  as  to  make  an  angle  or 
about  30°  with  each  other. 

After  these  anchors  are  dropped 
the  vessel  is  hove  short  to  the  for- 
ward ones,  and  the  draghead  sunk  to 
the  required  depth.  The  after  winches 
are  then  started  and  the  vessel  moved 
slowly  astern,  the  wires  from  the  for- 
ward winches  being  paid  out  suffi- 
ciently slowly  to  maintain  a  strain 
and  so  keep  the  dredger  in  line.  As 
the  draghead  is  moved  over  the  bot- 
tom the  pump  draws  up  a  mixture  of 
sand  and  water  and  delivers  it  into 
hopper  barges,  which  are  fastened 
alongside  and  moved  as  required  for 
trim  by  means  of  the  capstans.  The 
depth  of  cut  which  can  be  taken  va- 
ries with  the  quality  of  the  spoil;  with 
loose  sand  a  foot  or  18  in.  may  be 
taken  off,  but  with  mud  or  clay  small- 
er cuts  have  to  be  taken,  otherwise 


the  suction  orifice  becomes  choked 
and  has  to  be  continually  raised  for 
clearing.  Rollers  are  generally  fitted 
on  the  ship's  side  to  allow  of  the 
barge  being  "fleeted"  without  dam- 
age. 

When  the  cut  has  been  completed 
to  the  limits  of  the  wires,  the  dredger 
is  hove  ahead  again  and  a  fresh  cut 
commenced.  By  shortening  the  port 
wires  and  lengthening  the  starboard 
ones,  or  vice  versa,  fresh  ground  can 
be  dredged  to  the  full  width  of  the 
channel  required  without  unmooring. 
When  the  barge  is  loaded  it  is  towed 
alongside  the  reclamation  vessel, 
which  is  tied  up  to  dolphins,  or  other 
means  of  making  fast,  as  near  to  the 
site  to  be  reclaimed  as  possible. 

Reclamation  Vessel. — This  vessel, 
Fig.  2.  is  usually  fitted  with  two  sand 
pumps  in  series,  but  either  should  be 
arranged  to  draw  from  the  barge  or 
deliver  on  shore,  by  manipulating 
sluice  valves,  so  that  for  short  dis- 
tances up  to  about  1,200  ft.  one  pump 
only  may  be  used.  Each  of  these 
pumps  is  driven  by  a  separate  set  of 
engines,  generally  of  the  triple  ex- 
pansion inverted  marine  type.  The 
vessel  need  not  be  self-propelling,  bu': 
this  might  be  advantageous  if  the 
work  is  situated  at  a  long  distance  by 
sea  from  the  builder's  yard,  as  the 
cost  of  these  engines  might  well  be 
less  than  the  cost  of  towage  and  ex- 
tra insurance. 

Two  pipes  are  lowered  by  means 
of  hydraulic  gear  into  the  hopper  of 
the  barge,  one  being  the  suction  pipe 
from  the  main  sand  pumps  and  the 
other  the  delivery  pipe  from  the  pump 
which  supplies  water  for  mixing  with 
the  sand.  The  last-named  pump  is 
generally  a  Gwynne  or  other  make  of 
centrifugal,  and  is  driven  by  high- 
speed inverted  engines.  Provision  is 
made  by  suitable  connections  in  the 
sand  pump  circuit  for  the  pumps  to 
draw  water  from  the  sea  for  clearing 
the  pipe  line  when  necessary.  The 
sluice  valves  in  this  circuit  should  be 
capable  of  being  opened  or  closed  by 
hydraulic  gear,  as  if  they  are  ma- 
nipulated too  slowly  the  pumps  are 
liable  to  lose  the  water  and  require 
repriming. 

In  addition  to  the  auxiliaries  usual- 
ly installed  in  a  ship's  engine  room 
a  hydraulic  pump  for  supplying  power 
to  the  suction  pipe  and  sluice  valve 
rams  is  required,  also  two  gland 
pumps,  one  for  the  suction  and  one 
for  the  delivery  sand  pump  glands. 

Rollers  should  be  fitted  on  the  suc- 
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tion  side  of  the  vessel  and  capstans 
fore  and  aft  for  fleeting  the 
barge  during  discharge.  The  ori- 
fice of  the  main  sand-pump  de- 
livery pipe  should  be  as  high  as  pos- 
sible above  the  deck,  and  above  the 
highest  level  of  land  required,  so  that 
the  pipe  line  may  be  laid  on  a  gentle 
gradient. 

Shore      Connections. — The     connec- 
tion between  the  pump  discharge  and 
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Pipe  Line. — At  a  certain  distance 
inshore  it  is  usual  to  insert  a  breeches 
piece  containing  a  flap  valve,  which 
directs  the  stream  of  spoil  to  either 
branch.  This  is  done  to  enable  the 
length  or  direction  of  the  shore  line 
to  be  altered  without  interrupting 
pumping  operations,  as  by  throwing 
over  the  ralve  the  flow  of  the  spoil 
can  be  diverted  to  another  branch 
which  is  laid  to  the  fresh  area  to  be 


J)iLuubLncjPixmp. 
Discharge  \ 

JfydrauIicCylwdei 
BaJLandSocketJoirvb 
Water-Jets 


Fig.  2 — Reclamation   Vessel   Pumping  Sand   from   Hopper. 


the  shore  pipe  line  is  effected  by 
means  of  a  "floating"  length  of  pipe, 
that  is,  a  short  length  of  pipe  with  a 
ball-and-socket  joint  at  each  end.  This 
allows  for  the  rise  and  fall  of  the  tide, 
of  variations  in  the  draught,  and  the 
heeling  of  the  vessel  when  the  suc- 
tion pipes  are  raised  or  lowered.  The 
inner  ball-and-socket  joint  is  coupled 
to  a  telescopic  piece  or  expansion 
joint  which  takes  up. the  end  play  due 
to  the  radial  motion  of  the  "floating" 
length.  From  there  onwards  the  pipe 
line  may  be  supported  by  trestles, 
sand  bags  or  banked-up  earth,  the  line 
gradually  falling  to  the  point  of  dis- 
charge. 


reclaimed,  and  while  that  area  is  be- 
ing filled  in  the  length  formerly  being 
pumped  through  can  be  uncoupled 
and  relaid,  or  merely  lengthened. 
With  pipes  up  to  27  in.  to  30  in.  in 
diameter  it  will  readily  be  understood 
that  several  days  may  be  required  to 
relay  a  thousand  feet  of  pipe.  Changes 
of  direction  are  effected  by  means  of 
spring  bends;  right-angled  turns 
should  be  avoided,  as  they  cause  con- 
siderable loss  of  velocity. 

When  working  it  is  necessary  to 
lengthen  the  pipe  line  very  frequent- 
ly, two  or  three  lengths  being  added 
at  a  time  so  as  to  maintain  the  uni- 
form level  indicated  by  the  pegs.    II 
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this  were  not  done  much  extra  labor 
would  be  required  to  level  up  the 
areas  afterwards,  in  addition  to  that 
necessary  for  filling  up  the  craters 
which  are  formed  by  the  sand  and 
water  issuing  from  the  orifice  of  the 
pipe. 

Wear  and  Tear. — As  may  be  imag- 
ined, very  considerable  wear  and  tear 
are  caused  by  the  passage  of  sand 
and  water  through  the  pumps  and 
pipes.  A  plentiful  supply  of  spare 
parts  is  therefore  very  essential. 
Usually  the  pumps  are  lined  with 
steel  plates  attached  to  the  casings 
by  countersunk-headed  bolts;  as  these 
lining  plates  wear  away  they  can  be 
renewed.  Sometimes  smaller  cast- 
iron  sections  are  used,  especially  at 
the  places  where  most  wear  takes 
place.  The  advantage  of  these  is  that 
they  can  be  cast  exactly  the  size  and 
shape  required,  they  are  harder  and 
so  last  longer,  and  are  cheaper  to  re- 
place. 

The  impeller  blades  also  wear  very 
quickly.  If  ordinary  open  impellers 
are  used,  renewals  are  easily  effected, 
but  the  type  is  more  liable  to  damage 
by  obstructions,  such  as  pieces  of  old 
anchor  chain,  shackles  and  other  ar- 
ticles dropped  from  ships  and  lifted 
from  the  bottom  by  the  dredge's 
pumps.  Shrouded  impellers  last  long- 
er and  are  not  so  liable  to  breakage, 
but  when  they  are  worn  new  ones  are 
required,  as  they  can  seldom  be  fitted 
with  new  blades,  owing  to  grooving 
action  by  sand.  Other  parts  liable  to 
excessive  wear  are  the  throat  pieces 
of  the  pumps  and  the  cast-iron  bends 
at  the  suction  and  delivery  sides. 

To  prevent  the  pump  shafts  from 
being  ground  away  by  sand  getting 
into  the  packing,  various  devices  are 
employed;  usually  water  is  forced 
into  the  gland  between  the  packing 
and  an  inner  neck  bush.  This  is  ef- 
fective as  long  as  the  annular  space 
surrounding  the  shaft  is  of  small 
enough  area  to  retain  enough  water 
in  the  gland  to  maintain  pressure  suf- 
ficient to  exclude  the  sand.  When 
working,  the  packing  should  be  with- 
drawn once  a  week  and  cleared  of 
sand,  or  renewed  if  that  is  not  possi- 
ble. Suitable  sand  excluders  should 
be  fitted  to  the  stern  glands  of  the 
tug,  as  when  towing  barges  to  and 
from  the  dredger  this  vessel  is  al- 
ways working  in  water  containing 
sand  in  suspension.  The  Cederval 
type  of  gear  has  been  found  very  ef- 
fective for  this  purpose. 


Such  vessels  as  have  been  de- 
scribed are  very  expensive  to  main- 
tain, repairs  often  being  much  the 
heaviest  item  in  the  cost  of  the  op- 
erations. Spare  parts  of  all  kinds, 
often  of  a  very  costly  nature,  have  to 
be  kept  in  stock  in  order  that  work 
may  not  be  interrupted  by  the  break- 
age or  unduly  rapid  wear  of  any  por- 
tion of  the  plant.  Such  items  as  im- 
pellers, lining  plates,  ball-and-socket 
joints,  impeller  shafts,  suction  pipes 
and  heads,  etc.,  are  necessary,  as  if 
they  were  not  available  work  might 
be   held  up   for  considerable  periods. 

Plant  at  Logos  Harbor,  Nigeria.— 
The  plant  at  work  in  Lagos  Harbor, 
Nigeria,  is  a  good  example  of  a  mod- 
ern reclamation  outfit,  and  does  not 
differ  substantially  from  the  forego- 
ing descriptions;  from  it  the  observa- 
tions and  results  which  follow  were 
obtained.  The  indicated  horsepower 
of  the  pumping  engines  of  the  dredger 
was  about  600,  and  on  the  reclamation 
vessel  about  700  i.h.p.  were  available 
for  each  pump.  The  delivery  pipe  was 
27  in.  diameter,  and  the  barges  of  1,- 
000  tons  capacity. 

Considerable  variation  in  the  kind 
of.  spoil  was  experienced,  from  very 
coarse  sand,  which  sank  to  the  bot- 
tom of  the  hoppers  of  the  barges  al- 
most immediately,  to  fine  sand  mixed 
with  clay  and  mud.  When  dredging 
coarse  sand  a  barge  load  of  1,000  tons 
could  be  obtained  in  about  20  minutes, 
as  very  little  flowed  away,  but  with 
the  clayey  mixture  most  of  the  clay  and 
some  of  the  fine  sand  escaped  with 
the  surplus  water  over  the  coamings. 
The  average  time  for  filling  the  1,000- 
ton  hopper  was  about  iy2  hours. 

When  discharging,  the  reverse  con- 
ditions obtained.  Coarse  sand  is  more 
difficult  to  force  along  a  pipe  line,  and 
it  was  found  that  it  settled  a  good 
deal,  thus  decreasing  the  available 
area  of  the  pipe,  increasing  friction, 
and  by  lowering  the  velocity  caused 
more  sand  to  settle.  A  much  weaker 
mixture  had  to  be  pumped  and  the 
sea  connections  of  the  pump  had 
to  be  utilized  two  or  three 
times  during  the  course  of  dis- 
charging a  load  in  order  to  clear 
away  the  deposited  sand,  by  pumping 
pure  water  through  the  pipe  line. 

With  clay  and  fine  sand  a  barge 
could  be  emptied  in  half  the  time,  the 
mixture  being  easily  held  in  suspen- 
sion with  little  or  no  tendency  to  set- 
tle through  moderate  lengths.  A  good 
deal  depends   on  the  maintenance  of 
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TABLE   T. 

Beginning       Half  dis-  End 

of  load.  charged.  of   load. 

Velocity  of  mixture,  in  feet  per  second 12.196  12.059  11.145 

Pressure  between  pumps,  lb 10  12  13 

Discharge  head,  feet 85.5  100.0  100.0 

Length   of  pipe  line 3,232  feet. 

Mixture   10  per  cent  measured  volume,  or  by  weight  19.4 

per  cent. 

Steam ISO  lb.  well  maintained^ 

Revolutions,  suction  pump  engine 150  per  minute. 

Revolutions,   discharge  pump  engine..  188  per  minute. 

Time  to  pump  1,000  tons 1  hour  15  minutes. 

Spoil Medium  sand. 


the  velocity  of  flow  throughout  the 
pipes;  if  a  good  head  of  steam  can  be 
kept  up,  and  the  pumps  worked  to 
their  full  capacity,  better  work  can 
be  done.  When  steam  was  down  it 
was  found  to  be  advisable  to  shut 
down  and  allow  it  to  rise,  rather  than 
continue  with  insufficient  pressure. 

Length  of  Pipe  Line. — The  length  of 
the  pipe  line  also  affects  the  speed  of 
working;  with  short  lengths  much 
stronger  mixtures  can  be  pumped, 
and  the  barges  emptied  in  much 
shorter  times  than  with  longer 
lengths.  It  was  found  that  with  the 
power  available  the  limit  to  which 
spoil  could  be  pumped  was  about  4,- 
500  ft.  The  diagram,  Fig.  6,  shows 
how   the   fuel   consumption   increased 

Fiq.  6.  SHOWING  HOW  THE  FUEL  CONSUMPTION 
INCREASED  WITH  THE  LENGTHENING  OF  THE  PIPE- 
a  LINE  UNTIL  THE  LIMIT  OF BOILER  CAPACITY 
4<T  WAS  REACHED. 
4 
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length  of  Pipe  Line  ijvFeet 

with  the  lengthening  of  the  pipe  line 
until  the  limit  of  boiler  capacity  was 
reached.  But  at  that  length  the  fuel 
consumption  was  nearly  4  tons  of  coal 
per  barge  load,  and  made  work  at  that 
distance  too  costly. 

Of  course,  this  limit  was  reached 
earlier  with  coarse  sand  than  with 
spoil  of  a  finer  nature.  Also,  at  about 
4,300  ft.,  the  pumping  engines  were 
showing  signs  of  overload,  while  the 
delivery  head  fluctuated  considerably, 
showing  that  the  pumps  were  churn- 
ing. 

The  shape  of  the  curve,  Fig.  6,  is 
different    from    what    it    would    be    if . 
water    only    were    being    pumped,    in 
which  case  a  much   straighter  curve 
and    more    gradual    rise  would  show. 


The  steeper  rise  occurs  because,  as 
the  friction  destroys  the  velocity, 
sand  is  deposited  in  the  pipes  and  is 
dragged  along  the  bottom  by  the 
moving  mixture,  tending  to  increase 
the  friction  and  decrease  the  area 
still  more.  As  the  load  approaches 
completion  this  deposit  accumulates 
to  such  an  extent  as  to  cause  a  con- 
siderable rise  in  the  delivery  pressure 
to  show  on  the  gauge,  the  difference 
being  as  much  as  20  ft.  to  40  ft.  of 
head  (according  to  the  length  of  pipe 
line)  between  the  beginning  arid  end 
of  a  load. 

Table  I  gives  the  results  of  some 
test,  which  show  the  fall  Of  velocity 
and  increase  of  pressure  as  the  pump 
ing  of  a  load  progresses,  the  figures 
being  the  average  of  several  tests. 

It  may  be  noted  that  to  obtain  the 
best  work,  the  difference  between  the 
revolutions  of  the  two  engines  should 
be  increased  as  the  pipe  line  becomes 
longer.  The  difference  of  velocity 
and  head  would  be  more  marked  with 
coarse  sand  and  less  when  dealing 
with  fine. 

TABLE  II. 

Jan.1  June.2  July,8  Aug.4 
Av.  length  of  pipe 

line  ft!   1,297     3,276     3,878    4,200 

Av.  load  in  barges, 

tons    1,020        996     1,037     1,004 

Av.    time    to    dis- 

charge  in  barge, 

minutes     37^      55^      65 

Av.    revoluti  o  n  s, 


87 


180 


suction     pump 
engine    

Av.  revoluti  o  n  s, 
discharge  pump 
engine    

Av.  consumpti  o  n 
of  fuel  per  barge, 
tons    1-26 

Mean  suction  head, 
inches  of  vacuum    15 

Mean  discharge 
head,  ft 

Mean  pressure  be- 
tween pumps, 
lb 


140 


180 


140        139 


183        180 


2.4         3.8       3.98 


11 


12 


11 


39        105  97        109 


12 


10 


16 


1U -- 

*In  January  one  pump  only  was  in  use. 
'Coarse  sand.  3Varying  quantities  of  spoil. 
4Fine  sand  and  mud  most  of  month. 

Greater  distances  could  of  course  be 
pumped  if  more  power  were  available  and 
pipes  of  larger  diameter  employed. 
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Table  II  gives  some  average  results  tons  in  a  day,  so  that  a  year's  work 

with  varying  qualities  of  spoil.     The  would     account     for     about    1,760,000 

fuel  used  was  soft  coal  with  a  calorific  tons,   or   1,200,000   cu.   yd.,   equivalent 

value  of  about  0.65  that  of  good  Welsh  to  126  acres  raised  to  a  mean  height, 

coal.  above  its  former  level,  of  6  ft.     The 

Design  and  Tests. — The  designer  of  value  of  the  land  thus  reclaimed  may 

plant    of    this    nature     is     somewhat  go  a  long  way  towards  paying  for  the 

handicapped    in   that   it  is   seldom   a  cost    of    dredging   the   harbor,   which 

test  can  be  made  with  actual  working  during  this  period,  if  silting  up  is  not 

conditions  under  his  own  observation,  occurring,  will  have  been  deepened  by 

Even  if  areas  were  available  for  rec-  the  same  amount  as  the  land  has  been 

lamation  tests,  the  expense  of  laying  raised. 

several  thousand  feet  of  pipe  line  and  It  is  not  advisable  to  start  pump- 
its  connection  would  be  prohibitive,  ing  at  less  than  about  300  ft.  from 
consequently  he  has  to  be  content  the  shore,  unless  there  is  a  retaining 
with  such  trials  as  can  be  made  with-  wall,  as  at  a  less  distance  than  this 
out  the  pipe  line.  the   sand  is  liable  to  flow  back  into 

Generally,  working  conditions  are  the  water  and  may  silt  up  the  berth 
simulated  by  throttling  the  discharge  occupied  by  the  reclamation  vessel, 
orifice  of  the  pump  until  the  pressure  with  the  result  that  it  may  ground  or 
shown  on  the  gauge  corresponds  with  be  in  such  shallow  water  as  to  dam- 
the  calculated  head  of  a  pipe  line  of  age  the  circulating  pumps  and  con- 
known  length.     This  method  is  suffi-  densers  by  sand. 

cient  to  prove  that  the  plant  is  ca-  Sometimes  if  the  land  is  very 
pable  of  pumping  against  the  head,  swampy,  it  sinks  considerably  under 
but  does  not  show  the  effects  of  the  the  load  of  spoil  deposited  on  it,  and 
gradually  increasing  frictional  resist-  causes  the  harbor  bottom  near  the 
ance  of  the  actual  pipe  line  due  to  shore  to  rise.  Frequent  soundings 
the  deposition  of  sand,  the  increase  in  should  be  taken  lest  the  vessel  take 
the  strength  of  the  mixture  due  to  the  ground  owing  to  this  cause.  Also 
slight  leaks  in  the  joints  of  the  pipes,  it  is  as  well,  when  marking  off  the 
which  occur  however  carefully  the  working  level  over  an  area,  to  allow 
line  has  been  laid,  nor  the  extra  re-  for  this  possible  subsidence  and  so 
sistance  due  to  bends.  Also  at  the  having  to  undertake  additional  pump- 
initial  test  described  the  pumps  are  ing  to  maintain  the  desired  level, 
working  at  their  maximum  efficiency,  Costs. — The  cost  of  dredging  de- 
which  would  drop  considerably  after  pends  of  course,  like  all  work,  on  lo- 
three  months'  wear.  Under  working  Cai  conditions,  such  as  the  rates  of 
conditions  therefore  only  about  75  per  pay  for  labor,  freight  on  and  cost  of 
cent  of  the  results  obtained  during  fuel  and  stores,  etc.  In  these  rapid- 
such  trials  can  be  expected,  and  if  ]y-changing  times  it  is  difficult  to  give 
this  is  attained,  the  plant  may  be  an  absolute  figure,  as  such  a  figure 
considered  as  satisfactory.  might  easily   be   quite  misleading  by 

Operating.— With       single       crews,  the  time  this  paper  is  read.    The  rela- 

working    during    the   day    only,    it   is  tive  costs  of  the  different  operations, 

usual  to  pump  five  days  a  week,  Sat-  however,  may  be  taken  as  follows: 

urdays   being    reserved    for    coaling,  Dredging                                                 0.40 

watering,     and     for     examination     of  Towage  ...... '. '. '. '. '. '. '. '. '. '. . . .'..'....'.'.'.'.'.  o!lO 

working    parts,    minor     and     current      Upkeep  of  barges 0.05 

nvftrhfiiila      Mn  Pumping  on  shore 0.42 

overnauis,   etc.  Pipe  line 0  03 

At  the  end  of  every  three  months  

work,  it  is  necessary  to  close  down  1-00 
for  about  10  days  for  boiler  cleaning,  If  the  spoil  were  to  be  dumped  in 
relining  of  pumps  where  necessary,  deep  water  instead  of  being  pumped 
and  such  general  examination  of  all  ashore,  using  a  hopper  dredger  of 
parts  likely  to  suffer  by  the  passage  similar  size,  considerable  time  would 
of  sand.  During  this  time  opportunity  have  to  be  allowed  for  mooring  and 
should  be  taken  to  overhaul  the  pipe  unmooring  and  steaming  to  and  from 
line,  rejointing  where  leaks  have  been  the  dumping  ground.  This  would 
marked.  Allowing  about  10  days  for  raise  the  cost  per  ton  of  the  dredging 
public  holidays,  it  will  thus  be  seen  from  two  to  two  and  one-half  times 
that  it  is  possible  to  pump  for  about  according  to  the  distance  of  the 
220  days  in  a  year.  dumping  ground  from  the  dredging 
The  Lagos  plant  can  deal  with  an  site,  while  the  output  would  be  pro- 
average  of  eight  barge  loads  of  1,000  portionately  diminished.    Working  in 

(36) 


1923 


Engineering  and  Contracting 


275 


conjunction  with  the  reclamation  ves- 
sel, the  dredger  can  pump  practically 
continuously,  stopping  only  to  change 
barges  and  renew  the  cut. 

It  is,  of  course,  possible  to  dredge 
and  dump  cheaper  by  utilizing  a  ves- 
sel of  larger  hopper  capacity  fitted 
with  an  ordinary  suction  nozzle,  so 
that  mooring  is  not  necessary,  one 
anchor  being  sufficient.  But  for  this 
a  greater  depth  of  water  has  to  be 
available  in  the  first  instance,  while 
the  work  would  not  be  so  well  done. 
Dredgers  of  this  type  deepen  by  dig- 
ging a  series  of  holes  which,  unless 
the  material  dredged  is  of  sand  which 
will  run  in  and  fill  them  up,  leave  the 
bottom  very  uneven.  Also  a  good* 
deal  of  material  is  taken  up  unneces- 
sarily, meaning  that  for  equal  ton- 
nage dredged,  the  work  done  by  the 
draghead  is  more  effective  than  that 
done  by  the  ordinary  suction  nozzle. 
Transverse  dredging  with  ordinary 
nozzles  leaves  a  fairly  level  bottom, 
but  that  again  requires  more  or  less 
complicated  moorings.  This  method 
is  sometimes  used  when  working  with 
a  floating  pipe  line. 

The  question  of  actual  costs  of 
dredging  was  very  fully  gone  into  in  a 
paper  entitled  "Recent  Progress  in 
Dredging  Machinery,"  read  before  the 
Institution  of  Civil  Engineers  in  1917, 
by  Mr.  William  Brown,  and  in  the  dis- 
cussion which  followed.  Here  Sir 
William  Matthews  stated: 

"Too  much  stress  can  easily  be  put 
on  the  cost  of  dredging.  No  fair  or 
useful  comparison  of  dredging  costs 
can  be  made  unless  due  regard  is  had 
to  all  the  conditions,  not  only  the 
cost  of  labor,  coal,  oil  and  stores,  but 
also  the   physical   conditions." 

Various  rates  per  ton  or  per  cubic 
yard  deposited  have  been  quoted, 
ranging  from  about  1.75d.  per  cubic 
yard  to  4s.  6d.  a  ton.  In  some  cases 
the  costs  include  depreciation  and 
capital  charges;  in  others  they  repre- 
sent running  expenses  and  repairs 
only.  A  larger  and  more  costly  plant 
will  show  lower  working  costs,  but  to 
a  certain  extent,  these  will  be  dis- 
counted by  the  higher  charges  for  de- 
preciation and  interest  on  capital. 

Another  item  which  is  not  always 
included  is  the  cost  of  surveys.  When 
the  work  is  being  done  by  a  Govern- 
ment or  port  authority  such  surveys 
would  be  carried  out  by  the  perma- 
nent harbor  officials,  and  would  not 
be   shown  on  the  cost   sheets,  but  a 


contractor  would  have  to  take  them 
into  account  as  they  are  a  necessary 
check  on  the  progress  of  the  work. 

Administration.  —  A  very  useful 
check  can  be  made  of  the  material 
pumped  ashore  by  observing  the 
draught  of  the  barges  as  they  leave 
the  reclamation  vessel  and  again 
when  they  are  brought  alongside.  The 
water  will  have  drained  off  during 
the  tow.  Reference  to  the  loading 
gauge  of  the  barges  will  then  give 
the  actual  weight  of  their  contents, 
and  allows  for  the  few  tons  it  is  im- 
possible to  pump  out.  If  entries  are 
made  in  the  daily  log  of  these 
weights,  the  total  pumped  in  any  one 
day  is  always  available,  and  the  in- 
formation thus  obtained  is  more  like- 
ly to  be  correct  than  that  given  by 
the  land  surveys,  which  must  neces- 
sarily deal  in  means  and  make  no  al- 
lowance for  subsidences. 

The  efficient  working  of  a  plant  de- 
pends a  great  deal  on  the  principal 
officers  of  the  vessels,  the  careful  ex- 
amination of  working  parts,  and  the 
regular  carrying  out  of  minor  over- 
hauls minimizes,  to  an  even  greater 
extent  than  in  the  case  of  ordinary 
ships,  the  chance  of  break-down.  Also 
it  is  possible  by  a  judicious  speeding 
up  at  critical  times  to  get  in  an  extra 
load  sometimes  at  the  end  of  a  day. 

As  a  stimulus  to  efforts  of  this  na- 
ture it  is  good  practice  to  pay  "load 
money"  on  each  barge  loaded  and 
emptied  above  a  certain  number  each 
day.  This  number  should  be  such  as 
to  make  it  possible  for  load  money  to 
be  earned,  otherwise  the  attempt  to 
earn  it  will  be  given  up  as  impossi- 
ble, and  the  amount  should  be  suffi- 
cient, without  unduly  increasing  the 
cost  of  the  work,  to  reward  adequate- 
ly any  work  undertaken  for  the  pur- 
pose in  view.  Under  this  system  fre- 
quent supervisory  visits  and  inspec- 
tions of  the  log  books  by  the  engineer 
in  charge  of  the  operations  are  neces- 
sary, as  the  tendency  is  for  the  barges 
to  be  loaded  light,  in  order  to  get  the 
number  required  for  earning  load 
money. 

In  addition,  a  little  healthy  rivalry 
between  crews  is  advisable.  If  a  ves- 
sel hoists  a  flag  when  waiting  for  a 
barge,  the  crew  of  the  other  vessel 
will  endeavor  to  get  it  down  as  soon* 
as  possible;  they  do  not  like  the  flag 
flying  against  them,  but  hoist  it  glee- 
fully  if   the   conditions   are  reversed. 

Detailed  monthly  statements  of 
costs    should    whenever    possible    be 
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available,   as   by   careful    scrutinizing  W™»L-     «*      R..;*;  k      r> 

these  items  of  expenditure  can  often  WorK     °*     British     Govern - 

be  reduced  or  eliminated  as  the  work  merit's   Roads   Depart- 

progresses.       After     two     or     three  . 

months    the   crews   and    shore   gangs  llient 

become   accustomed    to     working    to-  From  The  Surveyor,  London, 

gether,    and    considerable   reductions  The  report  issued  by  the  Ministry 

may  often  be  made  in  their  numbers.  of  Transport  on  the  administration  of 

it  is  not  possible  to  get  together  at  the  Road  Fund   for  the  year  1921-22 

first  an  experienced    personnel;     the  was  presented  to  Parliament  on  Dec 

most  that  can  be  expected  is  that  the  11.    The  report  covers  the  work  of  the 

principal  officers  may  have  done  simi-  Roads    Department    of    the    Ministry 

lar  work  before.  for  the  year  April  1,  1921,  to  March 

General.— It  will  be  understood  that  31,  1922~ the  first  complete  fiaancial 

a  lengthy  period   is  required   for  ac-  year  durinS  which  the  new  rates  of 

cumulating  data,  as   opportunity  has  hcense    duties    on    mechanically-pro- 

to  be  taken  at  the  time  the  pipe  line  Pelled   vehicles,    imposed    by   the   Fi- 

reaches  the  length  required  for  a  par-  nance  Act,  1920,  have  been  operative, 

ticular  set  of  figures,  and  the  nature  The  receipts  credited  to   the  Road 

of  the  spoil  is  such  as  will  make  com-  Fund    duri"S    the   year    amounted    to 

parison  possible  with  figures  previous-  £12,585,633,  and  the  net  payments  to 

ly  obtained;  consequently  more  or  less  £9,922,393. 

considerable    intervals    of    time    may  Advances  and  Grants. — A  summary 

elapse  between  tests.  of  the  advances  by  way  of  grants  and 

Generally,  there  is  ample,  scope  for  loans  made  during  the  year  grouped 

initiative  and   resourcefulness,   owing  under   the   three   main   headings,   fol- 

to  the  constantly  changing  conditions  lows: 

which  are  met  with  in  this  very  in-  m  nioco,«    *•                          „     f=?4-86. 

terestinc  work                                      '  (1>  Classification    grants    made 

ueitJBuug  worn.  towards  the  cost  of  mainte- 

nance   and   improvement  of 

_„  r  Class  I.  and  .II.  roads 8,108,027 

Effect   of  Cement  on   Marble  Facings       (*)  Unemployment    schemes 4,531,103 

,„,  ,      .    _.  ,  (3)  Other  purposes 834,779 

The  gradual  dimming  of  the  polish  ' 

of  some  marblP  <*larm  n<?Pd   n«  fanir,^  ?!ai  ^ants  made  in  1921-22.  13,473,909 

ui  some  marDie  SiaDS  used  as  lacings  Total  payments  under  grants.     8,868,156 

for  concrete  structures  was  recently         Total  loans  741,026 

examined.  The  loss  of  polish  was  Tne  grants  toward  the  cost  of  main- 
found  to  be  the  result  of  chemical  re-  tenance  and  improvement  of  Class  I 
action;  it  was  also  accompanied  by  a  a?o  '  roads  and  bridSes>  represent 
scum  which  was  clearly  traced  to  the  ™  .  Per  C  of  the  total  Srants  made 
cement.  Moisture  in  the  concrete,  ?i?ri^g  •  year'  They  were  made  on 
and  still  more  in  the  brickwork  back-  tne  basis  of  50  Per  cent  of  the  ap- 
ing, gradually  penetrated  through  the  Proved  cost  in  the  case  of  Class  I, 
marble  facing,  carrying  with  it  solu-  r?ads  and  bridses,  and  25  per  cent  in 
tions  of  salts  derived  from  the  cement,  tne  case  of  Class  IL 
which  caused  the  defect.  Only  the  Grants  Towards  Unemployment 
thinner  slabs  of  marble  were  affected,  Schemes.  —  A  special  unemployment 
as  the  thicker  masses  of  marble  did  fund  (road  works)  was  provided  for 
not  permit  the  percolation  of  the  the  winter  of  1920-21,  and  in  the  au- 
water.  Pillars  of  reinforced  concrete,  tumn  of  1921  a  further  sum  of  £2,000- 
to  which  the  marble  slabs  were  at-  000  was  allocated  from  the  Road  Fund 
tached  direct,  without  any  intervening  as  follows: 

air-spaces  through  which  the  moisture  (a)    £1,000,000      to      special      road 

could  enter,   showed  the  defect  to   a  schemes  in  Essex  and  Kent,  for  the 

much  smaller  extent  than  brickwork,  absorption  of  unemployed  within  the 

to  which  water  had   more  ready  ac-  London  County  Council  area, 

cess.    The  defect  was  most  noticeable  .    (b)    £1,000,000    for    road    works    in 

near  the  joints  in  the  marble,  i.  e.,  in  the  provinces. 

those  places  where  moisture  might  be  In  February,  1922,  the  1920-21  fund 
expected  to  have  the  most  ready  ac-  was  closed  as  from  October  22,  1921, 
cess.  By  preventing  the  access  of  the  commitments,  etc.,  being  trans- 
moisture  to  the  back  of  the  marble  f erred  to  the  1921-22  fund.  On  these 
all  further  production  of  the  defect  two  Unemployment  Funds,  the  Road 
has  been  avoided. — Tonind  Ztg.  Fund  Liability  amounts  to  £6,077,000, 
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out  of  which  commitments  amounting 
to  £4,341,000  remained  to  be  liqui- 
dated on  March  31. 

Administration  of  Unemployment 
(Relief  Works)  Actf  1920.— During  the 
year  three  orders  made  under  section 
1  for  the  acquisition  of  land  required 
for  the  construction  of  new  roads 
were  confirmed  by  the  Minister,  and 
approval  of  entry  into  possession  un- 
der section  2  was  given  to  77  local 
authorities.  These  approvals  related 
to  land  required  in  connection  with 
thirty-seven  new,  and  sixty-four  exist- 
ing, roads.  Had  it  not  been  for  the 
powers  conferred  by  the  Act  there 
can  be  no  doubt  that  many  important 
road  schemes  in  various  parts  of  the 
country,  which  has  provided  employ- 
ment for  a  large  number  of  men, 
could  not  have  been  put  in  hand  with- 
out very  serious  delay. 

During  the  same  period  1,504  ap- 
plications, of  an  approximate  total 
value  of  £10,500,000,  for  assistance  to 
the  cost  of  various  road  works  were 
received  by  the  Unemployment  Grants 
Committee  and  examined  by  the  Min- 
istry. Most  of  them  possessed  local 
rather  than  national  importance,  and 
were  thus  more  suitable  for  assistance 
from  the  committee  than  the  Road 
Fund.  The  Ministry  recommended 
1,008  to  the  committee  and  retained 
164  for  grants  from  the  Road  Fund. 

Proceeds  of  Taxation  of  Road  Vehi- 
cles.— During  the  calendar  year  1921 
the  receipts  amounted  to  £10,212,458, 
and  the  estimated  numbers  of  vehicles 
in  respect  of  which  licenses  were  is- 
sued, were  873,665  mechanically-pro- 
pelled and  269,200  horse-drawn.  The 
expenses  of  collection  incurred  by 
local  authorities  during  the  financial 
year  1921-22  were  £291,325,  or  3  per 
cent  of  the  amount  collected.  The  net 
revenue  after  payment  of  prior 
charges,  etc.,  was  approximately  £9,- 
000,000. 

In  view  of  representations,  the  Min- 
ister made  an  order  on  December  5, 

1921,  instituting  as  from  January  1, 

1922,  the  following  part-year  licenses 
(a)  for  motorcycles — quarterly  li- 
censes, and  (b)  for  other  vehicles — li- 
censes issuable  from  the  first  day  of 
any  month  to  the  last  day  of  the  cur- 
rent quarter  or  year.  The  duties  were 
fixed  on  a  graduated  scale  in  relation 
to  the  annual  rates. 

Appointment  of  Divisional  Road  En- 
gineers.— With  the  institution  of  large 


grants  towards  the  cost  of  mainten- 
ance of  classified  roads,  it  became  im- 
perative to  apply  the  principle  of  de- 
centralization. Divisional  offices  were 
therefore  opened  at  Bristol  for  the 
south  and  southwest  division,  at  Bir- 
mingham for  the  Midland  division,  at 
Leeds  for  the  northern  division,  and 
at  Cardiff  for  Wales.  These  were  in 
addition  to  the  existing  office  at  Edin- 
burgh. The  London  and  the  Eastern 
and  Home  Counties  divisions  were 
placed  at  headquarters. 

The  divisional  road  engineers  ex- 
amine and  approve  the  estimates  for 
work  on  classified  roads;  satisfy  them- 
selves that  the  works  have  been  prop- 
erly carried  out;  investigate  applica- 
tions for  grants  toward  the  cost  of 
new  road  construction  and  other  im- 
provements outside  the  "classifica- 
tion" scheme — e.  g.,  works  for  the  re- 
lief of  unemployment;  investigate  into 
the  more  serious  road  accidents;  ex- 
amine town  planning  proposals,  and 
by  conferences  with  the  local  authori- 
ties frequently  obtain  concerted  action 
where  agreement  between  conflicting 
interests  is  otherwise  unobtainable. 


Rubber  Block  Pavement. — According 
to  Indian  Engineering,  rubber  blocks 
for  roadways  are  now  in  process  of 
manufacture  in  Colombo.  They  con- 
sist of  three  different  hardnesses  of 
rubber,  but  are  manufactured  in  such 
a  way  that  there  is  no  joint  of  any 
description,  the  block  being  all  in  one 
piece.  The  top  surface,  sufficiently 
soft  to  be  resilient,  is  reinforced  be- 
neath with  hard  junction  rubber.  From 
this  hard  junction  rubber,  three  V- 
shaped  pieces  of  vulcanite  protrude. 
In  using  these  blocks  to  make  a  road 
they  are  put  into  a  box  and  concrete 
is  poured  on  to  them,  and  after  it  is 
hardened  they  can  be  laid  on  the  con- 
crete bed  of  the  road.  They  are  be- 
lieved to  be  a  great  improvement  on 
other  rubber  slabs  that  have  been 
used  for  roadmaking  in  the  past,  as 
the  vulcanized  "V's"  which  grip  the 
concrete  are  part  of  the  slab  itself, 
and  not  made  of  iron  or  other  mate- 
rial let  in.  It  has  been  found  that 
these  latter  are  liable  to  work  loose 
when  they  have  been  in  use  for  some 
time.  The  patent  blocks  being  made 
in  Colombo  are  cheaper,  it  is  stated, 
than  those  that  have  been  laid  experi- 
mentally in  London. 
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Demolition  of  Batignolles  Railway  Tunnels 


Method  of  Demolishing  Three  Tunnels  and  Strengthening  a  Fourth 
Without  Interrupting  Traffic 


From    The    Engineer,    London. 


The  demolition  of  the  tunnels  out- 
side of  the  St.  Lazare  Station  in  Paris 
removes  probably  the  last  vestige  of 
the  works  built  by  English  engineers 
when  they  constructed  the  first  rail- 
way between  Paris  and  St.  Germain. 
The  terminus  of  the  line  was  original- 
ly at  the  Batignolles,  but  it  was  found 
to  be  too  far  away  from  the  center  of 
the  town,  and  when  it  was  decided  to 


tion  of  one  of  the  trains  by  fire.  The 
great  loss  of  life  led  the  Government 
to  insist  upon  the  immediate  com- 
mencement of  the  demolition  of  the 
tunnels. 

Of  the  four  tunnels  three  only  are 
to  be  demolished.  The  fourth,  through 
which  pass  the  Auteuil  lines,  is  under 
the  Rue  de  Rome,  and  is  being  stayed 
by  a  buttress  wall.    The  demolition  is 


Fig.   1. — Phases   in  the  Demolition   of  the    Batignolles  Tunnel. 


transfer  it  to  the  Place  du  Havre  the 
English  engineers  in  charge  under- 
took the  construction  of  a  tunnel  un- 
der conditions  that  appeared  to  the 
French  to  present  insuperable  ob- 
stacles. The  tunnel,  which  was  con- 
structed in  1837,  has  a  length  of  1,085 
ft. 

As  the  lines  extended  a  second  tun- 
nel was  constructed,  and  then  two 
others,  all  parallel,  and  the  Batig- 
nolles tunnels,  while  a  necessity  when 
houses  existed  over  them,  always  had 
a  depressing  effect  upon  passengers 
arriving  in  Paris.  Their  demolition 
was  decided  upon  many  years  ago,  but 
owing  to  want  of  funds  for  the  pur- 
pose nothing  was  done  until  the  catas- 
trophe last  year,  when  a  train  that 
had  stopped  in  one  tunnel  was  run 
into  by  another,  causing  a  bursting 
of  the  gas  cylinders  and  the  destruc- 


being  carried  out  over  839  ft.,  the  re- 
maining 246  ft.  being  under  the  Bolue- 
vard  des  Batignolles,  where  it  passes 
beneath  the  Metropolitan  Railway. 
This  part  will  necessitate  considerable 
preliminary  works,  due  to  the  dis- 
placement of  compressed  air,  gas  and 
other  mains  and  to  the  replacing  of 
the  Metropolitan  tunnel  by  a  girder 
bridge  across  the  railway.  It  is  not 
expected,  however,  that  the  work  will 
be  started  upon  for  a  considerable 
time.  The  demolition  of  the  tunnels 
was  begun  in  October  of  last  year, 
and  it  is  anticipated  that  it  will  be 
finished  in  January  next.  It  necessi- 
tates the  removal  of  117,000  cu.  yd. 
of  earth  and  20,800  cu.  yd.  of  mason- 
ry, as  well  as  the  construction  of  walls 
each  side. 

The  problem  that  had  to  be  faced 
by  the   engineers   of  the   State   Rail- 
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ways  was  fo  the  effect  the  demolition 
without  interrupting  the  traffic.  As 
the  number  of  trains  entering  and 
leaving  the  St.  Lazare  Station  daily  is 
larger  than  that  at  any  other  Paris 
terminus,  the  problem  presented  many 
difficulties.  The  only  way  of  solving 
it  was  to  construct  metallic  and  con- 
crete liners  inside  the  tunnels  so.  that 
everything  could  be  removed,  leaving 
only  the  liners  to  be  taken  away  at 
the  last.  In  order  to  provide  the 
necessary  working  space  the  double 
track  had  to  be  replaced  by  a  single 
central  track,  and  on  proceeding  with 
the  next  tunnel  the  lines  had  to  be 
relaid  in  consequence.  One  line  had, 
therefore,     to     be     temporarily     sup- 


placed  by  a  single  central  track  to 
allow  of  sufficient  space  for  working. 
The  metallic  lining  consisted  of  a 
number  of  girders,  7  in.  by  3^4  in., 
bent  to  the  form  of  the  arch  and 
spaced  19%  in.  apart.  The  tunnel  was 
found  to  be  not  quite  symmetrical 
throughout,  and  recesses  had  to  be 
chipped  away  with  pneumatic  tools. 
Owing  to  the  small  clearance  between 
the  coaches  and  the  tunnel,  the  rings 
had  to  be  filled  in  with  concrete  to 
provide  a  smooth  surface,  and  it  was 
at  first  intended  to  join  up  the  rings 
with  bolts,  to  serve  as  a  support  for 
the  concrete.  The  bolts,  however, 
were  suppressed  when  it  was  found 
that  the  concrete  would  hold  without 


Fig.    2. — Section    Through    Cutting    When  Completed. 


pressed,  and  this  was  done  by  remov- 
ing the  terminus  of  the  Auteuil  line  to 
the  Pont  Cardinet,  just  below  the  Bat- 
ignolles  tunnel.  Except  for  the  in- 
convenience caused  to  passengers  on 
the  Auteuil  lines  of  arriving  in  Paris 
at  some  distance  from  the  center  of 
the  city,  there  has  been  no  change  or 
interruption  to  the  traffic  during  the 
carrying  out  of  the  undertaking. 

The  first  part  of  the  work  consisted 
in  building  the  retaining  walls  on  each 
side  of  the  tunnels,  as  indicated  in 
the  view  at  the  left  top  corner  in  Fig. 
1.  This  was  a  somewhat  difficult  op- 
eration, as  the  walls  had  to  be  con- 
structed in  trenches,  of  which  one 
was  from  52  ft.  to  56  ft.  deep,  while 
the  width  was  not  much  more  than 
the  thickness  at  the  base.  The  soil 
was  fairly  compact  and  consistent 
and  did  not  require  much  timbering 
during  construction.  One  of  the  walls 
was  built  on  the  side  of  the  tunnel 
which  will  remain  under  the  Rue  de 
Rome.  Meanwhile  a  metallic  lining 
was  erected  in  the  first  tunnel  to  pre- 
vent any  risk  of  material  falling  on 
the  permanent  way  and  to  permit  of 
the  running  of  trains  during  the  de- 
molition.    The  double  track  was  re- 


them.  As  soon  as  one  tunnel  was 
completed  the  tracks  were  relaid  to 
allow  of  the  lining  of  the  next.  Im- 
mediately on  the  completion  of  the 
side  walls  the  work  of  removing  the 
earth  was  started  upon,  the  contract 
being  given  out  as  so  much  per  cubic 
meter. 

A  steam  shovel  is  employed  for  the 
purpose  and  it  appears  that  it  is  re- 
alizing an  economy  in  costs  which 
will  more  than  pay  for  itself  on  thia 
one  job.  A  number  of  cranes  are 
found  to  be  extremely  useful.  While 
the  second  tunnel  was  being  lined 
work  was  started  upon  the  but- 
tress at  the  side  of  the  tunnel  un- 
der the  Rue  de  Rome  to  take  the 
thrust  of  the  wall  above.  In  some 
places  the  masonry  was  so  hard  that 
very  little  impression  could  be  made 
upon  it  by  pneumatic  tools,  and  where 
the  buttress  could  not  be  let  into  the 
wall  holes  had  to  be  drilled  in  the  lat- 
ter for  the  insertion  of  rods  to  ar- 
mour the  former. 

Up  to  this  stage  the  work  is  nearly 
completed  and  more  than  one-half  of 
the  excavation  has  been  carried  out, 
the  earth  being  discharged  into  motor 
lorries  by  the  steam  shovel.    The  ends 
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of  the  tunnel  are  already  exposed,  re- 
vealing curious  difference  in  the 
construction.  The  first  arch  is  built 
of  well  fitting  tooled  stone  blocks  and 
the  others  of  a  kind  of  conglomerate 
stone  found  in  large  quantities 
around  Paris  and  extracted  without 
quarrying.  The  solidity  of  the  con- 
struction depends  as  much  upon  the 
mortar  as  upon  the  stone  itself,  which 
is  of  very  irregular  shape.  Some  tim- 
bering, completely  rotten,  was  exposed 
during  the  excavation.  Another  cu- 
rious feature  is  the  space  existing 
over  quite  a  large  area  between  the 
arches  and  the  soil,  despite  the  con- 
siderable compression,  and  this  may 
be  explained  apparently  by  the  com- 
pact character  of  the  earth.  The 
arches  are  being  demolished  with  the 
aid  of  pneumatic  tools. 


Chlorination  and  Removal  of 
Color  from  Water 

From     Municipal    Engineering-    and    The 
Sanitary  Record,  London. 

Sir  Alexander  Houston  imparted 
much  useful  and  interesting  informa- 
tion in  his  lecture  at  the  winter  gen- 
eral meeting  of  the  Institution  pi 
Water  Engineers.  As  was  natural,  a 
considerable  portion  of  his  lecture 
dealt  with  the  chlorination  of  water 
and  the  progress  which  had  been 
made  in  the  development  of  the  proc- 
ess. He  pointed  out  that  its  success 
depended  materially  upon  the  effi- 
ciency of  the  means  of  applying  the 
chlorine  to  water.  Porous  plates,  or 
diffusers,  he  found,  became  choked 
under  unfavorable  climatic  condi- 
tions, and  it  was  much  safer  to  dis- 
solve the  chlorine  gas  in  water  by 
appropriate  means  and  then  to  use 
the  solution  for  dosing. 

Two  distinct  tastes  are  liable  to 
occur  in  chlorinated  water:  a  chlori- 
nous  taste  and  an  iodoform  taste.  A 
chlorinous  taste  is  associated  with  ex- 
cessive dosing,  and  may  be  removed 
by  dosing  with  sulphurous  acid, 
whereas  an  iodoform  taste,  which  is 
much  worse,  is  usually  associated 
with  lesser  doses  of  chlorine,  and  may 
be  removed  by  dosing  with  perman- 
ganate of  potash  in  the  proportion  of 
2  lb.  to  8  lb.  per  million  gallons.  Al- 
ternatively, either  taste  may  be  pre- 
vented by  decreasing  or  increasing 
the  dose  of  chlorine,  as  the  case  may 
be,  but  it  is  possible  by  this  means 
that  the  taste  may  be  changed  merely 
from   one   to   the   other.     The   safest 


way  to  avoid  all  taste  troubles  is  to 
super-chlorinate  and  then  de-chlori- 
nate, and  the  more  ruthlessly  this  ii 
carried  out  the  more  successful  will 
it  be.  Except  in  times  of  emergency 
there  is  no  justification  for  supplying 
consumers  with  badly  tasting  water. 

The  causes  of  taste  troubles  is  ob- 
scure, although  taste  may  be  artifi- 
cially produced  by  well-known  means. 
Deep-well  water  is  very  liable  to  taste 
troubles,  while  the  Thames  river  wa- 
ter is  very  easy  to  treat.  In  the  course 
of  the  discussion,  Mr.  H.  Austin  Pal- 
mer, engineer  to  the  South-West  Sub- 
urban Water  Company,  whose  works 
are  at  Staines,  stated  that  he  was 
chlorinating  Thames  water  after  fil- 
tration and  supplying  it,  without  de- 
chlorination, to  consumers  immedi- 
ately adjoining  the  works,  and  he 
had  had  practically  no  troubles  -from 
taste. 

Post-chlorination,  that  is,  chlorina- 
tion after  filtration,  is  advantageous 
because  smaller  doses  are  required, 
but  the  water  is  more  prone  to  ac- 
quire an  iodoform  taste.  One  disad- 
vantage of  pre-chlorination  is  that  af- 
ter such  water  has  been  filtered  for 
some  days  the  sand  may  absorb 
chlorine,  and  then  when  the  chlorina- 
tion is  suspended  the  sand  will  give 
up  some  of  its  chlorine  and  impart  a 
taste  to  the  water.  Charcoal  is  very 
good  for  removing  taste,  whether  de- 
rived from  chlorine  or  natural,  as  in 
the  case  of  rain  water,  but  one  must 
be  careful  to  renew  or  revive  the  char- 
coal from  time  to  time,  otherwise  it 
ceases  to  act. 

Removal  of  Color  from  Water. — In 
the  discussion  on  Dr.  Houston's  lec- 
ture at  the  Institution  of  Water  Engi- 
neers, and  in  his  reply  thereto,  many 
references  were  made  to  the  subject 
of  removing  color  from  water,  par- 
ticularly the  color  in  moorland  water 
due  to  peat  It  was  generally  agreed 
that  it  was  almost  impossible  to  re- 
move the  color  of  peat-stained  water 
by  sand  filtration,  but  it  could  be  done 
readily  with  mechanical  filters  and  a 
coagulant,  such  as  alum.  When  alum 
is  used  it  is  particularly  important 
also  to  add  lime  to  counteract  the 
acidity  and  prevent  any  action  on  lead 
pipes.  Chlorine,  in  the  small  quanti- 
ties generally  used,  has  no  bleaching 
effect  on  water,  and  is  therefore  of  no 
use  for  the  removal  of  color,  although 
undoubtedly  a  large  dose  of  chlorine 
would  be  effective.  It  is  difficult  to 
get  high  bacterial  efficiency  with  me- 
chanical   filters    worked    rapidly    and 
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slow  sand  filtration  is  much  safer. 
However,  in  most  cases  mechanical 
niters  are  used  specially  for  the  re- 
moval of  color  or  other  particular  mat- 
ter from  water  which  is  itself  epi- 
demiologically  pure. 

Sir  Alexander  Houston  recommend- 
ed the  filtering  of  all  moorland  water 
prior  to  commencing  its  journey 
through  the  aqueduct.  Failure  to  do 
so  frequently  resulted  in  the  growth 
of  fresh  water  sponges  in  the  pipes, 
which,  although  harmless,  restricted 
the  flow  of  water,  and  in  their  death 
and  decay  gave  rise  to  bad  odors. 
Light  should  always  he  excluded  from 
filtered  water,  otherwise  vegetable 
growths  are  almost  bound  to  occur. 

Reference  was  also  made  to  the 
leather  bacillus  which  developed  in 
old  leather  washers  and  packings 
when  they  had  gone  pulpy.  The 
leather  bacillus  was  very  similar  to 
the  coli  bacillus,  and  scientists  were 
not  yet  able  to  distinguish  between 
coli  of  human  origin  and  that  from 
other  sources.  In  sampling  water 
from  taps  it  is  very  desirable  to  flash, 
or  burn,  the  tap,  otherwise  the  analy- 
sis of  the  water  might  give  a  very 
mis-leading  indication.  In  deep-well 
pumps  gutta-percha  has  to  some  ex- 
tent taken  the  place  of  leather  for 
pump  buckets;  but  where  leather  is 
used  this  may  account  for  the  coli 
sometimes  found  in  deep-well  water. 


Development  of  Navigable  Way  on 
Rhone. — Next  spring  Swiss-French 
negotiations  will  probably  be  resumed 
touching  the  development  of  the  navi- 
gable way  of  the  Rhone  between  Mar- 
seilles and  Geneva.  Three  projects 
have  been  submitted  in  this  connec- 
tion, each  of  which  involves  the  pierc- 
ing of  a  tunnel  under  the  right  bank. 
The  Narutowicz  plan  put  forward  by 
the  town  of  Geneva  provides  for  the 
increase  of  the  maximum  carrying-off 
capacity  of  the  outlet  from  600  cu.  m. 
per  sec.  to  1,200  cu.  m.  per  sec,  thus 
reaching  the  normal  contribution  in 
flood  time  of  the  streams  flowing  into 
the  lake.  The  experts,  Collet,  Im- 
beaux,  Narutowicz  and  Schatti,  have 
planned  a  tunnel  in  three  parts,  the 
two  lower  serving  to  draw  off  flood 
water,  and  the  upper  being  used  for 
navigation  and,  exceptionally,  for  the 
evacuation  of  extraordinary  floods. 
The  experts,  Bernouille,  Van  Bogaert, 
Luchinger  and  Sabouret,  propose  one 
tunnel  for  navigation  and  another  to 
drain  off  water.— Water  and  Water 
Engineering,  London. 


Australian  Railway  Projects 

From   The   London  Times   Trade  Supple- 
ment. 

The  Commonwealth  Government  is 
determined  to  proceed  with  its  plans 
for  the  unification  of  the  Australian 
railway  gauges  despite  the  lukewarm 
attitude  of  the  States  of  Victoria  and 
South  Australia,  which  are  most 
affected  by  the  scheme  recommended 
by  the  Royal  Commission. 

One-fifth  of  the  cost  of  unification  is 
to  be  borne  by  the  Commonwealth, 
and  'the  remainder  by  the  States  (other 
than  Tasmania)  on  a  population  basis. 
As  affecting  Victoria,  the  scheme  in- 
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Railway    Lines   of   Australia. 

volves,  besides  conversion  of  all  ex- 
isting railways  5  ft.  3  in.  to  4  ft.  8V2- 
in.  gauge,  the  alteration  of  rolling 
stock  to  the  standard  and  the  pro- 
vision of  the  necessary  new  standard 
stock.  If  within  three  months  after 
the  Act  receives  Royal  Assent  an 
agreement  has  not  been  made  with 
the  States  as  a  whole,  the  Common- 
wealth may  enter  into  an  agreement 
with  one  or  more  States  for  the  carry- 
ing out  of  as  much  of  the  scheme  as 
relates  to  those  States. 

Projected  I  mprovem.ent.  —  The 
scheme  as  adopted  by  the  Common- 
wealth may  be  summarized  as  follows : 

(1)  Western  Australia: — Construc- 
tion of  a  standard-gauge  railway  from 
Fremantle  to  Merredin  and  conversion 


(43) 


Quarterly  Issue  of 


January, 


of  the  existing  railway  from  Merredin 
to  Kalgoorlie. 

(2)  South  Australia:  — Construction 
of  a  standard-gauge  railway  from  Port 
Augusta  to  Lochiel;  conversion  to  the 
standard  gauge  of  all  existing  railways 
of  a  gauge  of  5  ft.  3  in.;  conversion  of 
the  existing  railway  from  Terowie  to 
Peterborough  from  a  gauge  of  3  ft.  6 
in.,  to  the  standard  gauge;  and  streng- 
thening of  the  existing  bridge  over  the 
Murray  river  at  Murray  Bridge. 

(3)  Victoria: — Conversion  to  the 
standard  gauge  of  all  existing  5  ft.  3 
in.  railways. 

(4)  New  South  Wales: — Replace- 
ment of  the  60  lb.  permanent-way  ma- 
terial in  the  existing  railway  from 
Grafton  to  Kyogle  with  80  lb.  material 
and  the  necessary  improvement  of  that 
railway  for  fast  and  heavy  traffic;  and 
construction  of  a  standard-gauge  rail- 
way from  Kyogle  to  a  point  on  the 
border  of  Queensland  in  the  vicinity  of 
Richmond  Gap,  Queensland. 

(5)  Queensland: — Construction  of  a 
standard-gauge  railway  from  a  point 
on  the  border  of  New  South  Wales  in 
the  vicinity  of  Richmond  Gap  to  South 
Brisbane. 

Trans-Australian  Railway. — After  an 
exhaustive  investigation  of  conditions 
in  Central  Australia,  the  Federal  Par- 
liamentary Public  Works  Committee 
has  submitted  a  report  to  Parliament 
in  which  it  refrains  from  expressing 
a  definite  opinion  on  either  of  the  pro- 
posed routes  for  a  railway  connect- 
ing the  Northern  Territory  with  the 
Southern  States.  The  committee  rec- 
ommends:— 

(1)  Extension  of  the  existing  North- 
ern Territory  lme  to  Daly  Waters  from 
Mataranka  (Katherine),  on  the  under- 
standing that  it  is  to  form  portion  of 
an  eventful  line  through  Newcastle 
Waters  to  Camooweal.  The  gauge 
would  be  3  ft.  6  in.,  and  the  estimated 
total  cost  £1,001,166.  The  annual  es- 
timated loss  is  £52,558. 

(2)  Construction  of  a  light  low-level 
line  from  Oodnadatta  (S.  A.)  to  Alice 
Springs  (N.  T.),  with  3  ft.  6  in.  gauge 
and  80  lb.  rails,  at  an  estimated  cost 
of  £3,214,000,  plus  £148,000  for  rolling 
stock.  The  estimated  annual  loss  is 
£182,135.  It  is  found  that  a  light  low- 
level  line  of  3  ft.  6  in.  gauge,  with  spe- 
cial grades,  using  second-hand  rails, 
etc.,  could  be  made  for  £1,558,600. 

The  Committee  considers  that  these 
lines  should  be  regarded  as  providing 
sufficient  railway  development  for  the 
Territory  for  many  years,  and  that 
when  the  time  comes  for  a  thorough 


transcontinental  line  negotiations 
should  be  entered  into  with  South 
Australia  to  permit  of  the  alteration 
of  the  Northern  Territory  Acceptance 
Act,  and  thus  to  allow  of  the  line  be- 
ing constructed  on  the  route  then 
shown  to  be  in  the  best  interests  of 
Australia.  It  is  suggested  that  steel 
or  concrete  sleepers  be  used,  and  that 
any  high-level  bridges  of  a  permanent 
nature  should  be  of  such  a  size  as  to 
permit  of  their  taking  the  4  ft.  SV2  in. 
track. 

Several  other  schemes,  including  the 
direct  north-south  route  from  Oodna- 
datta to  the  Territory  (1,018  miles, 
costing  £13,773,369),  the  suggested  di- 
version of  Queensland  via  Comooweal 
and  Daly  Waters  from  the  Northern 
Territory  (£12,974,382),  another  di- 
version to  Bourke  (N.  S.  W.)  via  New- 
castle Waters,  Camooweal,  and  Hun- 
gerford  (1,520  miles),  and  a  line  from 
Derby  (W.  A.)  to  Camooweal  via  New- 
castle Waters,  were  considered. 


Precautions  in   Painting   Concrete 

When  surfaces  composed  largely  of 
Portland  cement  or  concrete  are  paint- 
ed it  is  often  difficult  to  secure  the 
necessary  adhesion  and,  failing  this, 
the  paint  is  liable  to  flake  and  fall  off. 

Bituminous  and  asphaltic  prepara- 
tions are  useful  for  protecting  con- 
crete from  the  weather  and  rendering 
them  waterproof.  Some  of  them  may 
be  applied  cold;  others  require  to  be 
heated  before  they  will  penetrate  suf- 
ficiently to  adhere  well. 

Varnishes  of  various  kinds  are  also 
useful  for  the  same  purpose. 

Oil  cements,  composed  of  powdered 
firebricks,  galena  flour  and  boiled  lin- 
seed oil,  are  used  for  promenades, 
stairs,  etc. 

Mineral  colors  are  used  for  interior 
walls.  They  must  be  adapted  to  the 
porosity  of  the  surface  to  which  they 
are  applied  and,  for  this  purpose,  are 
usually  mixed  with  about  IY2  times 
their  weight  of  medium  for  application 
to  cement-mortar  or  asbestos  sheet- 
ing, but,  for  highly  porous  walls,  a 
preliminary  application  of  a  mixture 
of  one  part  of  color  with  three  parts 
of  medium  should  be  given,  and  this 
should  be  followed  by  the  usual  coats 
of  paint. 

When  a  glossy  finish  is  required, 
special  materials — the  nature  of  which 
is  kept  secret—are  used,  though  oc- 
casionally the  pores  are  closed  by  the 
application  of  magnesia  fluate,  and 
the  surface  is  then  polished  mechan- 
ically.— Beton  u  Eisen,  Berlin. 
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The  Suldbach  Railway  Bridge  Tests 

A  Preliminary  Consideration  of  Tests  Made  by  the  Swiss  Bridge 

Builders'  Association  of  the  Effect  of  a  Moving  Load 

Passing  Over  a  Railway  Bridge 

From  the  Railway  Engineer,  London. 


The  Swiss  Bridge  Builders'  Associa- 
tion has  recently  made  a  series  of  in-, 
teresting  tests  on  a  bridge  carrying 
the  Lotschberg  Ry.  over  the  Suldbach 
River,  .  near  Mulenen.  The  tests  in- 
cluded about  45,000  measurements  of 
strains  and  the  deflection  and  inclina- 
tion of  the  various  parts  of  the  struc- 
ture, under  what  was  practically  a  25- 
ton  concentrated  load  on  one  axle  or 
actually  27,400  lb.  on  each  wheel.  The 
results  are  interesting  as  showing  the 
inter-relation  of  the  various  parts,  the 
effect  of  the  continuity  of  the  floor, 
the  stiffness  added  by  the  rigidity  of 
the  transverse  construction,  etc. 

The  use  of  a  single  travelling  live 
load  simplifies  the  matter  to  a  very 
great  extent,  the  load  was  slowly  ap- 
plied, there  was  no  effect  of  impact, 
and  no  plunging  of  the  loading  from 
side  to  side  or  rail  to  rail,  such  as 
occurs  during  the  passage  of  the  usual 
rapidly-moving  rolling  loads. 

The  main  girders  had  a  double  sys- 
tem of  web  bracing,  with  vertical 
posts  and  diagonals,  and  the  testing 
of  the  double  system  of  web  diagonals 
with  its  possibly  redundant  members, 
of  the  cross  girders  secured  to  the 
main  girders  by  large  brackets  or 
gussets,  of  the  rail  bearers  riveted 
together  at  their  ends  through  the 
web  of  the  cross  girders,  affords  im- 
portant evidence  of  the  effect  of  mov- 
ing loads  on  a  complex  structure. 
There  must  have  been  good  fitting  of 
parts  and  riveting  throughout,  as  all 
the  members  appear  to  act  together, 
and  to  produce  secondary  stresses  at 
many  of  the  points  of  connection. 

The  Design  of  the  Bridge. — The 
bridge  is  one  of  a  pair  of  single-line 
bridges  for  a  double-line  railway,  and 
has  a  span  of  63  ft.  iV2  in.  between 
centers  of  end  bearings.  The  two 
main  girders  have  parallel  chords  8.1S 
ft.  deep  over  all,  and  7.89  ft.  center  to 
center  of  web  connections.  The  web 
is  divided  into  eight  panels  of  7.92  ft. 
each,  as  shown  in  Fig.  1,  and  the  main 
girders  are  placed  at  16.42  ft.  apart 
center  to  center. 

The  chords  of  the  main  girders  are 
of  the  T-section  shown  in  Fig.  10.  The 
vertical  posts  in  the  web  are  made 


up  of  four  2% -in.  by  2  %-in.  by  %-in. 
angles,  the  tension  diagonals  are  7-in. 
and  9-in.  flats,  two  in  each  diagonal, 
whilst  the  compressive  diagonals  are 
made  up  of  two  7-in.  channels,  except 
in  the  central  panels,  in  which  each 
diagonal  is  made  up  of  two  4 %-in.  by 
2y2-m.  by  %-in.  tees,  for  the  purpose 
of  resisting  either  tensile  or  compres- 
sive stresses. 

The  cross  girders  are  spaced  at 
each  panel  length  of  the  main  girders, 
and  are  plate  girders  20  in.  deep,  con- 
nected to  the  vertical  posts,  of  the 
main  girders  by  %-in.  triangular 
gussets,  the  gussets  being  of  the  full 
height  of  the  post  and  22  in.  wide  at 
the  base.  The  longitudinal  railbear- 
ers  or  stringers  are  single  beams  of 
12%  in.  depth,  and  are  spaced  at  5.90 
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Fig.  1. 


-Cross  Section,  Elevation  and  Plan 
of  Suldbach   Bridge. 


ft.  centers.  The  rails  are  carried  by 
wood  cross  ties,  three  ties  or  sleepers 
between  each  two  cross  girders.  The 
main  girders  are  braced  together  at 
the  bottom  by  horizontal  '  angles  as 
wind  bracing,  the  system  having 
crossed  diagonals  in  each  two  panels 
of  the  floor  system  and  main  girders 
as  shown  in  the  plan,  Fig.  1. 

The  Method  of  Testing. — The  test 
axle,  giving  a  load  of  27,400  lb.  on  each 
wheel,  was  arranged  in  the  middle  of 
a  four-wheeled  truck,  with  an  adjust- 
ment capable  of  lifting  off  the  loading 
on  the  four  running  wheels  and  trans- 
ferring the  full  effect  to  the  test  axle 
when  the  results  of  the  test  load  were 
ready  to  be  measured. 

In  addition  to  this  vertical  load,  a 
tackle  was  arranged  between  the  two 
top  chords  of  the  main  girders,  with  a 
spring  scale  dynamometer,  so  that  an 
accurately-known   horizontal   pull,   up 
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to  4,408  lb.,  could  be  used  to  pull  the 
top  chords  together. 

The  measurements  of  strains,  deflec- 
tions and  slopes  were  made  on  the 
various  members  of  the  bridge  at  cer- 
tain points  under  a  succession  of  dif- 
ferent positions  of  the  test  load.  The 
stress  diagrams  in  the  accompanying 
figures  are  the  result  of  the  measured 
strains  at  one  point  of  each  member 
as  the  test  load  moved  along  from  one 
end  of  the  bridge  to  the  other,  and  the 
result  may  be  termed  influence  lines, 
showing  the  result  of  the  variation  of 
effect  at  a  given  point  under  the  trav- 
eling load  during  its  transit  over  the 
span. 

A  number  of  extensometers  were 
placed  at  the  given  point  at  the  prin- 
cipal corners  of  the  cross  section  of 
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Fig.     2. — Diagram     Showing      Stress 
Flanges  of  Rail  Bearers. 
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the  members,  and  sometimes  also  at 
the  center  of  gravity,  so  that  by  aver- 
aging the  whole  the  true  mean  stress 
could  be  found.  The  torsion  of  some 
of  the  members  was  also  determined 
by  clinometer  measurements,  the  same 
kind  of  instrument  being  also  used  to 
find  the  change  of  slope  at  any  given 
point  due  to  the  bending  of  the  num- 
ber on  which  it  was  fixed. 

The  results  of  the  horizontal  tension 
between  the  top  chords  of  the  main 
trusses  gave  information  confirming 
the  results  obtained  by  the  vertical 
test  loading,  but  otherwise  do  not  ap- 
pear to  have  been  of  much  value.  It 
was  found,  however,  that  the  meas- 
ured stress  due  to  the  combined  load 
corresponded  to  the  sum  of  the  stress 
due  first  to  the  vertical  loading,  and. 
secondly,  to  the  horizontal  pull  at  the 
top  of  the  main  girders,  thus  confirm- 
ing the  principle  of  the  superposition 
of  stress. 

The  Rail  Bearers  or  Stringers. — A 
typical  result  of  the  stringer  measure- 
ments is  shown  in  Fig.  2.  The  lines 
given  show  the  mean  between  the 
stress  at  the  inner  and  outer  edges  of 
the  top  flange  in  compression,  and  the 


bottom  flange  in  tension,  of  the  I-beam 
forming  the  stringer.  It  should  be 
noted  that  the  test  was  taken  at  the 
third  point  in  the  length  of  the  string- 
er, and  not  at  the  center  of  the  span, 
where  the  bending  moment  will  be 
greater. 

Assuming  a  virtual  depth  of  1  ft. 
between  the  centers  of  gravity  of  the 
two  flanges,  the  stress  at  the  center 
of  the  stringer  for  the  central  load 
would  be 

Wl       27,440  X  7.92 

c- =  54,331  lb: 

4  d  4X1 

and,  assuming  a  flange  area  of 

9  X  .7  —  1-in.  hole  =  8X.7  =  5.6  sq. 
in. 
the  stress  at  the  third  point    in    the 
span  becomes 

54,331      2 

X  -  =  6,468  lb.  per  sq.  in., 

5.6        3 
or,  assuming  a  flange  area  of  250  mm. 
X  15  mm.  again  minus  the  1-in.  hole 
for  the  rivet,  the  area  is 

8.843  X  .591  =  5.226   sq.   in. 
and  the  stress  becomes 

54,331       2 

X  -a 6,938  lb.  per  sq.  in., 

5.226       3 
both  figures  agreeing  closely  with  the 
result  found  by  the  tests. 

The  effect  of  the  continuity  of  the 
stringers  should  also  be  noted  from 
the  stress  diagram.  This  can  only  be 
transmitted  from  one  stringer  to  an- 
other through  the  four  rivets  secur- 
ing the  end  of  the  stringer  to  the  web 
of  the  cross  girder  shown  in  Fig.  9, 
an  attachment  which  is  by  no  means 
ideal  or  perfect,  and  cannot  in  any 
case  give  the  full  continuity  of  stress 
that  the   stringers  could  produce. 

It  will  also  be  seen  that  the  flange 
stresses,  both  compressive  and  ten- 
sional,  are  not  only  continuous  as  the 
load  passes  along,  but  become  actual- 
ly negative  when  the  load  is  in  the 
panels   adjoining   the   test   panel. 

Of  course,  the  effect  of  the  general 
bending  or  deflection  of  the  bridge, 
and  that  of  the  cross  girders  addi- 
tional to  this,  should  not  be  lost 
sight  of,  and  it  may  be  noted  that  the 
reverse  bending,  or  change  of  stress, 
in  the  flanges  of  the  stringer  does 
not  begin  as  soon  as  the  moving  load 
passes  on  to  the  next  panel,  but  only 
after  it  has  passed  beyond  the  first 
timber  cross-tie  in  the  adjoining 
panels. 

Several  continuous  measurements 
were  also  taken  of  the  change  of 
slope   of  the  stringers,   at  points  on 
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opposite  sides  of  the  cross-girder 
nearest  the  given  point  on  the  string- 
er, and  these  confirmed  the  extenso- 
meter  readings,  showing  the  conti- 
nuity of  the  stringer  quite  clearly. 

It  was  at  first  thought  that  some  in- 
dication would  be  found,  during  the 
testing  of  the  stringers,  as  to 
whether  they  assisted  the  main  gir- 
ders in  the  work  of  resisting  the  gen- 
eral bending  or  deflection  of  th*e 
bridge. 

Some  small  but  irregular  stress 
was  found  along  the  center  of  grav- 
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Fig.  3. — Diagram  of  Stress  In  End  Bay  of 
Wind   Bracing. 

ity  of  the  stringers,  but  the  readings 
were  not  sufficiently  definite  to  show 
that  the  floor  system  was  taking  any 
appreciable  part  of  the  stress  in  the 
bottom  booms  of  the  main  girders. 
Some  tension  was,  however,  found  to 
be  due  to  the  lateral  bending  of  the 
stringers,  and  the  stresses  in  the 
wind  bracing  showed  that  some  part 
of  the  general  tension  was  being  re- 
sisted by  the  floor  system. 

It  was  found,  after  a  theoretical 
consideration  of  the  effect  of  full  con- 
tinuity, that  the  imperfect  connection 
of  the  ends  of  the  rail  bearers  to  the 
web  of  the  cross  girder  resulted  in 
only  one-half  of  the  negative  bending 
moment  that  would  have  been  found 
had  the  connection  been  perfect.  The 
reduction  of  the  bending  moment  in 
the  rail  bearers  due  mainly  to  con- 
tinuity, and  to  a  small  extent  by  the 
distributive  effect  of  the  rails,  aver- 
aged only  12y2  per  cent  at  the  center 
of  the  span;  whilst  the  end  shear  of 
the  rail  bearer  was  found  to  be  re- 
duced from  25  per  cent  to  33  per  cent 
of  its  value  for  the  simple  beam. 

This  suggests  that  if  full  continuity 
of  rail  bearers  connected  in  this  way 
is  to  be  depended  upon,  the  connec- 
tions should  be  designed  accordingly. 

The  Wind  Bracing  or  Floor  Lat- 
erals.— The  diagram  of  stress  shown 
in  Fig.  3  at  the  point  marked  B  in 
the  plan  of  the  bridge,  during  the 
passing  of  the  one  load,  is  interesting 


and  can  only  be  due  to  the  general 
tension  or  elongation  of  the  bottom 
chord  of  the  main  girders.  It  will  be 
noticed  how  the  tension  becomes 
negative  and  is,  in  fact,  compressive, 
when  the  load  gets  past  the  third 
panel  of  the  floor  system.  It  will  also 
be  noticed  that  the  tension  is  much 
greater  when  the  load  is  in  the  two 
panels  nearest  the  point  of  measure- 
ment. The  value  of  stress  shown  in 
the  figure  is  the  average  of  three 
measurements,  one  at  each  corner  of 
the  flanges,  and  another  at  the  root 
of  the  angle. 

Something  may  also  be  due  to  the 
elongation  of  the  bottom  flanges  of 
the  cross  girders,  and  also  to  the 
stretch  of  the  bottom  flange  of  the 
stringers,  when  bending  under  the 
load.  It  should  be  borne  in  mind 
that  the  angles  forming  the  horizon- 
tal wind  or  lateral  bracing  are  riveted 
to  the  bottom  flange  of  the  cross  gird- 
ers at  each  intersection. 

The  Cross  Girders. — The  stress  in 
the  cross  girder  at  three  panels  from 
the  end,  at  a  point  near  the  center  of 
the  bridge,  is  shown  in  Pig.  4.  The 
stresses  in  the  cross  girder  were  as- 
certained at  a  point  14^  in.  from 
the  central  axis  of  the  bridge.  The 
stresses  were  also  confirmed  by  the 
differences  in  the  slopes  at  the  end  of 
the  cross  girder,  measurements  being 
taken   with   the   clinometer. 

It  will  be  noted  that  the  bending 
of  the   cross   girder  continues  appre- 
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ciably  after  the  test  load  has  passed 
bevond  the  panels  next  on  each  side 
of  the  cross  girder.  This  appears  to 
show  that  the  general  truss  deflection 
does  not  affect  the  stresses  on  the 
cross  girders,  and  that  the  continuity 
of  the  floor  is  actual  and  effective. 

The   measurements   were   taken   at 
the  two  edges  of  the  top  and  bottom 
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flanges,  respectively,  the  curves  given 
on  the  diagram  showing  the  average 
of  the  two  readings,  and  must,  there- 
fore, be  the  stress  at  the  middle  of 
the  flange  width. 

The  difference  in  the  readings  at 
the  two  sides  of  the  flange  gave  evi- 
dence of  the  lateral  bending  of  the 
cross  girder  under  the  load.  The 
cross  girder  is  made  up  of  a  web  500 
mm.  by  12  mm.,  two  angles  80  mm.  x 
80  mm.  by  10  mm.,  and  two  flange 
plates  each  220  mm.  x  12  mm.  (see 
Fig  9).    Deducting  two  rows  of  1-in. 
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Fig.    5. — Diagram    of    Bending    Stress    in 

Vertical   Posts  at  "A"  on  Cross 

Section  Shown  in  Fig.  1. 

holes  for  %-in.  rivets,  the  net  area 
of  the  bottom  flange  is  10.08  sq.  in., 
which  may  be  taken  to  act  at  the  cen- 
ter of  gravity  of  the  flange  plates  and 
angles  at  a  distance  of  1.05  in.  from 
the  extreme  fibers  of  the  flange,  leav- 
ing a  virtual  depth  of  the  cross  gird- 
ers of  1.54  ft. 

The  moving  load  on  each  wheel  is 
27,440  lb.,  and  this  at  a  leverage  of 
5.26  ft.,  see  Pig.  1  (cross  section), 
gives  a  bending  moment  of 

27,440  X  5.26  =  144,334    ft.-lb., 
the  stress  in  the  flange  is 

144,334 

=  93,723  lbs., 

1.54 
and  this  divided  by  the  flange  area, 
gives 

93,723 

==  9,297  lb.  per  sq.  in. 

10.08 

Now  this  is  considerably  greater 
than  the  mean  of  actual  stress  given 
by  the  extensometers,  and  the  calcu- 
lation of  stress  shows  that  although 
the  cross  girders  are  7.92  ft.  apart,  the 
stress  is  partly  distributed  on  the  ad- 
jacent cross  girders. 

It  was  actually  found  that  the  ef- 
fect of  the  load,  when  directly  over 
the  cross  girder,  was  reduced  by  the 
continuity  of  the  floor  to  an  average 
of  three-quarters  of  the  actual  calcu- 
lated effect  of  the  load,  about  one- 
eighth  of  the  load  being  transferred 


to  each  adjacent  cross  girder.  At 
the  same  time,  some  upward  or  nega- 
tive bending  could  be  traced  in  the 
next  adjoining  cross  girders. 

When  the  transverse  pull  or  ten- 
sion was  applied  between  the  top 
chords  of  the  main  girders,  some 
amount  of  bending  was  noticed  in  the 
cross  girders,  but  this  was  found  to 
be  from  10  per  cent  to  20  per  cent 
less  than  was  expected,  pointing  to 
a  considerable  resistance  to  distor- 
tion in  the  transverse  sense. 

The  Connection  of  the  Cross  Girder 
Ends. — The  connection  of  the  cross 
girder  to  the  vertical  posts  at  each 
panel  of  the  main  girders  was  by 
means  of  heavy  gussets  riveted  to 
both. 

The  stresses  through  these  connec- 
tions are  shown  in  Pig.  5,  and  refer 
to  the  central  cross  girder  and  the 
central  vertical  post  in  the  web  of 
the  main  girder.  The  diagram  shows 
the  stresses  at  the  outside  of  the  ver- 
tical post  at  the  rail  level  of  the 
bridge,  the  strains  of  which  were 
again  checked  by  angle  measure- 
ments by  the  clinometer,  at  the  same 
point,  and  also  at  the  top  of  the  post. 
It  is  shown  that  there  was  definite 
bending  of  the  post  during  the  pass- 
age of  the  test  load,  sometimes  re- 
versed for  certain  positions  of  the 
load. 

It  is  interesting  to  note  the  rever- 
sal of  stress  in  the  post  after  the  test 
load  has  passed  beyond  the  adjoining 
panels.  The  high  tensile  stress  at  the 
inner  edge  of  the  bracket  or  gusset 
plate,  amounting  to  about  5,000  lb. 
per  square  inch,  when  the  load  is 
upon  the  cross  girder  to  which  the 
gusset  is  attached,  is  very  marked 
in  the  figure,  whilst  the  stress  in  the 
outer  edge  at  the  same  section  is 
much  reduced  and  becomes  almost 
nothing. 

This  appears  to  be  due  to  the  ac- 
tion of  the  top  chords  of  the  main 
girders  tending  to  resist  the  distor- 
tion of  the  cross  framing  of  the 
bridge.  There  was  also  a  decided 
bending  of  the  vertical  post  in  the 
longitudinal  direction  towards  the 
ends  or  bearings  of  the  main  girders, 
a  movement  that  became  reversed 
once  the  moving  load  had  passed  be- 
yond the  cross  girder  to  which  the 
vertical  post  was  attached. 

The  Top  and  Bottom  Chords  of  the 
Main  Girders. — A  curved  line  given  in 
Fig.  6  shows  the  stress  in  the  bottom 
flange  of  the  main  girder,  and  another 
similar  line  shows  the  corresponding 
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stress  in  the  top  flange,  each  being 
the  average  of  three  sets  of  strain 
measurements  taken  at  the  same 
point  but  on  different  sides  of  the 
member,  during  the  passage  of  the 
test  load. 

Assuming  two  horizontal  flange 
plates  and  a  vertical  web  (see  Fig. 
10),  each  14  in.  by  .47  in.  (12  mm.), 
drilled  with  four  1-in.  rivet  holes  in 
each   of   the   plates,   and   two   angles 
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Fig.   6. — Diagram   of   Stress   in   Chords   of 
Main  Girder. 


3  3/16  in.  x  3  3/16  in.,  x  %  in.,  minus 
one  rivet  hole  in  each,  the  net  area 
of  the  tension  flange  is  found  to  be 
17.85  sq.  in. 

The  center  of  gravity  of  this  area 
is  2.763  in.,  or  .23  ft.  below  the  ex- 
treme fibers  of  the  section,  and  as 
the  out-to-out  depth  is  8.18  ft.,  the 
virtual  depth  becomes 

8.18— (2)  .23  =  7.72    ft. 

The  span  between  centers  of  bear- 
ings is  63.375  ft.  and  the  test  load  is 
the  same  as  before,  viz.,  27,440  lb. 

The  bending  moment  at  the  center 
of  the  span,  near  which  the  measure- 
ments   of    the    actual    strains    were 
taken,  will  be 
Wl       27,440X63.375 

_. -  —  434,752    ft.    lb. 

4  4 

Taking  the  depth  as  that  between 
the  centers  of  gravity  of  the  flanges, 
or  7.72  ft.,  the  stress  becomes 

434,752 

=56,315  lb. 

7.72 
or  taking  the  depth  as  the  distance 
vertically   center   to    center    of    web 
connections,  or  7.89  ft.,  the  stress  is 


434,752 

=  55,102    lb. 

7.89 

Averaging  the  two  values,  we  have 
a  stress  of  55,708  lb.,  and  a  flange 
stress  of 

55,708 

=  3,121  lb.  per  sq.  in. 

17.85 

As,  however,  the  actual  stress  as 
found  by  the  measurements  is  be- 
tween 4,000  and  5,000  lb.  per  square 
inch,  it  appears  that  either  our  as- 
sumption gives  too  large  an  area  in 
the  flange,  or  that  the  whole  of  the 
flange  area  does  not  act  together  in 
the  resistance  of  the  stress. 

Neglecting  the  vertical  web  of  the 
tee  flange  the  net  area  becomes  13.15 
sq.  in.,  the  distance  of  the  center  of 
gravity  is  .91  in.  below  the  limiting 
outside  fibers,  and  the  virtual  depth 
of  the  main  girder  becomes  8.03  ft. 
The  total  stress  will  then  be 

434,752 

=54,141  lb. 

8.03 
which,    with    the     reduced     assumed 
flange  area,  gives  a  unit  stress  of 

54,141 

=  4,117  lb.  per  sq.  in. 

13.15 
which  is  much  nearer  the  actual 
stress,  and  this  appears  to  suggest 
that  in  bridges  of  similar  construction 
in  the  flanges,  the  vertical  web  should 
be  omitted  in  the  flange  area  when 
calculations  are  made,  and  assumed 
to  be  only  of  value  as  a  connection  to 
the  various  members  of  the  web, 
whatever  those  may  be. 

The  lateral  bending  of  the  top 
chord   of  the  main  trusses  is   shown 
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Fig.    7. — Diagram    Showing    the     Lateral 

Inward   Bending  of  the  Top   Flange 

(Exaggerated  Scale)  Under  the 

Load   at   Four  Different 

Points. 

by  Fig.  7,  the  measurements  being 
taken  for  four  different  positions  of 
the  test  load.  Of  course,  the  curves 
are  very  greatly  exaggerated  as  com- 
pared with  the  length  of  the  girder, 
but  the  curves  represent  the  actual 
shape  of  the  top  chord.  Also,  these 
curves,  which  show  the  lateral  bend- 
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ing  of  the  top  chord,  should  not  be 
confused  with  the  other  diagrams 
which  give  influence  lines  of  stress 
at  a  certain  point  due  to  the  passage 
of  the  load.  This  lateral  bending  is 
due  to  the  deflection  of  the  cross 
girders,  and  their  controlling  influ- 
ence through  the  gussets  connecting 
the  floor  systeni  to  the  vertical  posts 
of  the  main  girders. 

Curiously  enough,  when  the  test 
load  is  in  the  middle  of  a  panel,  the 
maximum  lateral  deflection  of  the  top 
chord  occurs  also  at  the  mid-panel, 
although  the  connections  are  at  the 
ends  of  the  panel. 

The  actual  stresses  in  the  bottom 
chords  were,  however,  uniformly  les3 
than  the  stresses  found  by  calcula- 
tion, some  part  of  which  must  be  due 
to  the  assistance  of  the  horizontal 
wind  bracing  and  of  the  floor  gener- 
ally. The  difference  of  the  stress  as 
shown  by  the  measurements  at  the 
outside  and  inside  edges  of  the  top 
flange  or  chord  are  well  shown  in  the 
lower  diagram  of  Fig.  6.  This  differ- 
ence in  stress  shows  that  the  top 
flange  must  be  under  considerable 
lateral  bending  during  the  movement 
of  the  load.  The  compression  prac- 
tically disappears  at  the  inner  edge 
of  the  flange  when  the  load  is  at  the 
center  of  the  span,  but  is  increased  to 
almost  double  the  mean  flange  stress 
at  the  outer  edge  of  the  chord  plate. 

This  appears  to  show  that  the  stiff- 
ness of  the  top  flange  of  a  girder 
against  lateral  bending  should  be  pro- 
vided for  reasons  not  necessarily  in- 
cluded in  its  function  as  a  long  hori- 
zontal column  resisting  end  to  end 
loading. 

The  Web  Members  of  the  Main 
Girders. — The  compression  members 
of  the  web  are  two  channels,  whilst 
the  tension  members  each  consist  of 
two  flats.  In  the  case  of  the  channel 
diagonals  the  actual  extension  was 
measured  at  the  corner  of  each  flange 
of  the  channel  and  at  the  center  of  the 
web,  as  shown  in  Fig.  11.  In  the  case 
of  the  two  flat  tension  diagonals,  one 
measurement  was  taken  on  each  side 
of  the  pair  of  flats,  as  indicated  on 
Fig.  12. 

The  result  of  the  average  of  the 
several  readings  for  the.  first  four 
web  diagonals  is  shown  in  Fig.  8,  J, 
K,  L»,  M,  and  the  averages  of  the 
readings  in  the  second  four  diagonals 
in  the  diagrams  for  N,  O,  P,  R.  The 
difference  in  the  readings  of  the  inner 
bar  and  the  outer  bar  of  the  tension 
diagonal   L»   is    shown     in     the    same 


figure.  As  there  are  two  systems  of 
diagonals,  the  strain  measurements 
are  of  special  interest  as  they  might 
have  thrown  some  light  on  the  ques- 
tion whether  the  double  system  was 
effective  in  throwing  the  resistance 
equally  upon  the  various  parts  of  the 
web  system.  Certainly,  some  sign  of 
unequal  distribution  of  stress  might 
have  been  expected. 

From  the  stress  diagrams  in  Fig.  8 
it  will  be  seen,  however,  that  the  dif- 
ferences of  this  kind  are  much  less 
than  the  differences  between  the 
stresses  in  the  inner  and  outer  bars 
of  the  tension  members  shown  by  the 
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Fig.  8. — Diagram    Showing   the   Stress    in 
the  Web  Diagonal  of  Main  Girder. 

stress  in  L.  There  was  a  similar  dif- 
ference found  in  the  bending  and 
twisting  of  the  channel  members  of 
the  compression  diagonals. 

The  stresses  shown  in  the  figure 
(except  at  L)  gives  the  averages  of 
these  different  stresses  and  are  the 
results  at  the  center  of  gravity  of 
the  sections.  It  appears,  however, 
that  the  tension  diagonals,  especially 
the  first  four,  carry  a  considerably 
higher  stress  than  the  compression 
diagonals. 

The  Tension  Members. — As  regards 
the  stresses  that  are  indicated  by  cal- 
culation, several  methods  of  calcula- 
tion, due  to  the  complex  construction, 
are  open  to  investigation,  one  to  as- 
sume that  the  shear  is  divided  equal- 
ly between  the  tension  and  compres- 
sion members  or  diagonals,  another 
to  assume  that  the  shear  is  divided 
according  to  the  relative  areas,  whilst 
another  is  to  divide  the  shear  accord- 
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ing  to  the  relative  deflections.  It 
was  found,  however,  that  the  varia- 
tions of  actual  stress  on  the  various 
members  exceeded  any  difference  of 
results  due  to  the  use  of  the  three 
methods  of  calculation. 

By  the  assumption  that  the  shear 
is  divided  equally  between  the  ten- 
sion and  compression  diagonals,  and 
taking  two  systems,  we  have,  with 
the  load  at  the  first  panel  post  from 
the  end,  and  with  the  sec.  B  as  1.4142. 
27,440  X  1.4142  7 
x  _^1q977  lb    stress 

2  8 

Assuming  the  two  tension  bars  to 
be  9   in.   by   .47   in.,   minus   two   1-in. 


sCXTOBOHCTm 

:ie: 


EXTEHSOMCT 

41/ 


Fig.  9.— Sec-     Fig.  10.— Sec-  Fig.  11.— Sec-  Fig.  12.— Sec- 
tion oi  Cross     tion  of  Chords  tion  of  Com-  tion  of  Ten- 
Girder,                 of  Main                pression  sion  Dia- 
Girder.               Diagonals.  gonals. 

Figs.  9-12. 

rivet  holes  out  of  the  width,  leaves  a 
net  area  of  3.29  sq.  in. 

This  gives  a  stress  in  the  end  ten- 
sion diagonals  member  of 

16,977 

=  5,160  lb.  per  sq.  in. 

3.29 

At    the    second   vertical    post   from 
the  end  stress  is 

27,440  X  1.4142       3 

— x  -  =  14,552  lb. 

2  4 


and 
14,552 


3.29 


4,423  lb.  per  sq.  in. 


At  the  third  vertical  post  the  stress 


is 


27,440  X  1.4142       5 
, x  _ 


12,127   lb. 


and 
12,127 


=  3,777  lb.  per  sq.  in. 


3.29 

Assuming  that  here  the  tension 
bars  are  7  in.  wide,  the  net  area  is 
reduced  to  2.35  sq.  in.  and  the  stress 
becomes 

12,127 

=  5,160  lb.  per  sq.  in. 

2.35 

At  the  fourth  or  central  post  the 
stress  is 

27,440'X  1.4142       1 

x  _  _  9>7o0  lb> 

2  2 

but  the  section  of  the  bars  is  differ- 
ent again,  there  being  now  two  tees, 


each  4%  in.  x  2*4  in.  x  %  in.  Assum- 
ing two  rivet  holes  out  of  each  of 
these  tees,  we  have  4  sq.  in.  net  area 
in  the  pair  of  tees. 

This  gives  a  stress  of 

9,700 

=  2,425  lb.  per  sq.  in. 

4 

The  Compression  Members. — The 
same  total  stress  will  occur  in  the 
compression  members,  which  in  this 
case  may  be  taken  at  7-in.  channels 
back  to  back,  with  a  combined  gross 
area  of,  say,  10  sq.  in. 

With  this  assumption,  the  stress  in 
the  channels  in  the  end  panels  is 

16,977 

=  1,698  lb.  per  sq.  in. 

10 

In  the  second  panels  of 

14,552 

=z  1,455  lb.  per  sq.  in. 

10 
and  in  the  third  panels  of 

12,127 

=  1,213  lb.  per  sq.  in. 

10 

All  these  theoretical  values  are 
quite  comparable  with  the  actual 
stress  values  as  given  by  the  exten- 
someter  readings. 


Tidal  Power  Utilization  in  France. — 
The  Minister  of  Public  Works,  accord- 
ing to  Water  and  Water  Engineering, 
London,  lately  inspected  the  site  for 
the  tidal  power  station  at  Aber  Vrac'h, 
Brittany.  This  is  an  experimental 
project,  the  favorable  results  of  which 
will  influence  the  construction  of  sev- 
eral additional  tidal  stations  designed 
to  meet  the  complete  electricity  re- 
quirements of  Western  France.  The 
Aber  Vrac'h  scheme  includes  a  bar- 
rage 490  ft.  long  impounding  from 
1,000,000  to  4,000,000  cu.  ft.  of  water, 
according  to  the  state  of  the  tide.  Four 
groups  of  turbines  will  be  provided  to 
work  at  both  ebb  and  flow,  giving  a 
total  of  750  to  1,000  H.P.  A  fresh-water 
station  will  provide  balancing  current 
at  the  turn  of  the  tide.  Expenditure 
in  schemes  totalling  28,000,000  fr.  is 
awaiting  the  results  of  this  first  sta- 
tion. 


Highway  Classification  in  Ireland. — 
The  Government  of  the  Free  State  of 
Ireland  proposes  a  scheme  for  the 
classification  of  roads  into  first,  sec- 
ond and  third-class,  Government  con- 
tributions being  made  towards  the  up- 
keep of  the  two  former  classes. 
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Activated   Sludge   System    at   Bradford 


Results  of  Interesting  Experiment  Outlined  in  Address  Before  Asso- 
ciation of  Managers  of  Sewage  Disposal  Works 

By  JOSEPH  GARFIELD. 

Sewage  Works  Engineer,  Bradford,  England. 

From  The  Surveyor,  London. 


The  Activated  Sludge  Process. — 
During  the  past  year  a  great  deal  of 
work  has  been  done,  and  many  pre- 
liminary problems  have  been  solved  in 
connection  with  our  work.  Chief  in- 
terest has  had  for  center  the  various 
processes  which  devolve  round  the 
system  of  sewage  purification  now 
well  known  as  the  activated  sludge 
system.  As  an  example  of  this,  at 
Bury  it  has  been  demonstrated  con- 
clusively that  for  the  particular  sew- 
age than  it  has  to  deal  with  it  is  neces- 
sary to  break  up  the  surface  of  the 
sewage  in  contact  with  the  atmos- 
phere, and  that  it  is  not  sufficient  to 
circulate  the  sewage  and  bring  the 
successive  layers  in  contact  with  the 
atmosphere.  This  experience  has 
been  confirmed  by  work  done  at  Brad- 
ford, where  it  was  found  that  a  pro- 
peller rapidly  circulating  the  water  in 
a  tank  did  not  provide  sufficient  air 
to  support  oxidation  without  breaking 
the  surface. 

At  Davyhume,  Manchester,  the  large 
scale  unit  of  purification  by  the  ac- 
tivated sludge  process  has  been 
brought  into  operation,  and  here 
again  it  has  been  demonstrated  that 
a  dose  Of  matter  deleterious  to  the 
process  is  best  dealt  with  by  continu- 
ing the  work  and  washing  out  the  in- 
terfering substances  rather  than  at- 
tempting to  deal  with  it  by  prolonged 
aeration. 

Those  of  us  who  have  been  using 
chemical  precipitation  have  been 
faced  with  the  difficulty  of  obtaining 
chemicals  at  a  price  that  would  com- 
pare with  pre-war  practice.  This  has 
led  to  investigations  being  carried  out 
with  a  view  of  overcoming  the  exces- 
sive" charges  devolving  upon  sanitary 
authorities.  As  an  instance,  at  Brad- 
ford the  pressed  liquor  produced  from 
the  plant  dealing  with  the  sludge  dis- 
posal and  grease  extraction  works 
contains  a  considerable  quantity  of 
iron  in  solution.  The  usual  methods 
of  removing  this  were  tried  without 
success,  except  by  the  production  of 
large  quantities  of  lime  sludge  which 
was  difficult  to  dispose  of.     The  well- 


known  method  of  aeration  failed,  most 
likely  because  the  iron  was  associated 
with  a  fat  probably  as  a  soap;  but  it 
was  found  that  by  the  cultivation  of  a 
biological  action  the  iron  was  liber- 
ated from  its  combination  with  the 
fat  and  deposited  by  means  of  aera- 
tion which  at  the  same  time  supported 
the  aerobic  fermentation.  Experi- 
ments have  been  in  constant  operation, 
and  what  appeared  to  be  an  ex- 
pensive and  difficult  problem  has  been 
dealt  with  at  the  cost  of  the  power 
necessary  to  drive  the  air  compressor, 
the  residue  left  being  iron  combined 
with  some  organic  matter  which  pre- 
sents no  difficulty  in  disposal. 

The  opinion  has  been  expressed  that 
an  excess  of  forms  of  animal  life  in 
an  activated  sludge  tank  are  inimical 
to  the  process,  and  suggestions  have 
been  made  that  these  organisms 
should  be  destroyed  (at  considerable 
expense).  It  does  not  appear  to  be 
generally  accepted  that  these  higher 
organisms  are  deleterious. 

Sludge  as  a  Fertilizer. — The  ques- 
tion of  dealing  with  activated  sludge 
and  rendering  it  a  marketable  com- 
modity has  received  unlimited  atten- 
tion, and  a  great  deal  of  work  has 
been  done  at  Sheffield  and  Manches- 
ter, but  the  problem  is  still  unsolved. 
The  nitrogenous  value  of  this  sludge 
has  probably  made  it  more  difficult 
to  deal  with  than  the  problem  of  th*^ 
disposal  of  sewage  sludge  that  have 
been  with  us  from  the  beginning.  In 
old  days  it  was  thought  sufficient  if 
the  sludge  could  be  rendered  into  a 
condition  suitable  for  transport  and 
thereby  disposed  of  in  some  out-of- 
way  place.  Now  we  have  to  deal  with 
a  sludge  which  has  great  value  on 
paper,  and  the  question  arises:  Will 
the  dewatering  of  the  sludge  in  this 
particular  form  be  worth  while?  The 
markets  of  the  world  for  this  material 
theoretically  are  unlimited,  but  the 
actual  markets  from  time  to  time  are 
erratic.  During  the  past  year  there 
has  been  a  considerable  demand  for 
nitrogenous  fertilizers  containing  not 
less  than  4  per  cent  of  nitrogen.    The 
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price  offered  for  this  material  in  a 
dry,  powdered  form,  packed  in  bags, 
had  been  £3  per  ton  at  the  producers' 
works.  This  material  is  wanted  for 
export  in  regular  large  quantities,  but 
will  the  market  even  at  this  price 
continue?  Again,  one  has  to  look  not 
only  at  the  local  markets  but  the  mar- 
kets of  the  world  when  contemplating 
the  huge  production  of  a  commodity 
which  has  not  been  available  before. 
The  city  of  Bradford  for  twenty  years 
has  put  on  the  market  large  quanti- 
ties of  a  fertilizer  and  grease  pro- 
duced from  sewage  sludge.  The  ferti- 
lizer was  of  a  low  grade,  but  in  a  con- 
dition suitable  for  the  application  to 
land.  The  chief  markets  in  pre-war 
days  were  in  France  and  Germany. 
The  cost  of  transport,  however,  has 
so  increased  as  to  kill  these  markets. 

The  recovery  of  successively  in- 
creasing quantities  of  grease  has 
thrown  a  large  quantity  of  material  on 
the  market,  which,  in  times  of  bad 
trade,  it  is  not  possible  to  dispose  of. 
But  the  sewage  of  a  city  has  to  be  dis- 
posed of,  irrespective  of  the  markets, 
and  it  might  be  found  that  the  ac- 
tivated sludge  process  would  not  be 
ruled  out  of  court  even  if  some  pro- 
cess of  further  fermentation  of  the 
sludge  had  to  be  used,  whereby  a 
great  deal  of  the  manurial  value  was 
lost,  but  which  resulted  in  the  produc- 
tion of  a  smaller  quantity  of  inocuous 
residue  which  could  be  more  easily 
disposed  of.  An  example  of  this  is  the 
very  successful  process  now  being 
used  at  Birmingham,  and  similar  pro- 
cesses have  been  found  to  work  well 
in  connection  with  septic  tanks,  where 
the  sludge  has  been  taken  from  the 
tanks,  dried  in  the  open  air,  and  dis- 
posed of  without  nuisance.  In  many 
sewage  disposal  works  in  the  country 
chemical  precipitation  is  being  used 
and  is  giving  reliable  and  satisfactory 
results  as  a  preliminary  process.  At 
the  present  time  those  using  chemicals 
are  faced  with  a  cost  which  is  not 
comparable  with  the  increased  cost 
of  materials  over  pre-war  values. 
Many  of  us  have  been  looking  out 
for  something  to  reduce  our  costs,  and 
I  propose  to  conclude  my  address  by 
giving  you  a  short  description  of  an 
experiment  carried  out  at  Bradford 
from  this  point  of  view. 

A  Bradford  Experiment.— The  sew- 
age dealt  with  is  exceptionally  strong, 
and  therefore  requires  excessive  quan- 
tifies of  chemicals  to  bring  about  co- 
agulation and  separation  of  the  sus- 
pended matters.    The  experiment  was 


made  in  a  circular  tank  14  ft.  diam- 
eter and  35  ft.  deep.  Compressed  air 
was  delivered  to  the  bottom  of  this' 
tank  by  means  of  a  %.-in.  pipe  with 
an  open  end  and  the  sewage  kept  con- 
stantly aerated.  The  tank  holds  30,- 
000  gallons,  and  20,000  gallons  per  day 
for  twenty-four  hours  has  been  dealt 
with.  The  fresh  sewage  is  run  in 
at  the  surface  of  the  tank  and  the 
outlet  -is  taken  from  a  point  24  ft.  be- 
low the  surface.  After  prolonged  aera- 
tion it  was  found  that  coagulation  took 
place  and  sludge  was  precipitated  as 
would  be  done  by  a  heavy  dose  of 
chemicals.  The  tank  was  then  put 
into  continuous  operation,  20,000  gal- 
lons being  run  in  and  an  equal  amount 
of  the  liquid  being  taken  out  with- 
out ceasing  aeration. 

This  really  meant  that  we  were 
using  the  tank  as  an  activated  sludge 
tank  without  accumulating  any  addi- 
tional sludge,  the  suspended  matter 
remaining  in  the  tank  never  being 
allowed  to  accumulate.  The  effluent 
from  this  tank  is  allowed  to  pass 
through  a  second  tank,  where  the  mat- 
ter rapidly  settles  out  and  the  clear 
effluent  produced  is  a  considerable 
improvement  on  that  obtained  by 
chemical  precipitation  (except  when 
using  excessive  quantities  of  precipi- 
tant), and  it  has  the  further  ad- 
vantage that  it  generally  satisfies  the 
Royal  Commission  test  for  dissolved 
oxygen  and  does  not  putrefy  upon 
standing. 

This  system,  for  want  of  a  better 
name,  I  will  call  precipitation  by  bio- 
logical action  and  aeration  followed 
by  settlement.  The  sludge  in  this 
tank,  as  in  an  activated  sludge  tank, 
from  time  to  time  bulks,  and  upon 
miscroscopical  examination  it  is  found 
that  the  particles  of  suspended  matter 
are  surrounded  by  particles  of  gas 
so  small  that  it  would  take  more  than 
twenty  millions  to  cover  one  square 
inch  of  surface.  A  noticeable  feature 
of  the  action  of  this  tank  is  the  de- 
struction of  fatty  matter.  The  crude 
sewage  when  entering  the  tank  con- 
tains in  every  million  gallons  3y2  tons 
of  fat  that  could  be  extracted  by 
ether.  The  effluent,  after  settlement, 
contains  a  trace  of  fat  only,  and  the 
fat  in  the  sludge  when  settled  out 
amounts  only  to  half  that  entering 
the  tank.  The  nitrogen  content  of  the 
sludge  is  about  3  per  cent.  No  experi- 
ments have  been  made  on  the  d^- 
watering  of  "this  beyond  a  trial  in  a 
hand  filter  press  when  the  moisture 
was  reduced  to  50  per  cent. 


(53) 


292 


Quarterly  Issue  of 


January, 


Similar  experiments  with  other  liq- 
uids highly  charged  with  organic  mat- 
ter gave  similar  results.  One  thing 
which  might  be  expected  has  been 
demonstrated,  the  effluents  from 
strong  trade  liquids  dealt  with  are 
much  more  uniform  than  those  result- 
ing from  sewage  varying  in  character, 
composition  and  strength  are  dealt 
with. 

The  sewage  problem  is  not  yet 
solved.  It  will  find  many  years  of  in- 
teresting work  for  the  members  of 
this  association  to  investigate  and  so 
relieve  the  monotony  of  a  daily  rou- 
tine. 


Railway  Construction  in  Argen- 
tina 

Prom  London   Times   Trade    Supplement. 

By  arrangement  between  the  States 
of  Argentina  and  Chile,  a  new  railway 
is  being  constructed  from  Salta,  in 
the  former,  to  Antofagasta,  in  the  lat- 
ter. The  original  surveys  for  the  Ar- 
gentine section  of  the  railway  included 
a  number  of  sections  of  track  with 
gradients   up   to   7.5   per  cent,  and  a 


Route  of  Salta-Antofagasta.  Ry. 

normal  gradient  of  3  per  cent.  Fur- 
ther surveys  were,  however,  under- 
taken, with  the  result  that  a  2.5  per 
cent  line  compensated,  and  with  rela- 
tively easy  curvature  (150  meters 
radius),  has  been  found  possible. 

With  Salta  as  the  starting  point, 
the  line  will  run  in  the  rich  L-erma 
Valey  for  nearly  40  km.,  and  then 
follow  the  gorge  of  the  Rio  Toro  as 
far  as  Puerta  de  Tastil,  at  105  km. 
In  the  first  30  km.  of  the  gorge  the 
slope  of  the  river  bed  is  in  parts  in 
excess  of  the  maximum  grade,  and  it 
was  decided  to  use  two  short  sec- 
tions of  switchback  line,  one  1,200 
meters  and  the  other  800  meters  in 
length,  both  placed  at  crossing  sta- 
tions in  order  to  reduce  operation  dif- 
ficulties as  far  as  possible.  At  105 
km.  the  line  leaves  the  Toro  Valley 
and    heads    towards   the   coast.     The 


survey,  carried  out  partly  by  photo- 
stereoscopic  means,  disclosed  the  fact 
that  the  tableland  runs  in  the  right 
direction  at  practically  maximum 
grade,  while  between  its  level  and  the 
bed  of  the  River  Toro  there  is  a  ver- 
tical rise  of  nearly  700  meters  in  a 
direct  distance  of  about  five  miles.  At 
one  point  the  line  will  make  six  spi- 
rals around  a  group  of  conical  hills, 
and  having  attained  the  summit  will 
proceed  westward  with  so  easy  grade 
except  at  the  crossing  of  three  separ- 
ate mountain  ranges. 

The  construction  work  already  car- 
ried out  includes  over  100  km.  of 
heavy  gradient,  with  a  total  of  more 
than  2,200,000  cu.  yd.  of  rock  and 
hard-pan;  the  construction  of  between 
25,000  and  30,000  cu.  yd.  of  bridge  and 
culvert  masonry;  some  exceptionally 
heavy  viaduct  and  tunnel  work,  and 
many  yards  of  retaining  walls,  to 
overcome  the  frequent  landslides  oc- 
casioned in  this  part  of  the  country 
by  seasonal  torrential  rainfalls.  At 
some  points  the  track  has  been  taken 
under  the  mud  slides  in  cut-and-cover 
tunnels,  carried  out  in  reinforced  con- 
crete. The  line  is  on  the  meter  gauge, 
thus  conforming  to  the  gauge  of  the 
Argentine  State  Railway  system,  of 
which  it  is  destined  to  form  part. 
Rails  of  80  lb.  are  being  laid  on  sleep- 
ers of  red  quebracho  wood,  1,500 
sleepers  to  the  kilometer  being  em- 
ployed. 

So  far  little  work  has  been  carried 
out  on  the  Chilean  section  of  the  line 
via  Huaytiquina,  since  some  doubt  ex- 
ists as  to  whether  this  will  be  the 
eventual  route  adopted.  An  alterna- 
tive survey  has  been  prepared  carry- 
ing the  line  across  the  frontier  via 
Scompa  to  connect  at  the  Augusta  Vic- 
toria Nitrate  oficina  with  a  branch  of 
the  Antofagasta  (Chile)  and  Bolivia 
Railway,  now  in  existence.  The  gauge 
of  this  line  is,  however,  only  75  cm., 
and  should  the  Socompa  route  be 
adopted  the  line  will  have  to  be  re- 
constructed to  full  meter-gauge  and 
strengthened  to  carry  heavy  traffic. 


Electricity  Generated  by  Wind  Power 

In  the  Scottish  village  of  Portpat- 
rick  a  scheme  is  under  consideration 
for  lighting  the  roads  and  the  village 
generally  by  means  of  electricity  ob- 
tained from  wind  power.  The  propo- 
sals provide  for  lamps  of  from  20  to 
25  watts,  and  on  the  assumption  that 
between  500  and  600  lamps  would  be 
used  the  minimum  charge  for  10  lights 
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would  be  about  £8  per  consumer  per 
annum.  If  the  scheme  is  adopted  and 
carried  out  successfully  Portpatrick 
will  probably  be  the  first  place  in  the 
world  to  be  lighted  by  current  gen- 
erated by  wind  power.  Meantime,  ex- 
act estimates  of  cost  are  being  ob- 
tained from  a  Glasgow  engineering 
company,  whose  representatives  have 
stated  that  if  adopted,  the  new  sys- 
tem of  lighting  can  be  in  operation 
about  the  beginning  of  June,  although 
it  will  not  be  required  to  any  impor- 
tant extent  at  that  season  of  the  year. 
— The  London  Times  Trade  Supple- 
ment. 


New  Sudan  Railway  —  Tha- 
miam-Kassala  Line 

From   London    Times   Trade   Supplement. 

The  decision  to  construct  a  railway 
in  the  Anglo-Egyptian  Sudan  from 
Thamiam  to  Kassala  by  private  en- 
terprise is  in  pursuance  of  an  original 
Government  plan  to  carry  out  the 
same  undertaking.  It  had  been  ar- 
ranged to  build  this  line,  among  oth- 
er important  reproductive  works,  in 
1915,  but  the  project  was  stopped 
by  the  war.  It  has  not  been  without 
difficulty  that  permission  to  construct 
the  new  line  has  been  secured  by  a 
private  enterprise,  it  having  always 
been  the  policy  of  the  Sudan  Govern- 
ment to  retain  under  its  own  control 
all  transportation  lines,  both  land  and 
river. 

It  has  long  been  evident  that  no  de* 
velopment  of  the  large  area  compris- 
ing the  cotton-producing  districts  of 
Kassala  could  prove  successful  un- 
less a  railway  were  constructed  from 
a  point  on  the  Port  Sudan-Atbara 
main  line  to  Kassala,  a  distance  of 
over  200  miles,  through  the  long  and 
wide  valley  which  extends  from  Kas- 
sala northwards.  Construction,  while 
not  in  itself  difficult,  involves  the  so- 
lution of  certain  problems  presented 
by  the  annual  rainfall  and  the  over- 
flow of  rivers  and  khors  (dry  river- 
beds). The  Kassala  valley  receives 
each  year  through  the  River  Gash, 
which  rises  in  the  Abyssinian  moun- 
tains, an  enormous  volume  of  flood- 
water;  and  it  is  this  that  will  have 
to  be  dealt  with.  In  the  Government 
surveys  an  almost  straight  line  was 
adopted  from  Thamiam  (204  km.  from 
Suakin  and  190  km.  from  Port  Sudan) 
to  Kassala,  but  the  idea  of  following 
the  shortest  route  between  the  two 
points  has  been  abandoned  and  a  trace 


has  been  selected  which,  although 
iy2  km.  longer,  will  reduce  the  amount 
of  construction  work  and  consequent- 
ly the  cost. 

Northern  and  Southern  Sections. — 
The  new  railway  will  run  nearly  due 
north  and  south,  traversing  a  country 
which  divides  naturally  into  two  dis- 
tinct sections.  In  the  northern  half 
the  track  will  have  to  cross  the  nu- 
merous and  sometimes  large  khors 
that  run  westward  from  the  Nile-Red 
Sea  watershed,  on  a  line  where  the 
river's  flow  may  be  said  to  be  a  max- 
imum, the  collecting  area  being  large 
so  that  the  water  has  not  had  time 
to  soak  away  into  the  desert.  A  con- 
siderable amount  of  earthwork,  though 
none  of  a  very  heavy  nature,  will  be 
necessary  to  provide  headway  for  the 
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Route   of  New  Sudan   Railway. 

bridges  and  to  ease  off  the  switch- 
back nature  of  the  section  generally. 
The  surface  is  favorable,  being 
formed  largely  of  gravel  soil,  al- 
though the  actual  beds  of  most  of  the 
khors  are  naturally  sandy.  While 
there  will  be  no  heavy  rock-cutting, 
large  quantities  of  loose  sand  at  one 
point  between  55  km.  and  60  km.  will 
not  improbably  cause  some  trouble. 
The  length  of  the  line  in  this  section 
will  be  180  km. 

After  the  eastern  slope  of  Jebel 
Tisafira  is  passed  at  about  km.  180, 
the  northern  section  ends,  and  an  en- 
tirely different  country  is  entered, 
forming  the  lower  end  of  the  delta 
of  the  River  Gash.  The  stream  at 
this  point  practically  ceases  to  exist; 
only  the  local  surface  water  runs  in 
its  channel,  ♦  eventually  to  soak  away 
underground,  and  the  course  of  the 
khor    is   with    difficulty   traced    by   a 
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few  straggling  bushes.  The  delta  and 
the  surrounding  country  form  one 
large  desert-plain,  sloping  downwards 
uniformly  to  the  north  at  a  slope 
of  about  1  in  1,930,  between  km.  195 
and  km.  304.  Coming  from  the  north, 
this  plain  is  at  first  absolutely  barren, 
and  devoid  of  any  topographical  feat- 
ures; but  gradually  it  becomes  cov- 
ered with  scattered  tundum  bushes, 
which  increase  in  number  until  an 
almost  impenetrable  bush,  covering 
the  banks  of  the  Gash  on  its  more 
southern  stages,,  where  water  still 
runs,  is  reached.  Apparently,  how- 
ever, little  rain  falls  in  this  district, 
and  what  there  is  quickly  soaks  away. 

While  a  considerable  portion  of  the 
route  will  be  desert,  as  the  line  pro- 
gresses towards  Kassala,  say,  within 
fifty  miles  of  that  town  and  some 
distance  beyond,  a  promising  territory 
is  entered,  consisting  of  irrigable 
lands  on  the  west  bank  of  the  River 
Gash.  At  Kassala  the  terminus  will 
be  placed  on  the  west  side  of  the 
river,  directly  opposite  the  centre  of 
the  town. 

Over  the  total  length  of  350  km.  to 
which  the  line  will  extend  it  is  pro- 
posed to  erect  some  eighty  bridges, 
most  of  which  will  be  small  construc- 
tions of  about  10  ft.  span.  The  more 
important  will  be  those  at  km.  102, 
consisting  of  three  spans  each  of  105 
ft.,  at  kms.  136  and  137,  consisting 
of  three  spans  of  105  ft.,  one  of  50  ft., 
and  one  of  20  ft.;  and  at  km.  120%, 
where  there  will  be  a  bridge  with 
two  spans  each  of  105  ft.,  and  one 
span  of  50  ft.  At  km.  148%  there 
will  be  a  bridge  with  two  spans  of 
105  ft.  In  the  219  miles  of  track 
there  will  be  in  all  3.490  ft.  of  bridg- 
ing. This  part  of  the  construction 
will  entail  an  outlay  of  between 
£E45,000  and  £E48,000.  The  to- 
tal cost  of  the  railway  will  not  be  far 
short  of  £E1,000,000,  with  equipment. 


The    Solberg    Falls    Hydro    Electric 
Development,  Norway 

From  London   Times   Trade   Supplement. 

The  exploiting  of  the  Solberg  Falls, 
the  power  of  which  belongs  as  to  two- 
thirds  to  the  municipality  of  Chris- 
tiania  and  as  to  one-third  to  the  Nor- 
wegian State,  is  now  so  far  advanced 
that  about  three-fourths  of  the  work 
is  completed.  The  power  station  it- 
self will  be  finished  in  the  spring  of 
1923,  and  the  installation  of  the  plant 


will  then  take  place.  The  supply  of 
power  will  begin  in  1924. 

The  capacity  will  be  some  70,000 
HP.  The  seven  turbines  have  been 
delivered  by  two  Norwegian  engineer- 
ing companies.  The  roller  dams  come 
from  a  German  firm  which  controls 
the  patent  rights  for  their  construc- 
tion. The  electrical  plant  is  being  de- 
livered partly  by  Swiss  and  partly  by 
American  firms.  The  water  enters 
the  turbines,  which  have  a  capacity 
of  11,500  HP.  each,  with  a  fall  of  21 
meters.  The  generators  are  connect- 
ed with  the  turbines  by  means  of  ver- 
tical shafts.  The  generating  voltage 
is  11,000,  and  the  energy  will  be  trans- 
formed up  to  60,000  volts  for  trans- 
mission to  Christiania  and  other 
places.  For  the  first  time  in  Norway 
galvanized  iron  poles  are  being  used 
for  the  transmission  line.  The  sta- 
tion, when  fully  equipped,  will  con- 
tain 11  units,  of  wliich  seven  are  to 
be  installed  immediately. 

The  water  inlets  are  closed  and 
opened  by  means  of  three  roller 
sluices,  each  20  meters  broad  and  8.75 
meters  high,  which  are  claimed  to  be 
the  biggest  of  the  kind  so  far  con- 
structed. The  deep  water  channel 
in  the  middle  of  the  river  was  a  diffi- 
cult undertaking,  and  it  was  neces- 
sary to  go  to  a  depth  of  22  meters  be- 
low water  level  before  solid  rock  was 
found.  The  excavation  was  carried 
out  during  the  winter,  the  water  in 
the  meantime  being  led  through  two 
large  tunnels  on  the  western  side  of 
the  river.  Some  7,000,000  pices  of  tim- 
ber pass  down  the  lower  course  of  the 
Glommen  every  year,  and  a  special 
tunnel  is  being  made  on  the  west  side 
of  the  river  to  float  them  past  the 
power  station. 


Street  Railway  Extensions  in  Mel- 
bourne.— The  Melbourne  Metropolitan 
Tramways  Board  has  submitted  pro- 
posals to  the  Victorian  Government 
for  the  construction  of  141  miles  of 
new  tramways.  The  project  provides 
for  serving  a  population  estimated  to 
reach  1,094,500  by  1940,  when  the  total 
route  mileage  will  be  266.2,  and  the 
mileage  per  100,000  of  total  popula- 
tion will  be  increased  from  16.2  to  24.3. 
The  new  tramways,  when  completed, 
will  carry  411,000,000  passengers  per 
annum,  as  against  210,000,000  carried 
by  existing  lines.  The  tramway  ex- 
tensions proposed  in  the  general 
scheme  will  amply  provide  for  the  re- 
quirements of  the  estimated  popula- 
tio  nby  the  year  1940. 
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Street  Officials  Should 
Study  Snow  Removal 

This  winter  to  date  has  not  been 
an  unusually  severe  one,  yet  more 
than  a  month  ago  Boston  was  reported 
as  having  spent  more  than  $100,000 
on  the  season's  snow  removal,  with 
other  New  England  cities  in  propor- 
tion, and  New  York,  not  far  behind. 
What  were  the  communities'  losses 
due  to  traffic  delays  and  interruptions 
no  one  can  say,  but  it  is  a  good  guess 
that  they  far  exceeded  the  cost  of 
fighting  the  snow.  The  Nation's  snow 
costs  are  huge  in  an  ordinary  season, 
and  in  a  bad  season  they  are  ap- 
palling. 

Some  valuable  experimental  work 
in  snow  removal  has  been  done — 
notably  in  New  York — with  the  result 
that  the  superiority  of  some  methods 
and  machines  over  others  has  been 
clearly  demonstrated.  Certain  manu- 
facturers, also,  have  taken  an  interest 
in  the  subject,  and  have  brought  out 
some  valuable  machines.  County  and 
State  road  authorities  likewise  have 
done  some  exceedingly  good  work  in 
this  field;   and   if  there  is  still  much 


to  be  desired  and  sought  for,  there  is 
also  much  credit  due  the  various 
agencies  that  are  helping  to  solve  the 
problem. 

Our  present  complaint  is  not  of  a 
lack  of  development  within  the  art, 
although  development  might  certainly 
have  been  more  rapid;  but  rather  is 
it  that  so  many  street  authorities  have 
never  learned  of  the  accomplishments, 
or  else  have  failed  to  take  advantage 
of  them.  And  to  this  we  might  add — 
"Continually  fail  to  use  their  common 
sense,"  for  every  winter  we  see  a  tre- 
mendous amount  of  good  energy  go 
ing  painfully  to  waste. 

Of  course  we  do  not  expect  100  per 
cent  efficiency.  We  recognize  that  or- 
dinarily snow  removal  equipment  will 
be  used  but  a  few  times  in  a  season, 
and  that  the  entire  year's  interest  and 
depreciation  charges  in  addition  to 
the  direct  operating  expense  must  be 
warranted  by  the  results  of  a  few 
days'  work. 

The  solution  of  the  economic  prob- 
lem would  be  simple  were  it  not  for 
the  lack  of  definite  date  as  to  the 
amount  of  snow  to  be  handled,  and  the 
costs  of  traffic  delays  and  interrup- 
tions.    As  to  the  first  of  these,  how- 
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ever  risky  weather  guessing  may  be, 
the  fact  remains  that  we  have  the 
job  of  cleaning  up  the  snow  every 
year,  and  with  the  accumulated  rec- 
ords and  data  we  now  have,  a  reason- 
able  working  basis  can  be  established. 
In  cost  of  every  hour's  interference 
with  traffic,  while  not  yet  well  worked 
out,  is  susceptible  of  fairly  close  de- 
termination, and  ultimately  will  be 
known  for  our  larger  cities  and  prob- 
ably for  many  of  the  smaller  ones. 

With  the  resources  at  their  disposal 
most  of  our  city  street  departments 
should  not  be  blamed  for  their  failure 
to  attack  and  solve  these  problems, 
however  advantageous  to  the  commu- 
nity their  solution  may  be.  It  is  how- 
ever, incumbent  on  any  street  depart- 
ment to  know  and  make  use  of  re- 
sults of  such  experiments  and  trials, 
as  have  been  made,  and  also  to  pro- 
vide a  reasonable  amount  of  mechan- 
ical ingenuity  of  its  own.  When  one 
sees,  as  the  editor  has  seen  this  win- 
ter, heavy  trucks  provided  with  a 
frame  and  grader  blade  in  front,  buck- 
ing 'snow  drifts  in  a  section  where 
drifts  are  almost  annual  occurrence, 
he  can  not  but  be  impressed  with  the 
use  of  more  attention  to  this  subject. 


Re  The  Road  Show. 

We  met  just  two  dissatisfied  men  at 
the  show.  The  first  one  hadn't  found 
anything  new.  He  said,  "Oh,  it's  all 
right  if  you  haven't  been  before,  but 
what's  the  use  of  coming  year  after 
year  when  they're  practically  all  alike 
— same  old  shovels,  graders,  tractors 
and  the  rest  of  it.  Of  course  you  see 
a  new  wrinkle  here  and  there,  but 
they're  only  trifles,  and  I  can  make 
more  money  staying  home  than  I  can 
by  chasing  after  shows." 

As  we  had  no  other  acquaintance 
with  this  man,  we  don't  know  his  his- 
tory, but  it's  a  safe  guess  that  he  is 
no  very  important  figure  in  either  his 
business  or  his  home  community.  The 
counts  against  him  are  easy  to  make. 
In  the  first  place  he  had  no  eye  for, 
nor  appreciation  of,  detail.  Otherwise 
he  could  not  have  been  so  uninter- 
ested in  the  improved  features,  and 
even  the  changes  in  character  which 
were  there  in  numbers.  In  the  second 
place  the  importance  to  him  of  to- 
day's dollar  was  likely  to  cut  him  off 
from  many  dollars  next  year;  and, 
finally,  the  personal  contact  with  many 
men  with  interest  all  concentrated  on 
their  work  apparently  meant  nothing 


to  him  either  of  pleasure  or  profit. 
It  will  perhaps  be  as  well  for  him  to 
stay  away  next  year,  for  his  case  is 
probably  incurable. 

Man  Number  Two  was  a  would-be 
exhibitor  who  had  withdrawn  when 
unable  to  get  the  space  he  wanted. 
With  abundance  of  good  cussing  he 
told  how  he  had  been  assigned  a  place 
on  the  balcony,  while  others  with  no 
heavier  exhibits  than  his  were  given 
space  on  the  main  floor.  With  his  de- 
sire for  a  good  location  everyone  can 
sympathize,  Whether  in  view  of  the 
existing  space  shortage  he  should  have 
had  it,  we  do  not  know. 

In  any  event  we  are  sorry  that  this 
man  did  not  participate,  and  that  the 
shortage  of  space  was  felt  by  numer- 
ous others.  The  same  condition,  in 
slightly  less  degree  occurred  last  year. 

The  Coliseum  is  no  longer  big 
enough  for  the  road  show  or  for  cer- 
tain other  annual  events  that  go  there, 
and  it  is  to  be  hoped  that  Chicago 
will  soon  be  provided  with  more  suit- 
able space.  The  Municipal  Pier,  while 
large  enough,  is  unusable  in  winter 
because  of  lack  of  heat.  With  more 
space  necessary  for  winter  shows,  we 
wonder  if  it  can  not  be  provided  more 
economically  by  the  installation  of  a 
heating  plant  at  the  Pier  than  by  tak- 
ing new  ground  and  erecting  a  new 
structure  elsewhere. 


Convention  of  New  Jersey  State 
Highway  Association.  —  The  third 
annual  New  Jersey  state  high- 
way convention,  will  be  held  in 
Trenton  from  Feb.  14  to  17,  in- 
clusive, under  the  auspices  of  the 
New  Jersey  State  Highway  Associa- 
tion. The  convention  headquarters 
will  be  in  the  Stacy-Trent  Hotel,  Tren- 
ton, N.  J.,  and  all  sessions  will  be  held 
in  the  Ball  Room.  The  committee  on 
arrangements  is  arranging  a  program 
consisting  of  papers  and  discussions 
dealing  with  highway  construction  and 
maintenance  which  will  be  presented 
at  the  sessions  to  be  held  each  day. 
There  will,  in  addition,  be  a  highway 
industries  exhibit  of  materials  and 
equipment.  Alex  W.  Muir,  State 
Maintenance  Engineer,  Trenton,  N.  J., 
is  president  of  the  association. 


National  Highway  Traffic  Associa- 
tion Convention  Postponed. — The  1923 
Convention  of  the  National  Highway 
Traffic  Association,  which  was  to  have 
been  held  in  Cleveland,  O.,  on  Feb. 
19  and  20,  has  been  postponed. 
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Sand     Asphalt     Pavement     Con- 
struction in  North  Carolina 

Since  June  1  the  State  Highway 
Commission  of  North  Carolina  has  8 
miles  of  sand  asphalt  paving.  This 
much  was  done  on  a  10-mile  section 
of  the  Wilmington-New  Bern  highway. 
The  following  particulars  of  the  work 
are  taken  from  an  article  hy  E.  R. 
Olbrich,  Construction  'Engineer,  in  the 
January  North  Carolina  Highway  Bul- 
letin: 

A  modern  portable  type  of  asphalt 
mixing  plant  was  purchased,  and  an 
investigation  made  to  determine  the 
plant.  A  large  pit  of  sand  showing  a 
sheet  asphalt  grading  was  found  along 
the  right-of-way  about  two  miles  from 
the  beginning  of  the  project,  and  the 
plant  located  at  this  point.  All  the 
sand  used  thus  far  in  the  pavement 
has  been  obtained  from  this  pit.  The 
plant  is  also  located  on  the  Atlantic 
Coast  Line  R.  R.  and  a  siding  was 
built  to  accommodate  the  shipment  of 
asphalt  and  filler. 

The  sand  is  hauled  from  the  pit  an 
average  distance  of  200  ft.  to  the 
plant.  Here  it  is  passed  through  drier 
and  heated  to  a  suitable  temperature 
preparatory  to  mixing  it  mechanically 
with  the  heated  asphalt. 

The  mixture  is  hauled  over  the  fin- 
ished pavement  to  the  point  of  de- 
posit and  placed  on  the  prepared  sub- 
grade.  A  wooden  header  is  used  to 
confine  the  sand  sub-grade  and  to  pro- 
tect the  edges  of  pavement.  The  pave- 
ment is  placed  in  two  courses,  a  base 
course  of  sand  and  asphalt  3%  ins.  in 
depth,  and  a  sheet-asphalt  wearing  sur- 
face iy2  ins.  in  depth.  Each  course 
is  thoroughly  compacted  with  an  eight- 
ton  tandem  roller.  The  wearing  sur- 
face is  laid  as  soon  as  possible  while 
the  base  course  is  clean,  and  prefer- 
ably still  warm,  in  order  to  obtain  a 
good  bond  with  the  base.  The  finished 
surface  is  swept  with  cement. 

A  width  of  10  ft.  for  the  pavement 
was  decided  upon  as  it  permits  the 
construction  of  a  much  larger  mileage 
with  the  funds  available.  The  growth 
of  grass  is  encouraged  on  the  sand 
shoulders  to  provide  a  firm  surface 
for  passing  vehicles  on  which  to  turn 
out.  In  future  years,  when  increased 
traffic  warrants  it,  the  pavement  may 
be  widened  on  each  side. 

The  plant  and  road  operations  are 
in  charge  of  an  experienced  superin- 
tendent.   The  same  rigid  tests  and  in- 


spection are  applied  to  this  work  as 
is  given,  to  the  work  done  by  contract 
throughout  the  State. 

Credit  for  the  development  of  this 
type  of  pavement  does  not  belong  to 
North  Carolina  alone.  Massachusetts, 
Delaware  and  later  Florida,  were  pio- 
neers in  this  development.  North  Car- 
olina is  profiting  by  the  experience  of 
these  States,  as  well  as  experimenting 
in  the  further  development  of  the  sand- 
asphalt  pavement. 


Comparative    Maintenance    Cost 
of  Primary  Roads  in  Iowa 

The  maintenance  cost  of  the  pri- 
mary roads  of  Iowa  for  the  past  3  years, 
during  which  period  the  state  has  had 
general  supervision,  is  shown  in  the 
accompanying  table. 

Class  Total    Avg.  exp. 

of  road.  Year.  Mileage,  expend,  per  mile. 

Earth..  1920  5,760  $1,292,975       $224 

1921  5,223  1,552,817         297 

1922  4,723  1,276,375         270 
Gravel    ..1920  792            288,554         364 

1921  1,157  521,435         451 

1922  1,558  587,983         377 
Paving    .1920             67  5,306  79 

1921  236  21,071  89 

1922  334  39,500         118 
Total     ..1920         6,619         1,593,654         241 

1921  6,616         2,095,323         317 

1922  6,615         1,903,858         28S 

These  maintenance  costs  may  also  be 
classified  as  follows: 

Average 
Year.  Patrol.       per  mile. 

1920    $    811,934  $123 

1921    1,153,605  174 

1922    1,171,791  177 

Average 
Year.  Gang.        per  mile. 

1920    $    633,666  $  96 

1921    612,521  93 

1922    448,605  68 

Equip,  and    Average 

Year.  Tools.        per  mile. 

1920    $    148,054  $  22 

1921    329,197  50 

1922    283,462  43 

Neither  of  the  above  tables  include 
bridge  maintenance  or  special  case 
maintenance.  Special  case  mainte- 
nance is  classified  in  some  states  as 
"Additions  and  Betterments."  It  is 
work  which  in  expediency  is  paid 
from  maintenance  funds  but  which  is 
not  strictly  maintenance  work.  The 
following  table  shows  the  total  ex- 
penditure from  maintenance  funds. 

Avg.  per  mi.  Grand 

maint.      Bridge  Special      total 
Year.      proper.       maint.    case,     per  mile. 

1920  ....  $241     $0     $  0     $241 

1921  ....  317      1      14      332 

1922  288      3      14      305 

W.  H.  Root,  Ames,  la.,  is  Mainte- 
nance Engineer  of  the  Iowa  State 
Highway  Commission. 
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The    Road    Convention    and 
Exhibition 

Five  hundred  and  twenty-six  offi- 
cial delegates,  217  exhibitors,  $2,000,- 
000  worth  of  exhibits  are  some  of  the 
outstanding  figures  of  the  1923  conven- 
tion of  the  American  Road  Builders' 
Association  and  the  road  show  held 
Jan.  16-19  at  Chicago.  The  conven- 
tion— the  20th  of  the  association — was 
without  question  the  most  successful 
yet  held.  The  attendance  of  official 
delegates  was  far  larger  than  at  any 
previous  convention,  and  much  greater 
interest  was  manifested  in  the  pro- 
ceedings. This  was  due  in  part  to  the 
high  quality  of  the  papers  presented, 
and  to  the  fact  that  the  program  cov- 
ered a  list  of  subjects  of  immediate 
and  vital  interest  to  the  industry.  A 
majority  of  the  papers  are  printed  in 
full  or  in  abstract  in  this  issue. 

Six  sessions  of  the  convention  were 
held,  each  being  devoted  to  some  gen- 
eral phase  of  highway  development. 
The  first  session  covered  general  pol- 
icies; the  second,  design;  the  third, 
construction;  the  fourth,  mainte- 
nance; the  fifth,  traffic;  and  the  sixth, 
financial  and  miscellaneous.  At  the 
opening  session  there  were  the  presi- 
dent's address,  an  address  by  James 
H.  MacDonald,  treasurer  of  the  asso- 
ciation; two  papers  on  the  progressive 
construction  of  highways,  and  a  paper 
on  the  "Obligation  of  the  State  High- 
way Department  to  Keep  the  Public 
'Sold'  "  on  highways.  President  Was- 
ser's  address  dealt  with  the  "use  and 
abuse"  of  the  highways,  and  in  it  he 
presented  a  number  of  pertinent  fea- 
tures relative  to  financing,  design  and 
construction. 

The  second  session  on  design  in- 
cluded papers  on  "what  test  road  re- 
sults have  taught  us,"  development  of 
apparatus  for  full  testing  of  roads,  de- 
velopments in  the  use  of  local  mate- 
rials, and  designed  subgrade.  Of  par- 
ticular interest  at  this  session  were 
the  papers  regarding  the  three  most 
important,  large-scale  road  tests  now 
underway  in  this  country — the  Bates 
Road  Test  in  Illinois,  the  Pittsburg, 
Calif.,  road  test,  and  the  U.  S.  Bureau 
of  Public  Roads  tests  at  Arlington,  Va. 

The  third  session,  devoted  to  con- 
struction, was  of  unusual  interest.  It 
included  three  papers  on  haulage 
methods  in  highway  construction — in- 
dustrial railways,  heavy  truck  haul- 
age, and  light  truck  haulage.  These 
papers  were  presented  by  contractors, 
and  were  based  on  their  experiences 
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with  the  methods  described.  Papers 
also  were  presented  on  the  equipment 
and  operation  of  local  gravel  pits  to 
produce  concrete  aggregates,  the  in- 
formation being  based  on  actual  ex- 
periences in  Wisconsin;  on  winter 
road  building,  and  lost  time  in  high- 
way construction.  The  last  mentioned 
was  based  on  data  collected  by  the 
Iowa  State  Highway  Commission  on 
the  1921  and  1922  work  in  that  state. 

At  the  session  on  maintenance  five 
papers  were  presented:  "Organiza- 
tion of  Intensive  Maintenance  for  a 
State  Highway  System  in  18  Months," 
describing  experiences  in  North  Caro- 
lina; four  years'  experience  with 
patrol  maintenance  in  Wisconsin; 
gravel  road  maintenance  practice  in 
Michigan;  blade  grader  and  road  drag 
maintenance  in  Iowa;  and  salvage  and 
maintenance  of  macadam  roads.  The 
last  two  papers  dealt  with  the  prac- 
tice in  Pennsylvania  and  New  Jersey. 

At  the  session  on  traffic,  papers 
were  presented  on*"Tourist  Traffic  as 
a  Factor  in  Highway  Development" 
and  "Changes  Needed  in  Motor 
Vehicle  Legislation  and  License  Fees." 
The  last  session — finance  and  mis- 
cellaneous —  included  papers  "How 
Large  Expenditures  Changed  the  Pub- 
lic Attitude  Toward  Highway  Devel- 
opment," and  "Co-operation  Between 
State  and  County  Highway  Depart- 
ment." 

The  exhibition  of  highway  building 
and  maintenance  equipment  and  mate- 
rial, which  occupied  79,000  sq.  ft.  of 
the  Coliseum  and  adjoining  buildings, 
was  generally  conceded  to  be  the 
greatest  exhibit  of  its  kind  ever  held. 
It  was  a  wonderful  exposition  of  a 
majority  of  the  best  and  latest  develop- 
ments in  the  highway  industry.  An 
idea  of  the  scope  of  the  exhibition  is 
given  by  the  following  partial  list  of 
exhibits:  No.  of 

exhibits. 

Asphalt  plants    6 

Backfillers    5 

Batch  boxes 4 

Bins,  portable  and  storage 7 

Buckets,    clamshells    10 

Bucket  elevators  9 

Cars,   batch  and   industrial 12 

Concrete  finishing-  machines 8 

Conveyors,  portable  5 

Cranes,  locomotive   15 

Distributors,  bituminous   6 

Dump  bodies,  automatic 8 

Engines,  gasoline  and  oil 18 

Excavators,  ditch  and  trench 17 

Forms,  road 6 

Hoists,  contractors'   14 

Hoppers,  adjustable  measuring 5 

Locomotives,   gasoline    6 

Mixers,   concrete    16 

Plows,  road  11 

Pumps,  road  builders'  11 
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Railroads,    industrial    4 

Rock  crushers  7 

Scarifiers   8 

Scrapers,    drag  line 3 

Scrapers,   road    12 

Screens,  sand  and  gravel 9 

Shovels,  electric  7 

Shovels,    gasoline    3 

Shovels,  steam  9 

Tractors   8 

Trailers    8 

Trucks,  motor  '  16 

Turntables 8 

Wagons,  dump   9 

Not  all  of  the  exhibits  were  the  reg- 
ular equipment  or  products.  Some  of 
the  exhibitors  showed  models;  others 
exhibited  photographs,  drawings,  and 
others  literature.  The  majority  of  the 
exhibitors,  however,  showed  their  ma- 
chines or  products.  It  is  estimated 
that  the  tonnage  of  exhibits  was  120 
per  cent  greater  than  at  last  year's 
show.  It  should  be  noted  here  that  so 
great  was  the  demand  for  space  at  the 
exhibition — exceeding  by  far  the  area 
available — that  many  exhibitors  were 
obliged  to  confine  their  exhibits  to 
spaces  so  limited  they  were  unable  to 
make  the  showing  they  would  have 
liked.  It  is  planned  to  overcome 
these  limitations  so  that  next  year  ar- 
rangements can  be  made  for  an  ex- 
hibition that  will  take  care  of  all  the 
exhibits  of  whatever  size  offered,  re- 
gardless of  the  number.  With  this  ob- 
ject in  view  the  Highway  Industries 
Exhibitors'  Association  on  Jan.  17  ap- 
pointed a  committee  to  report  on  a 
plan  for  financing  and  building  a  per- 
manent structure  large  enough  to  ac- 
commodate future  road  shows. 


New    Instrument    for   Recording 
Conditions  of  Pavement 

A  recording  instrument  designed  for 
the  use  of  highway  engineers  has  re- 
cently been  perfected  and  placed  on 
the  market.  This  instrument  is  known 
as  the  Vialog  and  as  its  name  implies 
it  makes  a  record  of  the  road  surface. 

The  accompanying  illustration  shows 
an  inspection  car  of  the  New  York 
State  Highway  Commission  with  one 
of  these  instruments  installed  on  the 
dash.  The  instrument  is  built  almost 
entirely  of  aluminum  so  that  it  is  light 
in  weight  as  well  as  strong  in  struc- 
ture. Within  the  box  is  a  paper  chart 
6  ins.  wide  driven  by  a  flexible  shaft 
connected  to  one  of  the  front  wheels 
and  two  recording  pencils  are  actuated 
through  connection  with  the  front 
axle.  The  paper  is  furnished  in 
lengths  sufficient  for  the  inspection 
of  11  miles  of  road.    A  clutch  is  pro- 


vided so  that  the  instrument  can  be 
operated  or  disengaged  at  will. 

As  the  automobile  is  driven  over 
the  road  the  chart  moves  in  direct 
ratio  to  the  distance  traveled  (1  in. 
to  50  ft.  of  road)  and  the  recording 
pencils,  resting  on  the  paper  make  a 
series  of  irregular  or  straight  lines  de- 
pending on  the  condition  of  the  pave- 
ment. In  this  way  the  depressions 
and  high  spots  are  located,  measured 
and  recorded.  The  moving  paper  chart 
is  in  plain  view  of  the  observer  at  all 


Vialog     Installed     on     Inspection     Car     of 
New  York  State  Highway  Commission. 

times  so  that  notes  and  topography 
may  be  sketched  in  as  the  inspection 
is  carried  on.  This  also  affords  means 
for  measuring  the  length  of  the  road, 
locating  culverts,  ditches,  property 
lines,  etc.  In  fact,  it  is  stated,  a  very 
comprehensive  survey  may  be  made. 

The  irregularities  in  the  pavement 
are  also  automatically  summed  up  so 
that  the  observer  at  any  time  may 
read  off  the  sum  of  the  irregularities 
passed  over  by  the  car.  This  informa- 
tion may  be  reduced  to  inches  of  ir- 
regulatrities  per  mile  of  pavement  by 
a  simple  calculation.  This  is  found 
useful  in  comparing  various  types  of 
pavement  or  various  pavements  of  the 
same  type  as  built  in  actual  practice. 

Mr.  Harley  Dunbar,  an  engineer  in 
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the  employ  of  the  New  York  State 
Highway  Commission,  is  the  inventor 
of  the  Vialog  and  it  is  manufactured 
and  sold  by  the  Universal  Road  Ma- 
chinery Co.,  of  Kingston,  N.  Y. 


Tile  Side  Drains  for   High- 
ways 

A  Paper  Presented  at  a  Recent  Meet- 
ing  of   the    Iowa   Engineering 
Society 

By  J.  L.  PARSONS, 

County  Engineer,  Fort  Dodge,  la. 

In  general  the  policy  of  draining  all 
graded  roads,  both  county  and  pri- 
mary, with  lines  of  tile  constructed  on 
both  sides  of  the  roadbed  is  the  rule 
in  the  state  of  Iowa.  In  my  territory 
where  land  drainage  has  proven  so 
beneficial  the  complete  drainage  of 
roads  as  rapidly  as  possible  is  the  one 
item  of  construction  that  has  not  been 
criticized. 

In  my  opinion  these  two  lines  of  tile 
should  be  constructed  the  entire 
length  of  a  road  that  is  being  prepared 
for  gravel  or  pavement  surfacing,  over 
the  knolls  as  well  as  through  the  low 
places.  If  a  sufficient  number  of  in- 
lets are  constructed  the  passage  of 
surface  water  in  the  road  ditches,  and 
the  formation  of  small  ponds  caused 
by  obstruction,  is  largely  prevented 
and  the  resulting  saturation  of  the 
grade  reduced  to  a  minimum. 

Efficiency  of  Drainage  and  Soil  Sta- 
bility.— The  efficiency  of  this  form  of 
tile  drainage  is  measured  by  soil  sta- 
bility and  depends  upon  the  physical 
composition  of  the  soils  in  the  road- 
bed. For  convenience  reference  will 
be  made  to  three  classes  of  roadbed 
soils:  sandy,  surface  and  clay  or  close- 
grained  soils.  In  the  first  case  there 
is  no  Question  of  the  rapid  movement 
of  all  excess  soil  waters  laterally  to 
the  tile  lines.  This  will  prove  true 
even  though  there  is  present  only  a 
small  percentage  of  sand  or  gravel. 
In  the  second  case  where  the  top  soil 
has  not  been  removed  in  the  construc- 
tion of  the  grade,  and  where  the  ma- 
terial added  in  grading  operations  con- 
sists of  top  loam,  drainage  is  generally 
facilitated  by  the  numerous  water- 
courses formed  in  the  soil  by  plant 
growth  and  percolating  water. 

It  is  in  the  third  case  that  the  dan- 
ger signal  is  sounded.  Difficulty  arises 


because  of  the  greater  capillarity  of 
the  close  grained  soils.  Such  soils 
will  draw  water  for  distances  as  great 
as  8  ft.  and  often  hold  in  excess 
of  50  per  cent  of  water  by  weight.  In 
many  cases  tile  lines  constructed  in 
the  side  ditches  will  benefit  these  soils 
very  little  because  of  water  bearing 
strata  extending  laterally  or  longitudi- 
nally below  or  between  the  tile  lines 
from  which  the  subgrade  becomes  sat- 
urated by  capillarity.  Once  the  sub- 
grade  becomes  saturated  whether  by 
the  retention  of  water  on  the  surface 
or  by  capillarity  the  road  surface  will 
soon  pound  to  pieces  under  heavy 
travel.  Subgrades  of  this  character 
may  give  little  trouble  during  the 
warmer  seasons  and  become  quag- 
mires during  the  spring  thaws.  Ap- 
parently this  is  a  result  of  the  expan- 
sion of  the  saturated  soil  during  freez- 
ing and  its  consequent  contraction 
when  thawing  out. 

How  a  "Bottomless"  Road  Problem 
Was  Solved. — In  Webster  County  in 
the  spring  of  1922  we  experienced  con- 
siderable difficulty  with  bottomless 
roads.  In  all  cases  excepting  one  the 
breaks  occurred  in  cuts,  where  the  top 
soils  had  been  removed,  and  all  of 
them  on  roads  recently  graded.  Also 
in  most  cases  tile  lines  had  been  con- 
structed on  both  sides  of  the  road.  In 
an  attempt  to  keep  all  lines  of  travel 
open  on  the  main  roads  different  expe- 
dients were  tried.  We  had  little  suc- 
cess with  gravel,  but  in  several  cases 
we  were  able  to  bridge  the  breaks  by 
applying  heavy  coatings  of  cinders. 
One  aggravated  break  was  temporar- 
ily bridged  by  two  lines  of  bridge 
plank.  In  several  cases  we  employed 
adjacent  farmers  to  pull  unfortunates 
out  of  the  mud  until  a  remedy  could 
be  devised,  the  bills  to  be  paid  by  the 
county.  The  most  effective  results 
were  achieved  by  lateral  tiling  where 
outlets  were  available.  Two  emer- 
gency gangs  were  organized  as  soon 
as  the  frost  could  be  broken  by  the 
use  of  picks  and  lateral  tile  lines  con- 
structed across  the  affected  areas  at 
approximately  20  ft.  intervals.  The 
tile  were  laid  at  depths  of  2  to  3  ft. 
The  beneficial  results  were  immediate 
and  pronounced  in  all  cases  where 
this  work  was  done.  The  permanent 
effectiveness  of  this  method  can  be  de- 
termined only  after  a  more  extended 
experience.  My  opinion  is  that  in 
some  cases  it  will  be  necessary  to  fill 
the  tile  trenches  with  gravel  or  cin- 
ders and  to  construct  tile  lines  at  still 
closer  intervals. 
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What  the  Arlington  Investigations  Are  Showing 

Result  of  Experiments  Being  Conducted  by  the  U.  S.  Bureau  of  Public 

Roads  at  the  Arlington  Experiment  Station  in  Virginia,  as 

Outlined  in  Paper  Presented  Jan.  16  at  Annual  Convention 

of  the  American  Road  Builders  Association. 

By  A.  T.  GOLDBECK, 

Chief,    Division  of  Tests,   U.   S.   Bureau   of  Public  Roads. 


The  experiments  being  conducted  by 
the  U.  S.  Bureau  of  Public  Roads  at 
the  Arlington  Experiment  Station  in 
Virginia  are  aimed  primarily  at  the 
obtaining  of  information  which  is  of 
importance  in  connection  with  the 
structural  design  of  roads  and  they 
include  also  special  investigations  in 
road  materials. 

Scope  and  Purpose  of  Investigations 
in  Road  Design. — Let  us  first  consider 
the  investigations  made  in  connection 
with  road  design,  taking  them  up  one 
by  one  in  enough  detail  to  outline 
their  purpose,  to  show  briefly  the  test 
procedure,  and  finally  to  show  the  sig- 
nificance of  the  results  obtained. 

A  road,  considered  as  a  structure, 
consists  of  a  slab,  either  rigid  or  flex- 
ible, supported  on  the  underlying  sub- 
grade  and  carying  concentrated  loads. 
The  degree  and  character  of  support 
offered  by  the  subgrade  of  course  are 
widely  varying,  depending  upon  the 
nature  of  the  soil,  the  amount  of  mois- 
ture present  and  other  factors,  and  the 
design  of  the  surface  must,  therefore, 
always  be  considered  in  conjunction 
with  the  subgrade  upon  which  it  is 
supported.  The  Arlington  experiments 
for  this  reason  include  a  number  of 
investigations  of  the  subgrade  and 
methods  for  draining  it.  The  problem 
of  structural  design  of  the  surface  in- 
volves a  number  of  problems  in  the 
mechanics  of  the  slab  as  well  as  prob- 
lems in  the  mechanics  of  the  loads  ap- 
plied. It  is  our  aim  as  a  result  of 
these  investigations  to  develop  a  def- 
inite and  rational  method  for  the  ac- 
tual design  of  pavement  surfaces. 

Investigations  of  the  Subgrade. — 
The  following  questions  naturally  arise 
in  connection  with  the  subgrade:  (1) 
What  are  the  physical  characteristics 
of  a  satisfactory  and  of  an  unsatisfac- 
tory subgrade  material?  (2)  How  can 
we  improve  a  poor  subgrade  material 
to  render  it  satisfactory?  (3)  What  are 
the  factors  controlling  moisture  in  the 
subgrade  and  what  system  of  drainage 
should  be  used  for  different  condi- 
tions? 


Physical  Characteristics  of  Subgrade 
Materials. — It  is  a  matter  of  common 
observation  that  soils  vary  widely  in 
character.  Some  soils  are  composed 
of  particles  in  an  extremely  fine  state 
fo  sub-division,  others  of  particles  ap- 
proaching the  size  of  boulders,  and 
there  are  all  of  the  variations  between 
these  extremes.  Some  soils  are  cap- 
able of  taking  up  vast  quantities  of 
water  and  when  they  do  so  they  might 
swell  tremendously  in  volume  and 
shrink  correspondingly  when  they 
again  dry  out.  On  the  other  hand, 
other  soils  can  retain  but  little  mois- 
ture which  changes  their  volume  in- 
appreciably. Some  of  these  soils  with 
a  certain  amount  of  moisture  present 
are  very  easily  deformed;  in  other 
words,  they  have  low  bearing  value. 
Others  are  capable  of  supporting  high 
intensity  of  load.  If  a  road  is  to  be 
actually  designed,  we  should  through 
suitable  tests  be  able  to  forecast  how 
the  subgrade  is  going  to  act  and  our 
surface  design  should  then  be  con- 
trolled accordingly. 

Tests  for  Determining  Physical 
Characteristics  of  Subgrade. — For  this 
reason  we  have  developed  a  series  of 
laboratory  tests  for  predicting  the  be- 
havior of  the  subgrade  by  determining 
its  physical  characteristics.  They  are 
as  follows: 

1.  Mechanical  analysis. 

2.  Water  holding  capacity. 

3.  Moisture  equivalent. 

4.  Volumetric  change. 

5.  Vertical  capillarity. 

6.  Comparative  bearing  value. 

7.  Slaking  value. 

8.  Dye  adsorption. 

These  tests  have  all  been  described 
in  detail.*  Very  briefly  they  are  made 
as  follows: 

Mechanical  Analysis :  This  test  con- 
sists of  separating  the  sample  by  siev- 
ing and  washing,  into  sand,  silt,  clay 
and  suspension-clay.    For  our  purpose 


*See  Proceedings  of  The  American  So- 
ciety for  Testing  Materials,  Volume  22, 
1922,  "Physical  Properties  of  Subgrade 
Materials,"  by  J.  R.  Boyd. 
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sand  is  that  portion  of  the  sample 
which  passes  a  10  mesh  sieve  and 
which  is  retained  on  a  200  mesh  sieve 
but  which  settles  out  of  a  mixture  of 
soil  and  water  after  8  minutes'  sub- 
sidence to  a  depth  of  8  cc.  from  the 
surface  of  the  liquid.  Silt  is  that  por- 
tion of  a  soil  sample  which  passes  a 
200  mesh  sieve  and  which  settles  out 
of  a  mixture  of  soil  and  water  after  8 
minutes'  subsidence  to  a  depth  of  8  cc. 
from  the  surface  of  the  liquid.  Clay 
is-that  portion  of  the  soil  sample  which 
remains  in  suspension  after  8  minutes' 
subsidence  to  a  depth  of  8  cc.  from  the 


soil  after  it  has  first  been  saturated 
and  then  subjected  to  a  centrifugal 
force  equal  to  1,000  times  the  force  of 
gravity  for  a  period  of  one  hour.  This 
seems  to  be  a  very  important  test  and 
is  a  measure  of  the  difficulty  of  drain- 
age. 

Vertical  Capillarity:  In  this  test  the 
percentage  of  moisture  taken  up  by  a 
given  quantity  of  the  soil  by  vertical 
capillarity  is  determined. 

Volumetric  Change:  This  test  is 
one  to  determine  the  amount  of  shrink 
age  of  the  soil  from  a  definite  moisture 
condition  to  an  air-dried  condition. 


Frg.  1 — Charts  Showing  (a)  Effect  of  the  Character  of  Clay  on  the  Moisture 
Content  of  Soils.  (b)  Effect  of  the  Character  of  Clay  on  Volumetric  Change  of 
Soils,  (c)  Effect  of  the  Character  of  Clay  and  the  Moisture  Index  on  the  Bearing 
Value  of  Soils. 


surface  of  the  liquid  but  which  is 
thrown  down  when  a  centrifugal  force 
equal  to  500  times  the  force  of  gravity 
is  exerted  upon  the  suspended  mate- 
rial for  a  period  of  one-half  hour.  Sus- 
pension-clay is  that  portion  of  the  soil 
sample  which  remains  in  suspension 
when  a  centrifugal  force  equal  to  ap- 
proximately 500  times  the  force  of 
gravity  is  exerted  upon  the  suspended 
material  for  a  period  of  one-half  hour. 
This  is  tfye  very  finest  portion  of  the 
soil  sample. 

Water-holding  Capacity:  The  water- 
holding  capacity  of  the  soil  is  the 
maximum  percentage  of  water  which 
it  is  capable  of  retaining. 

Moisture  Equivalent:  The  moisture 
equivalent  of  the  soil  is  the  percentage 
of  moisture  which  is  retained  by  the 


Comparative  Bearing  Value  Test: 
In  this  test  the  load  supporting  value 
of  the  soil  is  determined. 

Dye  Adsorption  Test:  Different  soils 
have  the  ability  in  greater  or  lesser 
degree  of  decolorizing  dye  solutions 
which  are  filtered  through  them  and 
the  variability  of  dye  adsorption  prop- 
erties by  soils  seems  to  be  correlated 
with  variability  of  other  properties. 

Slaking  Value:  In  this  test  the 
length  of  time  is  determined  for  a 
briquet  of  definite  size  to  fall  to  pieces 
when  immersed  in  water. 

What  the  Subgrade  Investigations 
Show. — It  has  been  necessary  for  us 
to  conduct  a  large  number  of  tests  in 
order  to  standardize  the  methods  of 
investigation  and  having  the  tests  now 
standardized  a  number  of  samples  of 
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soils  from  poor  and  good  subgrades 
have  been  analyzed  and  the  results 
tabulated.  In  addition  artificial  sub- 
grade  samples  have  been  prepared  by, 
mixing  sand  with  clay  in  various  pro- 
portions. As  a  result  of  these  investi- 
gations at  the  present  time  we  feel 
warranted  in  making  the  following 
statements  (see  Fig.  1): 

1.  Soils  which  resemble  each  other 
very  closely,  in  fact  those  having  prac- 
tically the  same  mechanical  analysis, 
may  be  entirely  different  from  the 
point  of  view  of  their  physical  proper- 
ties; that  is,  their  bearing  values, 
moisture  contents  and  volumetric 
changes.  This  is  due  to  the  difference 
in  character  of  the  clay  content  of 
these  soils.  We  determine  this  differ- 
ence in  character  by  means  of  the  dye 
adsorption  test,  having  found  that 
soils,  although  they  may  appear  alike, 
will  react  very  differently  to  the  dye 
adsorption  test. 

2.  We  find  that  the  character  and 
quantity  of  clay  in  a  soil  materially 
affects  its  ability  to  take  up  moisture 
by  capillary  action  and  to  retain  it 
under  the  action  of  a  centrifugal  force 
equal  to  that  of  1,000  times  the  force 
of  gravity.  Soils  whose  clay  content 
is  approximately  the  same  may  take 
up  entirely  different  capillary  moist- 
ures due  to  the  character  of  the  clay 
content.  They  may  also  have  entirely 
different  volumetric  changes  due  to 
the  character  of  the  clay  content. 

3.  The  factors  which  control  the 
bearing  values  of  soils  have  not  been 
completely  established  as  yet  although 
the  following  points  are  worthy  of 
consideration: 

When  the  moisture  index: 
Volume  of  moisture 

Apparent  volume  of  soil-solid  content 
of  the  soil  is  less  than  unity  the  bear- 
ing value  will  be  high. 

When  the  moisture  index  of  the  soil 
is  above  unity  high  bearing  values  can 
be  obtained  provided  the  adsorption 
of  the  soil  is  high. 

Soils  whose  moisture  index  is  great- 
er than  unity  and  whose  adsorption  is 
low  can  almost  invariably  be  expected 
to  have  low  bearing  values. 

The  above  three  statements  apply 
to  bearing  values  obtained  with  bear- 
ing areas  of  several  square  inches. 
Larger  bearing  areas  are  being  in- 
vestigated. 

Special  Tests  of  Bearing  Value  of 
Soils. — Since  the  road  surfacing  is 
supported  on  the  subgrade,  one  very 
important  phase  of  the  tests  of  sub- 


grade  materials  has  been  to  find  out 
how  to  make  a  test  for  bearing  value 
which  will  be  at  all  applicable  to  road 
conditions.  It  must  be  remembered 
that  when  the  road  surfacing  carries 
a  heavy  concentrated  load  it  deflects 
under  the  load  and  compresses  the 
subgrade  over  an  area  of  several 
square  feet.  It  is  also  true  that  when 
the  road  slab  deflects  this  deflection  is 
quite  small,  generally  not  over  0.1  in. 
In  other  words,  a  bearing  value  test 
to  represent  road  conditions,  will  prob- 
ably have  to  be  made  with  a  bearing 
area  of  several  square  feet  and  the 
bearing  value  should  be  determined 
under  the  penetration  of  that  bearing 
area   of   not  more   than   0.1   in.     We 
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Fig.    2 — Chart    Showing    How     Load    Per 

Unit  Area  Increases  as  Area  of  Bear- 

ing  Block  Decreases. 

have  completed  a  large  number  of 
test  results  which  are  shown  in  typical 
form  in  Fig.  2. 

Without  going  into  the  details  of 
the  test,  this  curve  shows  very  plainly 
that  the  bearing  value  of  a  soil  having 
penetrations  of  the  bearing  block 
equal  to  0.1  in.  varies  greatly  with  the 
size  of  the  bearing  block  and  that 
when  small  bearing  areas  are  used  the 
results  are  far  higher  and  not  at  all 
indicative  of  the  bearing  value  of  the 
soil  for  supporting  the  pavement.  This 
is  very  important  for  it  points  out  to 
us  tbe  futility  of  attempting  to  make 
bearing  value  tests  for  roads  with 
bearing  areas  having  less  than  two 
square  feet. 

Curing  of  Poor  Subgrades. — In  a 
number  of  sections  of  the  country  we 
are  forced  'to  build  roads  on  soils 
which    we    know    will    cause    trouble 
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unless  their  moisture  content  can  be 
greatly  reduced  or  in  some  cases 
unless  the  moisture  content  can  be 
kept  at  a  fairly  constant  value.  It  is 
not  at  all  impossible  that  such  sub- 
grade  materials  can  be  cured  of  their 
undesirable  properties  by  the  use  of 
admixtures. 

Fig.  3  shows  the  effect  of  the  use 
of  a  few  of  these  admixtures  on  the 
important  properties  of  the  subgrade 
soil.  Two  of  the  most  important  char- 
acteristics of  the  subgrade  are:  (1) 
That  it  shall  have  high  bearing  value, 


Measurements  of  Moisture  in  the 
Subgrade. — There  was  mentioned  last 
year  a  series  of  experiments  conducted 
on  ten  different  types  of  drainage.  The 
slabs  were  subjected  to  normal  mois- 
ture conditions  and  then  the  side 
ditches  were  filled  in  and  the  slabs 
were  sprinkled  to  simulate  heavy  rain- 
fall and  as  a  result  of  these  experi- 
ments thus  far  the  following  conclu- 
sions are  drawn:  (1)  Tile  drainage 
will  only  remove  water  in  excess  of 
capillary  moisture.  Their  field  is  con- 
fined entirely  to  the  removal  of  free 
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and  (2)  that  it  shall  have  low  vol- 
umetric change  and  if  admixtures  to 
poor  subgrade  materials  will  produce 
these  results  they  will  be  beneficial. 
The  curves  in  Fig.  3  show  that  both 
hydrated  lime  and  Portland  cement 
greatly  decrease  the  volumetric 
change  of  a  poor  soil  and  very  great- 
ly increase  the  bearing  value  so  that 
such  admixtures  are  most  decidedly 
of  benefit.  There  are  other  materials 
which  are  also  beneficial,  such  as  sand 
and  other  granular  materials,  and  pos- 
sibly light  bituminous  materials  which 
are  readily  miscible  with  the  soils. 
The  economics  of  such  a  procedure  in 
comparison  with  increased  thickness 
of  road  surfacing  must  be  studied  for 
each  individual  case. 


water  in  the  soil.  (2)  A  low  tempera- 
ture at  the  surface  accelerates  the 
movement  of  capillary  moisture.  This 
probably  helps  to  account  for  the  ac- 
cumulation of  high  moisture  content  in 
the  subgrade  immediately  under  the 
pavement  during  cold  weather.  (3)  It 
cannot  be  said  that  any  of  the  meth- 
ods of  drainage  thus  far  tried  are  suc- 
cessful in  keeping  the  moisture  con- 
tent low  at  all  seasons  of  the  year.  It 
is  believed  that  in  certain .  types  of 
soils,  no  type  of  drainage  thus  far 
practised  will  be  entirely  successful  in 
reducing  the  moisture  content  to  the 
desired  amount  and  in  those  cases 
resort  must  be  had  to  admixtures  or 
to  strengthened  pavement  surface 
design. 
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INVESTIGATIONS  IN  STRUCTURAL 
DESIGN   OF   PAVEMENTS. 

Static  Load  Tests  of  Concrete  and 
Broken  Stone  Bases. — Preliminary  in- 
vestigations have  been  completed  to 
determine  the  static  load  supporting 
value  of  different  thicknesses  of  brok- 
en stone  base  and  different  thicknesses 
of  concrete  base  supported  on  a  very 
wet  clay  subgrade  and  on  a  dry  sand 
subgrade.  This  series  of  investigations 
was  started  to  determine  something 
of  the  laws  governing  base  thickness 


tained  under  the  load  than  in  the  case 
of  the  wet  clay  subgrade.  In  other 
words,  the  sand  offered  higher  resist- 
ance than  the  wet  clay.  During  the 
application  of  the  load,  measurements 
of  penetration  of  the  bearing  block 
were  made  in  order;  to  note  the  defor- 
mation of  the  base.  Fig.  6  shows  re- 
sults of  these  measurements.  Note 
that  the  4-in.  base  for  the  Y2-in.  pene- 
tration of  the  bearing  block  only  with- 
stood approximately  400  lb.  as  com- 
pared with  4,500  lb.  for  the  18-in.  base. 
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for  supporting  loads  of  different  mag- 
nitude. In  the  case  of  the  broken 
stone  bases  the  wet  clay  subgrade  was 
placed  in  a  bin  about  10  ft.  square  to 
a  depth  of  about  3  ft.  compacted  in  as 
uniform  a  manner  as  possible.  A 
number  of  devices  for  measuring  soil 
pressures  were  then  installed  on  top 
of  the  subgrade  and  the  broken  stone 
base  was  then  compacted  to  the  re- 
quired depth  on  the  subgrade. 

A  bearing  block  20  in.  wide  and 
shaped  to  resemble  a  truck  wheel  was 
used  in  applying  loads.  The  pressures 
on  the  subgrade  were  measured  for 
different  load  applications  and  Figs.  4 
and  5  are  typical  of  the  measurements 
obtained  on  the  dry  sand  and  on  the 
wet  clay  subgrade.  Note  in  the  case 
of  the  dry  sand  subgrade  very  much 
higer  intensities  of  pressures  were  ob- 


Figure  7  is  interesting  in  showing 
the  load  carrying  capacity  of  broken 
stone  bases  on  very  soft  subgrades. 
These  curves  show  the  following 
points:  (1)  The  maximum  intensity 
of  pressure  on  the  subgrade  decreases 
with  the  thickness  of  the  base,  at  least 
until  failure  has  begun.  (2)  In  gen- 
eral, the  thicker  the  base  the  higher 
the  load  carrying  capacity.  (3)  The 
thicker  the  base  apparently  the  higher 
can  be  the  pressure  intensity  on  the 
subgrade  before  failure  takes  place. 
The  breaks  in  the  curves  as  indicated 
by  the  rectangle  show  the  points  of 
failure.  Figure  8  shows  typical  results 
for  a  dry  sand  subgrade.  Apparently 
no  breaks  in  these  curves  occur  show- 
ing so  far  as  the  loads  were  applied 
that  the  point  of  failure  had  not  been 
reached 
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The  curves  for  the  wet  clay  sub- 
grade  are  particularly  instructive  in 
the  light  of  results  from  the  Bates 
Road  sections  built  on  a  broken  stone 
base.  Here,  under  service  tests,  little 
difference  in  surface  behavior  was 
noted  between  the  4-in.  and  the  8-in. 
broken  stone  bases.  The  fact  is  that 
the  allowable  pressure  intensity  on 
the  subgrade  was  exceeded  even  under 
the  8-in.  base  and  such  a  subgrade 
would  probably  not  have  carried  8,000 
lb.   wheel    loads   even   with   an   18-in. 


Impact  depends  largely  upon  the 
kind  and  condition  of  the  tire. 

Thin  or  worn  solid  rubber  tires,  even 
though  they  be  very  wide,  produce 
very  high  impact  forces. 

Pneumatic  tires  offer  the  greatest 
influence  in  reducing  impact  forces, 
and  with  their  use  the  impact  increases 
only  very  slightly  with  the  speed  of 
the  truck. 

Cushion  tires,  that  is,  tires  having  a 
degree  of  softness  and  deflection  be- 
tween solids  and  pneumatics,  offer  cor- 
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.Subgrade. 


broken  stone  base  when  the  subgrade 
was  saturated.  The  subgrade  used  in 
the  present  investigations  with  36  per 
cent  moisture  was  probably  somewhat 
harder  than  the  Bates  Road  subgrade 
and  curves  on  Fig.  6  clearly  show  that 
on  this  subgrade  an  18-in.  broken  stone 
base  would  suffer  considerable  defor- 
mation even  under  a  6,000-lb.  wheel 
load.  These  tests  have  not  been  com- 
pleted and  no  other  conclusions  can 
be  safely  made  at  this  time. 

Impact  Tests  of  Motor  Trucks. — 
During  the  past  year  no  further  work 
has  been  done  to  determine  the  im- 
pact produced  by  motor  trucks  on  road 
surfaces  under  artificially  imposed  im- 
pact conditions.  A  large  series  of  im- 
pact tests  have  been  completed  and  as 
a  result  of  these  following  conclusions 
were  drawn: 


responding  advantages  in  reducing  im- 
pact. 

Impact  increases  with  the  speed  of 
the  truck,  but  it  can  not  be  said  to 
increase  according  to  any  constant 
ratio  or  power  of  the  speed. 

Although  heavy  unsprung  weight 
may  give  higher  impact  than  lighter 
unsprung  weight,  it  can  not  be  said 
that  this  is  the  major  controlling  fac- 
tor. 

The  relative  destructive  effect  pro- 
duced by  light-weight,  high-speed 
trucks  and  heavy,  slow-moving  trucks 
has  not  been  determined  by  these 
tests.  They  do,  however,  indicate  that 
equal  impact  may  be  obtained  under 
some  conditions. 

Impact  may  be  as  high  as  seven 
times  the  static  load  on  one  rear  wheel 
when  a  solid-tired  truck  strikes  a  1- 
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Fig.   6— Deflections  of  Rock   Fills  of   Dif- 
ferent  Depths   Under  Superimposed 
Loads. 

in.  obstruction  at  16  miles  per  hour, 
an  average  value  being  about  four 
times.  For  pneumatic  tires  the  max- 
imum impact  value  is  probably  not 
more  than  1%  times  the  load  at  one 
rear  wheel,  and  an  average  value  is 
not  more  than  1^4  times  the  load. 

All  cushion  wheels  do  not  reduce 
impact  on  the  road  surface  even 
though  they  may  cushion  the  vehicle. 

This  series  of  impact  tests  will  be 
continued  with  the  use  of  motor  ve- 
hicles operated  on  actual  road  surfaces 
and  equipped  with  devices  for  directly 
measuring  the  impact  under  actual 
road  conditions.  Such  devices  will 
take  the  form  of  some  type  of  acceler- 
ometer. 

Investigations  of  Effect  of  Impact  on 
Road  Slabs  of  Different  Design. — 
There  have  been  constructed  and  test- 
ed at  Arlington  a  large  number  of 
slabs  of  different  design  and  there  still 
remain  a  number  of  these  slabs  to  be 
tested.  These  tests  have  all  been  de- 
scribed and  it  will  be  recalled  that 
slabs  were  constructed  7  ft.  square  di- 
rectly on  the  subgrade  and  were  sub- 
jected to  the  impact  of  a  special  ma- 
chine consisting  of  a  truck  wheel  at- 
tached to  a  motor  truck  spring  which 
carries  a  load  corresponding  to  the 
body  load  of  the  vehicle.  A  series  of 
gears    raise    the    rubber-tired     truck 
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Wet  Clay  Subgrade. 

wheel  and  allow  it  to  fall  repeatedly 
on  the  slab.  Observations  consist  in 
stress  measurements,  deformation 
measurements  and  measurements  of 
the  actual  force  applied  to  the  slab. 
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Observations  were  also  made  of  the 
load  at  failure. 

The  preliminary  results  of  these 
tests  have  already  been  published.! 
Also,  as  a  result  of  these  tests  tenta- 
tive conclusions  were  drawn  as  to  the 
thickness  road  slabs  should  have  to 
withstand  definite  wheel  loads. 

It  will  be  interesting  to  make  a  com- 
parison of  the  results  of  these  tests 
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Fig.  8 — Maximum  Pressure  Through  Rock 

Fills   Under   Superimposed    Loads, 

Dry  Sand   Subgrade. 

with  those  obtained  from  the  recently 
completed  service  test  of  the  Bates 
Road  in  Illinois.  In  comparing  the  Ar- 
lington impact  slabs  with  the  Bates 
Road  test  consideration  must  be  given 
to  the  fact  that  the  testing  load  used 
in  the  two  cases  was  entirely  differ- 
ent. In  the  Arlington  test  the  break- 
ing load  was  considered  as  a  static 
load  which  was  equivalent  to  an  im- 
pact delivered  by  an  impact  machine 
in  which  the  height  of  fall  was  the 
only  variable.  The  breaking  load  on 
the  Bates  Road  has  been  assumed  to 
be  the  total  load  on  one  rear  wheel. 
It  is  likely,  however,  that  the  actual 
forces  to  which  the  road  sections  were 
subjected  by  the  motor  trucks  having 
constant  wheel  load  were  extremely 
variable,  as  indicated  by  an  analysis 


fSee  1922  Proceedings  of  the  American 
Road  Builders'  Congress*  and  also  "Pub- 
lic Roads"  for  October  and  November, 
1921. 


of  the  breaks.  It  is  probable,  judging 
from  a  number  of  indications,  that  the 
breaks  in  the  Bates  Road  occurred 
under  force  which  may  have  varied  as 
much  as  100  per  cent,  making  it  im- 
possible to  make  a  very  close  com- 
parison with  the  Arlington  results. 
The  general  conclusions  of  the  two 
tests,  however,  agree  quite  well.  In 
both  cases  it  was  indicated  that  in 
general  the  resistance  of  monolithic 
brick  slabs  is  equivalent  to  that  of  the 
two  parts  separately,  rather  than  that 
of  a  monolith,  that  the  bituminous 
filled  brick  add  little  if  anything  to 
the  resistance  of  the  concrete  base, 
and  also  that  macadam  bases  on  a  soft 
subgrade  are  soon  distorted  badly. 

A  comparison  of  the  concrete  slabs 
is  best  shown  in  Fig.  9.  In  analyzing 
the  Arlington  results  recourse  was  first 
had  to  the  large  series  of  Arlington 
impact  tests  conducted  several  years 
ago  to  determine  how  much  impact 
was  produced  by  motor  trucks.  It  was 
assumed  that  it  would  be  reasonable  to 
expect  motor  trucks  to  deliver  impact 
to  a  road  surface  due  to  a  ^4 -in.  height 
of  fall  and  that  30  per  cent  could  be 
added  to  this  impact  due  to  tires  in 
poor  condition.  In  this  manner  the 
impact  to  be  expected  from  motor 
trucks  of  different  size  upon  an  aver- 
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age  road  surface  was  predicted.  The 
actual  impact  under  which  the  va- 
rious slabs  at  Arlington  broke  was 
measured  and  could,  therefore,  be  ex- 
pressed in  terms  of  the  wheel  load  of 
the  motor  truck  producing  that  same 
impact. 
Curve  No.  2  represents  the  thickness 


86 


1923 


Engineering  and  Contracting 


of  slabs  which  according  to  these  tests 
will  break  under  wheel  loads  as  shown. 
There  has  been  plotted  in  Curve  No. 
1  the  thickness  of  the  slab  which  will 
fail  at  the  corners  under  definite  wheel 
loads,  as  shown  by  the  Bates  Road 
tests.     This  curve  was  plotted  using 


structed  in  Arlington  County,  Virginia, 
and  known  as  the  Columbia  Pike.  This 
road  contains  32  sections  of  varying 
design.  These  sections  involve  invert- 
ed curbs,  both  at  the  sides  and  in  the 
center  of  the  slab.  They  also  involve 
a   center   longitudinal   joint,   a   large 


Fig.   10— View   of   Graphic  Strain   Gage. 


the  formula  for  a  beam  of  uniform 
strength  and  using  a  value  for  S,  the 
modulus  of  rupture,  equal  to  720  lb. 
per  square  inch  as  obtained  in  the 
Illinois  tests.  A  direct  comparison 
can  then  be  made  between  curves  Nos. 
1  and  2  and  it  will  be  observed  that 
these  two  curves  are  not  widely  dif- 
ferent, showing  that  by  such  tests  as 
were  made  at  Arlington  a  close  esti- 
mate can  be  made  of  the  wheel  load 
which  is  likely  to  cause  failure  under 
actual  service  conditions. 

No  allowance  has  been  made  in 
these  curves  for  the  differences  in  sub- 
grade  conditions  obtaining  at  Arling- 
ton and  in  the  Illinois  tests.  It  is  an- 
ticipated, however,  that  the  coming 
series  of  impact  tests  at  Arlington  will 


percentage  of  longitudinal  steel,  and 
also  slabs  constructed  on  a  sub-base 
of  cinders.  Except  to  call  attention  to 
this  experiment  the  details  cannot  be 
mentioned  at  this  time. 

There  should  be  mentioned,  how- 
ever, a  series  of  tests  which  have  just 
been  begun  on  this  experiment- 
tal  stretch  in  order  to  bring  forth 
what  seems  to  be  a  most  important 
method  for  investigating  the  safety 
and  investigating  the  correctness  of 
design  of  concrete  roads  and  for  deter- 
mining whether  they  are  being  over 
stressed. 

For  the  purpose  of  this  investigation 
a  new  type  of  graphic  strain  gage  has 
very  recently  been  devised  and  it  is 
of  such  small  dimensions  that  it  can  be 


Fig.    11 — Graphic  Strain    Gage   in    Use. 


throw  considerable  light  on  the  effect 
of  the  subgrade  on  the  load  carrying 
capacity  of  the  slab. 

Tests  of  Columbia  Pike. — There  was 
completed  during  the  winter  of  1921 
an   experimental   concrete   road    con- 


set  in  a  recess  formed  in  the  surface 
of  the  road.  Figure  10  shows  a  view 
of  this  device  and  Fig.  11  a  view  of 
the  instrument  set  in  the  concrete 
road.  A  number  of  these  devices  can 
be  placed  in  different  positions  in  the 
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slab  and  the  slab  may  then  be  sub- 
jected to  heavy  motor  truck  traffic 
running  directly  over  the  instruments 
which  are  protected  by  means  of  a 
thin  cover  plate.  After  the  passage 
of  the  truck  the  graphic  record  which 
has  been  made  on  a  smoked  glass 
plate  attached  to  the  instrument  is  re- 
moved, coated  with  a  film  of  varnish, 
filed  away  and  later  measured  under 
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Longitudinal  Stress  on  top  of  6  plain  slab 
6  from  S'de.  under  5  ton  PacKard  TrucK 
Speed  otrut  10  miles  per  hour,  rear  wheat 
centered  about  15"  off  side  of  slab. 

Tests  m ade  on  Columbia  Pi Ke-Va  Nov.25.1922 

Subgrode  very  dry  and  hard' 


Fig.    12 — Stress     Measurements    in    6- In. 
Slab  Under  a  5-Ton  Truck. 

a  microscope.  In  this  manner  it  is 
now  possible  to  determine  exactly  just 
what  is  the  direction,  magnitude  and 
character  of  stress,  whether  tension 
or  compression,  in  the  concrete  slab 
under  moving  traffic. 
Figure   12   shows   some   typical   re- 


sults obtained  6  in.  from  the  edge  of 
the  slab  when  subjected  to  a  5-ton 
truck.  Fig.  13  shows  the  shape  of  the 
elastic  curve  of  the  slab  obtained  by 
a  special  deformation  apparatus.  As 
shown  in  Figs.  12  and  13,  it  will  be 
noted  that  in  this  test  the  maximum 
tension  occurred  at  the  bottom  of  the 
slab  directly  under  the  load.  This  is 
indicated  not  only  by  the  strain  gage 
measurements  but  by  the  radius  of 
curvature  of  the  elastic  curve.  In 
other  words,  maximum  tension  does 
not  always  occur  at  the  corner  of  the 
slab;  in  fact,  it  may  occur  directly 
under  the  wheel  load.  It  should  be 
emphasized  again  that  this  offers  a 
most  important  means  for  investigat- 
ing stresses  produced  in  concrete  road 


Fig.  13 — Shape  of  Elastic  Curve  Under  5- 
Ton   Truck. 

slabs  under  moving  loads.  If  any  state 
highway  department  wished  to  actual- 
ly find  out  whether  or  not  its  legal 
limit  of  loading  is  producing  stresses 
in  its  concrete  roads  in  excess  of  a 
safe  working  stress  this  could  very 
readily  be  done  in  the  course  of  a  very 
few  hours. 

The  foregoing  in  a  general  way  has 
touched  on  the  more  important  inves- 
tigations which  have  shown  results. 
Before  closing  I  should  like  to  refer 
to  some  of  the  new  and  more  impor- 
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tant  investigations  which  have  recent- 
ly been  started. 

NEW    INVESTIGATIONS    NOW     UN- 
DER WAY  AT  ARLINGTON. 

Stability  Experiments  on  Bituminous 
Concrete. — Perhaps  one  of  the  most 
prominent  defects  of  the  bituminous 
type  of  surfacing  is  its  tendency  to- 
ward waving.  This  is  not  necessarily 
fatal  to  the  integrity  of  the  surface 
but  in  its  most  exaggerated  form  it  is 
decidedly  unpleasant  to  traffic  and  no 
doubt  the  roughness  produced  is  like- 
ly to  result  in  low  economy  in  motor 
vehicle  operation.  Certainly  it  would 
be  worth  while  if  this  form  or  defect 
in  the  bituminous  surfacing  could  be 
overcome,  and  with  this  purpose  in 
view  a  circular  track  190  ft.  in  diame- 
ter and  13  ft.  wide  has  been  laid  at 
the  Arlington  Experiment  Station  and 
is  now  being  subjected  to  motor  truck 
traffic.  The  track  is  constructed  on  a 
6-in.  compacted  gravel  sub-base,  upon 
which  a  6-in.,  1:1%:  3  reinforced  con- 
crete base  is  laid,  the  surface  of 
which  was  troweled  in  as  uniform  a 
manner  as  possible  and  finished  with 
a  greater  degree  of  smoothness  than 
is  the  ordinary  concrete  base. 

There  are  27  sections  of  bituminous 
concrete  laid  on  this  concrete  base. 
All  of  the  sections  are  of  the  coarse- 
graded  type  and  the  variables  consist 
in  changes  in  the  percentage  of  as- 
phalt, penetration  of  asphalt  and  grad- 
ing of  the  aggregate.  All  of  the  sec- 
tions were  covered  with  a  light  squee- 
gee coat,  which  in  turn  was  covered 
with  trap  rock  screenings.  All  of  the 
bituminous  concrete  used  is  likewise 
being  subjected  to  laboratory  tests, 
with  special  tests  which  have  been  de- 
veloped for  the  purpose  of  studying 
the  properties  of  bituminous  concrete 
mixtures. 

In  each  section  two  radial  lines  of 
brass  plugs  have  been  driven  at  the 
third  points.  The  plugs  are  spaced 
about  1  ft.  apart.  In  addition  to  these 
plugs  other  plugs  have  been  placed, 
made  up  of  segments  extending  from 
the  top  to  the  bottom  of  the  surfacing. 
If  shoving  takes  place  under  traffic 
the  location  of  these  plugs  when  re- 
ferred to  definite  base  lines  will  show 
the  extent  of  the  shoving  and  the  seg- 
mental plugs  will  indicate  something 
of  the  motion  of  the  top  layers  with 
respect  to  the  bottom  layers.  A  prolific 
recording  machine  is  used  to  record 
the  profile  of  the  surface  at  various 
stages  of  the  test.  In  the  initial  test 
a  3-ton  truck  is  being  used  and  is  so 
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guided  that  the  rear  wheels  cover  a 
path  2M$  ft.  in  width.  It  is  planned 
to  use  the  remaining  untraveled  paths 
in  a  subsequent  test.  Thus  far,  prac- 
tically no  shoving  action  has  been 
noted  on  any  of  the  sections  but  all  of 
the  traffic  has  been  run  in  cold 
weather. 

A  Study  of  the  Concrete  Road  Mak- 
ing Properties  of  Various  Kinds  of 
Aggregates. — It  is  thought  by  many 
engineers  that  at  present  many  suita- 
able  aggregates  are  being  ruled  from 
use  on  concrete  road  construction  be- 
cause they  are  believed  to  be  too  soft. 
Many  engineers  are  of  the  opinion  that 
even  comparatively  soft  aggregate  will 
build  durable  concrete  roads,  espe- 
cially in  view  of  the  almost  entire  ab- 
sence of  steel-tired  traffic.  If  com- 
paratively soft  local  materials  are  suit- 
able the  question  arises:  Just  how 
soft  can  an  aggregate  be  for  satisfac- 
tory road  construction.  It  was  for  the 
purpose  of  studying  this  question  that 
aggregates  were  collected  from  vari 
ous  sections  of  the  country  varying 
from  the  very  softest  material  to  very 
hard  and  tough  aggregate.  In  a  cir- 
cular track  built  just  outside  of  the 
bituminous  track  above  described 
there  have  been  built  62  different  sec- 
tions of  concrete. 

In  addition  to  a  study  of  coarse  ag- 
gregates, a  number  of  other  studies 
are  being  made  with  the  use  of  the 
track.  The  following  groups  of  sec- 
tions will  give  an  idea  of  the  problems 
involved: 

Group  1.  Quality  of  crushed  stone 
as  a  coarse  aggregate. 

Group  2.  Quality  of  gravel  as  a  coarse 
aggregate. 

Group  3.  Quality  of  sand  as  a  fine 
aggregate. 

Group  4.  Effect  of  consistency  at 
time  of  mix  and  proportioning. 

•Group  5.  Quality  of  slag  as  coarse 
and  fine  aggregate. 

Group  6.  Quality  of  miscellaneous 
aggregates. 

Group  7.  Effect  of  tolerance  ma- 
terial, one  size  stone,  one  size  sand, 
screenings,  mortar  topping,  and  hy- 
drated  lime. 

The  concrete  track  for  the  preced- 
ing studies  is  4  ft.  wide  and  it  carries 
a  narrow  gage  railway  track.  A 
specially  constructed,  electrically 
driven  truck  serves  as  the  wearing 
device.  It  consists  primarily  of  two 
motor  truck  wheels  having  rubber 
tires,  the  rear  wheel  driving  the  truck 
and  the  front  wheel  being  driven. 
These  wheels  are  weighted  with  a  load 
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producing  any  desired  weight  per  inch 
width  of  tire.  The  rubber  tired  wheels 
are  steered  by  means  of  an  auxiliary 
truck  mounted  on  a  narrow  gage  track. 
Two  of  these  devices  coupled  together 
are  driven  electrically  at  a  speed  of 
22  miles  per  hour.  The  rubber-tired 
wheels  run  in  exactly  the  same  track 
so  that  an  accelerated  effect  is  ob- 
tained. Careful  measurements  are 
made  periodically  on  the  amount  of 
wear  produced  and  in  time  the  unde- 
sirable sections  will  be  indicated.  Aux- 
iliary tests,  of  course,  have  been  made 
on  the  concrete  used,  including  com- 
pression, transverse  and  "Talbot 
Jones"  rattler  tests. 

Skew  Arch  Bridge  Test. — One  of  the 
functions  of  the  Testing  Division  of 
the  Bureau  of  Public  Roads  is  to  study 
highway  bridge  problems  and  at  the 
present  time  there  is  under  way  a 
series  of  tests  on  a  small  sized  skew 
arch  for  the  purpose  of  determining 
principally  the  distribution  of  abut- 
ment pressures. 

In  this  investigation  the  arch  is 
loaded  with  a  uniform  load  by  means 
of  a  number  of  calibrated  springs 
equally  spaced  on  the  extrados.  Strain 
gage  measurements  are  taken  during 
the  application  of  the  load  and,  in  ad- 
dition, the  abutment  reactions  are 
weighed  at  the  four  corners  and  at 
the  ends  and  sides  to  obtain  all  com- 
ponents of  the  abutment  pressures. 
These  pressure  measurements  are  ac- 
complished without  motion  of  the 
weighing  device,  which  depends  in 
principle  upon  the  elastic  deformation 
of  a  hard  steel  spherical  surface  in 
contact  with  a  hard  steel  flat  surface. 
The  flat  surface  is  coated  with  lamp 
black  and  the  circular  impression 
made  on  the  lamp  black  is  entirely  de- 
pendent upon  the  load  applied.  It  is 
too  early  to  announce  any  results  from 
this  investigation  until  more  have 
been  accumulated. 

In  so  brief  a  paper  it  has  been  im- 
possible to  do  more  than  touch  on  the 
character  and  results  obtained  from 
the  most  important  investigations  un- 
der way  at  Arlington.  I  might  mention 
that  we  have  a  number  of  other  re- 
search projects  connected  with  the  de- 
sign of  roads  or  highway  bridges  in 
various  stages  of  completion.  All  told, 
the  Division  of  Tests  of  the  Bureau  of 
Public  Roads  is  alone  engaged  on  some 
40  researches.  In  addition  to  these 
it  is  co-operating  with  a  number  of  in- 
stitutions on  other  researches  in  high- 
way engineering.    It  might  be  thought 


that  so  extensive  a  program  involves 
the  expenditure  of  a  considerable 
amount  of  money,  and  it  does,  but 
when  it  is  considered  that  millions  of 
dollars  are  yearly  spent  for  highway 
construction  and  that  information  ob- 
tained by  research  leads  to  more 
definite  knowledge  of  the  basic  prin- 
ciples of  design,  it  is  realized  that  the 
funds  expended  for  research  will  be 
saved  many  times  over  through  de- 
creased maintenance  and  prolonged 
life  of  the  road  through  better  road 
design  or  through  determination  of 
the  safe  legal  load  limit. 


Arkansas    Has    28,700    Miles    of 
Improved  Roads 

Arkansas  now  has  28,700  miles  of  im- 
proved road  not  including  that  added 
during  last  season,  according  to  the  Bu- 
reau of  Public  Roads,  United  States 
Department  of  Agriculture,  which  has 
made  a  complete  census  in  the  State. 
The  improved  road  mileage  at  the  be- 
ginning of  1922  was  as  follows: 

Graded  and  drained   24,829 

Sand   clay    150 

Gravel,   chert  and  shale   2,869 

Water-bound   macadam   320 

Surface  treated  macadam...        73 

Bituminous  macadam    154 

Sheet  asphalt 12 

Bituminous   concrete    219 

Cement  concrete   74 

The  total  road  mileage  of  the  State 
is  74,866  miles,  as  compared  with  50,- 
743  miles  in  1914,  and  during  the  sev- 
en year  period  from  1914  the  graded 
and  drained  mileage  has  increased 
from  16,305  to  24,829,  and  the  sur- 
faced and  paved  roads  from  1,098  to 
3,871  miles. 

The  total  road  revenue  in  1921 
amounted  to  $22,886,970  or  $435  for 
each  square  mile  of  area,  $305  for  each 
mile  of  road,  or  $13.06  per  capita. 

At  the  end  of  1921  there  were  1,782 
miles  of  State-aid  road. 


National  Forest  Roads  and  Trails. 
—A  total  of  $34,542,062  has  been  ap- 
propriated by  the  Government  to  the 
States  for  roads  and  trails  within  or 
adjacent  to  the  national  forests.  To- 
tal expenditures  of  Federal  and  co- 
operative funds  amounting  to  $22,216,- 
724  have  already  been  disbursed.  To 
date,  4,786  miles  of  road  and  6,711 
miles  of  trail  have  been  constructed 
and  8,744  miles  of  road  and  trail  have 
been  repaired  and  improved,  accord- 
ing to  the  Forest  Service,  United 
States  Department  of  Agriculture. 
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jvelopments  in  Use  of  Lo- 
cal Materials 


By  VERNON  M.  PIERCE, 

District  Engineer,  U.  S.  Bureau  of  Public 
Works. 

The  principal  materials  used  in 
highway  construction  other  than  strict- 
ly manufactured  products  are  broken 
stone,  gravel  and  sand.  Almost  every 
type  of  highway  which  has  been  de- 
vised may  be  made  to  utilize  one  or 
more  of  these  products  for  the  greater 
part  of  the  pavement.  However,  the 
material  should  meet  certain  rather 
definite  requirements  for  the  various 
types  of  construction.  The  problem, 
therefore,  presents  itself  of  selecting 
a  type  of  construction  which  will 
utilize  to  the  best  advantage  the  char- 
acteristics of  the  particular  local  mate- 
rial which  is  most  available.  By  this 
it  is  not  meant  that  suitability  of  type 
should  in  any  case  be  sacrificed  in 
order  to  use  local  material,  for  in  most 
cases  it  will  be  found  that  if  all  prej- 
udices are  cast  aside  some  type  and 
design  of  highway  may  be  found  which 
will  utilize  a  considerable  proportion 
of  local  material  and  at  the  same  time 
will  prove  adequate  to  meet  local  con- 
ditions of  traffic,  climate,  etc. 

Use  of  Local  Rock. — Local  rock, 
with  comparatively  few  exceptions, 
will  prove  satisfactory  for  at  least 
some  portion  of  the  highway.  Fre- 
quently, however,  broken  stone  is  im- 
ported from  a  considerable  distance 
either  because  the  local  product  is  not 
well  suited  for  the  type  of  construc- 
tion selected  or  because  no  crushing 
and  screening  plant  is  operated  in  the 
vicinity  of  the  work.  In  the  former 
case  a  different  type  of  construction 
equally  well  suited  to  meet  local  needs 
may  be  the  solution  and  in  the  latter, 
encouragement  to  contractors  to  open 
up  the  local  deposits  and  if  necessary 
to  operate  with  portable  equipment. 
In  general,  rock  of  a  slaty  or  schistose 
structure  and  friable  rock  of  a  purely 
siliceous  nature  are  not  adaptable  for 
highway  work.  Almost  all  other  types 
from  the  hard,  dense  trap  to  the  soft, 
coralline  rock  will  prove  serviceable 
when  properly  used. 


When  the  waterbound  or  surface- 
treated  macadam  is  a  sufficiently  high 
type  to  adopt,  the  gneisses,  sandstones, 
quartzites  and  the  very  soft  lime- 
stones should  be  used  only  in  the 
foundation  course,  the  first  three  be- 
cause of  their  lack  of  cementing  value 
and  the  limestone  because  of  its  poor 
wearing  qualities.  When  such  rocks 
are  the  only  available  local  material, 
however,  they  may  be  used  in  the  con- 
struction of  a  bituminous  macadam 
wearing  course  at  a  cost  frequently 
less  than  would  be  incurred  by  im- 
porting a  rock  suitable  for  waterbound 
construction.  Thus  a  higher  type  of 
construction  would  be  secured  with 
either  a  saving  or  no  additional  ex- 
pense. The  bituminous  macadam  is 
also  well  adapted  for  utilization  of 
rock  which  is  not  sufficiently  tough  or 
wear-resistant  to  be  used  either  in 
bituminous  concrete  or  Portland  ce- 
ment concrete  pavements.  Many  of 
the  sandstones  fall  in  this  class.  The 
very  soft  coralline  rock  is  unsuitable 
for  any  type  of  wearing  course  except 
bituminous  macadam,  although  it 
makes  an  excellent  foundation. 

Many  rocks  unsuited  for  use  in  most 
wearing  courses  may  be  perfectly  sat- 
isfactory for  foundations  of  the  water- 
bound,  bituminous  macadam,  bitumi- 
nous concrete  or  other  types  of  pave- 
ments. Where  so  used  the  selection 
of  a  wearing  course  constructed  with 
some  other  material  than  rock  may  be 
advisable.  Thus  if  a  suitable  grade  of 
sand  is  locally  available  a  sheet  as- 
phalt wearing  course  may  be  selected 
or  perhaps  brick  from  some  nearby 
plant  may  be  used  to  advantage. 

Use  of  Local  Gravel. — Local  gravel 
is  a  material  which  may  often  be  used 
for  foundation  purposes  with  economy 
and  satisfaction  in  direct  competition 
with  local  rock  and  in  certain  sections 
of  the  country  it  is  the  only  available 
coarse  aggregate  product.  Clayey 
gravels  are  perhaps  the  most  unsatis- 
factory for  use  except  in  the  water- 
bound  or  surface  treated  types  of  con- 
struction. A  clayey  gravel,  may,  how- 
ever, frequently  be  washed  at  a  rela- 
tively low  cost  so  as  to  make  it  suit- 
able for  the  construction  of  concrete 
foundations.  The  sandy  gravels  make 
excellent    coarse   aggregate   for   both 
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Portland  cement  concrete  and  asphal- 
tic  concrete  bases  and  if  composed  of 
hard,  durable  pebbles  are  well  adapted 
for  the  coarse  graded  aggregate  type 
of  bituminous  concrete  wearing  course. 
In  fact,  such  a  wearing  course  may  be 
made  to  successfully  utilize  a  wider 
range  of  local  material  than  any  other 
high  type  of  construction. 

Use  of  Local  Sand. — Sand  serves  as 
a  fine  aggregate  material  for  both 
hydraulic  cement  concrete  and  bitumi- 
nous concrete  foundations  and  pave- 
ments, and  as  a  cushion  course  for 
brick  and  stone  block  pavements. 
There  are,  however,  only  two  types  of 
wearing  course  in  which  it  constitutes 
the  bulk  of  the  structure.  These  are 
the  sheet  asphalt  and  fine  graded 
aggregate  asphaltic  concrete  pave- 
ments. Sands  containing  a  high  per- 
centage of  clay  or  mica  are  unsuited 
for  highway  use  except  perhaps  in  the 
treatment  of  subgrades  or  the  con- 
struction of  sand  clay  roads.  A  high 
percentage  of  organic  matter  also 
renders  them  unfit  for  use  in  Portland 
cement  concrete,  but  not  for  hot  bitu- 
minous mixtures,  as  the  organic  mat- 
ter is  burned  out  when  the  material 
passes  through  the  drier.  Fortunately, 
however,  in  localities  where  sand  is 
abundant  a  careful  survey  of  existing 
deposits  will  usually  develop  the  fact 
that  a  product  of  almost  any  desired 
grading  is  obtainable.  Concrete  sands, 
which  are  relatively  coarse  and  not 
subject  to  narrow  grading  limitations, 
are  in  general  more  readily  obtainable 
than  are  sands  'for  asphalt  construc- 
tion which  require  a  rather  fine,  care- 
fully graded  product  that  must  at  the 
same  time  be  practically  free  from 
particles  which  will  pass  a  200  mesh 
sieve.  For  the  latter  purpose,  however, 
local  material  may  frequently  be  found 
which  can  be  satisfactorily  used  even 
if  by  itself  it  would  be  unsuitable. 
Thus,  proper  admixture  of  two  or 
more  local  sands  will  often  produce  a 
desired  grading  which  no  single  depos- 
it will  meet. 

In  a  sand  and  gravel  country  when 
a  high  type  of  construction  may  be 
demanded  and  the  gravel  is  of  inferior 
quality  for  use  in  the  wearing  course, 
an  excellent  combination  may  often  be 
secured  by  laying  a  gravel  concrete 
foundation  with  a  sheet  asphalt  wear- 
ing course,  thus  using  available  local 
material  to  the  best  possible  advant- 
age without  sacrificing  the  quality  of 
the  finished  pavement. 

Hot  Mix  Asphalt  Sand  Road.— There 
are  some  localities  where  sand  is  tlfe 


only  available  local  road  material,  not- 
withstanding which  it  may  be  quite 
practical  to  economically  construct  a 
high  class  highway.  Thus  a  consider- 
able portion  of  the  country  along  the 
South  Atlantic  coast  has  very  little 
stone  for  road  building,  although  it  so 
happens  that  in  that  territory  there  is 
an  abundance  of  sand.  These  particu- 
lar localities  are  so  situated  that 
freight  rates  which  govern  the  de- 
livery of  stone  are  prohibitive.  A 
solution  of  this  problem  has  been  se- 
cured in  the  following  manner  by  the 
construction  of  a  hot  mix  asphalt  sand 
road  in  the  vicinity  of  Wilmington, 
N.  C.  First  a  survey  was  made  of 
sand  deposits  in  the  vicinity  of  the 
proposed  road  and  a  product  selected 
which  most  closely  approximated  a 
sheet  asphalt  sand  grading.  A  portable 
asphalt  plant  was  then  erected  at  the 
deposit  for  preparing  the  mix.  The 
roadway  was  graded  in  the  usual  man- 
ner. Two  by  eight  inch  cypress  string- 
ers were  firmly  staked  along  the  sides 
as  forms  and  were  left  in  place  to 
protect  the  edge  of  the  road  under 
traffic  and  to  keep  the  foundation  con- 
fined. The  subgrade  was  thoroughly 
compacted  and  upon  it  was  then 
placed  a  foundation  course  3  in.  thick 
after  compaction  of  a  mixture  of  sand 
with  about  iy2  per  cent  of  asphalt 
cement  of  approximately  45  penetra- 
tion. Upon  this  base  a  surface  or 
wearing  course  having  a  compacted 
thickness  of  iy2  in.  was  then  laid, 
which  course  was  composed  of  sand, 
mineral  filler  and  asphalt  cement  in 
such  proportions  as  to  approximate  a 
standard  sheet  asphalt  surface  mix- 
ture. In  this  vicinity  and  under  favor- 
able conditions  such  a  road  can  be 
constructed  at  less  than  $1.25  per  sq. 
yd.  and  answers  the  problem  of  a  low 
cost  road  in  an  undeveloped  section 
where  hard  surfaced  roads  are  neces- 
sary for  the  development  of  the  coun- 
try. 

Use  of  Marl. — Deposits  of  marl  are 
of  frequent  occurrence  along  the  South 
Atlantic  coast  and  this  material  when 
locally  available  makes  a  most  excel- 
lent foundation  for  a  hard  surface 
wearing  course.  Within  a  few  miles 
of  the  road  referred  to  above  in  North 
Carolina  a  1-in.  wearing  course  of  the 
sheet  asphalt  surface  mixture  has 
been  placed  on  an  8-in.  compacted 
marl  base  at  a  low  cost  and  promises 
to  be  very  satisfactory  to  meet  all 
needs  for  years  to  come. 

Use  of  Waste  or  By-Products. — In 
addition  to  natural  deposits  of  avail- 
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able  local  road  material,  there  are  in 
many  sections  of  the  country  consider- 
able quantities  of  waste  or  by-products 
from  industries  which  may  be  success- 
fully used  in  road  building  with  a  large 
saving  in  comparison  with  other  prod- 
ucts, either  of  local  origin  or  which 
would  have  to  be  transported  for  con- 
siderable distances.  Among  such  mate- 
rials may  be  mentioned  mine  tailings, 
chats  and  slag.  Mine  tailings  when 
crushed  and  screened  to  proper  sizes 
may  be  used  instead  of  broken  stone 
in  nearly  all  types  of  highways.  Chats 
make  an  excellent  grit  product  for 
fine  graded  aggregate  asphaltic  con- 
crete. Slag  may  be  successfully  used 
in  the  construction  of  various  types  of 
wearing  surfaces.  In  addition  to  the 
products  previously  discussed,-  men- 
tion may  also  be  made  of  shells, 
cinders,  waste  from  clay  product 
plants,  straw  and  ashes.  Such  mate- 
rials are  particularly  serviceable  for 
building  a  sub-base  course  or  improv- 
ing the  character  of  the  natural  sub- 
grade  material  so  that  a  superimposed 
highway  surface  of  lighter  design  may 
be  constructed  than  would  otherwise 
be  required.  All  of  these  materials, 
if  of  local  origin  and  judiciously  used, 
tend  to  lower  the*  first  cost  and  in 
many  cases  may  also  lower  the  cost 
of  maintenance  of  the  highway. 

Use  of  Material  from  Old  Roads. — 
No  discussion  of  the  utilization  of  local 
material  for  highway  construction 
would  be  complete  without  mention  of 
existing  roads  which  have  outlived 
their  period  of  usefulness.  In  most 
cases  the  bulk  of  the  material  remain- 
ing in  such  roads  may  be  utilized  in 
the  construction  of  new  roads  as  a 
part  at  least  of  the  foundation  for  a 
new  and  frequently  different  type  of 
wearing  course.  Indeed  it  is  seldom 
necessary  to  remove  and  replace  with 
some  other  product  the  material  al- 
ready on  the  road.  Every  year  millions 
of  tons  of  such  material,  which,  in  the 
strictest  sense,  is  local,  becomes  avail- 
able for  use  in  highway  improvements. 
This  is  true  irrespective  of  the  type 
of  the  old  road  provided  it  has  not 
been  allowed  to  deteriorate  to  too 
great  an  extent,  and  the  further  utiliz- 
ation of  such  material  whenever  prac- 
ticable becomes  a  matter  of  primary 
importance  not  only  to  the  conscien- 
tious engineer  but  to  the  tax-paying 
public.  It  is  believed  that  many  mil- 
lion dollars'  worth  of  old  local  mate- 
rial from  such  sources  should  be  util- 
ized each  year  in  the  general  highway 
program. 


How  Much  Time  Is  Lost  in 

Delays  in  Highway 

Construction 

By  H.  K.  DAVIS, 

Chief    Inspector,     Iowa     Highway     Com- 
mission. 

In  the  State  of  Iowa  during  the  past 
two  years  some  studies  have  been  un- 
dertaken to  determine  what  is  average 
production  on  the  standard  types  of 
construction  equipment  on  highway 
work.  On  pavement  construction  the 
mileage  of  all  types  other  than  con- 
crete has  been  so  small  during  these 
two  years  that  figures  made  on  these 
jobs  would  be  of  very  little  value  for 
purposes  of  comparison.  The  studies 
on  paving,  therefore,  were  confined  to 
concrete. 

The  figures  here  submitted  deal 
with  151  miles  of  concrete  placed  in 
1921  and  101  miles  laid  in  1922,  not 
a  large  program  in  either  year.  The 
merit  of  the  data,  therefore,  lies  not 
in  its  mass  but  in  the  fact  that  it  was 
complete  and  covered  average  condi- 
tions over  the  area  studied,  also  that 
it  covers  all  the  work  done  during  the 
two  years  and  not  a  few  particular 
jobs  which  might  be  selected  to  verify 
a  pre-conceived  theory. 

Working  Conditions  in  1921. — In  1921 
the  season  so  far  as  working  condi- 
tions were  concerned  was  about  what 
could  usually  be  expected: 

1.  Weather  conditions  were  about 
what  can  usually  be  expected.  The 
spring  opened  early  and  work  started 
but  much  time  was  lost  immediately 
by  late  snows  and  rains.  Mid-summer 
weather  was  good  but  one  extended 
spell  of  rain  in  the  fall  lost  some  three 
weeks  of  time  for  all  contractors  then 
at  work.  Winter  held  off  a  little  later 
than  usual. 

2.  The  labor  supply  was  good  and 
dependable. 

3.  Shipping  facilities  were  more 
nearly  normal  than  any  time  since 
pre-war  days,  and  caused  no  delays 
that  are  of  record. 

4.  A  supply  of  material  adequate  to 
the  needs  either  existed  or  was  de- 
veloped for  the  occasion.  On  only  one 
or  two  jobs  were  they  delayed  for  lack 
of  materials  to  an  extent  that  was  no- 
ticeable. 

5.  The  work  was  well  distributed 
over  the  entire  state.  Therefore,  con- 
clusions drawn  from  these  figures  are 
not  limited  to  a  small  area  where  con- 
ditions might  be  very  special. 
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6.  The  work  was  well  distributed 
as  to  size  of  jobs.  No  one  contractor 
secured  any  large  block  of  work  in 
any  one  location. 

In  1921  the  work  was  carried  on — 

On  31  contracts, 

By  19  contractors, 

Using  19  outfits, 

On  35  separate  sections  of  road, 

In  17  different  counties. 

In  1922  the  work  was  carried  on — 

On  20  contracts, 

By  13  contractors, 

Using  19  outfits, 

On  24  separate  sections  of  road, 

In  10  different  counties. 

The  term  "outfit"  is  here  used  to 
include  all  loading,  mixing  and  haul- 
ing equipment  and  their  crews  which 
were  operated  as  a  single  construc- 
tion unit. 

Working  Conditions  in  1922. — In  1922 
the  working  conditions  could  hardly 
be  called  average  in  certain  respects: 

The  weather  was  a  little  better  than 
is  usual  in  Iowa.  There  were  no  long, 
rainy  spells.  In  addition  winter  held 
off  for  nearly  a  month  longer  than  can 
be  depended  on  as  a  rule,  thus  en- 
abling several  contractors  to  finish 
their  work  when  otherwise  they  would 
have  had  to  shut  down. 

In  all  other  respects  the  conditions 
were  "as  favorable  as  in  1921  except 
as  regards  railway  facilities.  Because 
of  the  coal  and  shopmen's  strikes 
many  outfits  were  laid  up  for  long- 
periods  waiting  for  delivery  of  mate- 
rials when  these  same  were  plentiful 
at  the  producing  plants. 

In  all  respects  except  these  latter 
two  the  conditions  under  which  these 
two  years'  work  was  done  are  consid- 
ered about  average  for  the  Middle 
West,  and  there  may  be  a  lingering 
suspicion  in  the  minds  of  some  of  us 
that  a  state  of  business  stagnation 
caused  by  labor  strikes  is  coming  to 
be  more  nearly  the  normal  than  the 
abnormal  condition. 

Sources  of  Information. — The  fig- 
ures here  summarized  were  compiled 
from  daily  inspection  reports  sent  to 
the  general  office  of  the  highway  com- 
mission by  the  inspectors  on  the  jobs 
for  each  day  that  the  job  was  under 
way  regardless  of  whether  any  work 
was  done.  These  reports  give  the 
information  usually  contained  in  such 
reports  as  to  feet  run  per  day,  cubic 
yards,  cement  content,  etc.,  but  in  ad- 
dition show  the  amount  of  lost  time 
and  the  reason  for  such  delay,  from 
the  start  to  the  finish  of  every  job. 
The  information  contained  in  these  re- 


ports was  tabulated  by  heading  a  col- 
umn for  each  construction  outfit  with 
a  brief  description  of  the  work  and 
the  equipment,  and  following  down 
the  column  with  the  feet  laid  for  each 
day,  entering  on  the  same  line  the  rea- 
son, for  any  delay  that  occurred  on 
that  day.  The  runs  for  a  given  date 
show  opposite  to  each  other  on  the 
same  line  for  the  entire  state.  Do 
lays  of  less  than  about  45  minutes  are 
disregarded,  they  being  considered  as 
a  part  of  the  day's  work  and  too  small 
to  influence  materially  the  day's  run. 
The  runs  are  given  in  linear  feet 
since  in  the  great  majority  of  cases 
the  pavement  is  18  feet  wide  and  of 
a  uniform  depth  of  8  in. 

Incidentally  it  may  be  stated  that 
this  method  of  tabulation  has  the 
merit  of  permitting  rapid  comparison 
between  all  the  outfits  concerned  for 
any  given  day  or  period  of  time.  A 
state-wide  rain  shows  up  plainly  on 
the  progress  made  throughout  the  en- 
tire state  on  that  date.  Also  it  showr, 
up  in  a  rather  startling  manner  the 
power  of  recovery  of  the  various  out- 
fits after  such  a  rain.  Those  organiza- 
tions that  are  well-known  for  their 
pep  almost  invariably  stage  a  quicker 
comeback  than  the  easy-going  ones. 
When,  two  outfits  work  side  by  side 
and  conditions  are  similar  and  the 
weather  the  same,  and  one  outfit  fails 
to  work  more  than  about  half  the 
time  while  the  other  produces  steady 
results  day  after  day,  the  natural  con- 
clusion is  that  the  difference  lies  in 
the  kind  of  management  brought  to 
the  work  by  the  contractor. 

Length  of  Construction  Season. — In 
1921  the  first  concrete  laid  was  on 
April  8;  the  last  on  Nov.  16.  This 
covers  an  interval  of  223  calendar 
days,  which  has  been  taken  as  the 
length  of  the  construction  season  for 
the  most  venturesome  contractor. 

In  1922  the  first  concrete  was  laid 
on  April  27;  the  last  on  Nov.  29.  This 
made  a  construction  season  for  1922 
of  217  calendar  days. 

Both  of  these  seasons  are  consid- 
ered to  have  extended  a  little  later  in- 
to the  fall  than  can  regularly  be  count- 
ed on,  though  only  the  1922  season  in- 
cluded a  greater  number  of  suitable 
work  days  than  the  average. 

In  the  construction  season  of  1921 
the  29  outfits  laid  on  an  average  of 
27,525  lin.  ft.  of  pavement  each,  or 
about  5.25  miles.  In  1922  the  19  out- 
fits averaged  28,021  ft.  each,  or  5.30 
miles. 

In  fairness  to  the  contractors  on  the 
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work,  it  must  be  stated  that  this  aver- 
age output  for  a  long  season's  work  is 
not  representative  of  their  producing 
capacity.  This  is  clearly  shown  by 
the  fact  that  several  outfits  have 
turned  out  from  10  to  15  miles  in  a 
single  season.  It  is  explained  by  the 
fact  that  under  existing  highway  laws 
Iowa  is  frequently  compelled  by  the 
financial  situation  of  the  counties  to 
let  pavement  contracts  in  units  small- 
er than  what  would  constitute  an  eco- 
nomical length  of  run  for  an  outfit 
for  the  season. 

Average    Performances. — The    aver- 
age   length    of    season    per    outfit    re- 
quired by  the  contractors  in  1921  to 
complete  their  undertakings  was  114.3 
ilendar  days,  indicating  a  reduction 
>f  nearly  50  per  cent  from  the  possi- 
)le  total  of  223.     As   intimated,  this 
eduction  is  chargeable  to  the  condi- 
ions  under  which  the  work  was  let 
ithe'r  than  to  any  unwillingness  or 
Lability  on  the  part  of  the  contractors 
carry  on  for  a  full  construction  sea- 
son.   In  1922  the  average  duration  of 
ime  on  the  work  was  100.8  calendar 
lays    or    considerably   more    than    50 
>er  cent  reduction  from  the  possible 
117  calendar  days.    In  any  case  where 
contractor  was  able  to  finish  his  sea- 
son's   work    within    the    construction 
season   it   is  difficult   to   see  how  he 
can  in  fairness  be  charged  with  the 
failure  to  work  through  an  entire  sea- 
son.   The  findings  are  reversed  when, 
because  of  lack  of  foresight  or  good 
management,  he  fails  to  make  use  of 
all  the  available  time  in  starting  his 
rork  in  the  spring  or  in  running  late 
the  fall  and  as  a  result  fails  to  flu- 
sh. 

In  1921  the  average  output  per  outfit 
)er  calendar  day  was  241  lin.  ft. 
'his  shows  how  small  a  figure  should 
>e  used  in  case  it  is  ever  desirable  to 
ise  calendar  days  as  a  basis  for  fig- 
iring.  In  1922,  however,  the  average 
>er  calendar  day  was  raised  to  278 
in.  ft. 

When  Sundays  and  legal  holidays 
tre  eliminated  from  the  total  calendar 
lays  in  the  season  a  more  logical  basis 
for  comparison  results.  In  1921  with 
le  Sundays  and  holidays  eliminated 
lere  remained  96.1  possible  working 
lays  on  the  average.  The  resulting 
m  figured  on  this  basis  was  286  lin. 
ft.  In  1922  the  possible  working  days 
averaged  85.7  and  the  run  per  day 
327.6  lin.  ft.  These  runs  reduce  to 
about  600  sq.  yds.  per  possible  work- 
ing day  as  an  average  for  the  two 
years. 


Eliminating  all  rainy  days  and  other 
stops  of  an  entire  day  leaves  74.1 
days  per  outfit  on  which  concrete  was 
actually  laid  during  the  season  of  1921. 
By  the  same  process  the  days  actually 
worked  during  1922  reduces  to  61.2, 
and  not  all  these  days  were  full  days 
since  many  of  them  show  only  short 
runs  when  rain,  break-downs,  etc., 
stopped  the  work  for  the  remainder 
of  the  day.  It  came  as  a  distinct  sur- 
prise to  most  engineers  and  contrac- 
tors in  Iowa  to  find  that  all  the  con- 
crete pavement  laid  in  1921  could  have 
been  placed  in  2.5  months  of  straight 
time,  and  the  entire  1922  program  in 
two  months,  if  only  the  numerous  de- 
lays could  have  been  eliminated.  Yet 
the  w^ork  occupied  the  time  of  all  the 
contractors  and  all  the  engineers  for 
most  of  the  year. 

The  average  laid  per  day  worked 
also  seems  like  a  very  conservative 
figure.  In  1921  it  was  371.5  lin.  ft.  In 
1922  it  rose  to  457.  This  increase  is 
very  probably  accounted  for  in  part 
by  better  management  and  increased 
efficiency.  But  another  factor  is  pres-" 
ent  which  is  known  to  be  responsible 
for  the  major  part  of  it.  This  is  the 
increase  on  the  average  size  of  the 
plant  equipment.  During  1921  the 
largest  outfit  on  the  work  was 
equipped  with  a  21-E  paving  mixer  or 
a  plant  mixer  of  equivalent  capacity, 
while  there  were  several  smaller  than 
this.  In  1922,  there  was  only  one 
mixer  smaller  than  a  21-E  and  several 
large  outfits  came  onto  the  work  with 
mixers  as  large  as  a  two  cubic  yard 
capacity. 

The  figures  here  obtained,  if  conclu- 
sive, indicate  that  800  sq.  yds.  of  8  in. 
concrete  is  a  safe  estimate  of  the 
daily  capacity  of  a  paving  outfit  on  the 
average,  unless  the  size  of  mixers  is 
increased,  efficiency  raised  materially, 
or  some  method  is  found  of  beating 
the  weather. 

The  74.1  average  of  days  on  which 
work  was  done  represents  64.8  per 
cent  of  the  114.1  average  calendar  days 
in  the  season  of  1921.  In  1922  the 
61.2  average  days  worked  is  60.7  per 
cent  of  the  100.8  average  calendar 
days.  The  writer  recalls  having  asked 
one  contractor's  superintendent  what 
in  his  judgment  was  the  per  cent  of 
time  a  man  might  safely  count  on  as 
available  in  a  construction  season. 
After  some  thought  he  gave  it  as  his 
opinion  that  80  per  cent  was  the  most 
that  anyone  could  rely  on.  To  verify 
his  statement  his  outfit  in  1921  came 
within  1.8  per  cent  of  reaching  the  80 
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per  cent  he  had  himself  set  as  a  mark. 
The  nearest  competitors  his  firm  has 
had  on  the  Iowa  work  in  two  years 
not  yet  passed  74  per  cent  in  days 
worked  out  of  days  spent  on  the  job. 
Very  few  have  passed  70  per  cent  and 
many  are  around  50. 

Classification  of  Major  Delays. — The 
days  not  worked  were  classified  under 
various  heads  according  to  the  causes 
for  such  delay.  The  per  cent  of  the 
total  calendar  days  thus  lost  was  as 
follows  : 

Per  cent. 
1921.     1922. 
-Lost    on    account    of    Sundays 

and  holidays   14.20     13.67 

Lost  on  account  of  snow,  rain 

mud  and  frost  14.70       9.72 

Lost  on  account  of  break  down 

of  equipment    1.09         .47 

Lost  on  account  of  shortage  of 

material    1.14      9.83 

Lost    on    account    of    moving 

equipment    2.56       2.56 

Lost   on    account    of   all   other 

causes    1.51      3.02 

Totals    .35.20     39.27 

Attention  is  invited  to  the  fact  that 
a  greater  proportion  of  days  were  lost 
in  1922  than  in  1921.  Also  to  the  fact 
that  delays  due  to  causes  within  the 
control  of  the  men  on  the  job  aver- 
age about  the  same  for  the  two  years 

Those  delays  least  subject  to  elimi- 
nation by  the  contractor  are  the  ones 
in  which  the  widest  variation  showy 
between  the  two  years.  For  example, 
the  weather  was  more  favorable  in 
1922  and  contractors  lost  4  per  cent 
less  of  their  entire  time  from  this 
cause  than  in  1921.  On  the  other 
hand,  the  railroad  situation  in  1922 
caused  shortages  of  material  which 
delayed  the  contractors  nearly  9  times 
as  much  as  in  1921,  and  caused  them 
to  lose  8.7  per  cent  more  of  their  total 
days.  This  quickly  ate  up  all  time 
saved  on  all  other  causes  and  left 
them  behind  as  much  as  they  other- 
wise might  have  been  ahead. 

Sundays  and  holidays  and  weather, 
as  might  be  expected,  make  the  largest 
draft  on  the  contractor's  available 
time.  Break-downs  that  cause  a 
whole  day's  delay  are  rather  notice- 
able by  their  absence.  Apparently 
most  up-to-date  contractors  have 
solved  the  problem  of  providing 
against  delays  of  this  sort  by  having 
on  hand  a  stock  of  repair  parts  and  a 
good  live  man  to  see  that  they  are 
used.  Moving  and  re-erecting  of 
equipment  seems  to  take  up  a  larger 
amount  of  time  than  most  of  us  would 
suppose. 

"All  other  causes"  for  days  lost  in- 


clude shortage  of  water,  shut-downs  to 
do  grading  work,  shut-downs  by  the 
engineer  or  inspector  to  correct  defec- 
tive work,  shortages  of  labor,  strikes, 
etc.  They  are  each  one  so  small  as 
not  to  justify  separate  classification. 

The  fractional  days  lost  are  classi- 
fied under  the  same  headings  as  the 
whole  days  with  the  exception  of  Sun- 
days and  holidays. 

The  figures  are  as  follows: 

Per  cent. 
1921.     1922. 
Lost  on  account  of  snow,  rain, 

mud  and  frost   12.41     10.31 

Lost     on     account     of     break 

downs  of  equipment   5.21       5.24 

Lost  on  account  of  shortage  of 

material    2.51       3.35 

Lost    on    account    of    moving 

equipment   1.58       3.78 

Lost    on   account   of   all   other 

causes    4.55       6.70 

Totals    26.26     29.38 

These  totals  of  26.26  and  29.38  rep- 
resent the  percentage  of  days  worked 
on  which  some  considerable  delay  oc- 
curred due  to  some  cause  or  other. 
The  average  of  actual  days  was  19.55 
for  1921  and  18  for  1922.  Subtracting 
these  from  days  actually  worked 
leaves  54.7  days  for  1921  and  43.2  for 
1922  as  the  total  number  of  full  days 
worked  on  the  average  by  all  the  out- 
fits in  the  State.  On  all  the  other 
days  worked  occurred  some  consider- 
able delay  that  prevented  them  get- 
ting in  a  full  day. 

Individual  Records  of  Contractors. 
— The  low  efficiency  apparently  indi- 
cated by  many  of  the  figures  here 
given  may  lead  to  the  thought  that 
the  contractors  on  the  Iowa  pavement 
were  a  small  caliber  bunch.  As  evi- 
dence that  this  is  not  true  some  of  the 
individual  records  are  here  appended. 
While  these  in  no  instance  set  new 
marks  for  the  contracting  fraternity 
to  shoot  at,  it  is  believed  that  they 
show  that  the  organizations  which 
have  laid  the  Iowa  pavements  are  well 
organized  and  alive  to  the  necessities 
of  their  jobs. 

One  contractor  between  June  16  and 
July  30  inclusive,  45  calendar  days, 
worked  every  day  but  the  7  Sundays 
and  holidays,  or  38  successive  work- 
ing days,  laying  in  that  time  20,658 
ft.  of  18  ft.  pavement.  This  was  an 
average  of  543.5  ft.  per  day  or  231^2 
cu.  yds.  of  concrete. 

Another  contractor  using  two  sepa- 
rate outfits,  worked  both  outfits  every 
calendar  day  for  34  successive  days 
from  Sept.  21st  to  Oct.  24,  1921,  lay- 
ing in  this  time  29,347  lin.  ft.  of  20  ft. 


96 


1923 


Engineering  and  Contracting 


319 


pavement  8  ins.  thick  with  integral 
curb  and  gutter.  This  was  a  total 
of  5.56  miles  or  an  average  of  432  lin. 
ft.  per  day.  Reduced  to  cubic  yards 
this  made  218  cu.  yds.  per  day  per 
outfit.  Not  the  least  interesting  fea- 
ture of  this  run  was  that  a  weighted 
average  of  the  haul  shows  every  ton 
of  this  material  hauled  a  trifle  over 
5  miles.  The  bulk  of  it  was  hauled 
over  a  hill  road  containing  seven  ad- 
verse 6  per  cent  grades  and  many 
smaller  ones.  A  large  share  of  it  was 
hauled  up  a  single  grade  9,000  ft.  long 
a  part  of  which  was  6  per  cent  and 
which  had  a  number  of  curves.  Prac- 
tically all  the  remainder  was  hauled 
up  a  grade  a  mile  long,  with  several 
curves  and  some  6  per  cent  grades. 
To  complete  the  difficulties  a  move 
was  necessary  with  one  of  the  outfits. 
By  bringing  in  an  extra  mixer  the  re- 
mainder of  tbe  equipment  was  moved 
15  miles  across  country  and  some 
pavement  was  laid  on  the  same  day. 

One  contractor  using  a  21-E  paving 
mixer  completed  11  miles  of  pavement 
in  1922  at  the  rate  of  608  ft.  for  every 
day  he  turned  a  wheel  and  was  at  it 
64  per  cent  of  the  time. 

Another  contractor  finished  16  miles 
of  pavement  in  1922  at  the  rate  of 
714.5  ft.  for  every  day  worked.  He 
worked  67  per  cent  of  the  time  and 
yet  made  two  long  moves  by  rail  dur- 
ing the  season.  This  same  contractor 
finished  his  last  job  by  a  continuous 
run  of  20  calendar  days  at  the  rate  of 
920  ft.  per  day,  laying  18,406  ft.  of 
pavement  in  this  time.  The  working 
day  of  this  outfit  was  10  hours  long 
and  this  was  seldom  exceeded  by  more 
than  a  few  minutes. 

Runs  of  1,000  to  1,200  ft.  are  nu- 
merous and  800  ft.  was  the  common 
thing  with  many  outfits.  There  can 
be  no  debate  about  the  expensiveness 
of  lost  time  on  construction  work. 
The  engineering  force  on  the  job  is 
there  and  cannot  be  used  for  any  other 
useful  purpose  as  a  rule,  during  the 
idle  times.  No  increase  in  the  engi- 
neering personnel  would  ordinarily  be 
required  if  the  lost  time  were  elimi- 
nated. 

Also  the  contractor  in  order  to  con- 
tinue being  a  contractor  must  make  a 
living  from  his  business,  and  it  is  im- 
possible to  hoodwink  ourselves  by  try- 
ing to  believe  that  the  cost  of  his  lost 
time  is  not  charged  to  the  work. 

It  would  seem  to  be  a  matter  of  com- 
mon interest  among  all  concerned  to 
join  forces  and  do  whatever  is  possible 
to   eliminate   waste  time.     All   would 


profit  in  the  end,  the  engineer  by  repu- 
tation for  efficiency,  the  contractor  by 
increased  output,  and  the  public  by  re- 
duced costs.  Even  the  machinery 
manufacturers  and  material  men  have 
an  interest,  in  the  increased  demand 
for  their  products. 

These  data  and  conclusions  have  the 
very  common  fault  of  being  destruc- 
tive rather  than  constructive.  The 
writer  has  no  solution  to  offer  for  the 
problem  presented.  In  fact,  it  prob- 
ably has  no  single  solution.  The  bet- 
terment of  the  conditions  noted  will 
more  likely  come  through  the  gradual 
whittling  down  of  the  delays  at  every 
point  by  the  united  effort  of  all  con- 
cerned. 

The  duty  of  the  engineer  in  the  mat- 
ter seems  clear.  It  will  be  his  func- 
tion to  point  the  way,  inasmuch  as  in 
his  hands  lie  most  of  the  facts  and 
figures,  or  the  opportunity  to  collect 
them.  In  this  connection  it  is  the  de- 
sire of  the  writer  to  appeal  to  others 
more  favorably  situated  than  we  are 
in  Iowa,  to  keep  similar  records  of 
lost  time  on  highway  work.  Our  pro- 
gram is  small  and  our  territory  limit- 
ed while  by  extending  this  process  to 
other  states  soon  a  valuable  mass  of 
data  would  be  on  hand. 


Five  Years'  Experience  with 

Patrol  Maintenance  in 

Wisconsin 

By  J.  T.  DONAGHEY, 

Maintenance    Engineer,   Wisconsin   High- 
way Commission. 

Conditions  existing  in  Wisconsin 
prior  to  April  1,  1918,  were  similar,  I 
believe,  to  those  existing  in  a  majority 
of  the  Middle-Western  and  Western 
States  at  that  time.  Under  the  pro- 
visions of  various  laws,  individual 
roads  had  been  constructed  and  a  very 
small  amount  of  maintenance  work 
had  been  done,  and  what  had  been 
done  wras  entirely  unsystematic.  We 
had  built  to  that  date  under  our  state 
aid  and  county  aid  laws  approximately 
3,375  miles  of  surfaced  roads  and  2,800 
miles  of  unsurfaced  roads,  but  no  ef- 
fective provisions  were  made  for  their 
maintenance.  In  a  very  few  instances 
proper  maintenance  had  been  provid- 
ed, but  in  a  majority  of  cases  the 
roads  were  permitted  to  deteriorate 
rapidly. 

Organizing  the  Patrol  Maintenance 
System. — In  April,  1917,  a  law  was  en- 
acted creating  a  state  trunk  highway 


97 


320 


Roads  and  Streets  Monthly  Issue  of 


February, 


system  to  be  selected  by  the  highway 
commission  and  a  special  committee 
of  five  legislators  appointed  by  the 
Governor.  The  law  provided  that  on 
May  1,  1918,  the  counties  must  take 
over  the  maintenance  of  the  system 
selected. 

For  convenience  in  handling  road 
matters,  the  commission  has  estab- 
lished nine  divisions,  containing  ap- 
proximately eight  counties  each.  A 
resident  engineer,  called  division  engi- 
neer, is  in  charge  of  each  division, 
having  the  necessary  assistants  to 
properly  plan  and  supervise  the  work 
in  each  division.  An  assistant,  known 
as  Division  Maintenance  Engineer,  has 
charge  of  all  maintenance,  marking 
and  signing.  The  latter  visits  each  pa- 
trolman at  least  twice  a  month,  re- 
porting each  visit  by  card  to  the  main 
office.  In  1922 — 10,940  visits  were  re- 
ported, giving  us  accurate  information 
at  all  times  as  to  the  exact  condition 
of  each  section. 

Each  county  is  governed  by  a  coun- 
ty board,  consisting  of  a  representa- 
tive from  each  township  and  village 
and  also  one  from  each  ward  of  every 
city.  The  county  board  elects  a  com- 
mittee of  three  to  represent  it  in  all 
matters  connected  with  road  work, 
and  also  elects  a  county  highway  com- 
missioner who  has  direct  charge  of 
all  road  construction  and  maintenance 
work  done  by  the  county.  Each  coun- 
ty highway  commissioner  has  an  as- 
sistant known  as  Patrol  Maintenance 
Superintendent  who  is  in  charge  of 
maintenance.  He  visits  each  patrol- 
man at  least  twice  each  week,  insur- 
ing very  close  supervision. 

The  county  road  committee  really 
acts  as  a  board  of  directors  and  as  a 
buffer  between  the  county  highway 
commissioner  and  the  county  board  on 
the  one  hand  and  the  State  Highway 
Department  and  the  county  board  on 
the  other. 

Prior  to  the  selection  of  the  sys- 
tem authorized  by  the  legislature,  our 
division  engineers  made  a  condition 
survey  of  all  competing  roads  showing 
the  actual  conditions  existing  on  every 
mile.  After  the  selection  of  the  sys- 
tem another  survey  was  made,  at 
which  time  the  distance  was  measured 
accurately  and  stakes  set  each  mile, 
locating  future  mile  posts.  The  infor- 
mation on  each  mile  shows  by  tenths 
of  a  mile  the  soil,  drainage,  type  of 
surface  and  condition.  This  informa- 
tion was  very  helpful  later  on  in  plan- 
ning the  patrol  system  in  each  county. 

The   law   under   which   we   operate 


did  not  provide  especially  for  a  sys- 
tem of  patrol  maintenance.  It  did, 
however,  provide  that  "each  county 
must  adequately  maintain  the  portion 
of  the  system  lying  within  the  county, 
according  to  the  specifications,  direc- 
tions and  to  the  satisfaction  of  the 
Highway  Commission." 

The  Patrol  Sections  and  Patrolmen. 
— The  commission  determined,  how- 
ever, that  a  thorough  patrol  system 
must  be  installed  at  the  very  begin- 
ning which  would  cover  every  mile 
on  the  system,  whether  previously  im- 
proved or  not.  The  portion  of  the 
system  lying  in  each  county  was 
divided  into  patrol  sections  by  the 
county  committee,  acting  jointly  with 
the  county  highway  commissioner  and 
our  division  engineer.  The  patrolman 
for  each  section  was  selected  in  the 
same  manner.  The  county  commit- 
tee advertises  in  the  local  press  that 
on  a  certain  day  those  seeking  the 
jobs  of  patrolmen  for  the  coming 
season  must  report  at  the  county 
court  house.  The  applicants,  "if  new," 
are  interviewed  by  the  county  com- 
mittee and  our  division  engineer  and 
the  most  promising  candidates  are 
given  the  positions.  Applicants  hav- 
ing served  as  patrolmen  one  or  more 
seasons  are  given  preference  over  new 
men  and  they  usually  receive  more 
salary. 

Each  patrolman  enters  into  a  writ- 
ten contract  with  the  county  and  gives 
a  bond  in  the  amount  of  $500  for  the 
faithful  performance  of  the  work  and 
proper  care  of  the  tools  and  machin- 
ery entrusted  to  him.  The  contract  is 
also  subject  to  the  approval  of  our 
division  engineer. 

On  "team  patrol  sections"  the  pa- 
trolman must  furnish  a  team  and 
wagon  satisfactory  to  the  county,  the 
county  furnishing  a  light  blade  grader, 
road  planer,  plow,  slip  scraper  and 
miscellaneous  small  tools.  On  "motor 
truck  or  tractor  patrol  sections"  the 
county  furnishes  all  the  equipment. 

The  salaries  paid  on  team  patrol 
sections  range  from  $140  to  $165  per 
month  for  the  1922  season;  those  on 
motor  truck  and  tractor  patrols  aver- 
age about  $110  per  month.  The  sea- 
son extends  from  about  April  1  to  Dec. 
1,  and  from  Dec.  1  to  April  1  the  pa- 
trolman agrees  to  work  when  request- 
ed at  a  fixed  price  per  hour. 

The  "team  patrol  sections"  average 
about  Q2/3  miles  each,  and  as  a  rule 
are  confined  to  earth  road  sections  and 
those  gravel  sections  that  carry  light 
traffic.     We  have   few  tractor  patrol 
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sections.    They  average  about  12  miles  son  from  Illinois,  Iowa,  Minnesota  or 

in  length  and  are  generally  confined  to  any  other  state  to  travel  the  length  of 

earth  roads  but  are  sometimes  prefer-  Wisconsin  without  asking  directions, 

able    on    heavy    traffic    gravel    roads  our  hopes  were  fully  realized  and  the 

where  heavy  maintenance  equipment  public  expressed  their  approval  of  the 

is  necessary.    Motor  truck  patrol  sec-  system  in  no  uncertain  terms, 

tions  average  about  18  miles,  and  are  Several   county  boards   met  during 

economical  only  on  heavy  traffic  roads  the  month  of  June,  1918,  and  provided 

where  heavy  maintenance  equipment  for    adopting   patrol   maintenance   on 

is  necessary  and  where  new  material  important      secondary     roads.       The 

must  be  hauled  regularly,  on  surface  growth  of  this  sentiment  is  indicated 

treated  stone  or  gravel,  and  for  work  by    Table    II    showing    the    miles    of 

of  concrete  surfacings.  county  trunk  highways  taken  over  for 

Maintenance    Costs     (State    Trunk  maintenance  each  year  by  the  several 

Highways). — The  1917  legislature  pro-  county  boards,   number  of  patrolmen 

vided   for   a   5,000   mile    State   Trunk  employed,  salary,  cost  of  marking  and 

Highway   System,   which   the   legisla-  signing,  and  total  expenditures, 

ture  of  1919  increased  to  7,500  miles.  The  above  total  exepnditures  aver- 

Table    I    shows    the    actual    miles  age  $214  per  mile  per  year, 

maintained   by    patrol    methods    each  Table  II  bears  out  our  original  ideas 

year,  the  number  of  patrol  sections,  and   proves  to  us,  at  least,   that  the 

the  salary  paid  patrolmen,  the  patrol  plan   of  operating  through  the  coun- 

maintenance    cost    of   each    type    per  ties  has  resulted  in  local  demands  for 

mile,   and  the   amount  expended   per  more    roads    to    be    maintained    each 

mile    out    of    maintenance    funds    for  year    by    patrol   methods    and    conse- 

"betterments."    "Betterments"  consist  quently  a  much  greater  mileage  of  pa- 

of  widening  the  road   and   providing  trolled  roads.    In  addition  to  the  7,500 

drainage    with    heavy    blade    grader  mile  state  trunk  system,  we  now  have 

work,  light  resurfacing,  new  culverts,  a  9,880  mile  county  trunk  system,  mak- 

and  the  cost  of  marking  and  signing  ing  a   total   of   17,380   miles   of  well- 

the  system.  maintained   roads.     This   gives   more 

Maintenance  of  County  Trunk  High-  than  80  per  cent  of  our  population  di- 
ways. — During  the  first  month  of  pa-  rect  service,  and  brings  patrolled 
trol  maintenance  in  1918,  the  actual  roads  within  two  miles  of  the  remain- 
driving  conditions  in  Wisconsin  were  ing  20  per  cent. 

improved  far  beyond  the  expectations  Results  Obtained. — The  "Wisconsin 

of  the  most  optimistic  friends  of  pa-  Idea"    from   the   very   beginning   has 

trol  maintenance.    Again  when  the  en-  been   to   "serve   traffic."     The   patrol 

tire   system   was   adequately   marked  maintenance  plan  adopted  in  1918,  im- 

during  the  week  of  June  22,  1918,  mak-  proved  upon  from  year  to  year,  and 

ing  it   possible  for  the  dumbest  per-  extended  to  include  additional  county 

TABLE     I.— MAINTENANCE    COSTS    STATE    TRUNK   HIGHWAYS. 

Year    1918.  1918.              1920.              1921.            *1922. 

Actual  miles  maintained 4,998.9  4,998.9          7,234.0          7,260.4        7,458.59 

No.  patrol  sections    561  561                791                911                940 

Monthly  salary  team  patrol  $130.00  $145.00          $165.00          $155.00          $150.00 

Monthly  salarly   motor  patrol   $90.00  $110.00          $125.00         $115.00          $100.00 

Patrol  maintenance  cost  per  mile: 

Earth    $135.21  $154.01          $187.24          $196.21          $186.40 

Gravel    $120.80  $133.63          $184.68          $193.85          $183.25 

Stone  and  gravel  surface  treated.  $574.21  $626.33          $706.11          $682.23          $671.84 

tConcrete $162.21  $210.42          $220.18          $322.21          $311.85 

Cost  patrol  maintenance   $573,042  $767,302     $1,220,535     $1,326,927     $1,355,900 

Cost  of  betterments $396,449  $488,529        $756,474     $1,028,976        $952,850 

Cost  of  marking  and  signing $7,888  $17,776          $28,820          $20,462          $41,250 

Total  expenditures   $977,430  $1,273,607     $2,005,829-  $2,381,413     $2,350,000 

The  above  total   expenditures  average  '$278.00  per   mile  per   year. 

•Final  costs  will  vary  somewhat  fromflgures  shown,  as  the  season  is  not  com- 
plete at  this  date  (Dec.  15,  1922). 

t Annual  costs  include  all  shoulder  maintenance,  which  runs  high  on  all  surfacings 
less  than  18  feet. 

TABLE    n.— DATA    ON    COUNTY   TRUNK  HIGHWAY  MAINTENANCE. 

Year 1918.  1919.              1920.              1921.              1922. 

Miles  maintained   2,021  5,590             7,743              8,980             9,885 

No.  of  patrolmen 232  705                970             1.123             1.236 

Average  monthly  salary  of  patrolmen        $125  $140              $160              $150               $145 

Cost  of  maintenance   $475,000  $1,226,267     $1,435,527     $1,867,615     $2,279, R04 

Cost  of  marking  and  signing   $3,600            $9,300           $8,100          $11,000 

Total  expenditures   $475,000  $1,229,867     $1,444,827     $1,875,715     $2,290,804 
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highways  each  year,  has  certainly 
"served  traffic"  better,  and  satisfied 
the  public  to  a  greater  degree  than  the 
expenditure  of  the  same  amount  of 
money  each  year  in  constructing  a 
few  miles  of  high  type  surfacing 
would  have  done. 

After  five  years  of  patrol  mainte- 
nance we  find  that  the  following  con- 
ditions prevail: 

(1).  Every  town,  city  or  village  in 
the  state  is  on  a  well  maintained  and 
marked  highway. 

(2).  Traffic  is  distributed  over  a 
large  mileage,  reducing  congestion  on 
many  highways. 

(3).  The  average  speed  of  traffic  has 
been  increased  at  least  ten  miles  per 
hour,  resulting  in  time  saving  beyond 
computation.  W.  W.  Rowland 
("Brownie")  of  the  Milwaukee  Jour- 
nal, drove  the  entire  length  of  our 
longest  State  Trunk  Highway  (No. 
10)  from  Superior  to  Beloit,  a  distance 
of  492  miles,  between  sunrise  and  sun- 
set, May  25,  1922.  Deducting  time  for 
stops,  "Brownie"  averaged  slightly 
over  40  miles  per  hour  the  entire  dis- 
tance. Most  of  the  surface  is  light 
gravel,  there  being  but  28  miles  of 
concrete  on  Trunk  Highway  10. 

(4).  Night  driving  is  safe  and  prac- 
tical and  our  traffic  census  shows  a 
marked  increase  each  year  in  night 
traffic.  Prior  to  five  years  ago,  no 
sane  person  would  think  of  driving 
from  Milwaukee  to  our  northern  lake 
district  during  the  night  (300  miles), 
while  now  the  practice  is  becoming 
very  common  and  popular. 

(5).  Prosperity  immediately  be- 
comes noticeable.  The  farmers  along 
such  routes  soon  vie  with  each  other 
in  promoting  neatness  in  their  road 
fences,  farm  buildings  and  entrances. 
Farm  names  appear  over  the  gateway 
and  the  mail  boxes  are  given  a  fresh 
coat  of  paint.  Letterheads  even  show 
the  location  of  the  farm  by  trunk  high- 
way route  and  mile  number.  Products 
of  the  farm  are  sold  direct  to  the  city 
dweller  at  a  price  satisfactory  to  both. 
In  the  villages  and  cities  along  the 
routes  new  "Inns  or  Tea  Rooms,"  rest 
rooms  and  garages  spring  up  to  serve 
traffic. 

(6).  Last,  but  not  least,  is  the  tour- 
ist, and  our  definition  of  a  "tourist"  is 
any  person  using  our  highways  for 
pleasure,  whether  residents  of  Wis- 
consin or  not.  They  tell  us  that  we 
have  the  best  maintained  and  marked 
highway  system  in  the  world.  We 
realize  that  nature  has  provided  Wis- 
consin with  scenic  features  in  abund- 


ance; nevertheless,  the  tourist  today 
would  not  be  with  us  if  our  highways 
did  not  make  traveling  by  motor  car  a 
pleasure.  It  is  extremely  difficult  to 
estimate  the  total  amount  spent  in 
Wisconsin  by  tourists.  From  the 
most  accurate  data  available  we  are 
confident  that  it  now  exceeds  $100,000,- 
000  annually.  The  little  village  of  Kil- 
bourn,  located  at  the  lower  entrance 
to  the  "Dells  of, the  Wisconsin,"  con- 
taining a  population  of  but  1,200  peo- 
ple, furnished  us  accurate  records 
kept  by  the  banks,  hotels  and  business 
houses  for  the  1922  season,  showing 
that  over  $1,000,000  was  left  in  the 
that  vicinity  alone  by  tourists;  also 
that  a  count  taken  by  the  business 
men's  association  one  night  registered 
more  people  camped  in  the  Village 
Camping  Grounds  than  were  living  in 
Kilbourn.  Practically  every  town  on 
a  patrolled  highway  now  provides  a 
free  camping  ground  for  tourists. 

We  are  satisfied  that  during  the  five 
years  of  patrol  "maintenance,  1918- 
1922,  the  tourists  have  left  not  less 
than  $300,000,000  in  Wisconsin.  Figur- 
ing a  net  profit  of  but  20  per  cent, 
which  is  very  conservative,  the  profits 
from  this  source  would  be  $60,000,000, 
or  about  seven  times  the  total  expend- 
ed for  patrol  maintenance  and  mark- 
ing and  signing  the  State  Trunk  Sys- 
tem since  April  1,  1918. 

.  The  Future  of  Patrol  Maintenance. 
— We  are  satisfied  with  the  progress 
made  and  the  results  obtained  through 
our  patrol  maintenance  system  during 
the  past  five  years,  but  not  contented. 
Our  patrol  maintenance  has  improved 
each  year  and  will  continue  to  im- 
prove. The  surface  has  only  been 
scratched  insofar  as  marking  and  sign- 
ing is  concerned.  We  will  abandon 
the  telephone  marker  as  rapidly  as 
possible,  replacing  them  with  standard 
markers  placed  along  the  shoulders 
of  the  road.  Special  signs  were  erect- 
ed in  1922  at  the  entrance  to  each 
city  or  village,  giving  the  name  and 
population.  In  1923  we  will  place  signs 
at  all  lakes  and  streams,  giving  their 
names.  Following  this,  signs  will  di- 
rect the  traveler  to  all  scenic  and  his- 
toric places,  both  on  and  off  the  sys- 
tem, giving  directions  and  distances 
to  same.  Certain  shaped  signs  will  be 
erected  along  the  shoulder  of  the  road 
to  denote  certain  dangerous  condi- 
tions. One  shape  will  indicate  "Stop"; 
another  "Slow";  another  "Caution"; 
and  another  that  the  highway  which 
you   are   traveling  turns   either  right 
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or  left.  There  is  really  no  limit  to  the 
service  that  can  be  rendered  traffic 
along  this  line.  We  naturally  feel  a 
certain  amount  of  pride  in  our  mark- 
ing and  signing,  and  especially  in  the 
marking  of  all  detours  around  con- 
struction work  and  the  Highway  Serv- 
ice Map  published  weekly  showing 
roads  open  for  travel  and  their  condi- 
tion, also  the  detours  and  their  condi- 
tion. 

We  expect  local  sentiment  to  con- 
tinue to  develop  from  year  to  year. 
We  hope  to  increase  our  state  trunk 
highway  system  to  10,000  miles  in 
1923,  which  will  permit  the  counties 
to  take  over  2,500  miles  or  more  of 
the  most  important  town  roads  re- 
maining. We  expect  that  within  five 
years  the  counties  will  be  maintaining 
20,000  miles  in  addition  to  the  State 
Trunk  System,  making  in  all  about, 
forty  per  cent  of  our  total  road  mile- 
age. 

The  local  authorities  will  never  ade- 
quately maintain  the  roads  they  use 
daily,  and  if  the  town  roads  are  ever 
to  be  improved,  they  must  be  taken 
over  by  a  larger  unit  of  government. 
We  are  optimistic  enough  to  feel  that 
in  the  not  too  distant  future  the  coun- 
ties will  take  over  all  of  the  important 
local  town  roads  and  apply  patrol 
maintenance,  believing  this  to  be  the 
only  practical  solution  of  the  town 
road  problem. 

After  five  years  of  patrol  mainte- 
nance, we  are  confident  that  the  peo- 
ple of  our  state  are  completely  sold 
on  the  plan  and  are  willing  to  pay  for 
the  pleasure  and  convenience  it  has 
given  them. 

The  time  may  come  when  we  will 
favor  direct  state  maintenance.  How- 
ever, the  thorough  co-operation  of  the 
county  officials  in  actual  charge  of 
maintenance  and  the  sentiment  devel- 
oped by  them  locally  for  additional 
patroled  roads  and  road  improvement 
in  general,  confirms  our  original  opin- 
ion that  the  co-operative  plan  of  main- 
tenance would  result  in  the  greatest 
good  to  the  greatest  number  in  Wis- 
consin. 


City  Has  Ordinance  Regulating 
Planting  of  Shade  Trees.  —  White 
Plains,  N.  Y.,  has  adopted  an  ordin- 
ance regulating  the  planting,  mainten- 
ance and  protection  of  shade  trees 
planted  or  grown  upon  public  high- 
ways or  places.  A  Shade  Tree  Com 
mission  of  three  members  has  been 
appointed. 


Salvage  and  Maintenance  of 

Macadam  Roads — Practice 

in  Pennsylvania 

By  W.  A.  VAN  DUZER, 

Assistant    Maintenance    Engineer,    Penn- 
sylvania State  Highway  Department. 

The  development  of  road  construc- 
tion and  the  necessity  for  intensive 
maintenance  is  directly  attributable 
to  the  increased  motorization  of  traf- 
fic. The  problem  now  confronting 
highway  engineers,  and  which  has  con- 
fronted them  for  the  past  decade,  is 
to  keep  pace  with  this  increase. 

The  finances  available  for  road  con- 
struction have  of  necessity  limited  the 
building  of  durable  types  of  pavement 
and,  therefore,  road  authorities,  who 
have  the  comfort  of  the  traveling  pub- 
lic at  heart,  are  applying  modern 
methods  of  maintenance  to  some  of 
the  older  types  of  construction,  with 
varying  degrees  of  success. 

The  Problem  in  Pennsylvania. — The 
problem  in  Pennsylvania  has  not  dif- 
fered to  any  extent  from  that  in  other 
states,  except  that  the  stone  road 
mileage  is  greater  on  account  of  the 
large  number  of  toll  roads  that  were 
included  in  the  original  highway  sys- 
tem. By  legislative  enactment  ap- 
proved May  31,  1911,  8,800  miles  of 
highways  in  Pennsylvania  were  taken 
over  for  construction  and  maintenance 
at  the  entire  cost  of  the  state.  Of 
this  8.800  miles,  521  were  toll  roads 
built  by  various  corporations  during 
the  past  century  and  in  the  main  were 
of  the  macadam  type  of  construction. 
The  mileage  of  other  macadam  roads 
totaled  2,100. 

The  majority  of  the  toll  roads  and 
a  great  many  of  the  other  roads  ac- 
quired in  1911  were  very  narrow,  in 
some  instances  not  over  12  ft.  in 
width.  There  was  a  woeful  lack  of 
both  sub  and  surface  drainage.  A 
comprehensive  survey  of  the  condition 
of  the  roads  was  made  in  1915  and  a 
definite  policy  established  with  regard 
to  a  program  of  resurfacing  and  re- 
construction. It  was  felt  that  if  the 
state  was  to  have  a  connected  sys- 
tem of  highways  a  certain  amount  of 
resurfacing  of  the  old  stone  roads 
should  be  taken  up  each  year,  and  the 
demands  of  traffic  compelled  the  de- 
partment to  find  some  methods  of  re- 
surfacing in  addition  to  the  water- 
bound  maeadam  or  penetration  types. 
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It  was  early  shown  that  our  finances 
would  not  permit  the  resurfacing  of 
sufficient  mileage  with  either  of  these 
types  to  give  the  required  results  in 
the  desired  time.  It  was  therefore 
determined  to  use  the  waterbound  and 
bituminous  macadam  upon  the  heavier 
traveled  routes,  while  the  unbound 
macadam,  which  will  be  fully  ex- 
plained later  on,  is  used  upon  the 
secondary  or  less  traveled  roads. 

Organization. — In  order  to  properly 
carry  on  the  maintenance  work  and  to 
provide  for  the  increase,  which  would 
surely  develop,  a  modern  organization 
was  established  which  places  the  re- 
sponsibility for  the  maintenance  of 
these  roads  upon  15  district  engineers, 
reporting  to  the  maintenance  engineer, 
and  53  superintendents,  working  un- 
der the  direction  of  the  district  engi- 
neers. Under  the  superintendents  are 
foremen,  caretakers,  laborers,  etc. 

Planning. — We  have  always  given  a 
great  deal  of  attention  to  the  proper 
planning  and  outlining  of  our  mainte- 
nance work,  which  consists  chiefly  of 
the  reclamation  of  stone  roads.  Sys- 
tematic and  thorough  surveys  of  local 
materials  have  been  made  in  all  parts 
of  the  state  and  tests  taken  to  estab- 
lish their  relative  values.  When  it  is 
impossible  to  obtain  local  material, 
quotations  are  secured  from  commer- 
cial quarries  and  the  stone  is  shipped 
in.  Wherever  possible  mechanical 
means  of  unloading  material  have 
been  adopted. 

A  careful  and  accurate  traffic  cen- 
sus was  early  inaugurated,  which  has 
been  of  considerable  assistance  in  de- 
termining the  type  of  repairs.  It  has 
been  our  experience  that  the  proper 
surfacing  of  a  road  will  create  a  traffic 
out  of  all  proportion  to  the  seeming 
importance  of  the  roadway. 

Equipment.— At  the  beginning  of 
the  year  a  thorough  study  is  made 
of  the  total  amount  of  work  in  each 
district,  and  the  necessary  equipment 
required,  such  as  rollers,  trucks,  etc., 
after  which  a  schedule  is  made  up  for 
each  job  showing  the  length  of  time 
that  the  equipment  will  be  in  opera- 
tion upon  each  specific  authorization. 
By  this  method  we  have  kept  our  de- 
partment equipment  operating  contin- 
uously, thereby  reducing  to  a  mini- 
mum the  necessity  of  renting  machin- 
ery. 

Base  Survey. — Before  the  actual  op- 
eration of  waterbound  macadam  or 
bituminous  macadam  resurfacing  is 
taken  up,  we  establish  by  actual  meas- 
urements the  depth  of  stone  in  the 


existing  roadway.  In  places  where 
water  breakers  are  found  they  are 
removed.  Test  pits  are  excavated  to 
the  bottom  of  the  stone  in  the  center 
and  measurements  are  taken  on  each 
side  for  a  distance  of  half  the  width 
of  the  road.  These  pits  are  dug  every 
25  to  50  ft,  depending  upon  the  type 
of  the  road.  After  this  work  is  com- 
pleted the  base  is  widened  out,  and  in 
places  where  sufficient  foundation  is 
not  shown  additional  stone  is  added 
to  bring  it  up  to  the  required  depth. 
Then  the  road  is  scarified  lightly  and 
reshaped  with  a  road  machine.  The 
base  is  brought  to  a  true  cross  sec- 
tion and  grade  by  the  use  of  a  crown 
board  and  steel  pins  are  driven  every 
10  to  20  feet,  depending  upon  the  pro- 
file, and  a  cord  stretched  along  the 
edge  and  to  the  top  of  the  proposed 
ballast.  Beams  about  4  ft.  in  width 
and  from  1  in.  to  2  in.  above  the  line 
are  then  built  up. 

Waterbound  Macadam  Resurfacing. 
— Our  experience  has  shown  that  more 
satisfactory  results  are  obtained  by 
the  use  of  large  stone  for  waterbound 
macadam  resurfacing;  that  is  stone 
varying  in  size  from  1V2  in.  to  3%  in. 
The  material  is  dumped  upon  the  sub- 
grade  and  forked,  thus  eliminating  the 
danger  of  segregation  of  the  sizes, 
which  is  the  cause  of  a  great  deal  of 
subsequent  patching.  The  stone  is 
built  to  a  crown  board  and  then  thor- 
oughly locked  with  the  roller,  after 
which  the  screenings  are  applied  fan- 
wise  with  a  shovel  and  rolled  until 
the  voids  are  thoroughly  filled.  The 
water  is  then  applied  and  the  road 
rolled  until  the  mortar  is  flushed  or 
puddled  and  the  road  is  then  allowed 
to  set  before  surface  treatment. 

The  maintenance  of  the  road  during 
the  time  that  it  is  setting  consists 
principally  of  sweeping,  either  by 
caretakers  or  lightly  by  mechanical 
brooms  or  horse-drawn  sweepers.  The 
sweeping  is  done  for  a  dual  purpose: 
First  to  remove  the  caked  or  matted 
screenings  from  the  edges,  which  must 
be  done  in  order  that  proper  penetra- 
tion of  the  surface  treatment  material 
may  be  obtained,  and  second,  to  re- 
place these  screenings  in  the  center 
of  the  highway  from  which  they  have 
been  removed  by  action  of  the  traffic, 
which  will  prevent  the  road  from 
raveling  and  assist  in  compacting  it. 
Under  especially  heavy  traffic,  it  is 
found  necessary  to  add  screenings  and 
during  hot  dry  weather  horse-drawn 
sprinklers  can  be  used  to  advantage. 

Surface  Treatment. — Previous  to  the 
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first  application  of  the  bituminous 
material,  which  we  believe  should  give 
the  maximum  penetration,  the  screen- 
ings must  be  removed  by  sweeping  so 
that  the  voids  will  show  between  the 
ballast  to  a  depth  of  possibly  %  of 
an  inch.  Material  must  be  applied  in 
two  applications  with  a  pressure  dis- 
tributor, the  first  one  to  be  approxi- 
mately Vz  gal.  to  a  square  yard  and 
the  second  from  0.2  to  0.25  gal.  as  the 
road  requires.  It  has  been  shown  in 
some  cases  that  a  third  of  a  gallon 
applied  will  penetrate  the  road  from 
%  to  %  in.,  this  penetration  depend- 
ing upon  the  kind  and  cementing  value 
of  the  stone.  The  second  application 
will  heal  up  the  spots  that  are  not 
thoroughly  bonded,  but  will  not  fill 
the  voids,  and  leaves  the  ballast  to 
take  the  screenings  with  the  bitumi- 
nous material  as  a  binder.  Although 
we  do  not  ordinarily  apply  chips  upon 
the  first  treatment,  skid  chipping  is 
desirable  as*  a  safety  measure  on 
heavily  traveled  roads  by  applying 
from  5  to  10  lb.  of  chips  to  the  square 
yard. 

In  order  to  obtain  the  best  results, 
our  experience  has  been  that  three 
successive  treatments  should  be 
made;  that  is  the  first  year  the  treat- 
ment described  above,  and  providing 
the  road  is  subjected  to  extremely 
heavy  traffic,  a  second  treatment  is 
given  the  same  year,  and  the  third  the 
season  following. 

The  second  treatment  should  be  a 
high  viscosity  bituminous  material, 
the  quantity  just  sufficient  to  properly 
fill  the  voids  and  this  can  only  be 
determined  by  experience,  but  in  most 
instances  varies  from  0.25  to  0.3  per 
square  yard. 

Hard  stone  chips,  ranging  from  }4 
in.  to  an  inch  in  size,  dustless  and 
free  from  dirt,  should  be  used  as  a 
covering  at  the  rate  of  from  20  to  30 
lb.  per  square  yard,  or  approximately 
1  cu.  ft.  of  stone  chips  to  1  gal.  of 
bituminous  material. 

Owing  to  the  large  chips  used  and 
to  assist  in  compressing  them  into 
the  bitumen,  the  treatment  should  be 
rolled  with  either  a  5  to  8-ton  tandem 
or  a  10-ton  macadam  roller,  as  soon 
as  the  chipping  is  completed,  but,  if 
a  material  that  does  not  d**y  rapidly 
is  used,  we  believe  that  equally  good 
results  can  be  obtained  if  the  road  is 
rolled  from  24  to  36  hours  after  the 
bituminous  application. 

The  third  treatment  may  be  either 
a  high  viscosity  coal  tar,  water  gas 
tar  or  asphalt,  or  as  an  alternative,  a 


hot  material.  We  apply  from  0.15  to 
0.25  gal.  per  square  yard  of  the  hot 
material  which  requires  from  30  to 
40  lb.  of  chips.  This  treatment  must 
be  watched  carefully  as  the  road  will 
bleed  after  being  thrown  open  to 
travel  and,  if  not  given  proper  care, 
will  pick  up  under  tire  wagon  traffic. 
I  have  known  instances  where  a  treat- 
ment of  this  character  applied  late  in 
the  fall  required  rechipping  at  the 
beginning  of  the  hot  weather  in  the 
spring.  We  have  found  that  stone 
chips  for  covering  give  the  best  re- 
sults. 

Bituminous  Macadam  Resurfacing. 
— The  reclamation  of  the  old  base  for 
bituminous  macadam  resurfacing  is 
taken  up  practically  in  the  same  man- 
ner as  the  waterbound.  After  the  road 
has  been  brought  to  a  true  cross  sec- 
tion, approximately  3  in.  of  stone, 
varying  in  size  from  iy2  to  2%  in.,  is 
spread  to  a  depth  of  3  in.  This  is 
locked  by  rollers  and  then  the  bitumi- 
nous material  is  applied  at  the  rate 
of  1%  to  2  gal.  to  the  square  yard, 
depending  upon  the  kind  of  material 
used.  Stone  is  uniformly  spread,  vary- 
ing in  size  from  %  in.  to  an  inch, 
which  is  properly  rolled  and  a  seal 
coat  of  from  a  %  to  %  gal.  per  square 
yard  of  bitumen  is  then  applied  and 
chips  of  approximately  y2  in.  are 
spread  over  the  surface.  The  road  is 
then  rolled  until  it  is  properly  bonded. 

In  some  instances  we  have  prepared 
a  base,  employing  practically  the 
methods  of  waterbound  macadam  con- 
struction, even  to  the  extent  of  an 
application  of  bituminous  surface 
treatment  of  a  material  giving  the 
maximum  penetration;  placing  on  the 
base  so  prepared  a  hot  mix  of  either 
sheet  asphalt  or  asphaltic  concrete. 

Unbound  Macadam. — The  unbound 
macadam,  which  we  have  used  with 
good  results  on  secondary  roads,  is 
considerably  cheaper  than  the  water- 
bound  construction,  and  for  one  or 
two  seasons  gives  very  satisfactory  re- 
sults. The  method  usually  employed 
in  the  construction  of  unbound  ma- 
cadam is  to  scarify  the  old  road  sur- 
face, shaping  it  up  with  the  road 
machine  and  rolling  until  a  firm  foun- 
dation has  been  obtained.  Stone,  clear 
of  dust,  varying  in  size  from  %  in.  to 
iy2  in.  is  piled  along  the  side  of  the 
road.  Just  ahead  of  the  distributor, 
the  stone  is  spread  uniformly  to  a 
depth  of  approximately  2  in.  Where 
possible  traffic  is  kept  off,  or  at  least 
confined  to,  one  side.  Then  apply  % 
to  y3  gal.  per  square  yard  of  bitumi- 
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nous  material  with  the  proper  pene- 
tration, or  a  larger  amount  where  two 
applications  are  made,  which  is  gov- 
erned by  the  depth  of  the  loose  stone 
and  is  varied  accordingly.  The  mate- 
rial is  allowed  to  dry  for  from  one  to 
three  days  and  then  rolled,  and,  pro- 
viding a  larger  amount  is  required  to 
properly  seal  the  road,  apply  0.2  gal. 
to  the  square  yard.  Under  traffic  it 
becomes  comparatively  smooth  and 
little  difficulty  is  experienced  through 
rutting. 

Maintenance  System. — We  know  of 
no  type  of  construction  that  required 
more  uniform  and  continuous  mainte- 
nance than  stone  roads.  The  advan- 
tage of  thoroughly  experienced  work- 
men is  unquestionable;  care  must  be 
exercised  in  picking  the  organization 
and  seeing  that  proper  instructions 
are  issued  covering  each  phase  of  the 
work. 

There  are  two  general  systems  in 
vogue  in  the  maintenance  of  these 
roads,  both  of  which  have  their  ad- 
vantages. First,  the  caretakers  or 
patrolmen,  the  other  the  patrol  crew 
or  gang.  The  first,  of  course,  comes 
closer  to  the  ideal  if  properly  con- 
trolled. This  plan  arranges  the  road 
mileage  in  sections  three  to  five  miles 
in  length,  each  section  in  charge  of 
a  patrolman  provided  with  the  neces- 
sary tools,  materials,  etc.,  whose  duty 
it  is  to  take  care  of  the  small  repairs 
and  emergency  work  and  with  author- 
ity, when  necessity  demands  it,  to  hire 
additional  men,  teams,  etc.,  upon  in 
structions  from  his  immediate  supe- 
rior. These  caretakers  keep  the  sur- 
face patched,  all  depressions  filled,  see- 
that  the  side  gutters  and  cross  drains 
are  kept  open,  and  paint  slight  sur- 
face depressions  and  sprinkle  with 
chips  tamped  in  place.  Larger  depres- 
sions are  filled  with  large  stone  and 
then  topped  with  patching  tar  and 
chips,  the  mix  varying  in  proportion 
of  1  to  12  or  1  to  15,  depending  to 
some  extent  upon  the  weather.  The 
patrolmen  or  caretakers  file  daily  re- 
port cards,  giving  the  character  and 
extent  of  their  work,  hours  engaged 
and  nature  of  work  performed. 

The  patrol  gang  is  an  organization 
of  picked  men,  provided  with  tools, 
material,  etc.,  to  maintain  various 
lengths  of  road  mileage.  It  is  prob- 
ably more  economical  than  the  care- 
taker system,  the  men  being  well 
trained  for  each  class  of  repair  work. 
The  difficulty  experienced  in  this  kind 
of  maintenance,  however,  is  that  it  is 
impossible  for  a  force  of  this  charac- 


ter to  give  each  section  the  required 
attention  at  the  proper  time,  espe- 
cially in  emergency  cases.  The  par- 
ticular advantage  of  the  gang  system 
is  an  insurance  against  shortage  of  la- 
bor, especially  on  those  sections  of 
road  lying  in  sparsely  populated  dis- 
tricts. The  control  can  be  taken  care 
of  by  operation  reports. 

The  success  of  stone  road  mainte 
nance  depends  upon  organization, 
equipment  and  material,  a  thorough 
knowledge  of  conditions  and  a  desire 
from  the  executives  to  the  humblest 
workmen  to  give  real  road  service. 


Salvage  and  Maintenance  of 
Macadam  Roads 


Discussion     of     W.    A.     Van     Duzer's 

Paper    and    Notes    on    New 

Jersey   Practice 

By  ALEX.  W.  MUIR, 

Superintendent  of  Maintenance,  New  Jer- 
sey State  Highway  Department. 

Mr.  Van  Duzer  has  sketched  the 
conditions  which  confront  the  author- 
ities in  Pennsylvania  with  respect  to 
macadam  roads.  The  organization 
which  he  has  outlined  is  such  as  can 
readily  be  adapted  to  the  needs  of  any 
governing  body  entrusted  with  the 
maintenance  of  highways,  while  the 
preliminary  work  is  such  as  experi- 
ence has  shown  to  be  necessary  for 
economical'  and  successful  carrying 
out  of  the  work. 

Preparation  of  Base. — In  the  prep- 
aration of  the  base,  Mr.  Van  Duzer 
has  omitted  one  item  which  in  New 
Jersey  has  been  found  to  be  essential 
to  proper  results.  Due  to  the  improper 
use  of  bituminous  materials  in  sur- 
face treatment,  many  of  the  roads 
have  accumulated  a  thick,  unstable 
bituminous  mat.  This  mat  must  in  all 
cases  be  entirely  removed  before  the 
laying  of  the  new  surface  or  failure 
will  result  due  to  the  pushing  of  the 
old  mat. 

Waterbound  Macadam  Resurfacing. 
— It  should  be  noted  that  the  grading 
of  stone  which  Mr.  Van  Duzer  advo- 
cates for  this  type  of  resurfacing  is 
not  the  conventional  grading  for  a 
waterbound  surface,  but  is,  in  fact,  a 
grading  as  large,  or  larger,  than  that 
which  for  years  was  used  for  the  base 
course  only.  It  is  difficult  at  first  to 
reconcile  the  old  macadam  road 
builder  to  the  use  of  this  material,  but 
once  he  becomes  accustomed  to  it  he 
never  wants  to  go  back  to  the  old 
grading.    Great   care   must  be  taken 
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to  have  the  stone  uniform  in  grading, 
for  if  pockets  of  fine  stone  are  per- 
mitted, it  will  be  found  that  these 
will  ravel  during  the  period  of  cur- 
ing and  require  additional  work  to 
rebind,  and  will  even  then  result  in 
blemishes  in  the  surface.  In  estimat- 
ing on  the  cost  of  work  with  this 
grading  of  stone,  it  should  be  borne 
in  mind  that  whereas  the  old  grading 
required  about  one-third  as  much 
screenings  as  stone  to  bind  the  sur- 
face, one-half  as  much  screenings  as 
stone  will  be  required  with  the  large 
stone.  With  the  great  motor  traffic 
of  the  present  day,  it  is  axiomatic 
that  the  surface  must  be  treated  with 
a  bituminous  material  if  it  is  to  be 
maintained,  and  for  this  reason  too 
great  emphasis  can  not  be  placed  upon 
the  necessity  for  the  use  of  screen- 
ings which  are  free  from  stripping* 
and  other  foreign  matter. 

The  setting  or  "curing"  period  is  a 
very  important  one  in  the  process. 
No  hard  and  fast  rules  can  be  laid 
down  for  its  duration  as  it  is  depend- 
ent largely  upon  the  traffic  to  which 
the  road  is  subjected  and  upon 
weather  conditions.  In  any  case,  it 
must  be  of  sufficient  duration  to  allow 
the  complete  removal  of  the  mat  of 
screenings.  During  this  period  those 
in  charge  must,  be  prepared  to  with- 
stand adverse  criticism  from  the  pub- 
lic due  to  its  dusty  condition  under 
heavy  traffic  and  also  due  to  popular 
misapprehension  that  the  work  is 
being  ruined  owing  to  the  lack  of 
bituminous  treatment.  Regardless  of 
criticism,  however,  the  curing  must 
be  complete  if  proper  results  are  to 
be  obtained. 

Surface  Treatment. — Too  great  em- 
phasis can  not  be  laid  upon  the  neces- 
sity of  thorough  removal  of  screenings 
by  sweeping  prior  to  the  first  appli- 
cation of  bituminous  material.  There 
is  still  another  factor  which  must  be 
given  careful  attention  in  the  prepara- 
tion of  the  road  and  that  is  the  matter 
of  the  presence  of  moisture.  Under 
no  conditions  must  the  bituminous 
material  be  applied  upon  a  surface 
which  is  damp  for  the  reason  that 
it  is  a  waste  of  both  labor  and  mate- 
rial to  do  so  for  the  results  will  in- 
evitably be  defective.  It  is,  of  course, 
understood  that  the  temperature  of 
the  atmosphere  at  the  time  when  the 
material  is  applied  has  a  great  effect 
upon  the  results  which  are  obtained. 

Our  experience  in  New  Jersey,  how- 
ever, indicates  that  the  season  during 
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which  the  best  results  are  obtained  is 
very  much  shorter  than  the  actual 
working  season  which  is  quite  gen- 
erally prevalent  for  such  work.  It  is 
possible  to  do  surface  treatment  work 
prior  to  the  first  day  of  June  and  it 
is  also  possible  to  do  such  work  after 
the  first  day  of  October.  If,  however, 
such  work  is  confined  to  the  months 
of  June,  July,  August  and  September, 
very  much  better  results  will  be'  ob- 
tained and  it  is  probable  that  better 
results  would  be  obtained  if  the  sea- 
son could  be  cut  down  even  more. 

The  question  of  atmospheric  tem- 
perature also  is  a  determining  factor 
in  the  grade  of  material  which  can 
be  used  on  this  work.  During  the 
height  of  the  Summer  season  excel- 
lent penetration  will  be  obtained  from 
a  material  of  the  consistency  and 
general  characteristics  of  Tarvia  B 
and  Ugite  B  which  are  representative 
materials  which  are  largely  used  in 
New  Jersey  for  such  work.  These  ma- 
terials are,  however,  of  too  high  vis- 
cosity to  give  any  penetration  of  any 
account  under  odinary  weather  con- 
ditions after  the  first  of  October  and 
it  then  becomes  necessary  to  resort  to 
a  material  having  an  even  lower  vis- 
cosity and  resembling  in  general  what 
Mr.  Van  Duzer  has  termed  his  "D" 
material.  As  a  matter  of  fact,  I  am 
advised  that  in  Pennsylvania  the  pri- 
mary treatment  is  always  made  with 
the  class  of  material  which  in  Penn- 
sylvania is  known  as  the  "D"  material. 
This  procedure  is  not  however,  I  be- 
lieve, at  all  general  outside  of  Penn- 
sylvania. In  any  case,  as  Mr.  Van 
Duzer  has  pointed  out,  the  material 
used  should  be  one  which  will  pene- 
trate and  not  lie  on  top  to  form  a 
loose,  thick  pad. 

It  should  be  noted  that  Mr.  Van 
Duzer  states  that  the  first  application 
of  material  should  be  approximately 
Vz  gal.  per  square  yard;  the  second 
application  from  0.2  to  %  gal.  per 
square  yard  and  the  third  treatment 
from  0.15  to  0.25  gal.  per  square  yard 
in  accordance  with  the  needs  of  the 
road.  These  quantities  it  will  be  noted 
are  considerably  less  than  is  the  com- 
mon practice  in  surface  treatment 
work  and  the  writer  believes  one  of 
the  secrets  of  the  success  of  surface 
treatment  work  in  the  State  of  Penn- 
sylvania. 

Much  surface  treatment  work  has 
apparently  been  done  on  the  theory 
that  if  little  bitumen  is  good  more  is 
better,  ana  despite  hundreds  and  thou- 
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sands  of  miles  of  bituminous  surface 
treatments  which  are  "fat"  and  have 
pushed  up  until  the  surfaces  resemble 
a  washboard,  many  authorities  still 
continue  to  apply  excessive  quantities 
of  bitumen  in  surface  treatment  work. 

You  will  note  in  regard  to  the  mat- 
ter of  covering  surface  treatments 
that  Mr.  Van  Duzer  states  that  in 
Pennsylvania  they  do  not  ordinarily 
apply  any  covering  to  the  first  treat- 
ment. This  procedure  is  undoubtedly 
desirable  from  the  standpoint  of  the 
results  to  be  obtained  but  our  experi- 
ence in  New  Jersey  has  been  that  the 
traveling  public  raises  such  strenuous 
objection  to  this  procedure  that  it  is 
necessary,  as  a  matter  of  policy,  to 
apply  covering  material  which  should, 
however,  be  kept  to  the  minimum. 
Mr.  Van  Duzer  states  with  respect  to 
the  nature  of  this  cover  material  that 
stone  chips  give  the  best  results.  Our 
experience  in  New  Jersey  has  been 
that  practically  equally  good  results 
may  be  obtained  by  the  use  of  crushed 
slag  for  cold  surface  treatment  work. 
Great  care  must,  however,  be  taken 
to  obtain  slag  of  a  high  quality.  Our 
specifications  for  slag  in  New  Jersey 
briefly  are  as  follows:  "All  slag  must 
be  air  cooled,  have  a  fresh,  clean  sur- 
face, free  from  mud,  dirt,  clay  or 
loam.  It  must  not  be  brittle  or  glassy 
or  have  an  apparent  specific  gravity 
greater  than  3.0  at  15.5°  C.  It  must 
weigh  not  less  than  seventy  (70) 
pounds  per  cubic  foot  loose  measure, 
and  be  free  from  decomposed  prod- 
ucts." For  hot  surface  treatment  work, 
however,  stone  chips  are  always  used. 

Bituminous  Macadam  Resurfacing. 
— Mr.  Van  Duzer's  treatment  of  bitu- 
minous macadam  resurfacing  follows 
the  standard  practice.  Work  of  this 
nature  unquestionably  gives  excellent 
results  if  properly  done.  It  is,  how- 
ever, the  writer's  belief  that  there  are 
very  considerable  quantities  of  both 
stone  and  bitumen  wasted  in  work  of 
this  nature  due  to  proper  lack  of  at- 
tention to  essential  details.  If,  there- 
fore, those  having  charge  of  such 
work  are  lacking  in  experience  in 
handling  it  the  added  expense  neces- 
sary to  obtain  personnel  thoroughly 
competent  and  experienced  will  be 
more  than  repaid  in  the  final  results. 
Mr.  Van  Duzer  has  included  under  this 
heading  the  procedure  of  salvaging 
the  old  waterbound  macadam  base 
and  placing  thereon  a  hot  mix  pave- 
ment of  either  sheet  asphalt  or  as- 
phaltic  concrete.  The  salvaging  of  old 
macadam  bases  subsequent  surfacing 


in  this  manner  is  unquestionably  a 
matter  worthy  of  more  serious  con- 
sideration than  has  ordinarily  been 
given  to  the  subject.  Given  a  good 
sub-grade  and  drainage  conditions  a 
good  stable  macadam  base  represents 
an  investment  which  should  not  light- 
ly be  discarded.  It  should  not,  how- 
ever, be  taken  for  granted  that  any 
macadam  can  be  successfully  treated 
in  this  manner.  Before  adopting  such 
a  procedure  a  thorough  investigation 
should  be  made  of  all  factors  affecting 
the  proposition. 

As  an  instance  of  contradictory  re- 
sults obtained  by  this  method  I  might 
cite  that  considerable  work  of  this 
nature  has  been  done  in  various  coun- 
ties in  the  state  of  New  Jersey.  In 
some  counties  the  work  has  been 
notably  successful  and  there  are  today 
such  pavements  which  have  withstood 
heavy  traffic  for  the  past  ten  years 
and  are  still  in  good  condition.  There 
are,  on  the  other  hand,  other  pave- 
ments apparently  in  all  respects 
equally  as  good  which  owing  to  al- 
most impossible  sub-grade  conditions 
have  completely  failed  in  less  than 
half  the  time  and  have  since  had  to 
be  rebuilt. 

Unbound  Macadam. — The  unbound 
macadam  methods  which  Mr.  Van  Du- 
zer has  described  is  one  with  which 
the  writer  is  not  familiar  and  which 
so  far  as  he  knows  is  peculiar  to  Penn 
sylvania.  Owing  to  the  fact  that  all 
highways  coming  under  the  writer's 
jurisdiction  are  trunk  line  highways 
subjected  to  heavy  traffic  no  oppor- 
tunity has  arisen  for  the  use  of  this 
method.  From  reports  received  in  re- 
gard to  the  same,  however,  it  is  be- 
lieved that  authorities  having  a  con- 
siderable mileage  of  secondary  roads 
would  do  well  to  investigate  this  main- 
tenance method  and  can  in  all  prob- 
ability by  its  adoption  bring  about 
very  *  considerable  savings  to  their 
constituents. 

Maintenance  System.— The  two  gen- 
eral systems  outlined  by  Mr.  Van 
Duzer  are  those  commonly  in  vogue 
and  as  he  has  stated  both  have  their 
advantages  and  I  might  also  have 
added  their  adherence.  He  is  unques- 
tionably right  when  he  says  that  ex- 
perienced men  are  an  absolute  neces- 
sity in  the  maintenance  of  stone  roads 
for  regardless  of  the  amount  of  care 
taken  in  construction,  imperfections 
will  appear  which  must  be  repaired. 
It  is  a  popular  misconception  that 
anyone  can  patch  a  road. 
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Changes    Needed    in    Motor 

Vehicle  Legislation  and 

License  Fees 

By  J.  N.  MACKALL, 
State  Commission  of  Roads,  Maryland. 
There  could  perhaps  be  no  more 
unscientific  and  inequitable  way  of 
measuring  to  the  users  of  the  roads 
the  benefits  they  derive  from  them 
than  the  present  method  of  regis- 
tration existing  in  most  of  the  States. 
The  methods  are  certainly  diversified, 
but  none  of  them  seem  to  have  taken 
into  consideration  the  fundamentals 
necessary  to  proper  registration,  but 
instead,  apparently  have  inclined 
toward  the  easiest  method.  It  is  per- 
haps but  natural  that  this  condition 
should  exist,  because  the  motor  ve- 
hicle industry  has  grown  faster  than 
any  industry  of  any  kind  ever  grew 
in  any  land. 

Motor  Vehicle  to  Pay  Cost  of  High- 
way Maintenance. — It  can  be  stated 
now  with  authority  that  within  a  very 
few  years  the  motor  vehicle  will  pay 
the  cost  of  maintaining  the  improved 
roads  in  the  United  States.  The  large 
national  organizations,  such  as  the 
American  Automobile  Association  and 
the  National  Automobile  Chamber  of 
Commerce  have  about  agreed  that  the 
roads,  after  once  being  built  from 
capital  charges,  shall  be  thereafter 
maintained  from  current  receipts, 
even  when  the  maintenance  implies 
extensive  reconstruction  and  change 
in  type.  It  is  perhaps  going  too  far 
to  say  that  they  have  already  agreed 
that  these  current  receipts  shall  be 
from  the  taxes  on  motor  vehicles,  but 
the  speaker  believes  it  is  not  going 
too  far  to  say,  and  he  does  say  on  his 
own  responsibility,  that  they  will  be 
maintained  from  this  source. 

If,  then,  we  agree  that  the  motor 
vehicle  users  shall  pay  the  entire  cost 
of  maintenance  of  the  improved  high- 
ways, then  certainly  it  behooves  us 
to  see  that  this  burden  of  cost,  which 
is  going  to  be  a  great  burden,  shall 
be  equitably  placed  upon  these  users 
of  the  highway.  Certainly,  by  no  proc- 
ess of  reasoning,  can  this  be  consid- 
ered as  applying  in  any  state  today. 

One  state,  for  instance,  the  state 
which  has  the  greatest  number  of 
automobiles  and  obtains  the  greatest 
revenue,  charges  for  the  registration 
of  motor  vehicles  on  the  basis  of 
horse  power  and  cost.  The  cost  is 
on  the  basis  of  40  ct.  per  $100  of  list 


price  for  the  first  three  years,  20  ct. 
for  the  fourth  and  fifth  year,  and  10 
ct.  after  the  fifth  year.  Now,  by  what 
process  of  reasoning  can  it  be  said 
that  a  motor  vehicle  three  years  old 
causes  four  times  as  much  wear  and 
tear  on  the  highway  as  a  motor  ve- 
hicle six  years  old?  Obviously,  this 
is  an  attempt  to  put  the  burden  on 
those  most  able  to  pay,  or  perhaps 
better  put,  on  the  few  owning  expen- 
sive automobiles,  as  the  class  which 
does  the  least  objecting  and  the  least 
voting.  Really,  while  this  is  an  out- 
standing case,  does  it  not  represent 
the  underlying  principle  which  has 
brought  about  the  very  unscientific 
and  inequitable  method  which  exists 
today? 

Charging  on   Basis  of  Horse  Power. 

— Has  not  the  legislature  on  the  one 
hand  said  that  the  motorist  is  able  to 
pay,  so  let  him  pay,  and  has  not  the 
organized  motorist,  through  his  pro- 
fessional propagandist,  on  the  other 
hand,  said  that  any  attempt  to  make 
the  motorist  pay  is  class  legislation, 
and  has  not  the  result  been  that  one 
state  followed  the  other  in  charging 
upon  the  basis  of  horse  power  be- 
cause it  seemed  the  line  of  least  re- 
sistance? 

Horse  power,  as  generally  inter- 
preted for  motor  vehicle  registration, 
is  the  bore  of  the  cylinder  times  the 
number  of  the  cylinder  times  a  con- 
stant. It  was  perhaps  as  fair  a  method 
of  registration  as  could  have  been 
found  in  a  simple  manner  when  it 
was  started  15  or  20  years  ago,  when 
all  motors  were  designed  with  a  fairly 
definite  idea  of  having  bore  and  stroke 
approximating  each  other.  While  it 
may,  as  said  above,  been  fair,  it  was 
certainly  far  from  scientifically  cor- 
rect, and  it  never  did  take  into  con- 
sideration any  of  the  features  which 
made  the  motor  vehicles  an  agency 
for  causing  wear  and  tear  upon  the 
highway. 

In  the  last  ten  years,  however,  mo- 
tor vehicles  have  been  designed  with 
a  smaller  and  smaller  bore,  and  longer 
and  longer  stroke,  so  that  today  we 
have,  on  this  basis  of  horse  power, 
one  of  the  best  known  eight  cylinder 
motor  cars,  weighing  4500  lb.,  capable 
of  making  75  miles  per  hour,  rated  at 
32  H.P,  and  we  have  another  well 
known  make  of  car,  costing  a  few 
hundred  dollars,  weighing  a  few  hun- 
dred pounds,  capable  of  making  a  few 
miles  an  hour  and  rated  at  23  H.P. 
There  is  nothing  equitable  about  this. 
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Many  states  other  than  the  one  the 
speaker  has  referred  to  charge  on  ih 
basis  of  horse  power  alone  and  many 
others  charge  on  a  combination  of 
horse  power  and  weight,  and  one  of 
the  New  England  states  does  take  into 
consideration  the  stroke  as  well  as  the 
bore  in  computing  horse  power,  but 
none  of  them  have  taken  into  consid- 
eration the  distance  traveled.  They 
have  assumed  that  a  motor  vehicle 
should  pay  the  same  whether  it  trav- 
els 3,000  or  30,000  miles  in  a  year. 
Certainly,  it  cannot  be  argued  that 
this,  is  equitable.  It  would  seem,  then, 
that  the  early  motor  vehicle  registra- 
tion fees  were  worked  out  on  an  un- 
scientific basis.  They  have  continued 
until  this  time,  on  approximately  this 
same  basis,  along  the  line  of  least  re- 
sistance, because  there  has  been  no 
co-operation  between  the  legislator 
and  the  motor  vehicle  owner. 

Better  Co-operation  Needed. — This 
lack  of  co-operation  must  be  laid  to 
the  motor  manufacturer,  motor  user 
and  highway  official,  because  each  of 
these  thought  his  product  an  end  and 
not  a  means  to  an  end.  The  motor 
manufacturer  thought  when  he  made 
a  vehicle  that  he  has  accomplished 
something,  the  purchaser  of  the  ve- 
hicle was  very  certain  that  he  owned 
something  of  value,  and  most  assured- 
ly the  highway  official  was  very  posi- 
tive that  in  the  construction  of  a  road, 
he  had  done  a  great  deal,  but  how 
mistaken  are  all  of  them!  They  each 
are  a  factor  in  motor  transportation 
and  the  factors  are  of  no  value  in 
themselves,  and  they  only  became  val- 
uable when  correlated.  The  speaker 
believes  that  he  can  safely  say  that 
now  all  these  classes  realize  that  mo- 
tor transportation  is  an  end  and  that 
the  factors  are  only  means  to  an  end, 
and  that  all  are  going  to  co-operate  to 
make  motor  vehicles  not  only  contrib- 
ute sufficient  funds  for  road  mainte- 
nance, but  make  the  contributions  on 
an  equitable  and  scientifically  correct 
basis. 

Certainly,  we  cannot  consider  longer 
the  registration  of  motor  vehicles  on 
a  sentimental  basis.  When  great 
states  like  New  York  and  Pennsylva- 
nia have  collected  more  than  $12,000,- 
000  for  the  year  just  past,  and  when 
states  like  California,  Illinois  and 
Ohio  collect  more  than  $8,000,000  dur- 
ing 1922,  and  when  the  little  state 
of  Rhode  Island  collects  more  than 
$1,000,000  per  year  for  motor  vehicle 
registration,  it  cannot  be  said  that  it 
is   a    sentimental   issue.     It   is   a   big 


business  question  which  must  be  set- 
tled on  this  basis  before  it  is  settled 
right. 

If  the  highway  departments  are 
going  to  say,  and  they  generally  are 
saying,  that  registration  of  motor  ve- 
hicles is  going  to  pay  the  cost  of 
maintaining  the  improved  roads  in 
every  state,  then  it  is  incumbent  upon 
them  to  say,  and  to  see,  that  legisla 
tion  is  enacted  which  will  make  this 
burden  fair  and  just  to  all.  This  can- 
not be  done  unless  it  takes  into  con- 
sideration the  service  which  the  users 
of  the  road  derive  from  the  road,  re- 
gardless of  the  kind  of  vehicle  they 
use  and  regardless  ofc  the  distance 
which  the  vehicle  travels.  If  the  rail- 
roads meter  the  service  which  they 
render  to  the  public  and  charge  a  fee 
for  it,  depending  upon  the  mileage 
traveled,  and  if  the  telephone  company 
renders  a  specific  service  for  a  spe- 
cific fee,  varying  with  the  quantity  of 
service,  and  if  the  gas  company,  the 
electric  light  company  and  the  utili- 
ties generally  put  in  your  house  a  me- 
ter which  will  measure  the  service 
which  they  render  to  you  and  bill  you 
accordingly,  then  shall  not  the  high- 
way departments  meter  to  the  traveler 
the  service  which  they  have  received 
from  the  roads  and  bill  them  accord- 
ingly. Certainly,  this  should  be  done 
if  it  can  be  done  scientifically,  eco- 
nomically and  satisfactorily. 

Reciprocity  in  Registration  Laws. — 
If,  too,  a  motor  vehicle  is  to  have 
metered  to  it  the  service  which  the 
road  renders,  should  it  not  meter  that 
service  to  that  vehicle  regardless  of 
where  it  travels?  The  word  "reciproc- 
ity" has  been  used  in  motor  vehicle 
legislation,  but  more  particularly  in 
propaganda  concerning  motor  vehicle 
registration  in  a  sense  never  contem- 
plated by  the  definition  of  the  word 
"reciprocity."  Along  the  lines  of  other 
sentimentality  in  connection  with  mo- 
tor vehicle  registration,  the  thought 
has  been  promulgated  and  cognizance 
taken  of  it  in  motor  vehicle  legislation 
that  when  a  vehicle  has  conformed  to 
the  laws  of  the  State  in  which  it  is 
owned,  then  it  shall  travel  in  any 
other  State  as  it  pleases  with  no  fur- 
ther restrictions  so  far  as  registration 
is  concerned.  Sentimentally  this  may 
be  true;  as  a  logical  ultimate  conclu- 
sion in  any  scheme  of  motor  vehicle 
taxation  to  pay  the  cost  of  road  main- 
tenance, it  is  thoroughly  illogical  and 
should  not  prevail.  We  have  today,  as 
a  result  of  this,  all  sorts  and  con- 
ditions of  "reciprocity,"  none  of  them 
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meaning  anything,  so  that  when  re- 
vision is  made  in  the  registration  of 
motor  vehicles,  this  most  unsatisfac- 
tory conglomeration  of  reciprocity 
laws  should  be  taken  into  considera- 
tion. 

Tax  on  Fuel  Consumption  of  Ve- 
hicle.— The  metering  to  a  vehicle  the 
service  which  the  road  renders  to  it, 
regardless  of  whether  it  is  at  home  or 
abroad,  can  be  done  in  a  perfectly 
simple  manner  by  levying  a  tax  upon 
the  fuel  consumed  in  the  propelling 
of  motor  vehicles  upon  the  public 
highway,  or,  in  other  words,  a  tax  on 
gasoline.  The  tax  on  motor  fuel  will 
not  meter  to  the  travelers  with  exact 
accuracy  the  service  which  they  re- 
ceive from  the  roads,  but  it  will  meter 
this  service  almost  exactly  accurately 
and  certainly  infinitely  more  accurate- 
ly than  it  has  ever  been  attempted  to 
meter  this  service  to  them  before.  It 
takes  into  consideration  the  weight  of 
the  vehicle,  the  speed  of  the  vehicle 
and  the  distance  traveled — the  ele- 
ments which  cause  wear  and  tear, 
but  it  does  not  take  into  consideration 
the  cost  of  the  vehicle,  or  the  value 
of  the  vehicle,  or  some  theoretical 
horsepower  rating,  because  these  are 
elements  which  do  not  cause  wear 
and  tear,  and  have  no  bearing  upon 
the  service  which  the  roads  render, 
but  instead  is  purely  an  attempt  at 
class  legislation,  which  should  be  dis- 
continued as  a  general  proposition, 
and  certainly  it  should  be  in  any 
scheme  which  is  to  accurately  meas- 
ure the  amount  of  wear  and  tear  which 
any  vehicle  causes  to  the  highway. 

Take  the  familiar  "flivver"  and  the 
Pierce  Arrow — both  will  pay  a  tax  for 
the  use  of  the  road  in  the  direct  pro- 
portion to  the  motor  fuel  which  they 
consume,  which  it  will  be  found  to 
be  in  almost  direct  proportion  to  the 
weight  and  speed  of  the  car  and  the 
wear  and  tear  it  causes  to  the  high- 
way. Take  the  case  of  the  "flivver" 
owned  by  the  farmer,  which  stands  in 
the  garage  six  days  a  week  and  used 
on  Sunday  (some  farmers  still  have 
"flivvers")  and  travels  perhaps  2,000 
miles  per  year,  and  take  another  case 
of  one  owned  by  a  public  utility  com- 
pany, which  travels  every  day  and 
makes  perhaps  40,000  miles  per  year, 
under  any  of  the  present  plans  they 
pay  exactly  the  same  amount  as  their 
contribution  to  the  maintenance  of 
roads.  Under  the  proposed  tax  on 
motor  fuel,  each  would  pay  for  the 
exact  mileage  which  it  runs,  and  con- 
sequently, each  would  pay  for  the  ex- 


act wear  and  tear  which  it  causes  to 
the  highway. 

There  are  today  on  the  basis  of 
horse  power  many  heavy,  high  pow- 
ered, high  priced  automobiles  actually 
paying  less  fees  for  the  use  of  the 
road  than  the  lowly  "flivver."  Some 
of  these  automobiles,  capable  of  mak- 
ing enormous  speeds,  actually  do 
many  times  as  much  damage  to  the 
road  as  the  "flivver,"  and  actually  pay 
less  to  repair  this  wear  and  tear. 
Then,  if  we  see  that  the  tax  on  motor 
fuel  takes  into  consideration  the 
weight,  the  speed  and  the  distance 
traveled,  we  see  that  it  takes  into 
consideration  the  service  which  the 
road  renders  to  the  user,  and  he  is 
automatically  required  to  pay  in  ad- 
vance for  this  service  he  receives. 

Application  of  Tax  to  Commercial 
Vehicles. — So  far  we  have  taken  into 
consideration  only  the  pleasure  ve- 
hicles, but  the  same  facts  will  apply 
to  the  commercial  vehicles  run  on 
pneumatic  tires.  The  only  thing,  them 
to  be  further  considered  is  the  com- 
mercial vehicle  run  upon  solid  tires. 
Certainly,  there  should  be  a  greater 
charge  made  for  the  use  of  solid  tires 
if  solid  tires  cause  more  wear  and 
tear  to  the  roads  than  pneumatic  tires. 
It  is  conceded,  of  course,  that  pneu- 
matic tires  actually  do  much  less  dam- 
age to  the  road  than  solid  tires,  so 
that  the  solid  tire  vehicle  should  pay 
a  fee  over  and  above  the  tax  on  motor 
fuel,  but  again  is  there  not  room  for 
equalization  of  this?  Rather  than  to 
charge,  as  is  done  in  most  states  to- 
day, a  definite  fee  based  upon  the  car- 
rying capacity  of  the  vehicle,  should 
this  not  be  on  gross  weight?  If  we 
concede  that  weight  is  an  element  of 
wear  and  tear  upon  the  road,  and  the 
speaker  believes  we  all  do  agree  on 
this,  then  does  it  make  any  difference 
whether  that  weight  is  in  the  chassis 
or  in  the  load,  provided,  of  course,  it 
is  equally  distributed  in  any  event.  As 
further  evidence  of.  the  need  for 
change  in  registration,  we  find  most 
states  licensing  today  upon  the  basis 
of  either  horse  power  or  of  carrying 
capacity,  and  relatively  few  basing  it 
upon  the  actual  weight  of  the  truck 
and  load  combined.  In  addition  to  the 
regular  tax  on  motor  fuel,  there  should 
be  a  fixed  fee  charged  for  the  regis- 
tration of  motor  vehicles  varying  with 
and  based  upon  the  total  weight  of  the 
vehicle  and  load  combined. 

If  this  is  done,  and  every  commer- 
cial motor  vehicle  required  to  have 
stamped   in   plain   letters   on  the   ve- 
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hide  the  maximum  weight  which  it 
can  carry,  the  license  fee  will  be  based 
upon  this  maximum  weight,  and  the 
question  of  enforcement  will  be  ma- 
terially simplified. 

Taxing  Electric  or  Steam  Vehicles. 
—It  will  be  a  perfectly  simple  matter 
for  the  enforcement  officer  to  see  that 
the  license  displayed  is  for  the  maxi- 
mum carrying  capacity,  and  by  weigh- 
ing the  vehicle  once  he  can  determine 
whether  the  load  is  greater,  equal  to, 
or  less  than  the  maximum  carrying 
capacity  for  which  the  license  fee  has 
been  paid.  This,  then,  takes  into  con- 
sideration the  pleasure  and  the  com- 
mercial vehicle  equipped  with  solid  or 
pneumatic  tires,  propelled  by  internal 
combustion  engines,  but  it  does  not 
take  into  consideration  the  electric  or 
steam  vehicle.  These  will  aggregate 
a  very  small  percentage  of  the  total, 
in  most  cases  less  than  1  per  cent, 
and  for  the  time  being,  the  pleasure 
vehicles  may  be  charged  so  much  per 
hundred  pounds  of  weight,  including 
the  vehicle's  occupants  at  150  pounds 
each,  at  a  rate  about  equal  to  the 
amount  derived  from  the  motor  fuel 
tax,  say,  15  ct.  per  each  100  lb.  of 
gross  weight  for  each  1  ct.  per  gallon 
tax  on  motor  fuels,  and  the  commer- 
cial vehicle  a  definite  rate  per  total 
weight,  double  that  of  the  internal 
combustion  engine,  which  consumes 
fuel  and  pays  a  tax  on  it. 

That  this  method  of  charging  regis- 
tration is  equitable  cannot  be  success- 
fully denied.  The  only  question,  then, 
is  with  reference  to  its  collection. 

By  charging  and  collecting  the  tax 
on  motor  fuels  as  it  comes  into  the 
State  either  from  the  refiner  or  from 
the  importer,  the  number  of  dealers 
from  whom  the  tax  is  collected  will 
be  very  few.  In  the  State  of  Mary- 
land there  are  actually  but  16  dealers 
under  the  terms  of  the  act  collecting 
the  tax  on  motor  fuels.  These  dealers 
are  required  to  report  and  remit 
monthly,  and  the  matter  of  auditing 
their  books  to  see  that  they  are  cor- 
rectly reporting  is  a  very  simple  one. 

Exemptions.  —  The  question  which 
may  appear  to  be  troublesome  is  one 
of  exemptions.  It  is  clear  that  if  we 
are  going  to  equitably  distribute  the 
cost  of  road  maintenance  to  the  users 
of  the  road,  we  certainly  should  not 
put  any  of  this  upon  the  users  of 
motor  fuel  for  other  purposes  than 
propelling  internal  combustion  engines 
used  upon  the  public  highways.  The 
farm  tractor  should  not  be  taxed, 
neither  should  the  stationary  engine, 


the  motor  boat,  aircraft,  nor  should 
the  commercial  cleaning  and  dyeing 
establishments.  If,  however,  the  tax 
is  required  to  be  paid  at  its  source, 
refunds  can  be  made  to  all  persons 
who  are  entitled  to  exemptions  from 
the  tax.  This,  of  course,  opens  up  a 
chance  for  deceit  and  for  the  escape 
in  the  payment  of  tax,  but  the  speaker 
believes  that  inherently  most  people 
are  honest,  and  most  are  also  afraid 
to  do  what  is  wrong,  and  certainly,  a 
combination  of  the  two  will  prevent 
much  evasion  of  the  tax. 

In  Maryland,  it  can  be  said  with 
authority  that  there  is  pratically  no 
evasion  of  the  tax,  and  the  gas  tax 
which  has  been  in  effect  since  June 
has  produced  $350,000,  and  the  exemp- 
tions have  been  less  than  $3,000,  or 
less  than  1  per  cent.  Certainly,  no 
one  will  argue  that  99  per  cent  of  the 
motor  fuel  which  has  been  imported 
in  the  State  of  Maryland  has  gone  into 
internal  combustion  engines  propelled 
upon  the  public  highway.  If  some  have 
escaped  the  tax,  others  have  not  col- 
lected the  rebate  to  which  they  are 
entitled,  so  that  the  net  result  has 
been  the  collection  of  all  the  tax  which 
was  due. 

That  the  American  public  as  a  whole 
would  rather  pay  tax  when  they  do 
not  know  it  than  when  they  do  know 
it  permits  perhaps  of  no  argument. 
Also,  the  tax  which  is  paid  from  day 
to  day  instead  of  in  a  lump  sum  on  a 
certain  day  of  the  year  is  certainly 
the  tax  most  easily  collected  and  most 
cheerfully  paid.  The  speaker  believes 
that  in  the  State  of  Maryland  actually 
not  25  per  cent  of  the  motorists  know 
that  they  are  paying  a  tax  on  motor 
fuel,  and  that  there  is  no  opposition 
of  any  kind  to  this  tax.  Those  who 
do  know  the  tax  is  being  collected, 
also  know  that  beginning  Jan.  1,  1924, 
there  will  be  a  reduction  in  the  regis- 
tration fee  exactly  corresponding  to 
the  amount  of  the  gas  tax,  and  they 
are  perfectly  willing  to  pay  the  tax 
until  an  equitable  transition  from  reg- 
istrations to  motor  fuel  tax  can  be 
effected. 

The  Tourist  Traffic  and  Tax  on  Gas- 
oline.— The  question  under  discussion 
necessarily  brings  in  the  tourist  traf- 
fic. The  speaker  wishes  that  it  could 
be  left  out;  There  is  certainly  no 
state  which  does  not  endeavor  to  have 
the  foreign  tourists  come  within  its 
borders,  and  it  has  been  said  that  the 
"tourist  crop"  of  America  is  of  greater 
value  than  the  "corn  crop,"  but  if  we 
are  going  to  approach  the  question  of 
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changes  needed  in  motor  vehicle  laws  short  time  a  uniform  method  of  rais- 
with  reference  to  registration,  then  we  ing  funds  for  the  maintenance  of 
must  leave  out,  as  has  not  been  left  roads  will  be  a^tax  on  motor  vehicle 
out  in  the  past,  considerations  of  ex-  fuel.  Certainly,  nothing  can  be  fairer 
pediency  and  see  that  every  user  of  than  this,  nothing  can  be  more  equita- 
the  road,  wherever  he  is,  shall  pay  ble  than  this,  and  if  we  continue  to 
his  proportion  of  the  cost  Of  main-  raise  gigantic  sums  for  road  mainte- 
taining  the  roads  over  which  he  trav-  nance,  running  into  hundreds  of  mil- 
els.  The  tourist,  on  the  basis  of  the  lions  of  dollars  every  year,  it  behooves 
tax  on  motor  fuel,  will  pay  his  tax  us  to  see  that  as  quickly  as  possible 
whether  he  is  at  home  or  abroad,  and  it  is  raised  in  an  equitable  manner 
the  money  which  he  pays  for  the  tax  from  all  users  of  the  road  wherever 
on  motor  fuel  he  will  know  will  be  they  are.  Give  to  the  motorists  by 
used  to  repair  the  wear  and  tear  positive  performance  assurances  that 
which  his  vehicle  has  caused  upon  all  funds  so  raised  for  road  mainte- 
these  highways.  nance  will  be  honestly  and  wisely  used 

It  would  seem,  in  conclusion,  there-  for  the  purpose,  the  further  assurance 

fore,  that  if  we  can  abandon  as  quickly  that  each  man  is  paying  for  his  share, 

as  possible  all  of  the   present  unsci-  no    more    and    no    less,    and    he    will 

entitle    and    inequitable    methods    of  willingly  pay  the  bill,  not  only  because 

metering  to  the  user  the  service  which  no  one  else  will,  but  because  it  is  his 

he  receives   from   the   road,    such   as  duty  as  a  matter  of  right. 

registration  based  upon  horse  power,  m         m — ; ; 

combinations  of  horse  power  and  Unit  Bidding  Prices  on  Colorado 
weight,  combinations  of  horse  power  Highway  Work 

and  costs,  and  substitute  for  them  the  The  following  tabulation  shows  the 

tax  on  motor  fuel  for  all  pneumatic  average  unit  bidding  on  the  more  com- 

tire   vehicles,   we   will   be   measuring  mon  items  of  1922  work  of  the  Colo- 

this  service  almost  as  accurately  as  rado  State  Highway  Department: 

the  gas   company,   or  the  water  com-  Rock  excavation,  cu.  yd $  1.30 

pany,    or    the    electric    light    company  Common  excavation,  cu.  yd 45 

measures  the  service  which  they  ren-  Borrow  mi,  cu.  yd. 38 

der  to  their  users.    If  in  addition  to  Gravel  for  shoulders,  cu.  yd 1.90 

the  tax  on  motor  vehicle  fuel,  we  will  Sand  cushion,  cu.  yd 1.80 

place  an  additional  charge  against  the  Concrete  pavement,  sq.  yd 2.40 

users  of  solid  tire  vehicles,  based  upon  Concrete  Class  "A,"  cu.  yd 21.30 

the  combined  weight  and  carrying  ca-  Concrete  Class  "B,"  cu.  yd 20.50 

pacity   of   the   vehicle,   we   will   have  Reinforcing-  steel,  lb. 625 

reduced   this   to   an   almost   scientific  structural  steel,  lb 68 

accuracy.    Vehicles  other  than   those  Timber  piling  (creosoted),  lin.  ft.. .    l.oi 

propelled  by  internal  combustion  en-  Timber  piling 95 

gines,    equipped    with   either   solid    or  Gravel  surfacing,  cu.  yd 2.20 

pneumatic  tires,  which  are  almost  a  Untreated  lumber,  M.  B.  M. 60.00 

negligible  percentage  of  the  total,  can — —  ■ 

be  registered  on  the  basis  of  total  Illinois  Short  Course  in  High- 
weight  for  both  pleasure  and  commer-  way  Engineering.  —  The  Depart- 
cial  vehicles  ment    of    Civil     Engineering    of    the 

How  the  Transition  from  Present  University  of  Illinois  will  hold 
Methods  Can  Be  Made.— The  only  diffi-  the  10th  annual  short  course  in 
culty  is  the  transition  from  the  pres-  highway  engineering  at  the  Univer- 
ent  method  existing  in  the  several  sity  Feb.  19-23,  1923.  The  State  of  Illi- 
states  to  motor  vehicle  fuel  tax.  This  nois  Department  of  Public  Works  and 
transition  can  be  worked  out  with  Buildings,  Division  of  Highways,  is 
great  accuracy  by  charging  for  a  defi-  actively  co-operating  in  giving  this 
nite  period  a  tax  on  motor  vehicle  course.  Speakers  and  leaders  of  dis- 
fuel  and  registration  at  the  existing  cussion  will  be  taken  from  the  Uni- 
rates,  comparing  the  two  and  making  versity  faculty,  the  staff  of  the  Di- 
a  reduction  in  the  existing  rates  ex-  vision  of  Highways,  and  the  county 
actly  conforming  to  the  increase  superintendent  of  highways.  The 
brought  about  by  motor  vehicle  fuel  course  is  open  without  fee  to  any  per- 
tax.  The  speaker  believes  that  this  son  interested.  Copies  of  the  pro- 
can  be  done,  he  believes  further  that  gram  may  be  obtained  by  addressing 
it  can  be  done  with  a  minimum  of  the  Department  of  Civil  Engineering, 
inconvenience  and  inequality  to  every-  University  of  Illinois,  201  Engineering 
one,   and   hopes   that   within   a   very  Hall,  Urbana,  111. 
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Use  of  Local  Material  for  Concrete  Aggregate 

Equipment  and  Operation  of  Local  Gravel  Pits  Described  in  Paper 

Presented  Jan.  17  at  Annual  Convention  of 

American  Road  Builders  Association 

By  H.  J.  KUELLING, 
Construction  Engineer,  Wisconsin  Highway  Commission. 


This  subject  may  well  be  approached 
from  one  of  two  angles.  First,  from 
the  viewpoint  of  the  contractor  who  is 
to  operate  it,  and,  secondly,  from  the 
viewpoint  of  the  engineer  or  public 
official  who  is  to  pass  on  the  material. 
What  the  writer  has  to  say  will  prob- 
ably be  a  mixture  of  these  two. 

Many  people  view  the  subject  of 
local  material  with  suspicion.  This  is 
especially  true  of  contractors  who  are 
not  desirous  of  being  loaded  down 
with  any  more  equipment  or  any  more 
troubles.  In  Wisconsin,  however,  the 
contractors  are  gradually  coming  to 
look  with  favor  upon  this  method  of 
producing  material,  and  there  will  be 
an  ever  increasing  competition  upon 
jobs  where  local  material  is  available. 

Use  of  Local  Material  Matter  of 
Economy. — In  the  opinion  of  the 
writer,  the  use  or  non-use  of  local 
material  is  entirely  one  of  economy; 
in  other  words,  the  question  of  which 
is  the  cheaper,  local  or  shipped-in 
material.  It  is  entirely  out  of  the 
question  for  a  state,  county  or  local 
community  to  subsidize  any  commer- 
cial pit  or  quarry.  The  writer  frankly 
admits  that  commercial  pits  and  quar- 
ries can  produce  cheaper  than  a  tem- 
porary local  plant  and  advises  using 
them  where  the  question  of  freight 
does  not  enter  and  the  difference  in 
truck  hauls  is  not  too  great.  However, 
as  soon  as  freight  on  a  railway  enters 
into  the  argument,  the  handicap  of  90 
ct.  to  $1  a  yard  enters,  a  sum  which 
alone  more  than  covers  the  average 
production  cost  of  the  Wisconsin  local 
pits. 

Instead  of  the  commercial  com- 
panies sitting  back  and  criticizing,  the 
writer  believes  there  is  a  good  busi- 
ness opportunity  for  some  of  them  to 
go  into  local  production  with  one  or 
more  small  outfits,  such  as  will  be  de- 
scribed below.  Plenty  of  business 
could  soon  be  worked  up  for  such  an 
enterprising  producer,  as  many  con- 
tractors with  no  experience  in  aggre- 
gate production  would  be  only  too  glad 
to  hitch  up  with  him. 

Quality  of  Local  Material. — Some 
people  criticize  local  material  on  the 


ground  of  quality.  The  good  Lord 
doesn't  change  the  sand  and  gravel  if 
it  is  operated  locally,  rather  than  com- 
mercially. Properly  operated,  as  many 
local  pits  are,  just  as  good  material  is 
obtained  in  one  case  as  the  other.  As- 
suming proper  quality  of  sand  and 
pebbles  in  the  deposit,  sufficient  wash- 
ing and  separation  of  fine  and  coarse 
will  produce  satisfactory  aggregates  in 
either  case.  Improper  operation  will 
produce  unsatisfactory  material,  as  we 
all  know  who  have  had  to  reject  mate- 
rial. 

Local  material  may  consist  of  the 
production  of  fine  aggregate  alone 
from  a  sand  pit,  the  production  of 
coarse  aggregate  alone  from  a  local 
quarry,  or  the  production  of  both  fine 
and  coarse  aggregate  from  a  gravel 
pit.  The  nature  of  the  subject  assigned 
to  the  writer  naturally  confines  him  to 
the  last  method,  although  all  three  are 
in  operation  in  his  native  state. 

Aggregate  for  84  Miles  of  Concrete 
Road  Produced  Locally. — During  the 
past  season  in  that  state  there  were 
constructed  355  miles  of  concrete  road. 
Of  these  there  were  187  miles  on 
which  the  fine  aggregates  were  shipped 
on  a  railway;  84  miles  trucked  or 
otherwise  hauled  directly  from  com- 
mercial plants;  and  84  miles  produced 
in  local  operation.  In  percentages 
these  run  52.8  per  cent  shipepd;  23.6 
per  cent  trucked  from  commercial 
plants,  and  23.6  por  cent  from  local 
production. 

In  the  matter  of  coarse  aggregate 
there  were  153  miles  on  which  they 
were  shipped  on  railways;  119  miles 
trucked  from  commercial  plants,  and 
83  miles  produced  in  local  operations. 
In  percentages  these  are  43.1  per  cent 
shipped;  33.5  per  cent  trucked  from 
commercial  plants,  and  23.4  per  cent 
produced  locally.  Analyzing  these  on 
a  basis  of  2  coarse  to  1  fine  aggregate, 
it  is  readily  seen  that  54  per  cent  of 
the  tonnage  on  these  355  miles  of  pav- 
ing never  saw  a  railway.  Naturally  this 
means  cheaper  concrete  roads,  a  sav- 
ing in  freight,  easing  up  on  the  burden 
of  the  railways,  a  saving  in  bond  cost, 
and  an  easing  up  for  the  contractor  in 
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the  all-important  matter  of  financing 
his  job. 

This  may  be  a  little  aside  from  the 
subject  but  it  is  mentioned  to  show 
the  extreme  importance  of  a  thorough 
study  of  local  materials  where  they 
exist.  The  writer  is  fully  aware  that 
many,  in  fact,  a  vast  majority  of  com- 
munities, have  no  such  opportunities 
to  save  money,  but  others  have  and 
are  sometimes  passing  by  a  good  op- 
portunity, as  we  did  in  more  than  one 
case. 

Locating  Gravel  Site. — Getting  back 
to  the  subject,  a  question  of  equal  im- 
portance with  the  equipping  and  oper- 
ating is  the  locating  and  proper  test- 
ing of  sites.  There  is  no  doubt  that 
much  of  the  ill  repute  of  local  produc- 
tion can  be  traced  to  lack  of  knowl- 
edge before  operations  were  begun. 
Then  when  the  pit  failed  the  whole 
question  of  local  production  was  con- 
demned. 

In  Wisconsin  we  believe  the  matter 
of  locating  the  gravel  is  the  duty  of 
a  geologist,  so  all  of  our  material 
parties  are  in  charge  of  a  geologist, 
just  as  they  would  be  if  we  were  to 
seek  a  deposit  of  lead  or  iron.  His 
knowledge  of  geology  shows  him 
where  to  seek  the  best  supplies.  This 
has  often  been  brought  out  in  a  startl- 
ing manner  in  the  finding  of  good  pits 
where  the  local  people  insisted  no 
material  existed  and  where  the  aver- 
age layman  or  engineer  even  would 
not  suspect  it.  The  duty  of  the  engi- 
neer, who  accompanies  the  geologist 
in  locating,  is  to  study  the  deposit 
from  the  physical  viewpoint  of  whether 
or  not  it  can  be  successfully  operated. 

Each  party  is  equipped  with  a  Ford 
ambulance  of  the  type  used  in  the 
world  war.  They  are  also  fully  equipped 
with  shovels,  picks,  scales,  containers, 
screens,  glacial  and  soil  maps,  and 
any  other  tools  necessary  to  efficient- 
ly conduct  their  work.  Some  of  the 
parties  carry  along  small  cooking  out- 
fits while  practically  all  of  them  sleep 
in  their  cars  at  night.  They  are  paid 
a  salary  and  have  to  maintain  them- 
selves out  of  this.  They  turn  in  an 
expense  account  for  the  car,  however, 
Each  party  is  given  a  number  of  prop- 
osed projects  to  cover. 

The  methods  of  each  party  vary,  of 
course,  with  the  kind  of  material  for 
which  they  are  searching.  Those 
parties  whose  task  it  is  to  locate  con- 
crete aggregates  have  to  spend  more 
time  and  take  more  care  in  the  results 
than  do  those  parties  who  are  locating 
surfacing  materials. 


A  party  locating  aggregate  for  con- 
crete construction  must  first  try  to 
locate  a  satisfactory  deposit  as  near 
as  possible  to  the  center  of  the  project. 
If  this  is  impossible  they  must  widen 
out  in  their  search,  always  keeping  in 
mind  the  disadvantages  of  long  hauls 
and  poor  setups.  They  must  also  locate 
in  each  case  the  nearest  water  supply 
and  what  it  is.    They  usually  do  some 


Plant    of    R.    R.    Birdsall    at    Lyons,    Wis., 
Showing    Bin   Construction. 

test  pitting,  especially  on  undeveloped 
deposits,  to  determine  stripping,  and 
otherwise  prove  their  conclusions.  In 
general,  a  field  test  is  made  of  the 
material  in  the  nature  of  a  silt,  colori- 
metric  and  screen  test.  Their  notes 
are  kept  on  loose  leaf  forms  provided 
by  the  highway  commission.  The 
deposits  are  spotted  by  section,  town 
and  range,  and  the  owners'  names  ob- 
tained wherever  possible.  Each  depos- 
it is  given  a  location  number,  these 
numbers  starting  at  one  and  running 
upward  consecutively  in  each  county; 
there  being  no  duplicate  numbers  in 
any  one  county. 

Such  surveys  cost  the  state  in  the 
neighborhood  of  $40  or  $50  per  mile  of 
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project.  After  the  surveys  are  made 
and  the  field  information  properly  an- 
alyzed it  is  up  to  the  materials  depart- 
ment and  the  district  office  to  see  that 
the  most  promising  locations  are  prop- 
erly test  pitted. 

Test  Pitting  Site  of  Gravel  Deposit. 
— The  test  pitting  is  an  exceedingly 
important  feature  of  the  work.  It  must 
be  done  extensively  and  thoroughly. 
The  methods  involved  and  the  exten- 
siveness,  of  course,  varies  with  the 
kind  of  material  being  searched  for. 
If  several  miles  of  concrete  road  are 
to  be  built  out  of  a  proposed  pit,  it  is 
necessary  to  very  thoroughly  test  pit 
the  site,  especially  if  it  is  an  undevel- 
oped deposit.  Enough  holes  should  be 
dug  to  determine  the  extent  and  they 
should  be  dug  to  an  adequate  depth  to 
determine  the  working  face.  We  have 
dug  holes  30  ft.  and  over  by  using  box 
sheeting  of  2-in.  boards  4  ft.  long  dove- 
tailed at  the  ends.  It  is  an  easy  mat- 
ter to  construct  a  windlass  operated 
by  hand,  and  with  a  hole  .4  ft.  square 
a  pretty  good  sized  bucket  can  be 
attached  for  raising  the  material  out 
of  the  opening.  The  samples  for  test- 
ing purposes  should  be  taken  at  the 
time  of  digging.  Our  requirement  for 
such  purposes  is  a  representative  sam- 
ple of  500  lb.  of  pit  run  material  from 
the  deposit.  The  samples  should  not 
be  taken  from  one  hole  but  from  sev- 
eral different  holes.  Probably  the  best 
method  of  handling  the  samples  is  to 
sack  the  material  in  cement  sacks. 
Tags  are  rilled  out  and  one  placed 
inside  the  sack  and  one  attached  after 
which  they  are  sent  express  or  freight 
collect  to  the  laboratory  at  Madison. 
The  man  supervising  the  work  also 
fills  out  an  aggregate  sheet  furnished 
by  the  commission  describing  the  de- 
posit, which  sheet  he  sends  direct  to 
the  materials  department.  Here  a 
duplicate  is  made  and  sent  to  the 
laboratory  and  the  original  kept  in 
the  files. 

From  these  samples  tests  are  made, 
both  on  the  fine  aggregate  and  the 
coarse.  Sand  briquettes  are  made  for 
breakage  at  three,  seven  and  ten  days. 
Coarse  aggregate  is  tested  in  speci- 
mens 18  in.  long,  8  in.  in  width,  and 
4.3  in.  in  thickness.  These  are  always 
made  at  the  same  time  as  specimens 
of  standard  material.  Both  are  tested 
at  the  same  time  in  a  rattler  and  later 
in  tension  and  compression.  By  al- 
ways running  these  tests  with  a  stand- 
ard, we  not  only  can  compare  the 
material  with  the  standard,  but  with 
any  other. 


The  information  thus  obtained  is 
placed  in  the  hands  of  prospective  bid- 
ders through  the  medium  of  the  dis- 
trict offices.  The  cost  of  testing  mate- 
rial from  one  deposit  is  estimated  to 
be  about  $35.  If  a  prospective  bidder 
is  still  not  satisfied  he  may  make  an 
investigation  of  the  material  himself, 
and  should  by  all  means  make  a  most 
careful  investigation  of  all  the  physi- 
cal features  surrounding  its  use,  such 
as  water  supply,  topography,  soil, 
roads,  etc. 

Of  course  no  proposed  gravel  pit 
can  be  guaranteed  to  be  absolutely 
safe.  By  this  we  mean  that  even  with 
the  best  kind  of  test  pitting  a  few  pits 
where  opened  up  disclosed  objection- 
able features  which  were  not  appar- 
ent before.  These  features  may  be 
enumerated  as  a  pit  running  to  sand, 
too  many  oversize  boulders,  and  a  pit 
containing  heavy  seams  of  clay.  These 
failures,  however,  are  few  and  often 
where  there  has  been  a  failure  some 
bit  of  negligence  or  ignorance  was 
responsible  for  it. 

For  instance,  in  one  case  the  prop- 
osed deposit  was  thoroughly  test 
pitted,  but  in  setting  up  the  plant  it 
was  moved  just  a  little  north  along  the 
ridge  from  where  the  test  holes  had 
been.  When  the  ridge  was  opened 
they  encountered  huge  boulders  and 
had  to  change  the  drag  line  to  a  steam 
shovel.  The  boulders  had  not  shown 
up  in  the  test  pitting  and,  in  fact,  the 
south  side  of  the  pit,  which  was  the 
side  neares  tthe  test  holes,  showed 
hardly  a  boulder.  Another  case  was 
that  of  a  deposit  not  recommended  by 
the  state,  but  one  which  the  contractor 
was  eager  to  set  up  in.  Consequently, 
while  a  small  pit  was  showing  in  a 
ridge  it  was  never  thoroughly  test 
pitted.  The  result  was  disastrous  as 
the  contractor  was  ordered  to  shut 
down  when  it  was  found  that  the  mate- 
rial was  running  out,  and  also  was 
becoming  too  dirty  to  use  for  con- 
crete. Another  case  was  that  of  a 
perfectly  good  pit,  but  wherein  inade- 
quate machinery  was  placed.  The  con- 
tractor placed  a  small  movable  outfit 
in  this  pit  to  produce  concrete  aggre- 
gate. The  bin  capacity  was  only  18 
yards.  While  the  pit  run  material 
actually  ran  50  per  cent  sand  and  50 
per  cent  stone,  the  plant  was  too  small 
to  handle  the  waste  sand  successfully, 
with  the  result  that  it  was  an  absolute 
failure  and  was  forced  to  quit  right  at 
the  start. 

The  writer  has  gone  into  all  this 
detail  of  locating  and  testing  of  gravel 
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pits  to  thoroughly  impress  the  fact 
that  local  production  requires  consid- 
erable gray  matter  before  one  should 
think  of  the  equipment  and  operation. 
The  Gravel  Plant. — The  production 
of  concrete  aggregates  by  means  of  a 
local  plant  is  a  problem  of  some  mag- 
nitude. In  the  first  place,  let  it  be 
said  that  a  plant  for  this  purpose  must 
be  stationary.  Another  good  feature 
of  the  successful  plant  is  adequate  bin 
capacity,  for  if  there  happens  to  be 
a  temporary  breakdown  in  the  pit 
operating  machinery  and  the  bins  are 
pretty  well  filled  up,  the  trucks  or  other 
hauling  equipment  is  still  able  to  op- 
erate.    Of   course,    the   entire    equip- 


Cost  of  the  Plant. — A  well  built  and 
efficient  gravel  plant  for  producing 
satisfactory  aggregates  for  concrete 
pavement  construction  should  cost  in 
the  neighborhood  of  $10,000  to  $12,000, 
including  the  items  of  erection.  The 
reason  for  a  variance  between  the 
above  mentioned  figures,  is  the  differ- 
ence in  cost  between  a  washing  and 
dry  screening  plant,  freight,  erection, 
etc.  A  plant  of  this  price  has  a  bin 
capacity  of  about  200  yards,  which 
ought  to  be  sufficient.  Below  is  a  table 
showing  the  approximate  cost  of  a 
stationary,  up-to-date  gravel  plant: 

Crusher  $  2,800 

Grizzly  screen    50 


Plant   Near   Lancaster,  Wis.,  for  Crushing  Limestone  to   %-ln.  Size  for  Use  in  Gravel 

Surfacing. 

ment  must  be  efficient  and  efficiently      Blade  feeder  300 

operated  as  well.    Too  small  a  crusher  gable s,  shieves,   etc ... . . . . . . . . . . . . .    ^  300 

or   screens,   not   enough   horsepower,  Dragline  bucket  ............ .......       450 

poor  management,  and  a  poor  pump  in      Two  60  h.p.  motors 2,200 

case  of  washing,  are  some  of  the  ob-      SSjJJy   foo 

jectionable    factors    in    a    plant    not  Lumber  for  'bins,'  'etc.* .'.'.'.'  .WW  .WW    1,000 

operating  efficiently.     The  contractor      Cost  of  erection 1,000 

in  choosing  his  setup  and  machinery  0 

has  quite  a  problem  on  his  hands.    He      Cost  of  washing  equipment $700 

should  look  the  proposed  site  over  ._  t.  '  _  .  ,  .  ... 
well  and  take  all  the  factors  into  con-  Another  item  which  is  really  an 
sideration.  He  must  consider  the  dis-  <*tra  «J  tn?  measuring  device.  Where 
tance  he  is  to  be  from  the  project  and  Datc;n  iru<*s'  for  instance,  are  to  be 
also  what  method  of  hauling  and  H,?ed  this  is  an  absolute  necessity 
charging  the  mixer  is  to  be  used.  Of  Tnere  naJe  been  attempts  to  construct 
course,  the  problem  of  set-up  does  not  home-made  devices  with  mediocre  sue- 
always  rest  with  the  contractor,  as  Ge™-  T\e™  a™  mechanical  devices  on 
there  are  quite  a  number  of  cases  the  market  which  are  quite  successful, 
where  the  county  has  owned  and  op-  They  are,  however  pretty  expensive 
erated  a  pit,  supplying  material  for  its  as  an  outfit  costs  aD0Ut  *500- 
own  day  labor  crew,  or  else  furnishing  Description  of  a  Contractor's  Plants. 
material  to  a  contractor  at  a  much  — Two  plants  of  one  contractor  are 
lower  price  than  he  could  purchase  it  identically  alike,  and  while  not  abso- 
from  a  commercial  concern.  lute  models  of  perfection  are  worthy 
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of  description.  An  arrow  shaped  drag 
line  bucket  handling  about  a  cubic 
yard  at  a  time  pulls  the  material  up, 
where  it  is  dumped  through  a  trap 
onto  the  blade  feeder.  This  feeder  is 
in  the  form  of  an  endless  belt  which 
has  a  number  of  blades  fastened  there- 
on. This  turns  slowly  and  constantly 
dumps  the  material  onto  the  grizzly 
screen.  Thus  the  material  is  fed  grad- 
ually to  the  crusher  while  the  drag 
line  is  making  its  return  trip.  The 
rejected  gravel  from  the  grizzly  drops 
into  a  No.  4  gyratory  crusher  set  at 
about  iy2  in.  Then  the  material  is 
carried  up  to  the  screens  in  a  bucket 
elevator  about  50  ft.  high  and  contain- 
ing approximately  140  buckets.     The 


takes  care  of  the  blade  feeder,  crush- 
er, elevator  and  screens,  and  the  other 
the  double  drum  hoist  operating  the 
drag  line. 

The  bins  for  this  plant  are  11  ft. 
wide,  36  ft.  long,  and  14  ft.  deep.  They 
are  set  on  a  concrete  foundation  38  ft. 
long  with  a  base  of  3  ft.  and  tapering 
up  to  16  in.  The  horizontal  timbers 
resting  on  this  concrete  foundation 
and  supporting  the  uprights  are  10  in. 
x  12  in.  The  uprights  themselves  are 
10  in.  x  10  in.  and  12  in.  x  12  in. 
Seven  10  in.  x  12  in.  timbers  are  used 
as  braces  for  the  uprights.  There  are 
also  14  cross  braces  6  in.  x  8  in.  in 
size,  seven  on  each  side;  2  in.  x  12  in. 
are  used  as  floor  joists  spaced  with  6 


Plant  of   Rock  County,  Wisconsin.    Gravel   Crushed    and    Screened    But    Not    Washed. 


screens  are  of  the  revolving  type,  4  ft. 
in  diameter  and  in  sections.  The  first 
section  is  6  ft.  with  a  ^4-in.  round 
opening,  the  second  4  ft.  with  a  ^-in. 
round  opening,  and  the  third  6  ft.  with 
elliptical  opening  %  in.  by  1  in.  in  size. 
For  dry  screening  a  screen  of  the  last 
section  type  is  probably  the  best.  How- 
ever, the  last  section  of  screen  should 
have  2-in.  round  openings  to  take  care 
of  any  oversize  material.  A  chute 
could  be  built  from  the  end  of  this 
screen  back  to  the  crusher.  It  has 
also  been  found  very  necessary  at 
times  to  insert  a  section  of  %-in.  round 
screen  to  waste  the  pea  gravel  sizes 
when  the  gravel  in  the  deposit  runs 
fine.  Two  60-h.p.  motors  furnish  the 
power  for  operating  this  plant.     One 


in.  centers.  There  is  also  cross  brac- 
ing on  the  side  of  3  in.  x  12  in.,  two 
being  used  together  making  six  pairs 
on  each  side.  The  floor  and  sides  of 
the  bins  are  of  2  in.  x  12  in.  planks, 
the  studding  being  the  same  size  as 
the  floor  joists.  They  are  double 
rodded,  the  long  rods  being  iy2  in.  in 
diameter  and  the  short  ones  1%  in. 
The  bin  supports  or  whales  through 
which  the  rods  are  bolted  are  6  in.  x 
12  in.  doubled.  These  hold  the  whole 
bin  together  and  there  are  three  tiers 
of  them,  the  first  1  ft.  above  the  sill, 
the  second  4  ft.,  and  the  third  10  ft. 

Arrangement  for  Washing. — A  large 
proportion  of  local  pits  contain  enough 
dirty  material  to  require  washing. 
There  is  also  something  in  the  proposi- 
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tion  of  expediting  the  work  of  the 
screens  by  washing,  especially  on 
damp  days.  A  number  of  different 
types  of  washers  are  used.  Probably 
the  most  common  is  that  of  old  tilting 
box  type,  with  which  nearly  every  one 
is  familiar.  The  valve  control  or  dis- 
charge for  the  washed  sand  in  this 
type  is  dependent  of  operation  upon 
the  weight  of  the  sand  contained  in 
the  settling  tank.  There  are  a  few 
mechanical  objections  to  a  washer 
such  as  this.  First,  the  inertia  of  so 
great  a  weight  makes  the  valve  action 
slow,  so  that  with  uneven  feeds  the 
valve  does  not  always  close  in  time  to 
prevent  a  "runaway."  Secondly,  a  tank 
of  this  sort  is  operated  by  balanced 


one  end.  The  floor  of  this  box  slopes 
upward  at  the  other  end  to  the  top. 
A  number  of  blades  are  fastened  to  an 
endless  chain  which  operates  over 
sprocket  gears  at  either  end  of  the 
box.  These  blades  dip  down  into  the 
water,  and  by  close  contact  with  the 
slanting  floor  carry  the  washed  sand 
to  the  top  where  it  is  dumped  over  into 
the  bins.  There  is  a  space  at  either  end 
of  each  blade,  which  permits  excess 
water  to  return  to  the  tank.  These 
blades  continually  agitate  the  dirty 
water  in  the  tank  and  keep  the  dirt  in 
suspension  until  it  is  carried  off  over 
the  spillway.  Plenty  of  clean  water 
must  be  poured  into  the  tank  con- 
tinually, and  it  is  well  to  have  several 
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Pla  <t  of  Washington  County,   Near    Hartford,     Wis.      Gravel     Crushed,     Washed     and 
Screened.    View  Shows   Bin   Used  in   Loading   Trucks   From  Stock   Pile. 


weights  which  to  operate  quickly  must 
be  set  so  that  the  valve  does  not  close 
tightly  when  the  feed  of  sand  ceases 
but  while  the  water  is  still  coming. 
Sometimes,  unless  the  valve  is  closed 
by  hand,  an  amount  of  water  and  clay 
gets  into  the  clean  sand  already  dis- 
charged. 

There  are  also  steel  conical  tanks 
on  the  market  which  are  quite  expen- 
sive, but  more  efficient  as  the  dis- 
charge is  controlled  by  volume  rather 
than  by  weight. 

A  good  many  pit  operators  are  using 
a  washer  of  a  different  type.  This  is 
really  a  mechanical  conveyor  sort  of 
settling  tank.  It  consists  of  a  large 
rectangular  wash  box  of  wood,  with  a 
discharge  for  clay  and  dirty  water  at 


sprinklers  playing  on  material  as  it  is 
pulled  up  to  be  dumped  into  the  bins. 
These  washers  are  sold  in  two  sizes, 
4  ft.  x  18  ft.  and  3  ft.  x  18  ft,  respec- 
tively, and  are  priced  at  about  $500, 
exclusive  of  any  wash  box  lumber. 
The  former  size  has  a  capacity  of  40 
tons  of  sand  per  hour  and  the  latter 
35  tons. 

Any  of  these  washers,  of  course,  are 
for  sand  only.  It  is  sometimes  and,  in 
fact,  always,  just  as  necessary  to 
cleanse  the  gravel.  For  this  a  water 
pipe  with  an  end  spray  can  be  dis- 
charged into  the  screens.  This  will 
aid  very  materially  in  pushing  the 
sand  through  the  sand  screen  into  the 
settling  tank,  and  also  for  separating 
the  sand  from  the  stone,  when  it  has 
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a  tendency  to  stick  together  in  damp 
weather.  It  is  also  advantageous  to 
have  a  section  of  closed  screen  con- 
taining angle  irons  bolted  to  the  sides, 
which  may  be  termed  a  scrubbing 
chamber.  One  of  the  principal  req- 
uisites for  a  successful  washing  plant 
is  plenty  of  clean  water.  Four-inch 
pipe  should  be  used,  if  possible,  and  a 
pump  powerful  enough  and  an  ade- 
quate water  supply  to  produce  250  to 
300  gallons  a  minute,  is  necessary. 

Savings  from  Use  of  Local  Material. 
— From  one  pit  about  6.53  miles  were 
built.  The  total  job  was  7.29  miles 
in  length  or  77,176.4  sq.  yd.  of  paving. 
The  low  bid  on  this  was  $1.07  per  sq. 
yd.,  exclusive  of  cement,  as  against 
the  lowest  price  bid  for  commercial 
material  of  between  $1.12  and  $1.16. 
This  is  a  difference  of  about  7  ct.  per 
sq.  yd.  or  a  total  saving  of  $5,402.35 
on  the  entire  job.  However,  the  facts 
that  the  pit  was  easily  obtainable  and 
a  good  set-up,  that  the  hauls  were 
good,  and  that  several  contractors 
were  interested  who  wished  to  go  into 
their  own  material  production,  all  had 
a  tendency  toward  producing  one  of 
the  lowest  bids  per  square  yard  in  the 
whole  state. 

Another  job  consisted  of  about  8 
miles  of  18-ft.  paving,  the  low  bid  be- 
ing $1.19  per  sq.  yd.  and  the  lowest 
bid  per  square  yard  using  commercial 
material  was  $1.49,  or  a  saving  of  30 
ct.  per  sq.  yd.  This  meant  a  saving 
of  approximately  $25,344  on  this  one 
job.  The  plant  was  equipped  with  a 
hoist  and  upright  boiler,  arrow  scraper, 
one  60-h.p.  motor,  a  loader  elevator,  a 
bucket  elevator,  old  style  washing 
plant,  screens  and  160-yd.  capacity 
bins.  Provision  was  made  to  shoot 
the  rejected  oversize  stone  back  into 
the  pit.  From  this  plant  approximate- 
ly 25,400  cu.  yd.  of  sand  and  gravel 
were  hauled  out  on  the  road.  This 
meant  an  average  of  about  250  yd.  a 
day  on  the  road  and  does  not  include 
an  average  of  about  20  to  25  yd.  of 
material  wasted  each  day.  Material 
was  hauled  in  trucks  onto  the  road 
and  stock  piled  every  thousand  feet. 
From  the  stockpiles  a  fleet  of  Ford 
batch  trucks  carried  the  aggregate  to 
the  mixer. 

Another  road,  3.3  miles  in  length, 
was  constructed,  the  low  bid  being 
$1.29  per  sq.  yd.  using  local  material. 
The  lowest  price  bid  per  square  yard 
using  commercial  material  was  $1.45, 
a  saving  of  16  ct.  per  sq.  yd.  This 
means  a  saving  of  $5,575.68  on  the 
entire  job.    The  material  was  trucked 


onto  the  roadbed,  stock  piled  and 
wheelbarrows  used  to  charge  the  mix- 
er. This  was  the  second  season  that 
the  contractor  had  operated  this  pit. 

Another  job  of  4  miles  was  partly 
constructed,  about  ZY2  miles  being 
built.  The  bid  per  square  yard  using 
local  material  was  $1.11,  whereas  the 
lowest  bid  per  yard  using  commercial 
material  was  $1.35,  or  a  saving  of  24 
ct.  a  sq.  yd.  This  is  a  saving  of  $10,- 
137.60  for  the  entire  job.  The  material 
was  hauled  on  the  road,  stockpiled, 
and  wheelbarrows  used  to  charge  the 
mixer.  They  had  about  6,000  yd.  of 
material  stockpiled  on  the  subgrade 
before  the  actual  paving  work  started. 
The  equipment  at  the  pit  consisted  of 
a  bottomless  drag  line  bucket,  a  plate 
feeder,  a  conveyor,  a  9  in.  x  15  in.  jaw 
crusher,  frizzly,"  a  36-ft.  bucket  eleva- 
tor, a  tilting  box  type  washer,  screens 
and  bins,  a  60-h.p.  tractor,  a  double 
drum  hoist  and  upright  boiler,  a  10-20 
tractor,  and  a  centrifugal  pump.  The 
bin  capacity  was  small,  holding  only 
90  to  100  cu.  yd.  Provision  was  made 
to  shoot  the  oversize  stone  back  to  the 
crusher.  The  10-20  tractor  furnished 
power  for  the  pump  which  had  a  cap- 
acity of  450  gal.  a  minute,  but  only 
about  300  gal.  a  minute  were  actually 
used.  The  production  of  this  plant 
was  small  as  it  averaged  only  about 
150  cu.  yd.  of  sand  and  stone  to  the 
road  per  day.  The  smallness  of  the 
crusher  was  greatly  to  blame  for  this 
as  the  9  in.  x  15  in.  jaw  crusher  was 
only  capable  of  a  capacity  of  about  10 
to  15  cu.  yd.  an  hour.  What  they 
should  have  had  in  its  place  was  a 
gyratory  crusher,  No.  3  or  4  in  size. 
The  bin  capacity  was  small  and  the 
whole  plant  was  not  constructed  in  as 
stable  a  manner  as  possible,  probably 
accounting  for  the  numerous  delays 
and  breakdowns.  It  seems  true  also 
from  various  observations  that  a 
scraper  of  the  arrow  type  will  handle 
a  larger  amount  of  material  than  the 
bottomless  bucket. 

County  Operation  of  Local  Plant. — 
One  county  operated  two  local  plants. 
One  contractor  built  about  40,634  sq. 
yd.,  using  material  from  one  of  the 
county  pits.  His  price  for  this  of  $1.16 
per  sq.  yd.  was  based  on  material  at 
$1  per  cu.  yd.  in  trucks  at  the  pit.  This 
material  had  he  shipped  it  in  would 
have  cost  him  $2.18  per  cu.  yd.  for 
gravel  and  $1.90  per  cu.  yd.  for  sand 
in  trucks  at  the  destination.  The  com- 
parative hauls  were  about  the  same. 

The  other  county  pit  kept  two 
pavers  going  and  about  8  miles  of  road 
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were  built  using  this  material.  It  is 
rather  difficult  to  get  at  the  saving 
involved  here  as  the  contractor's  bid 
did  not  include  a  material  price,  this 
being  furnished  him  by  the  county. 
The  county  highway  commissioner, 
however,  believes  that  material  was 
being  produced  in  stock  piles  for  about 
70  ct.  a  yd.  Shipped  in  sand  and  stone 
would  have  cost  $2.03  and  $2.20  per 
yd.  respectively  unloaded  in  stock  piles 
or  bins.  As  in  the  neighborhood  of 
26,000  cu.  yd.  of  sand  and  stone  were 
used  in  building  the  road  it  will  be 
seen  that  considerable  saving  was  in- 
volved (at  least  $30,000)  by  develop- 
ing a  local  pit. 

Both  of  these  county  plants  used 
wash  boxes.  Each  plant  was  equipped 
with  a  stiff  leg  derrick  and  bucket. 
The  material  as  it  came  from  the 
screens  was  loaded  into  a  large  stock 
pile.  From  here  it  was  transferred 
into  the  big  measuring  hoppers  and 
loaded  into  batch  trucks. 

It  will  be  noted  in  most  of  the  cases 
cited  above  that  competitive  bids  were 
asked  on  local  and  commercial  mate- 
rials. This  was  done  on  practically  all 
the  early  jobs  to  have  figures  for  com- 
parison. The  longer  in  advance  the 
preliminary  information  is  obtained, 
the  better,  providing,  of  course,  the 
locations  are  properly  protected  by 
options  so  that  no  individual  can  cor- 
ner the  supply.  The  contractor  or 
county  which  is  to  operate  the  pit 
should  determine  the  output  desired, 
the  amount  of  crushing  likely  to  be 
required,  and  the  amount  of  water 
needed  before  designing  the  equip- 
ment to  be  installed. 

While  the  production  of  local  mate- 
rials may  add  somewhat  to  a  contrac- 
tor's troubles,  it  also  has  its  redeem- 
ing features.  He  ceases  to  worry 
about  gondolas,  freight  trains,  train 
crews,  paying  for  water  in  sand  and 
gravel,  demurrage,  and  kindred  other 
pleasant  things.  He  has  his  work  more 
concentrated  and  can  handle  his  pav- 
ing crew  more  efficiently  as  he  knows 
more  accurately  the  delivery  of  aggre- 
gates than  were  dependent  upon  a 
railway. 

In  conclusion,  the  writer  fully  rea- 
lizes that  the  use  of  local  materials  is 
a  highly  localized  matter,  but  he  also 
believes  that  where  local  material 
exists,  the  subject  is  deserving  of  the 
very  best  engineering  and  contracting 
talent  that  can  be  given  it. 

With  us  it  has  not  only  been  the 
question  of  money  savings.  It  has  en- 
abled us  to  do  work  which  could  not 


otherwise  be  done,  as  it  has  relieved 
the  railroads  of  business  which  they 
could  not  have  handled  and  left  equip- 
ment free  for  those  jobs  which  abso- 
lutely had  to  be  handled  by  rail. 


Truck     Loader     Mounted     on 
Tractor 

A  truck  loading  elevator  mounted 
on  a  Fordson  tractor  has  been  brought 
out  by  the  George  Haiss  Mfg.  Co.,  41st 
St.  and  Rider  Ave.,  New  York.  The 
chassis  used  is  that  of  the  standard 
Fordson  tractor  equipped  with  cleats 
or  rubber  tired  wheels.  The  elevator 
is  mounted  on  a  structure  having  a 
3-point  suspension.  The  elevator  prop- 
er is  equipped  with  the  Haiss  patented 
feeding  propellers  and  is  claimed  to 
have  a  capacity  of  approximately  40 
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New  Haiss  Truck  Loading  Elevator. 

tons  per  hour.  The  operator  sits  on 
the  seat  furnished  with  the  tractor, 
and  the  control  levers  are  within  easy 
reach  for  him  to  manipulate.  The  ele- 
vator is  driven  from  the  side  shaft  on 
which  is  installed  a  sprocket  connected 
to  a  counter  shaft  with  diamond  chain. 
This  mechanism  is  equipped  with  a 
clutch  so  the  machine  can  be  pro- 
pelled without  running  the  elevator. 
The  speed  of  the  Fordson  tractor  is 
approximately  2  miles  an  hour  back- 
wards and  it  has  three  speeds  forward 
of  about  2%,  5  and  8  miles  an  hour. 
The  total  weight  of  the  machine  is  ap- 
proximately 6,000  lbs. 


Posting  the  Tourist  on  Driving  Reg- 
ulations.— Connecticut  has  a  traffic  po- 
liceman stop  the  tourist  on  the  border 
of  the  State  and  furnish  him  with  a 
copy  of  the  State's  driving  regula- 
tions. 
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General  Principles  Together  with  Notes  from  Progress  Report  of 
Committee  on  Subgrade  and  Its  Relation  to  Road  Surfacing 
and  Traffic  Given  in  Paper  Presented  Jan.  16  at  Con- 
vention of  American  Road  Builders  Association 

By    CHARLES   UPHAM, 

State  Highway  Engineer  of  North  Carolina. 

At  the  present  time  many  investiga- 
tors are  making  careful  research  into 
the  question  of  subgrades,  and  consid- 
erable experimentation  is  now  under 
way.  Several  engineers  are  now 
working  on  the  effect  of  various  sub- 
stances upon  different  soils  in  order 
that  by  one  treatment  or  other  the 
subgrade  can  be  improved  and  made 
of  a  higher  bearing  value. 

Elementary  Principles  of  Subgrade 
Design. — While  all  these  investigations 
will  undoubtedly  tend  to  bring  about 
the  proper  design  of  subgrade,  at  the 
present  time  only  a  few  elementary 
principles  can  be  conclusively  stated. 

1.  The  bearing  power  of  nearly  all 
soils  is  increased  when  the  moisture 
content  is  decreased. 

2.  The  bearing  power  is  affected  by 
moisture  in  some  soils  more  than  in 
others. 

Therefore,  the  first  two  principles 
in  the  design  of  subgrade  are  the  reg- 
ulation or  exclusion  of  water  and  the 
selection  of  a  subgrade  soil  or  ma- 
terial that  has  the  highest  bearing 
power  and  is  least  affected  by  mois- 
ure. 

Subgrade  design  has  for  a  long  time 
been  masking  under  the  name  of 
drainage,  and  in  many  instances  the 
installation  of  pipe  underdrains  has 
been  considered  a  cure-all,  regardless 
of  whether  or  not  the  subgrade  was  a 
drainable  soil  or  material  that  would 
be  bettered  by  the  installation  of  such 
drain  pipes. 

Effect  of  Moisture  on  Soil  Bearing 
Power. — The  bearing  power  of  prac- 
tically all  soils  is  affected  by  moisture, 
so  that  in  designing  the  subgrade  it 
is  necessary  to  see  that  the  material 
that  is  least  affected  by  moisture  is 
used.  Some  soils  expand  greatly  on 
taking  up  water  and  shrink  upon  that 
water  drying  out;  this  effect  of  water 
proves  the  soil  to  be  unstable  and 
unsuitable  for  subgrades.  The  accom- 
panying charts  show  how  the  addition 
of  the  same  amount  of  water  affects 
various  soils  differently,  and  clearly 
demonstrate  that  in  selecting  soil  for 
subgrades,  it  is  desirable  to  select  a 


material  that  will  have  a  high  bearing 
value,  even  though  it  has  become 
saturated  with  water.  Generally 
speaking,  the  coarser  the  material  up 
to  a  certain  practical  size  for  work- 
ing, the  less  capillary  saturation  and 
the  greater  the  bearing  power.  From 
the  figure  it  is  shown  there  is  no  ex- 
ception in  the  soils  but  cinders  prove 
to  be  an  exception. 

Experiments  have  shown  that  a 
layer  of  coarse  material  such  as  sand 
or  gravel,  when  placed  over  clay,  re- 
tards the  capillary  water  from  rising 
to  the  top  of  the  subgrade,  or  in  the 
case  of  soil  roads,  to  the  top  of  the 
surface;  from  which  it  may  be  seen 
that  the  value  of  the  design  of  the 
subgrade  not  only  depends  on  the  reg- 
ulation of  moisture  but  the  selection 
of  the  subgrade  material  as  well. 

Any  system  of  drainage  that  will 
prevent  water  from  finding  its  way  to 
the  subgrade  will  also  serve  as  a 
means  of  freeing  the  subgrade  of  the 
water  that  does  by  chance  find  its 
way  to  the  subgrade.  Generally  this 
is  found  in  the  selection  of  subgrade 
material  and  a  combination  of  ditches 
and  underdrains.  Care  should  be 
taken  that  the  ditches  are  only  of  a 
sufficient  depth  to  lower  the  water 
table  and  are  located  far  enough  from 
the  traveled  way  to  interpose  no  haz- 
ard to  traffic. 

If  side  or  longitudinal  ditches  are  de- 
signed properly  it  seldom  happens 
that  longitudinal  pipe  underdrains  are 
necessary,  for  the  open  side  ditch  will 
perform  all  the  drainage  functions  of 
such  drains. 

Pipe  Drains. — Oftentimes  these  lon- 
gitudinal pipe  underdrains  are  con- 
structed beneath  the  roadway  surface, 
but  it  is  better  to  construct  the  pipe 
drain  outside,  for  then  it  can  be  re- 
paired if  necessary  without  disturbing 
the  road  surface.  Should  pools  of 
water  accumulate  due  to  sagging  of 
drain  pipe  line  or  should  it  become 
clogged,  the  stability  of  the  subgrade 
in  the  immediate  vicinity  would  be 
greatly  reduced.  This  condition  oc- 
curring  in   a   pipe   line   placed   under 
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the  road  surface  would  reduce  the 
supporting  value  of  the  subgrade  to 
the  surface  slab. 

Lateral  pipe  drains  placed  at  angles 
with  the  longitudinal  ditch  or  pipe 
drain  are  sometimes  necessary  to  take 
care  of  springs,  saturated  soil  or  other 
jources  of  water.  The  number  of 
juch  lateral  drains  depends  on  the 
tature  of  the  soil  drained;  the  char- 
icter  of  the  subgrade  material  largely 
3ontrols  their  number  and  location. 
The  more  impervious  the  soil  the 
greater  the  number  of  drains  neces- 
sary to  drain  the  subgrade. 


becomes  more  responsive  to  the  use 
of  underdrains,  but  the  necessity  of 
underdrains  becomes  less. 

In  impervious  soil,  pipe  underdrains 
drain  only  the  soil  in  their  immediate 
vicinity.  The  impervious  soil  prevents 
percolation  of  water  from  the  under- 
surface  of  the  roadway  to  the  pipe. 
Soil  underlying  the  surface-slab,  being 
saturated,  its  bearing  value  is  conse- 
quently reduced  to  a  minimum. 

Side  Ditches  and  Pipe  Underdrains. 
— Most  typical  road  sections  carry  a 
side  ditch,  the  bottom  of  which  is  be- 
low  the   top   of  the   subgrade.     This 


iffect 


of  Moisture  on   Bearing  Power  on   Different  Soils.    Data  from  Experiments  of 
U.  S.  Bureau  of  Public  Roads. 


In  certain  soils,  pipe  underdrains 
are  practically  valueless,  as  the  rate 
of  flow  through  the  impervious  ma- 
terial is  so  slow  that  the  water  does 
not  find  its  way  quickly,  to  the  pipe 
and  thus  keeps  the  subgrade  saturated 
and  of  a  low  bearing  value.  In  other 
soils  through  which  water  will  more 
quickly  drain,  pipe  underdrains  are 
more  effective,  and  as  the  soil  be- 
comes  more   drainable   the   subgrade 


ditch  is  sometimes  replaced  by  a 
drain,  but  in  either  event  the  purpose 
is  to  cut  off  or  intercept  any  water 
from  reaching  -the  subgrade,  as  well 
as  to  act  as  a  drain  or  sewer  to  carry 
off  the  water.  The  side  ditch  also 
serves  as  a  connection  or  sewer  to 
carry  off  any  water  from  the  lateral 
drains. 

The  question   of  choosing  between 
open  side  dftches  or  pipe  underdrains 
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for  the  disposal  of  water  is  one  of 
service  and  cost  combined.  It  is  both 
difficult  and  costly  to  keep  the  open 
ditches  free  from  obstruction  of  ice 
or  earth  slides  and  in  a  condition  to 
function  all  the  time.    Whether  it  is 


the  ground  of  free  water,  but  recent 
research  in  this  field  by  the  University 
of  North  Carolina  and  the  State  High- 
way Commission  have  shown  conclu- 
sively that  underdrains  will  not  take 
care  of  capillary  water.     The  ditches 


Pipe  Underdrain  Beneath  Roadway  Surface. 


away  from  the  subgrade  toward  the 
more  economical  to  install  pipe  drains 
or  run  the  risk  of  soaking  the  sub- 
grade  and  greatly  impairing  the  road 
improvement  is  a  problem  to  be  met 
with  sound  judgment;  giving  weight 
to  the  value  of  constant  service  and 
cost  of  maintenance,  as  well  as  to 
safety  in  the  operation  of  traffic. 

Hard  surface  roads  practically  wa- 
terproof or  protect  from  rain  the  sub- 
grade  below  the  surface.  Selected  soil 
roads  approach  this  condition,  though 
in  a  lesser  degree.  This  is  especially 
true  if  the  water  running  off  the  road 
surface  over  the  shoulder  is  drained 


and  underdrains  may  be  designed  to 
adequately  cope  with  the  surface  water 
and  water  from  springs  and  other 
sources,  yet  capillary  water  may  be 
present  in  sufficient  quantity  to  de- 
crease the  stability  of  the  subgrade 
to  such  extent  that  it  must  be  cared 
for. 

Assuming  that  surface  water  may  be 
cared  for  by  ditches,  and  that  water 
in  the  subgrade  from  springs  and 
other  sources  may  be  relieved  by  un- 
derdrains and  ditches,  the  problem  of 
caring  for  capillary  water  still  re- 
mains. /The  most  satisfactory  way  to 
cut  off  capillary  water  is  to  introduce 


Sketch  Showing  Saturation  of  Subgrade  by  Failure  of  Subgrade  Water  to   Reach  Pipe 
Drains,    Due    to    Impervious    Subgrade    Material. 


ditch.  Thus  we  see  that  the  road  sur- 
face and  side  ditches  protect  the  sub- 
grade  from  water  from  the  top  and 
sides  but  it  is  not  protected  from 
capillary  moisture  from  the  bottom 
which  in  many  soils  exists  in  quan- 
tities, sufficient  to  greatly  decrease 
their  bearing  power  and  thus  weaken 
the  subgrade.  It  is  very  difficult  to 
cope  with  the  water  rising  by  capillar- 
ity and  many  times  this  causes  fail- 
ure of  the  road  surface. 

Underdrains  and  Capillary  Water. — 
Underdrains  in  most  soils  will  relieve 


a  layer  of  material  of  low  capillary 
value,  or,  in  other  words,  a  material 
through  which  the  passage  of  the 
capillary  water  will  be  retarded.  This 
can  often  be  accomplished  by  select- 
ing in  the  grading  of  the  road,  mate- 
terial  of  low  capillarity  and  using  it 
for  a  subgrade  on  which  will  rest  the 
hard  surface,  or  in  the  case  of  soil 
roads,  that  portion  used  by  traffic.  It 
often  happens  that  it  is  more  econom- 
ical to  borrow  material,  the  bearing 
value  of  which  is  least  affected  by 
water,  for  the  subgrade,  and  it  some- 
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Showing   Failure  of  Pipe   Drains  Under   Frozen   Conditions. 

Subgrade  and  drains  frozen  below  8  in.  Top  of  ground  thawed.  Road  surface 
resting  on  saturated  subgrade  of  low  bearing  value.  Passage  of  water  through  frozen 
material  very  slow.  Water  resulting  from  thaw  being  taken  care  of  by  surface 
drains.  This  figure  also  shows  necessity  of  layer  of  pervious  material  of  high  bear- 
ing value  under  road-slab  to  support  slab  while  these  conditions  exist. 
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times  may  be  desirable  to  waste  ma- 
terials from  cuts,  and  borrow  satis- 
factory material  for  the  fills.  Too 
much  stress  has  been  laid  on  the  bal- 
ancing of  quantities  and  too  little 
stress  has  been  laid  on  the  selecting 
of  material  entering  the  subgrade. 

Affect  of  Introducing  Layer  of  Per- 
vious Material. — Much  experimenta- 
tion is  now  being  carried  on  to  find  a 


tern,  it  is  possible  in  many  cases  to 
build  a  progressive  type  road,  which 
is  another  way  of  stabilizing  succes- 
sive subgrades  and  eventually  arriv- 
ing at  the  hard  surface  pavement. 
Progressive  Types  from  Graded 
Roadway  to  Hard  Surface. — The  grad- 
ed road,  step  No.  1,  shows  first  step  in 
subgrade  highway  construction  and  is 
maintained   as  such  until  settlement 


Sketch  Showing   Introduction  of   Layer  of  Pervious    Material    Between    Surface    Slab 
and   .Subgrade    and    Proper   Treatment    of  Underdrain. 

Water  being  intercepted  and  carried  to  drainage  system  by  layer  of  pervious  ma- 
terial of  low  capillarity,  and  high  bearing  value  assuring  better  support  of  the  sur- 
face slab. 


method  of  changing  subgrade  materials 
of  high  capillarity  and  of  low  bearing 
value  into  materials  of  low  capillarity 
and  high  bearing  value.  Treatments 
of  clay  with  tars,  lime  and  other  in- 
gredients are  being  tried,  but  it  is 
safe  to  say  that  no  method  to  date 
has  proven  as  economical  and  sure  as 
replacing  high  capillarity  and  low 
bearing  subgrade  material  with  an- 
other material  of  known  lower  capil- 
larity and  higher  bearing  power.  The 
construction  of  this  type  of  subgrade 
may  seem  costly,  but  when  it  is  con- 
sidered   that    the   increased    bearing 


is  complete,  or  until  increased  traffic 
and  high  cost  of  maintenance  indicate 
the  necessity  of  the  next  higher  type. 

The  nature  of  the  soil  should  deter- 
mine the  character  and  extent  of  the 
drainage  system.  With  a  drainable 
pervious  material  one  system  might 
prove  adequate,  whereas  the  same  sys- 
tem in  an  impervious  soil  would  be  ab- 
solutely worthless. 

The  selected  soil  road,  step  No.  2, 
shows  surface  covered  with  selected 
soil,  such  as  sand,  clay,  topsoil  or 
gravel,  thus  stabilizing  the  surface  and 
providing  material  of  higher  bearing 


Progressive  Steps  from   Graded    Roadway  to   Hard  Surface. 


power  of  the  soil  will,  with  less  ex- 
pensive surface,  carry  heavier  loads, 
or  with  the  same  surface  will  last 
much  longer,  it  can  be  seen  that  there 
is  an  economic  balance  in  favor  of  the 
properly  designed  subgrade. 
In  the  construction  of  a  road 


sys- 


value.  This  surface  .  in  then  main- 
tained as  a  subgrade  highway  until 
maintenance  becomes  heavy  or  traffic 
demands  a  hard  surface  road. 

The  hard  surface  road,  step  No.  3," 
is  the  final*  step,  the  ultimate  road. 
The  hard  surface  is  so  placed  that  the 
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selected  material  of  the  underlying 
selected  soil  road  which  has  been 
serving  as  a  subgrade  highway,  now 
becomes  a  subgrade  stabilizer  for  the 
hard  surface  road;  greatly  increasing 
its  bearing  power  and  assuring  an  ade- 
quate subgrade. 

In  the  progressive  type  of  road  all 
steps  taken  in  its  construction  include 
the  utilization  of  the  previous  con- 
struction in  transforming  to  the  next 
higher  type,  and  each  step  may  be 
considered  as  a  subgrade  for  the  next 
type.  This  often  justifies  the  expendi- 
ture of  sufficient  money  to  select  soils 
of  a  character  that  may,  with  proper 
maintenance,  be  used  as  a  surface  ma- 
terial until  such  a  time  as  the  traffic 
demands  or  the  cost  of  maintenance 
makes  it  necessary  to  construct  the 
next  higher  type.  These  selected  soil 
roads  may  be  called  subgrade  high- 
ways, and  many  times  are  the  econom- 
ic solution  for  road  construction  for  a 
large  portion  of  a  State  system.  The 
selected  material  on  these  subgrade 
highways  may  be  natural  or  artificial 
sand  clay,  topsoil,  gravel  or  a  select- 
ed earth. 

Selection  of  Most  Suitable  Material 
for  Subgrade. — In  establishing  the 
grade  of  a  road  it  is  necessary  to  know 
the  character  of  the  various  materials 
in  order  that  the  most  suitable  mate- 
rial may  be  selected  for  the  subgrade. 
Many  times  it  is  more  economical  to 
raise  the  grade  in  the  cuts  and  take 
advantage  of  the  better  material  near 
the  surface,  and  borrow  material  of 
high  bearing  value  for  the  remainder 
of  the  embankment,  than  to  balance 
the  quantities  by  using  the  material 
from  the  cuts  if  it  be  of  low  bearing 
power.  The  engineer  who  attempts  to 
balance  quantities,  disregarding  the 
quality  of  the  material  entering  the 
subgrade,  will  greatly  reduce  the 
strength  and  life  of  the  road  surface 
and  its  value  to  the  public. 

It  cannot  be  said  that  the  details  of 
ideal  design  of  subgrades  up  to  this 
time  have  entered  into  the  details  of 
road  construction,  with  the  possible 
exception  of  drains,  or  where  by 
chance  the  grading  of  the  road  sup- 
plied the  better  material.  There  are 
many  elementary  principles  that  have 
been  established  which  are  not  being 
generally  followed. 

It  is  difficult  to  measure  in  dollars 
the  value  of  a  properly  designed  sub- 
grade,  for  in  many  instances  the  sur- 
face has  borne  the  blame  for  failures 
or  received  the  credit  for  its  success, 
when  in  truth,  the  subgrade  was  re- 


sponsible for  the  condition  of  the  high- 
way. It  can  be  safely  said  that  a  dol- 
lar spent  for  the  first  two  elementary 
principles  of  subgrade  design  will  give 
bigger  returns  than  money  spent  in 
any  other  place  in  road  construction. 


New  Heavy  Duty  Tractor 

A  new  model  industrial  tractor  de- 
signed particularly  for  handling  the 
heavier  jobs  in  contracting,  logging 
and  general  industrial  work,  has  been 
brought  out  by  the  Monarch  Tractors, 
Inc.,  Watertown,  Wis.  The  model 
includes  several  new  features,  chief 
among  which  is  the  mounting  of  the 
tractor  frame  at  its  three  points  of 
suspension  upon  heavy,  yet  resilient, 


Monarch  Industrial  Six  Sixty, 
silico  manganese  springs.  The  rear 
spring  is  pivoted  under  the  frame  and 
in  combination  with  the  side  springs 
forms  a  flexible  three-point  support, 
which  prevents  distortion  or  road 
shock  from  reaching  motor  or  trans- 
mission and  makes  riding  a  pleasure 
for  the  operator.  Other  new  features 
include  the  provision  for  practical  in- 
stallation of  electric  lighting  and  start- 
ing equipment,  shock  absorbing  draw- 
bar, special  logging  attachments,  self 
oiling  bearings,  automobile,  control, 
etc.  The  power  plant  is  a  Monarch 
beaver,  six-cylinder,  valve  in  head, 
4%  in.  bore,  6-in.  stroke,  conservative- 
ly rated  at  60  B.  H.  P.  at  1,200  r.p.m., 
35  drawbar  h.p.  at  2&  M.  P.  H.  The 
dimensions  of  the  tractor  are:  Length 
over  all,  11  ft.  8  in.;  width  over  all, 
7  ft.;  heighth  with  cab,  8  ft;  heighth 
without  cab,  6  ft.  6  in.  Length  of 
truck,  10  ft.  6  in.;  width  of  track,  12 
in. ;  ground  contact,  7  ft.  5  in.  Out- 
side to  outside  of  track,  76  in.;  weight, 
about  15,000  lb.  The  tractor  has  three 
forward  speeds  and  one  reverse.  Low 
speed  is  2  miles  per  hour;  second 
speed,  3  miles;  high  speed,  5  miles. 
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Highways  —  Their   Use  and 
Abuse 


Extracts   from   President's   Address   at 

Annual  Convention  of  American 

Road  Builders  Association 

By  T.  J.  WASSER, 
State   Highway  Engineer  of  New  Jersey. 

Jn  this  address,  the  term  "Highway" 
will  always  refer  to  a  graded  roadway 
of  a  main  public  thoroughfare  upon 
which  is  constructed  a  durable  pave- 
ment of  sufficient  width  and  thickness 
to  permit  of  two  vehicles  of  the  maxi- 
mum size  carrying  the  maximum  loads 
permitted  by  law  to  pass  each  other 
safely  and  with  sufficient  clearance  at 
the  maximum  legal  speed. 

Use  of  Highways  Prior  to  Comple- 
tion.— The  highway  during  its  period 
of  construction  is  the  greatest  medium 
through  which  desirability  of  equip- 
ment, materials,  products  and  meth- 
ods that  enter  into  its  construction 
are  determined,  and  records  properly 
and  accurately  kept  during  this  period 
are  of  inestimable  value  for  future 
consideration. 

Experimental  road  work  carried  on' 
by  a  state  should  be  done  in  conjunc- 
tion with  the  Federal  Bureau  of  Pub- 
lic Roads,  even  though  the  work  is 
financed  wholly  by  the  state.  Such  a 
procedure  would  eliminate  much  du- 
plication of  effort,  would  lead  to  the 
establishment  of  a  uniform  system  of 
securing  and  recording  information, 
and  would  provide  for  the  dissemina- 
tion of  such  data  among  the  other 
states.  It  is  especially  desirable  in 
the  case  of  materials,  methods  and 
appliances  controlled  by  their  produc- 
ers that  conclusions,  based  on  actual 
use  on  experimental  sections,  be  di- 
gested and  transmitted  by  the  bureau 
rather  than  by  the  agency  having  a 
commercial  interest  in  the  article. 

Abuse  of  the  Highways  Prior  to 
Completion. — While  highway  construc- 
tion is  rated  as  the  fifth  industry  of 
the  United  States,  there  is  a  lack  of 
co-operation  among  the  several  inter- 
ests involved,  with  a  resulting  unnec- 
essary added  expense.  This  can  best 
be  corrected  by  recognizing  the  sev- 
eral component  parts  of  the  industry, 
and  by  standardizing  as  nearly  as  pos- 
sible the  products  used  and  methods 
employed. 

There  should  also  be  full  recognition 
of  the  importance  of  the  highway  in- 
dustry by  the  Interstate  Commerce 
Commission  and   State  Public  Utility 


Commissions  in  the  fixing  of  equitable 
freight  rates  on  materials  used  in 
highway  construction.  Reasonable  open 
top  car  service  also  should  be  pro 
vided  at  times  when  preference  is 
given  to  carrying  coal.  The  latter  re- 
quires intelligent  regulation  in  place 
of  the  drastic  action  that  has  been 
experienced  in  the  past  few  years. 

The  greatest  abuse  often  comes  to 
a  highway  before  it  is  built,  namely, 
failure  to  provide  adequate  drainage, 
faulty  judgment  as  to  type  and  width 
of  pavement,  and  choice  of  location 
to  suit  certain  interests. 

There  are  frequently  abuses  in  con- 
nection with  financing,  design  and  con- 
struction of  our  highways,  some  of  the 
more  evident  of  these  abuses  are: 

Making  the  term  of  bonds  longer 
than  the  life  of  a  pavement. 

Failure  on  the  part  of  the  engineer 
to  provide  a  design  and  type  of  con- 
struction to  meet  the  requirements  of 
modern  traffic. 

Faulty  construction  on  the  part  of 
the  contractor  for  personal  profit. 

Inefficient  inspection  due  to  lack  of 
knowledge,  and  to  insufficient  salary 
being  paid  to  attract  capable  men. 

Acceptance  of  inferior  work. 

Permitting  inferior  material  to  be 
substituted  for  that  specified  when  de- 
lays are  brought  about  by  conditions 
beyond  the  control  of  the  contractor. 

Sacrificing  quality  for  speed. 

Failure  to  provide  for  a  satisfactory 
well  marked  and  maintained  detour 
during  the  period  the  highway  is  un- 
der construction. 

Designing  and  building  bridges  for 
a  live  load  less  than  that  for  which 
motor  vehicles  are  licensed  and  nar- 
rower than  the  graded  width  of  the 
highway. 

Failure  to  provide  for  the  elimina- 
tion of  railroad  grade  crossings. 

Designing  underpasses  with  a  head 
room  less  than  fourteen  feet  in  the 
clear. 

Lack  of  co-operation  on  the  part  of 
public  utility  companies  and  munici- 
palities. The  highway  departments 
should  advise  all  interested  utility 
companies  and  municipalities  as  soon 
as  a  highway  project  is  decided  upon, 
and  these  interested  parties  should 
immediately  proceed  to  perform  all 
necessary  sub-surface  work,  thereby 
eliminating  delay  in  the  progress  of 
construction  and  the  necessity  for 
opening  the  pavement  in  the  near  fu- 
ture. 

Absence  of  caution  on  the  part  of 
bonding     companies.      Bonding     com- 
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panies  becoming  surety  for  inexperi- 
enced persons  who  are  operating  un- 
der the  guise  of  contractors  or  con- 
struction companies  jeopardize  the 
interest  of  the  state  engaged  in  high- 
way construction.  They  should  limit 
the  surety  to  a  fixed  amount  for  the 
first  contract,  increasing  the  surety  on 
the  second,  contract,  and  so  on  until 
the  applicant  establishes  his  respon- 
sibility for  carrying  out  contracts  of 
magnitude. 

The  tendency  of  contractors  to  bid 
too  low.  This  fault  has  had  more  to 
do  with  the  performance  of  inferior 
work  than  any  one  other  cause,  and 
inexperienced  contractors  just  enter- 
ing highway  construction  are  chiefly 
responsible,  yet  the  bonding  com- 
panies will  go  on  their  surety  just  the 
same  as  they  will  for  experienced 
contractors. 

Use  of  inferior  material.  Competi- 
tion in  manufacturing  or  producing 
material  used  in  construction  is  such 
that  inferior  material  is  frequently  put 
in  competition  with  satisfactory  ma- 
terial, and  by  under  selling  is  used  in 
the  work.  In  many  cases  where  in- 
ferior material  has  been  rejected  by 
engineers  and  officials  they  have  been 
charged  with  favoring  some  particular 
material  or  product  for  reasons  other 
than  its  merits. 

It.  has  been  definitely  determined 
that  excessive  use  of  water  in  mixing 
injures  the  quality  of  concrete,  yet  in 
many  cases  engineers,  contractors  and 
inspectors  still  permit  the  use  of  ex- 
cess water.  The  contractor  permits  it 
because  his  force  can  turn  out  more 
work,  and  he  claims  it  just  as  good. 
The  inspector  tries  to  remedy  matters, 
but  is  unsuccessful.  The  Chief  Engi- 
neer cannot  see  all  the  work,  and  a 
subordinate,  in  carrying  out  his  Chief's 
desires,  is  accused  of  retarding  the 
progress  of  the  work.  However,  any- 
thing that  tends  to  add  unnecessary 
cost  to  the  construction  and  mainte- 
nance of  the  highway  should  be  consid- 
ered an  abuse  just  as  much  as  should 
a  violation  of  the  provisions  set  down 
to  protect  it. 

All  of  these  abuses  should  be  cor- 
rected at  once,  and  the  industry  pro- 
tected by  the  soundest  kind  of  financ- 
ing, engineering  design,  faithful  con- 
struction and   efficient  inspection. 

The  Use  of  the  Highway  After  Com- 
pletion.— The  use  of  the  highway  is 
very  ably  defined  by  quoting  from  the 
report  of  the  War  Department  Claim 
Board  in  their  reply  to  the  State  of. 
New  Jersey's  claim  on  behalf  of  sev- 


eral of  its  counties,  whose  roads 
failed  under  the  conditions  exacted  by 
the  use  of  them  by  army  transports 
during  the  War  period,  which  reads  as 
follows: 

"With  reference  to  your  claim,  and  thai 
of  several  counties  in  the  State  of  New 
Jersey,  for  compensation  covering  re- 
pairs to  roads  which  were  used  by  gov- 
ernment trucks  traveling  between  the 
different  munition  plants  and  camps  in 
said  State,  you  are  advised  that  this 
Board,  after  carefully  reviewing  all  the 
evidence  and  circumstances  in  connection 
therewith,  has  denied  the  claim." 

The  following  is  taken  from  report  of 
the  Board: 

"The  roads,  even  though  they  were 
owned  and  maintained  by  the  counties, 
were  public  roads  and  were  open  to  law- 
ful use  by  any  individual  or  organization 
which  desired  to  use  them. 

"If  the  power  of  a  state  to  control  its 
highways  has  not  been  delegated  and  the 
state  has  prescribed  no  conditions  limit- 
ing or  regulating  the  use  of  the  highway, 
the  people  are  at  liberty  to  use  it  for 
travel,  transportation  and  communication 
subject  to  the  condition  that  such  right 
neither  interferes  with  the  lawful  uses  of 
the  street  nor  invades  the  rights  of  the 
owners  of  abutting  lands." 

The  Assistant  Secretary  of  War  has 
approved  the  findings  and  recommen- 
dations of  this  Board. 

From  the  foregoing  statement  it  is 
quite  clear  what  is  considered  the  use 
of  highways.  That  the  roads  in  ques- 
tion failed  under  army  transport  traf- 
fic is  evidence  that  they  were  not  de- 
signed nor  constructed  to  withstand 
modern  traffic.  Their  failure  should 
not  be  charged  to  abuse  due  to  traffic, 
but  should  be  charged  to  abuse  by  the 
governing  body  financing,  designing, 
and  constructing  such  roads. 

At  the  present  writing  I  am  safe  in 
saying  that  every  state  has  many 
miles  of  such  inadequately  huilt  roads, 
the  upkeep  and  maintenance  of  which 
is  out  of  all  proportion  to  the  service 
which  they  render.  It  is,  therefore, 
necessary  that  only  such  highways  as 
are  efficiently  financed,  designed,  con- 
structed and  maintained  be  offered  to 
the  public  for  use,  in  order  that  funda- 
mental principles  may  be  laid  down 
that  will  make  possible  the  establish- 
ment of  regulations  for  the  use  of  the 
highways. 

Abuse  of  the  Highways  After  Com- 
pletion.— Abuse  of  the  highways  is 
generally  caused  by  a  small  percent- 
age of  users.     Such  abuse  frequently 
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results  in  accidents,  causing  injury 
and  loss  of  life  and  destruction  of 
property. 

Law  enforcement  alone  will  not 
overcome  these  conditions  or  decrease 
the  number  of  traffic  accidents.  The 
problem  requires:  first,  adequate  traf- 
fic planning,  and  second,  proper  en- 
forcement of  regulation  according  to 
the  plan. 

My  deductions  have  been  derived 
largely  from  observations  of  condi- 
tions in  the  more  thickly  congested 
sections  of  the  country,  and  it  is  quite 
possible  that  some  modification  of  my 
suggestions  would  be  necessary  to 
make  them  applicable  to  more  sparse- 
ly settled  communities.  However,  the 
fact  must  not  be  lost  sight  of  that 
density  of  traffic  increases  rapidly 
with  road  improvment,  and  that  pro- 
visions must  be  made  for  an  unantici- 
pated increase.  Furthermore,  right  of 
way,  grading,  and  major  drainage  im- 
provements are  practically  permanent, 
and  should  be  taken  care  of,  once  for 
all.  in  the  original  construction. 

It  is  only  necessary  to  observe  the 
traffic  conditions  in  any  of  our  cities 
or  upon  our  highways  to  appreciate 
the  necessity  of  a  wise  and  equitable 
policy  of  supervision.  Such  a  policy 
must  be  drawn  so  as  to  prevent  de- 
struction of  life  and  property. 

Has  Recommendations  for  Prevent- 
ing Abuse  of  Highway. — In  order  to 
enable  those  whose  duty  it  may  be- 
come to  work  out  an  equitable  and  uni- 
form plan  to  prevent  the  abuse  of  the 
highways,  the  writer,  recommends: 

That  the  minimum  graded  width  of 
all  main  highways  be  not  less  than  30 
feet. 

That  this  graded  width  be  kept  clear 
of  all  encroachments. 

That  all  traffic  rules  be  made  uni- 
form. 

That  a  system  of  marking  one-way 
streets  be  adopted,  which  will  be  uni- 
form as  to  type  and  location  of  the 
markers. 

That  it  is  desirable  to  standardize 
all  directionary  and  cautionary  signs 
as  to  color  and  marking,  and  that  post- 
ing signs  other  than  directionary  and 
cautionary  on  the  right  of  way  be 
made  unlawful,  and  subject  to  a  fine 
for  each  offense. 

That  the  erection  of  signs  on  prop- 
erty abutting  on  the  highway  at 
curves,  railroad  crossings  and  inter- 
sections be  discontinued,  where  such 
signs  would  obstruct  the  view  of  those 
using  the  highway. 

That  it  is  desirable  to  standardize 


colors  to  be  used  for  degree  of  danger 
where  illuminated  signs  are  used,  for 
instance,  red  at  a  railroad  crossing 
or  dead  ends  of  highways,  green  for 
highway  intersections,  and  amber  for 
grades  and  curves. 

That  a  uniform  traffic  regulation  be 
adopted  for  intersecting  highways  to 
be  in  effect  in  the  absence  of  traffic 
officers. 

That  a  uniform  maximum  height, 
width,  and  length  of  vehicle  be 
adopted. 

That  a  uniform  gross  weight  of  vehi- 
cle and  load  for  each  class  of  commer- 
cial motor  vehicle  be  established. 

That  all  gas  filling  stations  be  locat- 
ed on  property  abutting  on  the  high- 
ways, and  not  on  the  right  of  way: 
and  that  all  gas  filling  stations  shall 
display  a  visible  tag  on  each  pump, 
which  shall  be  placed  there  by  the 
State  Department  of  Weights  and 
Measures  certifying  as  to  the  accu- 
racy of  said  measuring  device. 

That  parking  of  vehicles  on  both 
sides  of  a  highway  opposite  each  other 
where  a  minimum  distance  of  twenty 
feet  between  the  vehicles  is  not  pro- 
vided, be  considered  a  nuisance  and 
be  made  punishable  by  a  fine. 

That  the  erection  of  all  booths  and 
stands  for  the  sale  of  goods  within  the 
right  of  way,  and  displaying  farm 
produce  in  containers  within  the  right 
of  way  be  prohibited,  and  that  the  use 
of  vehicles  for  retailing  wares  along 
the  highway  where  such  practice 
would  cause  persons  to  congregate  on 
the  paved  portion  be  also  prohibited. 

That  a  uniform  penalty  for  operat- 
ing a  defective  motor  vehicle  on  the 
highway  should  be  provided.  It  is  not 
the  purpose  of  this  paper,  nor  is  the 
writer  qualified  to  discuss  automobile 
design;  however,  there  is  a  common 
defect  particularly  in  trucks,  the  cor- 
rection of  which  would  eliminate  one 
source  of  danger.  Tail  lamps  fre- 
quently fail  to  function  due  to  the 
wires  having  been  damaged  by  abra- 
sion or  exposure  to  splashing  water. 
It  would  seem  to  be  an  easy  matter  for 
the  designer  to  provide  protection  for 
these  wires.  Other  defects  that  the 
writer  has  in  mind  are  broken  or  im- 
properly adjusted  brakes  and  badly 
worn  tires. 

That  legislation  be  enacted  to  pro- 
vide against  motorists  running  past 
barricades  on  roads  under  construc- 
tion, and  destroying  unfinished  work. 
That  sidewalks  be  provided  for  the 
use  of  pedestrians  along  the  highway 
adjacent  to  built  up  communities. 
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That  pedestrians  using  the  highways 
in  the  open  country  shall  walk  to  the 
left,  and  that  operators  of  all  vehicles 
drive  to  the  right. 

That  when  one  piece  shipments  that 
exceed  the  maximum  weight  allowed 
by  law  are  made,  they  shall  be  shipped 
on  specially  built  vehicles  so  designed 
as  to  distribute  the  load  in  a  manner 
consistent  with  legal  requirements, 
and  only  after  obtaining  permission 
from  an  authorized  source. 

That  a  uniform  distinction  be  made 
between  maintenance,  betterment  and 
reconstruction  in  order  that  compari- 
sons may  be  made. 

That  motor  vehicle  taxation  or  li- 
cense fees  should  not  be  any  greater 
than  that  required  to  provide  the  sum 
necessary  for  maintenance  of  the  high- 
ways. 

That  overloaded  trucks  being  oper- 
ated on  the  highways,  when  appre- 
hended, be  seized  and  held  for  a  peri- 
od of  not  less  than  five  days,  stored 
at  the  owner's  risk  and  expense,  and 
in  addition  the  owner  fined,  in  accord- 
ance with  a  penalty  fixed  for  that  of- 
fense.    . 

That  hauling  companies,  who  con- 
tract for  shipments  by  the  ton,  when 
caught  overloading  their  vehicles, 
should  have  their  license  revoked,  in 
addition  to  any  other  penalty. 

That  all  operators  of  motor  vehicles 
should  be  licensed  and  that  they  be 
prohibited  from  operating  a  vehicle 
for  more  than  twelve  consecutive 
hours  followed  by  eight  hours'  rest. 

That,  in  addition  to  any  uniform  mo- 
tor vehicle  law  previously  recommend- 
ed, all  applicants  for  driver's  license 
or  renewal  of  same  be  required  to  sub- 
mit a  physician's  certificate  bearing 
date  not  more  than  one  month  back 
of  the  date  of  application.  Certificate 
should  be  accepted  only  from  desig- 
nated physicians,  and  should  certify 
that  the  applicant  is  in  fit  mental  and 
physical  condition  to  operate  a  motor 
vehicle. 

That  the  examination  for  driver's 
license  requires  the  applicant  to  be  able 
to  read  and  write  English,  and  that  li- 
cense be  granted  only  to  citizens  of 
the  United  States  with  provisions  for 
tourists  from  other  countries. 

That  the  owners  of  all  motor  vehi- 
cles must  carry  liability  insurance  for 
each  vehicle  operated. 

That  all  vehicles,  both  motor  and 
horse  drawn,  be  equipped  with  a  clear- 
ance light  visible  from  front  and  rear. 


Grades    for    Asphalt    Pave- 
ments   and    Remedies 
for  Creeping 

Paper   Presented  Jan.  29   at  35th   An- 
nual   Meeting    of    Iowa    Engi- 
neering Society 

By  MONROE  L.  PATZIG 

Consulting  Engineer  and  Manager  Patzig 
Testing  Laboratories,  Des  Moines,  la. 

Whether  asphalt  construction  can 
safely  be  used  upon  the  steeper  grades 
does  not  depend  upon  creeping  tend- 
encies as  much  as  is  commonly  be- 
lieved. To  begin  with,  an  asphalt  mix- 
ture that  will  creep  on  level  grades 
naturally  will  creep  on  steep  grades. 
One  that  does  not  creep  on  level 
grades  need  not  be  expected  to  creep 
on  steep  grades  when  properly  con- 
structed. 

The  creeping  of  this  type  of  pave- 
ment on  heavy  grades  is  largely  due 
to  the  inability  to  use  proper  construc- 
tion methods,  and  for  this  reason  we 
will  consider  matters  tending  to  pre- 
vent creeping  before  the  matter  of 
grades. 

Methods  of  Preventing  Creeping. — 
I  may  say  that  the  greater  part  of  this 
creeping  is  caused  by  the  lack  of  prop- 
er equipment  and  pains  to  prevent  it. 
It  is  necessary  for  the  purpose  of 
bond,  to  have  either  a  rough  surface 
on  the  concrete  base  or  a  suitable 
bonding  material  between  the  concrete 
and  the  asphalt  wearing  surface.  The 
reason  for  this  is  that  a  comparatively 
thin  sheet  of  material  is  placed  over 
the  concrete.  If  there  is  no  bond,  tem- 
perature and  traffic  stresses  will  cause 
this  sheet  to  move  over  the  smooth 
concrete  unless  suitable  bond  be  ob- 
tained otherwise.  Methods  other  than 
roughened  concrete  have  not  been 
used  to  any  great  extent.  One  may 
think,  therefore,  that  a  thicker  wear- 
ing surface,  say  from  5  to  6  ins.  in 
thickness,  would  not  creep,  and  right- 
fully so.  Such  practice,  however,  is 
not  followed  at  the  present  time  and 
perhaps  will  not  on  account  of  its 
higher  cost. 

I  anticipate  that  some  of  you  do  not 
feel  that  this  bond  has  so  much  to  do 
with  this  trouble,  yet  it  is  my  desire 
to  impress  this  upon  you.  It  is  so 
sometimes  where  the  proper  care  has 
been  exercised  in  preparing  the  sur- 
face mixture. 

The  Mixture  Often  Cause  of  All 
Trouble. — The  mixture  itself  is  many 
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times,   perhaps   most   of  the  time   re- 
sponsible for  this  annoying  defect. 

It  may  lack  uniformity  or  proper 
design.  One  is  as  important  as  the 
other.  Uniformity  is  essential  from 
the  raw  materials  to  the  finished  roll- 
ing. Considerable  variations  in  the 
asphaltic  cement  cause  non-uniformity. 
Carelessness  in  proportioning  the  min- 
eral matter  is  another.  Rapid  or  large 
fluctuation  in  the  temperatures  is  an- 
other. Improper  or  irregular  mixing 
o  fthe  materials  is  still  another.  The 
dropping  of  unmixed  aggregate  or 
gobs  of  asphalt  into  the  mixtures  after 
they  have  been*  mixed.  The  lack  of 
careful  and  uniform  raking,  and  walk- 
ing upon  the  freshly  raked  surfaces, 
are  all  important  causes,  and  last  but 
not  least,  is  the  pains  taken  in  rolling 
the  surface. 

Importance  of  Rolling.— I  wonder 
how  many  of  you  have  ever  figured 
out  actually  how  little  pressure  is  ex- 
erted on  the  surface  even  by  a  10-ton 
tandem  roller.  Let  us  take  for  in- 
stance, a  10-ton  roller  with  %  of  its 
weight  upon  the  large  roller,  60  in. 
wide.  You  will  find  %  of  20,000  lb., 
or  13,333  lbs.,  spread  over  an  area  of 
60  in.  long  by  about  6  in.  wide,  or  360 
sq.  ins.  This  gives  us  only  about  40 
lbs.  per  square  inch.  Think  of  it, 
even  if  it  were  50,  60,  or  100  lbs.  Now 
this  is  what  that  will  require.  The 
/oiler  or  rollers  must  work  on  the  hot 
mixture  immediately  before  it  can  pos- 
sibly become  chilled.  All  the  rolling 
that  is  done  after  the  surface  once 
gets  cold  amounts  to  as  much  as  that 
caused  by  a  small  boy  on  a  pair  of 
roller  skates.  Little  does  it  seem  to 
matter  whether  the  roller  be  a  large 
three  wheel  roller  or  a  small  tandem 
roller.  The  rolling  must  be  done  while 
the  material  is  hot  and  it  must  be 
done  in  such  a  manner  that  humps 
and  depressions  in  the  surface  are 
rolled  out. 

There  are  those  who  insist  upon  roll- 
ing with  a  10  to  15-ton  3  wheel  roller, 
and  this  is  all  right  so  far  as  the  ad- 
ditional compressive  power  is  con- 
cerned, but  without  some  cross  rolling 
it  is  practically  impossible  to  prevent 
a  wavy  surface.  Furthermore  there  is 
always  a  tendency  with  these  big  roll- 
ers to  wait  until  the  surface  cools  off. 
Much  rests  with  the  individual  tend- 
encies of  the  roller  man  and  much 
more  so  than  the  roller. 

Operations  at  Mixing  Plant. — As 
much  might  be  said  of  some  of  the 
other  causes   of  non-uniformity,  prin- 


cipally, however,  of  the  operations  at 
the  mixing  plant. 

The  contractor  can  do  much  along 
the  line  of  remedying  this  situation 
by  keeping  their  plants  in  better  re- 
pair, or  condition,  at  all  times.  They 
should  install  reliable  thermometers  or 
temperature  controls,  on  various  parts 
of  their  plants,  and  insist  upon  their 
men  faithfully  and  continually  carry: 
ing  out  their  instructions,  which  will 
produce  good  work.  They  must  be 
more  careful  in  their  selection  of  raw 
materials  and  in  combining  them  to  se- 
cure the  proper  gradings.  This  re- 
quires more  pains  in  purchasing  the 
various  grades  of  aggregate,  proper 
proportions  in  their  feed,  and  accurate 
weighing  of  the  materials.  The  as- 
phalt penetration  must  be  kept  more 
uniform  than  is  often  the  case. 

Just  as  important  as  the  foregoing 
is  the  design  or  specification,  for  a 
pOor  mixture  specified  cannot  make  a 
good  pavement  if  carried  out. 

There  has  been  in  the  past  much 
tampering  with  formulas  or  mixtures. 
It  seems  as  though  every  engineer  has 
attempted  to  specify  a  mixture  differ- 
ent than  someone  else.  Some  of  them 
good  perhaps,  but  before  results  have 
been  noted  other  mixtures  have  been 
substituted.  This  has  been  true  espe- 
cially with  the  Asphaltic  Concrete 
types  of  pavements.  Mixtures  of  as- 
phalt, dust,  sand  and  rock  in  some 
cases  up  to  %  in.  in  size,  and  others 
as  large  as  iy2  in.  It  requires  years 
to  determine  the  soundness  of  any 
theories  of  mixtures  and  for  this  rea- 
son it  is  best  to  stick  close  to  well 
tried  formulas. 

Causes  and  Corrections  of  Shoving. 
—At  the  present  time  there  is  in  prog- 
ress an  investigation  of  the  cause  and 
correction  of  shoving  of  asphalt  pave- 
ments. In  1921  this  investigation  was 
undertaken  by  the  Bureau  of  Public 
Roads,  with  the  cooperation  of  the 
cities  of  New  York  (Borough  of  Man- 
hattan), Philadelphia,  Baltimore, 
Washington,  and  Detroit,  and  the  As- 
phalt Association.  No  conclusions  have 
as  yet  been  drawn  according  to  an 
article  published  in  the  1921  Proceed- 
ings of  the  American  Society  of  Mu- 
nicipal Improvements.  A  few  extracts 
from  this  articlemay  be  of  interest: 

"In  the  first  place  shoving,  or  tend- 
ency to  shove,  is  not  an  inherent  char- 
acteristic of  asphalt  pavements,  as 
evidenced  by  millions  of  square  yards 
of  satisfactory  surfaces  varying  from 
one  to  forty  years  or  more  in  age  and 
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subjected  to  all  conceivable  conditions 
of  exposure  and  traffic. 

"More  often  than  not,  when  waves 
or  deformations  are  noted  in  an  as- 
phalt pavement,  most  of  the  adjacent 
surface  in  the  same  line  of  travel  and 
with  the  same  exposure  is  found  to  be 
true  to  contour. 

"Whatever  the  conditions  are  which 
making  shoving  possible,  the  primary 
cause  of  shoving  is  traffic,  which  pro- 
duces a  rearrangement  of  the  mineral 
particles  in  the  paving  mixture  to  an 
appreciable  depth  from  the  surface 
down. 

Conditions  Which  Tend  to  Promote 
Shoving. — "Certain  general  conditions 
which  tend  to  promote  shoving  by  pro- 
ducing an  unstable  paving  mixture  are 
quite  well  understood,  but  it  is  be- 
lieved that  there  may  be  much  yet  to 
be  learned  regarding  the  limits  of  such 
conditions.  Thes<3  and  other  condi- 
tions are  listed  below  from  the  pur- 
pose of  illustrating  the  complexity  of 
the  subject  from  a  research  stand- 
point. 

Foundation   Faults. 

1.  Lack  of  support  from  below 
causing  local  settlement  of  the  foun- 
dation. 

2.  Uneven  contour  in  foundation 
causing  variable  thickness  of  asphalt 
paving  mixture  and  consequent  dif- 
ferences in  compression. 

3.  Very  smooth  foundation  which 
may  promote  slipping  of  the  asphalt 
paving  mixture  over  its  surface. 

Inferior   Paving    Mixture. 

4.  Use  of  too  soft  an  asphalt  ce- 
ment for  the  climate,  traffic,  Or  the 
grading  of  the  mineral  aggregate. 

5.  Use  of  too  much  asphalt  cement 
in  the  paving  mixture. 

6.  Poor  grading  of  mineral  aggre- 
gate, which  creates  instability  of  the 
paving  mixture  irrespective  of  the  con- 
sistency and  percentage  of  asphalt  ce- 
ment with  which  it  is  mixed. 

7.  Use  of  an  excess  of  rounded  par- 
ticles of  mineral  aggregate  in  the  pav- 
ing mixture. 

Construction    Faults. 

8.  Uneven  contour  due  to  faulty 
spreading,  raking,  or  rolling  of  the 
paving  mixture  during  construction  or 
lack  of  uniformity  in  the  composition 
of  the  paving  mixture. 

9.  Lack  of  proper  initial  compres- 
sion during  construction  which  may 
be  due  to  use  of  too  light  a  roller,  too 
little  rolling,  to  the  mixture  being  too 
cold  when  rolled,  or  too  great  thick- 
ness of  course  for  a  single  rolling  op- 
eration. 


10.  Faulty  repairs  to  service  open- 
ings. 

Exterior  Causes. 

11.  Absorption  of  an  excess  ol  oil 
or  gasoline  drippings,  causing  undue 
softening  of  the  asphalt  cement. 

12.  Gas  leaks  from  mains  below  the 
pavement  structure,  causing  undue 
softening  of  the  asphalt  cement. 

A  suggestion  was  made  by  Mr.  Dow 
that  moisture  coming  up  through  the 
foundation  into  the  underneath  portion  ■ 
of  the  wearing  surface  is  in  his  opin- 
ion one  of  the  most  prolific  causes  of 
shoving.  The  writer  is  also  of  the 
opinion  that  non-uniformity  of  mix- 
tures, causing  fat  spots  or  unbalanced 
gradings  is  of  great  importance. 

One  can  realize  therefore  that  there 
are  many  conditions  to  cope  with  to 
prevent  creeping  or  shoving,  but  brief- 
ly, suitable  foundations,  uniformity 
and  proper  consistency  of  asphalt, 
careful  proportioning  of  asphalt  and 
various  grades  of  mineral  aggregate 
careful  treatment  and  mixing  of  the 
materials,  and  proper  spreading  and 
rolling. 

Limiting  Grades  for  Asphalt  Pave- 
ments.— Now,  if  the  necessary  pains 
have  been  exercised  in  preparing  and 
laying  the  pavement,  what  are  the 
limiting  grades  for  asphalt  pavements? 
Opinions  on  this  matter  differ  greatly. 

The  results  of  a  few  recent  inquiries 
as    to   the   maximum   grades    deemed, 
advisable  for  asphalt  pavements,  are 
interesting  and  extremely  different. 

The  City  Engineer  of  Omaha,  Nebr., 
has  laid  same  on  a  15  per  cent  grade 
in  1922. 

An  engineer  with  considerable  ex- 
perience through  the  Eastern  and  Cen- 
tral States  says  that  12  per  cent  is 
considered  about  the  maximum. 

New  Jersey  State  limits  the  grades 
on  this  class  of  pavements  to  5  per 
cent. 

The  writer  has  just  recently  exam- 
ined a  number  of  asphalt  pavements 
on  steep  grades,  the  grades  of  which 
are  9  per  cent,  10  per  cent,  and  11 
per  cent.  All  of  these  having  been 
in  use  for  four  years  or  more.  The 
11.3  per  cent  grade,  I  remember  well 
at  the  time  it  was  paved  by  the  fact 
that  the  roller  was  towed  up  and 
down  by  a  truck  on  the  crest  of  the 
hill. 

From  these  foregoing  theories  and 
facts,  it  is  probably  fair  to  say  that 
the  ability  to  secure  proper  construc- 
tion or  rolling  limits  the  grade  upon 
which  it  is  safe  to  lay  asphalt  pave- 
ments.    When  it  becomes  impossible 
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or  impractical  to  do  the  rolling  prop- 
erly the  grade  will  be  too  steep. 

It  seems,  therefore,  that  about  10 
per  cent  or  12  per  cent  grades  should 
be  considered  the  limit  for  this  type 
of  construction. 

Although  a  number  of  conditions 
have  been  cited  that  tended  to  cause 
creeping  of  asphalt  pavements,  I  have 
purposely  emphasized  the  necessity  of 
ample  rolling  of  the  surface.  It  is  one 
of  the  requirements  of  ten,  I  might 
say  nearly  always  neglected,  and  I 
feel  that  it  has  more  to  do  with  deter- 
mining the  maximum  grade  suitable  to 
this  class  of  paving  than  any  other 
condition. 


The    Obligation    of    State 

Highway  Department  to 

Keep     Public     Sold 

on  Highways 

Abstract  of  a  Paper  Presented  at  the 
Recent  Convention   of  the  Ameri- 
can Road  Builders'  Association. 

By  H.  E.  HILTS 

Acting    State    Highway    Engineer    of 
Pennsylvania. 

We  know  as  road  builders,  we  have 
something  to  sell;  we  know  we  have 
to  sell  it  to  someone,  and  we  hope 
that  we  have  some  talking  points  to 
help  us  in  disposing  of  it. 

A  study  of  the  history  of  transpor- 
tation shows  the  necessity  for  leader- 
ship and  vision,  because  people  as  a 
rule  have  been  slow  in  availing  them- 
selves of  new  ideas  and  new  modes  of 
transport.  New  ideas  in  transport, 
like  all  other  commodities,  have  to  be 
sold.  Our  present  day  commercial 
transport  is  sold  and  we  are  all  more 
or  less  conversant  with  the  methods 
used  by  our  shipping  service,  and  our 
inter  and  intra  state  carriers  in  sell- 
ing their  particular  facilities  to  their 
clients,  both  by  publicity  campaigns 
and  paid  agents. 

In  the  field  of  highway  transport,  a 
new  mode  of  common  carriage  has 
rapidly  developed.  It  is  still  young 
and  is  still  in  its  pioneer  stage  of  de- 
velopment. It  is  a  mode  which,  if 
used  and  promoted  conservatively,  will 
augment,  simplify  and  make  more 
economical  and  commercially  more  re- 
munerative both  ship  and  railway 
transport.  If,  however,  its  powers  are 
spent  in  endeavoring  to  usurp  the 
functions  of  the  other  carriers,  it 
would    seem   that   our   new   mode    of 
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transport  will  be  retarded  in   its   de- 
velopment. 

In  the  light  of  common  prudence  the 
agencies  of  the  people,  the  state  high- 
way departments,  should  play  their 
part  in  giving  the  public  authoritative 
information  on  highway  transport,  as 
it  involves  the  roadbed  and  right  of 
way. 

Selling  Idea  of  Economical  Use  of 
Highways  By  "Pay"  Transport. — 
Broadly  speaking,  the  pay  transport 
is  that  of  the  manufacturing  and  com- 
mercial interests,  and  classified  di- 
rectly these  interests  have  to  be  sold 
on  the  ideas  of  (1)  "selective"  carriage 
by  the  motor  truck  on  our  highways 
in  contra  distinction  to  the  common 
carriage  of  the  railroad,  and  (2)  in 
the  use  of  the  motor  vehicle  for  short 
haul  traffic.  This  "selective"  carriage 
is  that  part  of  commercial  highway 
traffic  that  has  or  will  prove  cheaper 
in  total  cost  to  the  consumer,  and  it 
will,  therefore,  automatically  be  adopt- 
ed by  industry  in  preference  to  other 
methods  of  haulage  as  is  evidenced  by 
the  moving  of  furniture,  or  other  se- 
lective commodities,  long  distances  in 
the  thickly  settled  east,  and  the  use 
of  motor  trucks  by  milk,  produce,  and 
other  interests  for  movements  up  to 
one  hundred  miles.  In  general,  the 
commercial  interests  are  exponents  of 
the  value  of  good  roads,  but  there  has 
been  a  marked  laxity  on  the  part  of 
the  state  highway  departments  in  giv- 
ing our  information  which  is  live  in- 
formation, and  the  spasmodic  attempts 
by  personal  address  have  not  carried 
the  message  of  economical  use  to 
these  people.  The  commercial  inter- 
ests are  appreciating  that  the  high- 
way engineering  profession  consider 
road  building  in  the  light  of  a  business 
proposition,  and  that  as  in  all  commer- 
cial enterprises,  the  money  which  is 
invested  in  a  good  road  represents 
tangible  value  in  giving  a  more  even 
and  satisfactory  roadbed,  a  route  that 
has  eliminated  rise  and  fall  or  dis- 
tance. They  are  beginning  to  appreci- 
ate that  if  bond  issue  money  is  used, 
that  tangible  value  should  exist  at  the 
expiration  of  the  bond  period,  and 
further,  that  the  earning  power  of  the 
road,  which  begins  the  day  it  is  open 
for  traffic,  should  more  than  offset  the 
money  required  for  upkeep  charges, 
depreciation  and  obsolescence. 

The  Railways  and  the  Highways. — 
The  railroads  are  the  sponsors  for  the 
trite  remark  that  highways  should  be 
built  as  feeders  to  the  railroads.  There 
have  been. few  highways  built  in  this 
country  that  have  not  been  feeders  to 
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the  railroad.  From  the  nature  of  the 
case,  it  would  seem  the  greatest  feed- 
ers entering  a  given  town  are  the  ones 
that  carry  the  most  traffic  to  and  from 
the  town  and,  therefore,  our  primary 
routes  are  the  ones  that  should  be 
first  improved  with  modern  thorough- 
fares. Many  times  this  viewpoint  does 
not  seem  to  take  into  consideration 
the  fact  that  automatically  the  semi- 
feeders,  the  secondary  roads,  are  be- 
ing c  o  ns  t  a  nt  1  y  maintained  and 
strengthened  from  current  taxation, 
and  that  industry  can  accomplish  much 
by  strengthening  the  aims  of  the 
Highway  Department  in  its  endeavor 
to  have  local  road  revenues  spent  to 
the  best  advantage.  The  road  builder, 
the  motor  truck  manufacturer,  and 
the  railroads  have  a  common  interest 
in  selling  the  road  user  reasonable 
selective  traffic,  and  the  sale  of  the 
idea  that  a  reasonable  load  should  be 
carried  within  the  legal  limits  of 
speed,  and  in  a  vehicle  that  meets  all 
legal  requirements.  We  must  not  lose 
sight  of  the  fact  that  the  real  birth 
of  truck  traffic  was  during  stormy 
times,  and  that  overloading  and  its  at- 
tendant evils  were  thrust  upon  the 
highways  before  the  remedies  could  be 
applied.  It  would  seem  that  the  gen- 
eral crystallization  of  ideas  of  all  the 
interests  involved  is  leading  to  a  more 
conservative  gross  vehicular  load  and 
wheel  load,  and  the  research  work 
which  has  been  conducted  by  the  Bu- 
reau of  Public  Roads,  and  several  of 
the  State  Highway  Departments  is  be- 
ing practically  interpreted  to  mean 
more  conservatism  on  the  part  of  all 
interests  in  the  general  interest  of  the 
good  road  movement. 

The  Electric  Railway  and  the  High- 
way.— In  the  case  of  the  electric  rail- 
way, we  have  to  handle  a  different  edu- 
cational sale.  The  electric  railway 
during  its  relatively  short  growth  au- 
tomatically found  its  level  as  a  feeder 
or  helper  to  the  railroads.  It  searched 
out  corners  of  our  country  which  could 
not  be  reached  economically,  due  to 
physical  conditions,  by  the  steam  lines, 
and  it  has  done  much  to  raise  the  tone 
of  the  communities  it  serves.  Gen- 
erally, many  of  these  lines  have  broad- 
ened their  activities  so  as  to  take  in 
the  power  or  lighting  fields.  Thus  they 
have  automatically  become  super  pub- 
lic service  corporations.  The  motor  ve- 
hicle in  its  earlier  day  did  in  its  unreg- 
ulated field  offer  grave  competition,  as 
noted  in  the  jitney  craze  of  ten  years 
ago.  It  was  quickly  proven,  however, 
that    the    widespread    use    of   jitneys 


was  economically  unsound,  and  we 
now  find  the  regulated  motor  vehicle 
used  as  a  common  carrier  of  passenger 
traffic.  In  the  large  centers  of  popu- 
lation, it  has  become  the  taxi,  or  mo- 
tor bus,  which  is  recognized  as  a  se- 
lective carrier  augmenting  the  elec- 
tric lines,  and  it  is  regulated  in  its 
service  by  the  Public  Service  Com- 
missions, whether  or  not  it  competes 
with  existing  steam  or  electric  lines. 
Automatically,  this  method  of  com- 
mon carriage  is  being  sold  to  the  pub- 
lic by  necessity,  and  in  its  turn  it 
makes  for  the  use  of  more  and  better 
highways.  It  is  interesting  to  note 
that  the  widespread  use  of  commercial 
bulk  haulage  by  motor  truck  for  long 
distances  has  yet  to  prove  its  economy. 

Selling  the  Idea  of  Road  Courtesy. — 
The  largest  class  of  road  user,  the 
owner  of  the  pleasure  motor  vehicle, 
has  as  yet  to  be  sold  the  salient  idea 
of  highway  financing.  He  does  not 
yet  realize  that  roads  cost  money,  that 
definite  road  policies  of  construction, 
maintenance  and  administration  are 
necessary.  He  does  not  realize  that 
he  has  a  vehicle  that  is  dangerous 
to  his  fellow  man  when  improperly 
used.  The  courtesy  of  the  open  road 
has  not  as  yet  made  its  appearance. 
If  the  road  official  does  not  take  in 
hand  and  continually  sell  and  resell 
the  idea  of  road  courtesy,  he  is  leav- 
ing one  of  his  greatest  assets  dor- 
mant. The  selling  of  such  stock 
phrases  as  "The  man  on  your  right 
has  the  right  of  way,"  the  selling  of 
ideas  of  correct  lighting  of  motor  ve- 
hicles, the  courtesy  of  remaining  on 
your  own  side  of  the  road,  the  heed- 
ing of  warning,  danger  and  direction 
signs,  the  use  of  judgment  in  approach- 
ing grade  crossings,  all  are  tangible 
set  ideas  which  all  road  users  should 
be  taught,  and  in  being  taught  they 
gradually  imbibe  a  more  wholesome 
respect  for  the  road  and  their  fellow 
man. 

All  Agencies  of  State  Must  Be  Cor- 
related.— In  all  this  educational  work 
many  look  to  the  state  highway  de- 
partments alone.  However,  this  is  a 
restricted  viewpoint.  If  we  are  to 
make  surer  and  quicker  progress,  we 
must  correlate  all  of  the  agencies  of 
the  state.  The  business  man's  view- 
point must  govern  and  regulate  the 
many  activities  of  a  state  administra- 
tion, the  several  departments  of  the 
state  administration  having  much  in 
similarity  to  the  departments  of  an 
active,  well  managed  business  enter- 
prise.    In   business   the   exchange   of 
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ideas  between  these  departments  is 
conducive  to  the  success  of  the  sev- 
eral departments  and  the  enterprise 
as  a  whole.  The  problems  of  design, 
construction  and  maintenance,  and  the 
problems  of  economics  of  the  highway 
department  are  closely  associated  with 
the  inter  department  cooperation  of 
the  state  department  of  agriculture, 
which  is  intimately  associated  with 
the  needs  for  rural  transportation.  In 
the  Eastern  States  the  neglect  of  agri- 
culture is  the  paramount  cry  of  those 
interested  in  this  phase  of  human  en- 
deavor, in  the  middle  and  far  West 
the  reverse  is  the  case,  but  in  either 
event,  it  has  been  one  of  the  incon- 
sistencies of  American  progress  that 
the  farmer's  car  has  been  allowed  to 
remain  in  the  mud.  If  more  attention 
is  given  to  the  construction  of  good 
roads,  towns  will  widen  and  stabilize 
their    trading    zones,   and   agriculture 

rill  again  in  the  East,  draw  its  people 
>ack  to  the  farm,  and  thus  place  life 
m  a  more  equable  plane.  The  state 
lepartment  of  education  appreciates 
that  hand  in  hand  with  its  endeavors 
should  go  the  endeavors  and  thoughts 
of  the  highway  department,  and  yet 
how  few  and  far  between  have  been 
the  spasmodic  attempts  at  coopera- 
tion. The  graded  school  can  replace 
the  old  red  school  house  only  after 
?ood  travelable  roads  have  been  built, 
lecause  only  then  can  every  day  travel 
>e  accomplished.  Yet  how  seldom  is 
this  reflected  in  the  cooperative  edu- 
cational efforts  of  these  departments, 
[n  turn  we  could  discuss  joint  coopera- 
ion  with  state   departments  of  com- 

lerce,  of  internal  affairs,  of  water 
mpply  and  forestry,  of  labor  and  in- 
lustry  and  of  public  service  commis- 
sions, and  yet,  how  seldom  is  this  co- 
>peration  actually  sought  by  the  de- 

irtments  in  question. 

Public   Opinion   Should    Be  Courted. 

-The  obligation  of  the  state  highway 
lepartment  is  not  fulfilled  merely  by 

jlling  ideas,  for  before  it  can  sell  any- 

ling  it  has  to,  like  any  other  business 
mterprise,  have  the  healthy  respect 
)f  the  people  for  both  its  purposes,  its 

idgment  and  its  work.  If  the  people 
ire  led  to  believe  that  its  purposes 
ire  political,  that  its  judgment  is 
>iased  and  its  work  is  poorly  handled 
ind    wastefully    done,    it    can't    sell 

leas.  Therefore,  when  the  general 
)olicy  of  a  live  department  is  decided 
ipon,  after  definite  and  long  continued 
conferences  with  the  people  and  with 
the  interdepartmental  divisions,  let  the 
people  know— don't  hide  it,    Expendi- 


tures are  large,  tens  of  millions  of 
dollars  yearly  in  many  states,  and  the 
making  available  of  funds  in  future 
years  will  be  one  of  the  jealous  pre- 
rogatives of  future  legislatures.  State 
programs  always  will  depend  upon  the 
legislatures  as  representing  the  will 
of  the  people;  therefore,  public  opin- 
ion should  be  courted.  Much  has  been 
said  of  decentralized  control  as 
against  centralized  control.  If  the 
public  is  informed  by  impartial  ob- 
servers who  know  the  work,  that  the 
department  is  a  real  going  concern, 
if  they  appreciate  that  there  is  a  def- 
inite policy,  close  financial  control, 
rigid  construction  standards,  real 
teamwork  in  the  organization,  then 
they  can  appreciate  that  the  selling 
arguments  are  sound.  The  concomi- 
tants that  go  with  this  definite  appeal 
to  the  public,  however,  are  sound  en- 
gineering skill  in  maintenance  and 
construction,  and  real  business  con- 
tract cooperation  with  the  contractors 
who  accept  the  state's  business. 

The  Establishment  of  a  Highway 
Policy. — Probably  the  most  important 
single  step  that  a  department  takes  is 
the  establishment  of  its  policy.  Many 
experts  and  laymen  believe  that  pol- 
icy represents  the  ideas  of  one  man 
or  a  group  of  men.  In  some  cases, 
this  is  probably  true.  It  would  seem, 
however,  that  a  strong  basic  policy 
will  stand  only  after  it  represents  the 
consensus  of  opinion  of  the  thinking 
people  of  the  State.  For  instance, 
prior  to  beginning  the  program  that 
has  been  carried  out  in  Pennsylvania 
during  the  past  four  years,  the  late 
Commissioner  Lewis  S.  Sadler,  after 
wide  publicity  and  hundreds  of  inter- 
views with  interested  delegations,  con- 
cluded that  it  was  the  idea  of  the 
people  of  the  Commonwealth  that  as- 
sessed valuations  and  county  lines  be 
ignored  in  planning  for  the  construc- 
tion of  the  Pennsylvania  primary 
highway  system,  that  the  view- 
point of  the  people  was  to  con- 
struct a  trunk  line  system  con- 
necting centers  of  population  with- 
in the  state  and  without  the  state  by 
reasonable  connections  with  the  pri- 
mary systems  of  adjacent  states.  The 
whole  cost  of  the  primary  system  was 
assumed  by  the  state,  the  counties  be- 
ing urged  to  use  their  available  funds 
in  the  construction  within  their  lim- 
its, of  the  secondary  system  as  con- 
stituting roads  of  local  importance  but 
not  used  by  the  public  within  the 
state  as  a  whole.  The  secondary  sys- 
tem could  be  built  either  in  coopera- 
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tion  with  the  counties  on  a  fifty-fifty 
basis,  the  state  funds  coming  from 
legislative  appropriations,  or  by  the 
county  on  a  bond  issue  or  current 
revenue  program.  As  a  further  pol- 
icy, which  was  given  publicity  in  the 
press  throughout  the  state,  it  has  be- 
come generally  known  that  the  state 
is  empowered  by  legislative  enact- 
ment to  do  the  engineering  work, 
award  contracts,  and  superintend  con- 
struction on  the  request  of  any  coun- 
ty, the  county  meeting  only  the  cost 
of  the  construction  work.  This  en- 
actment has  sold  to  the  majority  of 
the  counties,  the  services  of  an  or- 
ganization equipped  to  handle  their 
construction  work  with  economy,  ef- 
ficiency and  dispatch  under  standard- 
ized state-wide  methods.  Establishing 
a  policy  is  only  one  step — it  should 
thereafter  be  given  wide  publicity. 

Policy  of  Economics  of  the  Roads. — 

There  are  other  policies  that  are  as 
important  as  a  broad  general  financial 
policy.  One  of  these  is  that  which 
deals  with  the  economics  of  the  road. 
In  Pennsylvania,  for  instance,  one  of 
the  great  industrial  states  of  our  coun- 
try, we  had  prior  to  starting  our  pro- 
gram, just  gone  through  the  trying 
transportation  difficulties  of  the  War. 
The  heavy  use  of  our  roads  in  aug- 
menting the  steady  flow  of  war  ma- 
terials by  rail  brought  out  in  a  star- 
tling and  definite  form,  the  fact  that 
our  main  trunk  highways  were  not  suf- 
ficiently strong  to  withstand  the  con- 
stant flow  of  supplies  by  motor  truck 
train  from  the  midwest  to  the  em- 
barkation points  on  the  seaboard.  This 
experience  is  still  fresh  in  our  mem- 
ories, and  to  my  mind  this  period,  from 
1917  to  1919,  will  be  considered  as  a 
turning  point  in  our  conception  of  the 
use  to  which  our  primary  roads  may 
be  put  in  a  time  of  stress,  or  a  great 
national  emergency.  An  analysis  of 
this  emergency  by  the  public  and  the 
engineering  organization  developed  the 
policy  which  was  given  wide  publicity 
in  the  press,  of  constructing  primary 
roads  of  the  so-called  durable  types 
in  active  competition,  when  the  engi- 
neering division  was  satisfied  that 
there  would  be  real  competition,  the 
work  being  awarded  to  the  low  bid- 
der, irrespective  of  type.  This  policy 
has  been  rigidly  adhered  to  for  the 
past  four  years.  If  a  low  bidder  fails 
to  qualify,  his  bid  is  rejected  and  the 
work  is  readvertised.  Another  policy, 
which  has  been  given  wide  publicity 
in  our  state,  is  that  if  an  improved 
road  is  needed,  it,  like  any  other  com- 


modity, has  to  be  bought  in  the  open 
market.  It  naturally  follows  that  in 
a  period  of  high  or  uncertain  prices, 
large  construction  programs  must 
needs  be  deferred,  and  only  the  most 
important  construction  links  be  given 
consideration. 

The  Public  and  Engineering  Stand- 
ards of  Construction. — It  is  not  self- 
evident  that  engineering  standards  of 
construction  can  help  to  sell  the  pub- 
lic the  roads  it  needs.  However,  it  is 
rather  striking  to  find  that  delegations 
of  laymen  who  visit  headquarters  will 
spend  considerable  time  looking  into 
standard  bridge  practice,  look  over 
specimens  of  road  surfaces,  and  in 
every  delegation  there  are  a  few  men 
who  appreciate  that  the  present  high- 
way engineers  are  entering  in  a  new 
field  of  endeavor;  that  they  are  not 
following  out  rule  of  thumb  methods 
of  guessing  at  this  or  that,  but  that 
slowly  they  are  attempting  to  evolve 
logical  engineering  designs  to  fit  the 
needs  of  the  loads  which  are  or  may 
become  legal,  and  therefore  used.  The 
bold  designs  of  the  past  are  being  re- 
placed by  conservative  standards 
which  in  the  future  will  bear  the  light 
of  increasing  scrutiny.  More  and 
more  as  the  light  of  truth  creeps  into 
the  field  of  highway  engineering,  the 
failures  of  the  past  will  be  shown 
up  in  their  true  light  as  failures  not  so 
much  of  engineering  as  of  the  system 
under  which  roads  have  been  built; 
the  system  which  on  the  one  hand 
calls  for  extended  mileages  of  second- 
ary types,  and  on  the  other  for  short 
mileages  of  wide  suburban  thorough- 
fares. It  is  true  that  some  engineers 
still  live  in  the  memories  of  the  past; 
they  think  in  terms  of  1910.  In  1910, 
Pennsylvania  only  registered  as  many 
motor  vehicles  as  have  been  regis- 
tered in  a  single  day  during  the  past 
month. 

Correlating  Construction  with  Main- 
tenance.— Probably  one  of  the  most 
important  field  policies,  and  one  on 
which  the  public  must  be  not  only 
sold  by  telling,  but  repeatedly  sold  by 
retelling,  is  that  of  correlating  con- 
struction with  maintenance.  A  work- 
able theory  is  that  maintenance  means 
not  only  the  maintenance  in  the 
densely  populated  states,  of  the  old 
roads,  but  also  the  improvement  by 
current  revenues  of  the  rural  roads 
which  are  in  a  primary  system,  and 
which  are  not  yet  susceptible  to  the 
expenditure  of  bond  moneys  for  their 
improvement. 

When  the  maintained  main  routes 
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become  increasingly  burdensome  year 
by  year,  not  only  on  account  of  main- 
tenance or  other  expenditures,  but 
also  on  account  of  burdensome  hin- 
drance to  economical  vehicle  or  trans- 
port operation,  then  correlate  these 
sections  by  durable  construction.  This 
correlation  means  a  detailed  study 
month  by  month,  and  year  by  year  by 
the  maintenance  and  construction  en- 
gineers; it  means  study  not  only  in 
the  field,  but  also  in  the  office  after 
yearly  charges  have  been  segregated. 
An  annual  program  involving  500 
miles  of  resurfacing  year  by  year;  sur- 
face treatment  of  1,800  miles  a  year, 
and  construction  of  durable  types  at 
the  rate  of  500  miles  a  year  must  need 
be  correlated,  so  that  economical  ex- 
penditures be  planned  and  made,  and 
the  details  of  a  program  of  this  char- 
acter have  to  be  sold  to  the  public 
through  the  press,  and  by  pointed  con- 
structive talks  and  lectures.  The  pub- 
lic must  be  made  to  realize  that  high- 
way work  is  a  great  continuing  busi- 
ness which  cannot  be  tampered  with. 
This  sale  is  not  all  accomplished  by 
cold  type  and  conservative  oratory. 
The  most  convincing  public  official  I 
have  ever  met,  a  man  who  had  the 
keen  insight  of  a  financier,  the  logic 
of  a  successful  business  man,  and  who 
unknown  to  himself  immediately 
gained  the  confidence  of  his  constit- 
uents by  personal  conferences  with 
legislative  committees,  with  county 
commissioners  and  representative  citi- 
zens, did  not  look  upon  visitors  at 
headquarters  as  pests  or  ingratiating 
individuals  who  called  because  they 
wanted  something.  To  him  they  were 
the  individual  through  which  he  could 
talk  to  hundreds,  to  him  they  ap- 
peared as  the  representatives  of  their 
districts,  and  he  would  spend  hours 
in  conference,  enlarging  upon  view- 
point after  viewpoint,  and  gradually 
drawing  their  interest  closer  and 
closer  until  there  was  mutual  under- 
standing. All  executives  cannot  be  of 
this  type,  because  it  is  exhausting  of 
both  time  and  energy,  but  to  a  man 
who  can  draw  an  efficient,  enthusiastic 
corps  about  him  selling  his  constit- 
uents is  his  big  side  line. 

$20,000,000  of  Sales  Per  Year.— The 
total  yearly  volume  of  sales  of  a  State 
Highway  Department  to  the  people  of 
a  state  is  anywhere  from  $12,000,000 
to  $45,000,000  per  state,  striking  an  av- 
erage of,  say,  $20,000,000.  Can  we 
gather  any  light  by  comparing  this 
average  department  with  an  efficient 
corporation  doing  this  gross  business 


a  year?  Does  the  corporation  spend 
money  to  make  sales,  does  it  spend 
money  to  create  desire  for  goods,  does 
it  spend  a  conservative  sum  for  re- 
search and  for  increasing  the  effi- 
ciency of  both  the  employe  and  the 
plant,  and  when  all  is  said  and  done 
are  these  sums  conservative  with  the 
ends  achieved?  You  will  say  yes.  An- 
alyze the  municipal,  county  or  state 
highway  department.  Does  it  usually 
make  any  effort,  not  to  spend  money 
for  publicity  purposes,  but  to  create 
desire  for  roads  through  channels  that 
are  opened  freely  to  them,  does  it  al- 
low in  its  budget  anything  for  research 
or  refined  design  practice,  or  does  it 
organize  for  efficient  publicity  work? 
Most  of  us  will  admit  broadly — no. 
Still,  when  the  public  asks  as  to  taxes, 
indifferent  service,  poor  maintenance, 
misinformation,  inferior  detours,  un- 
answered construction  complaints,  and 
all  the  other  miscellaneous  complaints 
that  buzz  throughout  the  year,  we  find 
that  they  all  can  be  summarized  to 
come  under  the  broad  general  pub- 
licity outline.  The  only  conclusion 
that  can  be  drawn  is  that  we  haven't 
still  perceived  the  business  man's 
viewpoint. 

Enthusiasm  must  be  created  for  our 
work,  our  job  and  the  things  yet  to  be 
accomplished,  because  in  the  end  it  is 
the  spark  of  enthusiasm  that  sells  or 
builds  or  creates  great  enterprises. 


New    Apparatus    for    Unloading 

Loose  Material  from  Open 

Top  Cars 

A  light  portable  apparatus  designed 
especially  for  unloading  loose  ma- 
terials such  as  crushed  rock,  gravel, 
sand,  coal,  etc.,  from  open  top  cars 
or  flat  cars  with  sideboards,  is  illu- 
strated below.  The  unloader  travels 
on  top  of  the  car  and  can  be  moved 
from  one  car  to  the  next  without  dis- 
mantling. It  discharges  over  the  side 
either  directly  into  trucks  or  into 
stock  piles.  The  unloader  is  furnished 
with  either  gasoline  or  electric  power. 
When  gasoline  is  used,  it  is  furnished 
with  the  latest  improved  Le-roi  2-cyl- 
inder  power-unit,  which  is  an  entirely 
self-contained  power  plant  with  ra- 
diator and  fan,  clutch  and  magneto, 
entirely  housed  in  sheet  steel  hous- 
ing, and  develops  from  4  to  8  h.p. 
When  it  is  desired  to  use  electric  pow- 
er, a  3  h.p.  electric  motor  is  furnished 
of  whatever  current  and  voltage  re- 
quired. The  capacity  of  the  unloader 
will  vary  according  to  the  materials 


135 


358 


Roads  and  Streets  Monthly  Issue  of 


February, 


being  unloaded,  but  under  ordinary 
conditions,  it  is  stated,  it  will  handle 
not  less  than  1  cu.  yd.  per  minute.  The 
unloader  is  manufactured  by  the  Ed- 


Bacon    Portable    Car   Unloader. 

ward  R.  Bacon  Co.,  51  Minna  St.,  San 
Francisco,  Calif. 


New  Light  Semi- Portable  Cable- 
way  Excavator 

A  new  mode*l  cableway  with   gaso- 
line  or   belt  drive   hoist  mounted   on 


road  wheels,  designed  particularly  for 
light  material  handling,  such  as  ex- 
cavating gravel  for  road  building,  dig- 
ging marl,  and  handling  sand  at  con- 
crete products  .  plants,  has  been 
brought  out  by  Sauerman  Bros.,  428 
S.  Clinton  St.,  Chicago.  The  new  ma- 
chine is  called  the  Sauerman  "Junior" 
cableway  and  is  manufactured  in  three 
sizes,  with  6  cu.  ft,  9  cu.  ft.,  and  13 
cu.  ft.  buckets.  All  .  have  operating 
spans  of  300  ft.  While  the  new  ma- 
chines are  low  in  cost,  they  are  said 
to  be  equal  to  the  standard  Sauerman 
dragline  cableway  excavators  in  de- 
sign and  construction,  only  they  are 
lighter  and  semi-portable. 


Michigan  Conference  on  Highway 
Engineering. — The  9th  annual  confer 
ence  on  highway  engineering  will  be 
held  Feb.  12-15,  at  the  University  of 
Michigan,  Ann  Arbor,  Mich.,  under  the 
direction  of  the  College  of  Engineer- 
ing in  co-operation  with  the  Michigan 
State  Highway  Department  and  the 
Michigan  Association  of  Road  Com- 
missioners and  Engineers.  The  pur- 
pose of  the  conference  is  to  aid  in  sup- 
plying to  road  commissioners  and  en- 
gineers information  relative  to  high- 
way administration,  organization, 
financing,  traffic,  drainage  systems 
and  foundations,  and  the  construction 
and  maintenance  of  roadways  and 
bridges  suitable  for  roads  and  streets 
in  the  State  of  Michigan.  During  the 
sessions,  ample  opportunity  will  be 
afforded  for  discussions.  Information 
can  be  obtained  from  Prof.  Arthur  H. 
Blanchard,  Engineering  Bldg.,  Univer- 
sity of  Michigan,  Ann  Arbor,  Mich. 


Sauerman  "Junior"   Cableway   Excavating   and   Conveying  Gravel  to   Portable  Screen 

Ing   Plant. 
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Trailer    Transport    for    Concrete 
Mixers 

A  trailer  used  by  the  White  Paving 
Co.,  Chicago,  111.,  in  hauling  its  heavy 
paving  equipment  from  one  job  to  an- 
other is  illustrated  below.  The  small 
equipment  is  loaded  into  a  truck,  the 
mixer  or  roller  run  onto  the  trailer, 
a  5-minute  job,  the  trailer  coupled  to 
the  truck,  and  the  outfit  is  off  at  the 
rate  of  12  to  15  miles  per  hour  to  the 
next  job.     The  trailer,  which  is  espe- 


totaled  58,221.  In  1922  there 
were  registered  765,000  automobiles 
and  66,000  trucks,  or  a  total  of  831,000 
vehicles.  The  funds  actually  expend- 
ed on  the  maintenance  of  the  high- 
way system  in  1912  totaled  $900,000, 
while  the  expenditures  in  1922  totaled 
$8,770,000.  In  1912  there  was  avail- 
able for  maintenance  $15.46  for  each 
automobile  and  truck  registered, 
whereas  in  1922,  although  there  was 
increased  travel  on  the  roads  and  a 
very  great  increase  in  the  weight  and 
use  of  trucks,  there  was  but  $10.55 
for  each  vehicle  registered. 


Concrete    Mixer    Being    Loaded    on    Foote  Transport  Trailer. 


cialy  designed  for  transportation  of 
construction  equipment,  carries  all 
sizes  of  paving  mixers  up  to  21E.  It 
has  a  capacity  of  13  tons,  and  a  wheel 
base  of  159  in.  Its  width  over  all  is  129 
in  (outside  to  outside  rear  hub  caps). 
It  has  a  length  of  156  in.,  and  width  of 
93  in.  The  height  to  top  of  platform 
is  23 y2  in.  The  frame  is  underslung, 
made  up  of  three  8-in.  I  beams  heav- 
ily reinforced  with  6-in.  steel  chan- 
nels. The  wheels  have  steel  spokes 
and  rims.  The  front  tires  are  40  in. 
x  8  in.  single  rubber  tires,  and  the 
rear  tires  are  40  in.  x  12  in.  The 
wheels  have  Hyatt  roller  bearings. 
This  trailer  is  made  by  the  Foote  Con- 
crete Machinery  Co.,  1241  South  Mich- 
igan Ave.,  Chicago. 


Motor  Vehicle  Registration  and 
Highway  Maintenance  Expenditures 
in  Pennsylvania.  —  Motor  Vehicle 
Registrations  in  Pennsylvania  in 
1912,    both    automobiles    and    trucks 


Highway  Construction  in  Canada. — 
At  the  close  of  the  calendar  year  1922 
there  had  been  placed  under  agree- 
ment for  Federal  aid  in  connection 
with  the  Canada  Highway  Act  274 
projects  at  an  estimated  cost  of  $35,- 
706,991  for  5,786  miles  of  road  in  the 
different  Provinces.  Forty  per  cent, 
of  the  estimated  cost,  the  percentage 
of  Federal  assistance  payable  due  on 
this  system,  amounts  to  $14,282,796. 
There  had  been  paid  at  the  close  of 
the  year  to  the  Provinces  about  $8,- 
000,000.  This  amount  does  not  in- 
clude any  expenditures  incurred  by 
the  Provinces  during  1922.  This  state- 
ment of  Federal  aid  work  does  not  in- 
clude any  work  in  Alberta,  where  the 
Highways  Commission  has  not  yet 
been  constituted.  The  distribution  of 
Dominion  aid  to  the  various  Provinces 
for  the  last  calendar  year  is  as  fol- 
lows: Nova  Scotia,  $539,177;  New 
Brunswick,  $371,973;  Quebec,  $247,315; 
Ontario,  $2,047,918;  Manitoba,  $137,- 
944;  Saskatchewan,  $107,064;  British 
Columbia,  $524,541. 
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Personals 

William  H.  Connell  of  Philadelphia  has 
been  named  assistant  highway  commis- 
sioner of  the  Pennsylvania  State  Highway 
Department.  For  many  years  previous  to 
1912  Mr.  Connell  was  in  charge  of  public 
engineering  work  in  New  York  City. 
From  1910  to  1912  he  was  deputy  commis- 
sioner of  public  works  in  Bronx  Borough. 
New  York  City.  The  latter  part  of  1910 
he  constructed  the  White  Plains  experi- 
mental roadway.  From  1912  to  1917  he 
was  chief  engineer  of  the  Bureau  of  High- 
ways and  Street  Cleaning  in  the  city  of 
Philadelphia.  For  several  years  the  late 
chief  engineer  of  the  State  Highway  De- 
partment, Col.  W.  D.  Uhler,  was  assist- 
ant to  Mr.  Connell.  Since  1917  Mr.  Connell 
has  been  engaged  in  private  business— 
for  two  years  being  executive  engineer 
for  Day  &  Zimmerman,  and  from  1919 
until  very  recently  on  the  executive  staff 
of  the  Philadelphia  Rapid   Transit  Co. 

George  H.  Biles,  Assistant  State  High- 
way Commissioner  of  Pennsylvania,  has 
tendered  his  resignation  to  State  High- 
way Commissioner  Paul  D.  Wright,  to 
become  effective  March  1,  1923.  Mr.  Biles 
has  been  connected  with  the  Pennsylvania 
State  Highway  Department  since  June 
23,  1905,  entering  as  chief  draughtsman. 
A  year  later  he  was  appointed  Division 
Engineer,  in  charge  of  the  central  and  a 
portion  of  the  eastern  counties  of  the 
State.  In  December,  1912,  he  was  ap- 
pointed assistant  to  the  Chief  Engineer 
of  the  Department,  and  later  engineer  in 
charge  of  all  maintenance  work  on  the 
state  highways  of  Pennsylvania.  When 
Governor  William  C.  Sproul  took  office  in 
1919,  and  appointed  Lewis  S.  Sadler  as 
State  Highway  Commissioner,  Mr.  Biles 
was  appointed  Assistant  State  Highway 
Commissioner.  When  Lewis  S.  Sadler 
died  January  21,  1922,  Governor  Sproul 
did  not  name  a  State  Highway  Commis- 
sioner and  Mr.  Biles  assumed  full  charge 
of  the  activities  of  the  Pennsylvania  State 
Highway  Department,  continuing  until  the 
appointment  of  the  new  State  Highway 
Commissioner,  Paul  D.  Wright,  of  Erie, 
who  was  named  by  Governor  Gifford 
Pinchot  on   Jan.   16,    1923. 

Eugene  A.  Balsley,  for  the  past  20  years 
with  the  American  Bridge  Co.,  and  Albert 
E.  Fisk  have  opened  offices,  room  920,  30 
North  La  Salle  St.,  Chicago,  under  the 
firm  name  of  Balsley  and  Fisk,  for  the 
practice  of  consulting  engineering.  Mr. 
Balsley  was  graduated  from  the  Uni- 
versity of  Wisconsin  in  1902,  in  which 
year  he  associated  himself  with  the 
American  Bridge  Co.  in  the  erecting  de- 
partment. In  1905  he  was  transferred  to 
the  American  Plant  at  40th  St.  and 
Princeton  Ave.,  Chicago,  as  assistant 
manager.  In  1907  he  was  transferred  to 
the  Milwaukee  Plant  as  manager.  In 
1909  he  returned  to  the  American  Plant 
as  manager,  which  position  he  held  until 
February,  1916,  when  he  was  appointed 
assistant  operating  manager  of  the  West- 
ern Division  and  manager  of  the  forge 
department,  which  position  he  held  until 
January  1st,  1923,  when  he  resigned  to 
engage  in  engineering  practice.  He  is  a 
member  of  the  American  Society  of  Civil 
Engineers  and  the  American  Society  for 
Testing  Materials.  Mr.  Fisk  was  pre- 
viously engaged  in  engineering  work 
with  the  American  Bridge  Company,  Mead 
Morrison  Manufacturing  Co.,  and  Freyn, 
Brassert  &  Co.  He  is  a  member  of  the 
Western    Society   of   Engineers. 


Industrial  Notes 

C.  J.  Cassese,  formerly  assistant  sales 
manager  and  acting  general  sales  man- 
ager of  the  Four  Wheel  Drive  Auto  Co., 
was  recently  made  general  sales  manager 
for  that  company.  He  has  been  identified 
in  the  motor  truck  business  for  a  num- 
ber  of  years. 

The  H.  E.  Marks  Corporation,  manu- 
facturers of  the  Marks  System  Gypsum 
Roofs,  Pittsburgh,  Pa.,  have  announced 
the  opening  of  a  New  York  sales  office  in 
charge  of  E.  P.  Cadwallader,  Room  69,  IX 
West  34th  St.  Also  new  Philadelphia 
branch  office  in  charge  of  T.  R.  Galey, 
with  offices  at  703  Harrison  Bldg.,  Phila- 
delphia,  Pa. 

Sauerman  Bros,  have  moved  their  of- 
fices from  the  Monadnock  Block,  Chicago, 
where  they  have  been  located  for  the 
past  17  years,  to  438  South  Clinton.  Their 
shop,  warehouse  and  assembly  room  have 
been  located  for  some  time  at  the  new 
address  and  they  have  now  acquired  ad- 
ditional space  that  enables  them  to  con- 
solidate all  departments  of  their  business 
under*  one   roof. 

Percival  Chrystie  has  been  elected  to 
the  office  of  president  of  the  Taylor- 
Wharton  Iron  &  Steel  Company,  High 
Bridge,  New  Jersey,  to  succeed  the  late 
Knox  Taylor.  Mr.  Chrystie  was  formerly 
vice-president  and  has  been  acting  presi- 
dent since  Mr.  Taylor's  death.  At  the 
same  meeting  of  the  board,  Samuel  M. 
Buck  of  High  Bridge,  N.  J.,  was  elected 
a  director  of  the  company  to  fill  the  un- 
expired term  of  Knox  Taylor.  Mr.  Buck 
is  works  manager  of  the  High  Bridge 
plant  and  of  the  William  Wharton  Jr.  & 
Co.  plant  at  Easton,  Pa.,  and  was  chosen 
to  represent  the  employee  stock  holders. 

The  Portland  Cement  Association  an- 
nounces the  opening  of  a  new  district  of- 
fice in  the  Hibernia  Bank  Bldg.,  New  Or- 
leans. Association  work  in  Louisiana  and 
Mississippi  will  be  directed  from  this 
office.  The  district  engineer  in  charge 
of  the  New  Orleans  office  is  John  E.  Tate, 
heretofore  associated  with  the  Atlanta 
office  as  field  engineer  in  North  Carolina. 
Prior  to  joining  the  association  staff,  Mr. 
Tate  was  for  two  years  resident  engineer 
with  the  State  Roads  Commission  of 
Maryland,  and  for  three  years  assistant 
engineer,  Delaware  State  Highway  De- 
partment. 

Clyde  M.  Carr  has  retired  as  president 
of  Joseph  T.  Ryerson  &  Son,  the  large 
iron,  steel  and  machinery  corporation. 
On  account  of  poor  health  Mr.  Carr  has 
been  unable  to  take  an  active  part  in  the 
management  of  the  firm  for  the  past  two 
years.  He  will  continue,  however,  as  a 
director.  At  the  regular  annual  meeting 
of  the  directors,  Mr.  Joseph  T.  Ryerson 
was  elected  president.  Mr.  Carr  was 
born  in  Illinois  in  1869  and  first  became 
associated  with  Joseph  T.  Ryerson  &  Son 
in  1890.  He  has  taken  a  very  active  part 
in  the  management  of  the  firm's  affairs 
and  in  1911  was  elected  president.  Joseph 
T.  Ryerson,  the  grandson  of  the  original 
Joseph  T.,  succeeds  to  the  presidency 
with  a  background  of  22  years  in  the 
steel  business.  He  was  born  m  Chicago 
in  1S80  and  immediately  after  graduating 
from  Yale  in  1901  went  to  work  for  the 
American  Sheet  Steel  Company,  now  the 
American  Sheet  &  Tin  Plate  Company,  at 
their  mill  in  Vandergrift,  Pa.  In  October, 
1902,  he  started  with  Joseph  T.  Ryerson 
&  Son  at  Chicago  and  in  1904  was  elected 
treasurer,  becoming  vice-president  in 
1911. 
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The  Secondary  Results 
of  Water  Purification 

Most  of  the  public  and  even  some 
engineers  do  not  yet  realize  the 
variety  and  importance  of  the  effects 
which  have  followed  the  development 
of  modern  systems  of  water  purifica- 
tion. On  the  whole  we  have  accepted 
these  developments  quite  simply  and 
as  a  matter  of  course,  although  their 
importance  to  mankind  vastly  exceeds 
that  of  radio  and  some  of  the  other 
"spectacular  inventions"  that  have 
enthralled  the  popular  mind. 

We  have  seen  the  conquest  of 
typhoid  hailed  in  general  with  a  pas- 
sive joy,  and  almost  never  in  the 
daily  press  with  any  suggestion  that 
the  purification  of  water  has  other 
effects  than  the  prevention  of  disease. 
It  is  well  for  the  engineer  to  bear  in 
mind  and  to  make  Known  to  the  pub- 
lic that  because  large  quantities  of 
water  can  now  be  purified  cheaply  the 
present  requirements  for  a  source  of 
public  water  supply  are  very  differ- 
ent indeed  from  the  requirements  of 
15  years  ago. 

Because  large  scale  filtration  is  ex- 


pensive, and  at  best  does  not  produce 
a  fully  sterile  product,  the  value  of  a 
water-shed  completely  controlled  and 
protected  from  contamination  was 
very  great  indeed,  and  a  city  could  go 
to  enormous  expense  and  the  greatest 
of  pains  to  secure  such  a  source. 
Cities  unfortunately  situated  beyond 
practical  reach  of  any  pure  source 
first  suffered  the  consequences  of  im- 
pure water,  and  then  if  they  could 
afford  it,  laid  out  huge  sums  in  elab- 
orate filtration  works  which,  if  they 
failed  fully  to  eliminate,  at  least 
greatly  reduced  the  impurities  and 
the  consequent  dangers  to  health. 
Where  financial  means  were  unequal 
to  physical  needs  the  city  got  along 
with  the  least  contaminated  source 
upon  which  it  could  draw,  meanwhile 
suffering  more  or  less  sickness  there- 
from and  standing  continually  in 
danger   of  an  epidemic 

The  problem  became  increasingly 
difficult.  As  municipal  requirements 
outran  the  old  supplies,  growing  set- 
tlement of  the  country  made  new 
sources  of  pure  water  ever  harder 
and   costlier   to   get. 

Chemical  purification  brings  a  great 
change.     It   does   not   remove  all  ad- 
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vantage  from  the  pure  and  well  pro-      ample,   should  be  as   free  as  possible 


tected  source,  nor  every  need  and 
benefit  of  filtration;  but  by  bettering 
other  sources  it  in  many  cases  re- 
verses relative  advantages  and  econo- 
mies. Better  water  now  is  often 
available  by  a  simple  and  cheap  treat- 
ment than  formerly  could  be  had  by 
the  most  expensive  development  of  an 
uncontaminated  supply.  Many  a  city, 
large  and  small,  which  formerly  was 
in  a  hopeless  quandary  as  to  how  it 
should  meet  its  increasing  needs  for 
water,  now  is  able  to  supply  all  re- 
quirements at  a  very  moderate  cost. 
It  is  no  longer  indispensable  that  the 
land  holdings  of  farmers  and  other 
settlers  be  bought  out  at  whatever  the 
cost  may  be  in  order  to  secure  addi- 
tional potable  water;  and  where  the 
lands  have  a  real  and  substantial 
value  for  other  than  watershed  uses 
their  economic  usefulness  to  the  com- 
munity may  remain  unimpaired.  In 
the  extreme  case  the  further  growth 
of  a  city  may  be  made  possible  by 
that  system  of  water  purification 
which  brings  an  additional  supply 
within  its  economic  means. 


Some  Possibilities  in  the 

Water  Supply  System 

for  Special  Purposes 

However  great  and  numerous  the 
benefits  from  the  methods  of  water 
purification  developed  within  less 
than  a  score  of  years  past,  none  of 
them  is  free  of  cost.  Whether  the 
means  of  purification  be  mechanical 
or  chemical  or  a  combination  of  the 
two,  the  costs  of  purification  are  very 
closely  proportional  to  the  quantity 
purified;  and  though  the  cost  of  puri- 
fied local  water,  may  be  greatly  less 
than  the  cost  of  pure  water  brought 
from  a  distant  source,  the  purification 
costs  are  by  no  means  to  be  disre- 
garded. 

Obviously  economy  of  use  is  to  be 
sought  as  a  public  interest;  and  the 
first  economy  is  to  stop  waste.  Gen- 
erally meters  are  the  only  effective 
means  to  this  end;  and  it  is  only  in 
exceptional  and  special  cases  that  it 
is  advantageous  to  dispense  with 
them.  However,  it  is  neither  practi- 
cal nor  desirable  to  reduce  water  con- 
sumption  below   certain  limits. 

By  far  the  largest  consumption  of 
water  is  for  purposes  not  requiring 
the  purity  necessary  for  drinking  or 
cooking  water.     Boiler  water,  for  ex- 


from  sediment  and  from  scale-produc- 
ing salts,  but  it  is  of  no  advantage 
that  it  be  free  from  all  bacteria. 
Many  other  industrial  uses  have  sim- 
ilar requirements.  The  householder 
with  a  yard  of  even  moderate  size 
very  frequently  finds  that  his  water 
bills  for  the  months  of  summer  and 
early  fall  are  three  or  four  times  as 
large  as  his  winter  bills,  which  indi- 
cates that  his  irrigation  water  is  cost- 
ing him  as  much  as  his  water  for  all 
other  purposes.  This,  too,  generally 
on  a  scale  giving  a  substantially 
lower  rate  on  the  larger  consump- 
tions. Yet  irrigation  water  certainly 
need  not  be  of  potable  purity.  Then 
there  is  the  water  used  in  fire  fight- 
ing. 

The  question  arises  whether  or  not 
we  have  given  sufficient  attention  to 
possible  substantial  economies  that 
might  be  effected  by  the  use  of  par- 
allel mains — one  supplying  water  for 
household  uses  and  the  other  for  in- 
dustries, or  perhaps  for  industries 
and  irrigation.  The  second  main  pre- 
sumably would  be  the  fire  main  as 
well  in  most  cases;  although  it  may 
be  noted  that  the  savings  of  compara- 
tively expensive  pota"ble  water  is  not 
the  primary  consideration  in  the  in- 
stallation of  salt  water  fire  mains 
such  as  are  in  use  to  a  limited  extent 
in  this  country. 

The  question  is  complicated,  and 
any  jumping  at  conclusions  would  be 
dangerous.  In  general  it  appears  that 
a  'separate  main  to  supply  irrigation 
water  for  lawns  and  city  gardens  is 
not  likely  to  be  advantageous,  but 
that  the  possibilities  of  this  charac- 
ter in  industrial  districts  have  been 
largely  neglected.  One  reason  for 
this  latter  belief  may  be  found  in  the 
many  industries  which  find  it  desir- 
able to  develop  their  own  water  sup- 
plies in  competition  with  the  city 
systems.  Industrial  water  mains 
might  be  made  to  furnish  irrigation 
water  in  residential  districts  through 
which  they  pass;  or  the  location  of 
industrial  supply  lines  might  in  some 
instances  by  moderate  departures  from 
the  most  direct  route  be  arranged  so 
that  irrigation  water  could  be  fur- 
nished to  a  large  number  of  custom- 
ers. 

Perhaps  the  greatest  possibilities  in 
this  line  lie  in  districts  which  are 
outgrowing  their  present  mains;  for 
in  many  of  these  the  old  mains  would 
be  entirely  adequate  for  the  one  kind 
of  supply  if  they  were  supplemented 
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with  other  mains  supplying  water  of 
a  different  kind  for  other  purposes. 

We  see  no  prospect  that  double 
supply  systems  of  this  sort  will  be 
used  throughout  the  whole  of  metro- 
politan areas,  but  it  may  easily  hap- 
pen that  they  will  be  introduced  with 
substantial  economies  in  many  dis- 
tricts. As  the  importance  of  econ- 
omy in  public  works  becomes  more 
appreciated,  such  possibilities  as 
this  should  and  will  receive  more  of 
the  attention  they  deserve. 


The   Design  of   Masonry 
Dams — a  Correction 

To  the  Editor:  In  your  Water 
Works  Monthly  of  Jan.  10  there  is  a 
mistake  on  page  87  in  my  paper  on 
"The  Design  of  Masonry  Dams."  By 
an  oversight,  I  give  the  Elephant 
Butte  Dam  as  being  a  correct  dam, 
whereas  it  is  built  straight  in  plan. 

My  attention  was  called  to  this  mat- 
ter by  the  U.  S.  Reclamation  Service 
and,  if  it  is  possible,  you  might  cor- 
rect this  error  in  your  next  issue. 
E.  WEGMANN, 
Consulting  Engineer. 

New  York  City. 


The  Service  Charge 

To  the  Editor:  I  note  in  your  Dec. 
13  issue  L.  P.  Sawin's  discussion  of 
our  bulletin  explaining  the  service 
charge. 

I  believe  Mr.  Sawin  has  missed  the 
point  in  this  article.  The  service 
charge  in  question,  briefly  does  not 
work  out  as  set  forth  by  him,  but  it 
does,  however,  apportion  the  various 
items  of  expense,  entering  into  the 
delivery  of  a  given  quantity  of  water 
in  the  proper  manner,  and  really  re- 
sults in  a  lower  cost  of  water  to  the 
consumer. 

Briefly,  the  ^-in.  meter  is  only 
taken  as  an  index  of  the  demand  of  85 
per  cent  of  all  the  consumers.  The 
charge  has  nothing  to  do  with  the  use 
of  the  meter  and  the  use  of  the  meter 
in  no  way  enters  into  this  calculation. 
The  service  charge  is  obtained  by  di- 
viding the  sum  of  the  interest  charge, 
the  sinking  fund,  and  the  sum  set 
aside  for  depreciation,  known  as 
fixed  charges,  by  the  total  equivalent 
number  of  *£-in.  meters,  which  then 
apportions  automatically  to  each  in- 
dividual his  or  her  portion  of  the  total 
sum  of  the  fixed  charges. 

The  consumption  charge  is  then 
based   on  the  operating   cost  with  a 


sliding  scale  of  returns  to  care  for  the 
actual  operating  expense  of  a  given 
department  exclusive  of  interest, 
sinking  fund  and  depreciation.  Again 
I  will  say  that  the  service  charge  is 
in  no  way  a  charge  for  the  use  of  the 
meters  in  any  respect. 

A.  E.  WALDEN, 
Operating  Agent. 
Baltimore   County   Water    &    Elec- 
tric Co. 
Baltimore,  Md. 


Pressure  Head  at  the  Center 
of  Pipes  Flowing  Full 

By  F.   W.  MEDAUGH, 

Instructor  in  Civil  Engineering,  The  Johns 
Hopkins  University. 

Many  current  texts  on  physics  and 
hydraulics  state  that  the  pressure  at 
the  center  of  a  pipe  flowing  full  is 
probably  less  than  the  pressure  at 
the  pipe  walls.  There  is  no  positive 
proof  either  for  or  against  the  state- 
ment but  what  little  evidence  is  avail- 
able seems  to  indicate  that  the  op- 
posite is  true. 

Professor  Osborne  Reynolds  and 
others  have  demonstrated  that  below 
a  certain  critical  velocity,  depending 
on  the  diameter  of  the  pipe  and  the 
viscosity  of  the  liquid,  stream  line 
flow  exists,  and  that  above  this  criti- 
cal velocity  turbulent  flow  exists  with 
a  constant  interchange  of  particles 
between  the  wall  and  the  center  of 
the  pipe.  The  experiment  of  G.  H. 
Benzenberg  (Trans.  A.  S.  C.  E.  1893) 
also  throws  interesting  light  on  the 
subject.  Mr.  Benzenberg  injected  a 
solution  of  red  eosine  suddenly  into  a 
12-ft.  sewer  2,534  ft.  long.  When  the 
color  reached  the  end  of  the  sewer 
it  was  never  spread  out  over  a  length 
of  more  than  9  ft.  Had  there  been 
no  interchange  of  particles  between 
the  center  and  the  outside,  the  par- 
ticles at  the  center,  moving  faster 
than  those  at  the  edges,  must  certain- 
ly have  caused  the  color  to  spread  out 
over  a  much  greater  length. 

When  stream  line  flow  exists,  a 
unit  length  of  the  stream  may  be 
likened  to  a  uniformly  loaded  beam 
supported  at  the  ends.  The  velocity 
of  the  water  which  is  a  maximum  at 
the  center  corresponds  to  the  deflec- 
tion in  the  beam,  and  the  shear  in 
both  cases  is  a  maximum  at  the  sup- 
port. (The  pipe  wall  in  the  case  of 
the  stream.) 

The  gradual  transformation  of  pres- 
sure into  heat  makes   flow  possible; 
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therefore,  the  greatest  loss  of  pres- 
sure should  take  place  at  the  point  of 
greatest  shear.  It  is  then  logical  to 
believe  that  there  is  a  continual  trans- 
ference of  pressure  from  the  central 
stream  lines  where  the  pressure  is 
being  dissipated  most  slowly  to  the 
outer  stream  lines  where  it  is  being 
dissipated  most  rapidly,  leaving  the 
pressure  head  at  the  center  always 
just  a  trifle  greater  than  the  pressure 
head  at  the  edge.  As  long  as  the 
velocity  is  low,  it  is  reasonable  to 
assume  that  the  stream  will  act  as 
a  solid,  due  to  the  attraction  of  the 
particles  for  each  other,  and  that  the 
pressure  transmission  will  take  place 
without  a  movement  of  particles.  As 
the  velocity  is  increased,  however, 
the  difference  in  head  between  the 
central  and  outer  stream  lines  will 
also  be  increased  until  finally  it  will 
be  sufficiently  great  to  break  the 
bonds  of  attraction  between  the  par- 
ticles and  cause  an  actual  interchange 
of  particles  between  the  center  and 
the  outside. 

The  fact  that  the  critical  point  is 
not  a  very  definite  point  but  is 
markedly  influenced  by  jarring  on 
the  pipe  or  by  any  slight  disturbing 
element  in  the  water  has  some  weight 
in  favor  of  the  above  reasoning.  An- 
other important  bit  of  supporting  evi- 
dence is  the  shape  of  the  water  sur- 
face of  large  streams  flowing  in  open 
channels.  Many  observations  show 
that  the  surface  is  convex,  being  high- 
er at  the  center  than  it  is  at  the  shore 
lines.  Now  the  central  stream  lines 
at  the  surface  of  a  river  may  in  a 
measure  be  compared  with  the  cen- 
tral stream  lines  in  a  pipe  flowing  full 
(both  possess  a  higher  velocity  than 
any  other  stream  line  in  a  section 
of  the  channel).  Then,  continuing  the 
analogy,  since  the  central  stream  lines 
of  the  river  possess  greater  position 
head  than  the  stream  lines  at  the 
bank,  the  central  stream  lines  in  the 
pipe  should  possess  greater  pressure 
head  than  the  stream  lines  at  the 
walls. 


Method  of  Breaking  Up  Ice 
Gorges  With  Dynamite 

Damage,  amounting  in  the  aggre- 
gate to  millions  of  dollars,  is  often 
caused  at  this  time  of  the  year  by 
floods  and  freshets,  due  to  ice  gorges 
and  ice  jams  in  rivers  and   streams. 

At  times  these  ice  gorges  so  choke 
running  streams  that  serious  damage 
is  done  to  bridge  piers,  bridges,  dams, 


and  other  obstructions.  Frequently 
also  they  cause  water  to  back  up,  in- 
undating adjacent  country  so  that 
damage,  inconvenience  and  sometimes 
loss  of  life  is  caused. 

It  is  possible  in  many  instances  to 
obviate  all  danger  by  using  dynamite 
to  break  up  the  ice  gorges.  When  ex- 
plosives are  used  for  this  purpose,  the 
blasts  should  be  directed  at  the  key 
or  pivotal  points  of  the  gorge.  Two 
general  methods  of  loading  are  prac- 
tical: 

(1)  Holes  are  cut  through  the  ice 
at  spacings  of  from  8  to  10  ft.  and 
the  charges,  the  quantity  of  which 
must  be  governed  by  the  thickness  of 
the  ice,  thrust  through  the  holes  and 
allowed  to  be  carried  under  the  ice 
a  little  way  from  the  holes.  Such 
blasts  heave  the  ice  and  thus  break  it 
apart. 

(2)  Large  mudcaps  (unconfined 
charges)  are  loaded  on  the  top  of  the 
ice  at  frequent  intervals  and  fired. 

As  this  work  must,  as  a  rule,  be 
done  on  short  notice  little  time  is 
afforded  to  obtain  the  correct  explos- 
ive, so  the  recommendation  is  made 
for  any  low  freezing  dynamite  avail- 
able. Electric  firing  should  be  used 
for  safety  as  well  as  for  the  benefits 
derived  from  all  charges  firing  at 
exactly  the  same  time. 

Moving  floes  of  ice  must  usually  be 
broken  by  the  second  method.  The 
explosive  primed  with  a  blasting  cap 
and  a  short  section  of  fuse  can  be. 
dropped  on  the  floe  from  the  shore  or 
from  the  down  stream  side  of  a 
bridge. 

It  is  difficult  to  give  any  definite 
amounts  of  explosives  to  be  used  for 
blasting  ice,  but  where  the  broken  ice 
is  3  or  4  ft.  thick,  the  charge  of  ex- 
plosives should  be  not  less  than  10  lb. 
Where  the  ice  gorge  runs  up  to  20  and 
30  ft.  in  depth,  it  may  require  1,000 
or  1,500  lb.  of  dynamite  fired  under 
it  to  obtain  any  results. 


Additional  Water  Supply  for  New 
York  City. — The  Merchants'  Associa- 
tion of  New  York  City  has  decided  to 
recommend  to  the  governor  that  he 
request  the  governors  of  New  Jer- 
sey and  Pennsylvania  to  appoint  a 
joint  commission  to  inquire  into  the 
use  of  the  Delaware  River  as  a 
source  of  water  supply.  The  Water 
Supply  Committee  of  the  association 
believes  that  additional  sources  of 
supply  will  be  required  by  about 
1935. 
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Cost  Analysis  of  Small  Elec-  electric    distribution    plants     in     two 

.    •       tv   *   •!_    «■"  small  Indiana  towns,  A  and  B.    The 

trie     LMStriDUtlon  town  which   has   been   designated   as 

Systems  A  nas  a  Population  of  15,000  and  town 

B  has  a   population  of  10,000.     Both 
By  D.  D.  EWING,  towns      are      typical      middlewestern 
Professor  of  Electric   Railway   Engineer-  county  seat  towns   surrounded   by   ag- 
ing, Purdue  University,  Lafayette,  Ind  gricultural    communities.      There    are 
Consolidation   of  many   small   elec-  several  factories  in  each  town  and  the 
trie   power     plants    and     distribution  population  is  largely  made  up  of  peo- 
systems     into     large,     widespreading  Ple    engaged    in    small    business    en- 
systems   fed   from   one  or   two   large  terprises,    county     employes,     retired 
power     plants     strategically     located  farmers,  etc. 

has  been  going  on  at  a  rapid  pace  in  With  the  cost  of  the  entire  electric 
the  Middle  West  during  the  last  two  distribution  plant  in  each  town  as 
years.  In  connection  with  such  con-  lu^  Per  cent,  the  cost  of  the  main 
solidations  it  is  often  desirable  to  items  are  indicated  in  Table  I,  these 
arrive  quickly  at  an  approximate  es-  costs  being  in  per  cent  also.  The 
timate  of  the  value  of  a  plant  which  item  "Labor"  covers  all  of  the  labor 
is  being  considered  as  a  prospective  used  in  building  the  pole  lines,  set- 
addition  to  a  consolidation.  For  the  tin£  the  transformers  and  installing 
making  of  such  estimates  "yardstick"  the  meters.  The  item  amounts  to 
or  other  shortcut  methods  of  ap-  about  one-fifth  of  the  entire  cost  of 
praisal  may  be  used.  Even  these  plant  as  also  does  the  item  "Wire" 
methods  are  sometimes  too  costly  which  includes  the  drops  as  well  as 
and  time  consuming  and  it  becomes  the  primary  and  secondary  mains.  It 
necessary  to  arrive  at  tentative  fig-  will  be  noted  further  that  about  50 
ures  of  cost  by  other  means.  Per  cent  of  the  cost  in  a  distribution 
A  well-known  method  is  to  make  system  of  this  sort  is  in  the  pole  line 
use  of  comparative  cost  data;  that  is,  5J*?j  ^  tne  balance  to  about  evenly 
the  use  of  cost  data  taken  from  plans  divided  between  the  transforming  and 
in  other  localities  which  have  simi-  metering  equipment, 
lar  characteristics  and  working  con-  ^Tne  uni*  P,nces  wmcn  were  used  m 
ditions.  This  method  also  is  of  value  J*®  appraisals  of  cost  on  which  this 
in  checking  the  general  reasonable-  table  was  based  were  averages  for 
ness  of  appraisals  made  by  other  ^e  five-year  period,  1916-1920  In 
methods.  One  way  of  making  use  of  these  towns  the  costs  of  the  distnbu- 
such  comparative  data  is  to  deter-  tlons  ?£s„tems  on  *  Per  capita  basis 
mine  the  cost  of  the  several  major  w,ere  $7-35  for  A  $7A*  foi\  B- ,  This 
items  of  plant  in  per  cent  of  total  clos'e,  agreement  is  remarkable  for 
plant  cost  rather  than  in  dollars  per  \^  closeness  rather  than  otherwise, 
plant  item  However  it  might  be  expected  that  in 
The  writer  recently  had  occasion  a  .tow/}  of  10,000  population  the  elec- 
to  analyze  the  appraised  costs  of  the  tr*c    ^S^^^^S8™    would    cost 

about  $75,000.     Of  this  the  transform- 

table  I.— investment  in  differ-  ers  and  meters  would  cost  about  $18,- 

ent  portions  of  plant,  in  per  000    each    and   the    wire     and     labor 

CENT,  small  electric  DIS-  about  $15  000  each 

TR1BUTION  SYSTEMS.  mi,     ^'V^.          ."'                   .    .. 

o   o   ^°-  The  variation  in  cost  of  the  main 

item.                              AWn      B™    age"  items  of  distribution  plant  for  the  5- 

Transformers    22.6       29.6       26.1  year  period  are  as  shown  in  Table  II. 

™esrs    27.6       21.5       24.5  As   a   matter   of  interest    the    corre- 

Crossarms'!!*. ".'.'.". '.".'.'.'.    2  9         1*9         29  sponding  figures  for  the  first  month 

Wire  !".!!!!!!!!."!  wis       18.5       192  of  1922  are  shown  also.     In  these  fig- 

Laboellaneous  2'6         20         2-3  ures  tne  1916  Prices  were  used  as  a 

r  •  18-°       19-°       18-5  basis,   and   the   prices   used   were   as 

Totals  100.0     100.0      100.0  near   the   average   for   the   small   un- 

TABLE  II.— VARIATIONS  IN  UNIT  COSTS  IN  RECENT  YEARS. 

Plant  t+^w,  "' — — Year N        5-yr. 

Transfftrmi^8,                                           1916-  1917-       1918-       1919-       192°-        AvS-        1922- 

MetSrs     merS     10°  103           124           150           137           123           125 

Polpq      10°  10°           106           106           117           106           100 

Crossarm; 10°  113           i23           126           162           125           112 

Wirt          S   100  115           132           182           206           147           144 

Labor 10°  "            S5            69            64            83            60 

a   °r    • 100  105           132           150           182           134           130 
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favored  buyer  ds  could  be  readily  ob- 
tained. 

Filters    for    Removing    Oil 
from  Boiler  Feed  Water 

Removal  of  oil  from  the  condensate 
of  the  large  pumping  engine  of  water- 
works is  a  problem  that  has  no  doubt 
confronted  many  a  pumping  station 
engineer.  A  description  of  a  method 
successfully  in  use  for  about  20  years 
at  the  St.  Louis,  Mo.,  waterworks  is 
given  by  Leonard  A.  Day,  Mechanical 
Engineer,  St.  Louis,  in  the  January 
Journal  of  the  American  Water 
Works  Association. 

At  the  Chain  of  Rocks  pumping  sta- 
tion where  there  are  compound    duplex 


Details    of    Oil     Filter    Unit    at    Chain    of 
Rocks  Pumping  Station,  St.  Louis,  Mo. 

pumps  in  service.  The  condensate 
after  leaving  the  engine  flows  to  a 
common  hot  well  where  any  surface 
accumulation  of  oil  is  skimmed  off  as 
often  as  it  may  appear  necessary. 
The  hot  well  is  kept  at  a  constant 
level  by  the  make  up  water  whose 
rate  of  feed  is  float-controlled.  From 
the  hot  well,  the  boiler  feed  pumps 
deliver  the  condensate  through  fil- 
ters and  closed  heaters  to  the  boilers. 
The  filters  remove  all  remaining  ob- 
jectionable oil  from  the  condensate 
on  its  way  to  the  boilers. 

A  single  filter  unit  is  shown  in  de- 
tail, in  the  accompanying  drawing 
and  is  made  up  as  follows: 

A  steel  shell  is  partially  filled  on 
the  bottom   with  concrete  on   which 


the  bronze  spider  (1)  rests,  the  spider 
being  a  group  of  connected  pipes  on 
which  are  mounted  strainers  through 
which  the  filtered  water  is  collected. 
Forty  inches  of  coke  is  filled  on  top 
of  the  spider  and  8  in.  of  gravel  above 
the  coke,  the  rest  of  the  space  above 
is  filled  with  water.  Condensate  en- 
ters at  the  top  and  leaves  through 
the  strainer  system  at  the  bottom. 
The  filters  are  washed  once  a  week 
by  reversing  the  flow  from  the  bot- 
tom to  the  top.  Hydrant  water  is 
used  for  this  purpose  through  valve 
(2)  and  steam  is  also  admitted 
through  valve  (3)  for  heating  the  hy- 
drant water.  The  discharge,  when 
cleaning,  passes  through  sight  fun- 
nel (4),  and  the  cleaning  operation 
is  kept  up  until  runs  clear.  A  pop 
safety  valve  (5)  discharges  in  case 
of  over  pressure  on  the  shell. 

Three  of  these  filters  can  handle 
60,000  lb.  of  boiler  feed  water  per 
hour  with  a  pressure  loss  of  about 
10  lb.  per  square  inch. 


Water  Consumption  and  Collec- 
tions at  Detroit,  Mich. 

During  the  fiscal  year  1921-2  590,929 
regular  meter  bills  were  rendered  for 
4,478,583,100  cu.  ft.  of  water,  and  the 
total  charge  for  this  was  $2,098,611.99. 
Of  these,  122,607  or  20.8  per  cent  of 
the  bills  rendered  were  for  1,000  cu. 
ft.  or  less;  334,782  or  56.7  per  cent 
were  for  from  1,100  to  4,000  cu.  ft.  of 
water,  and  133,540  or  22.5  per  cent 
were  for  4,100  cu.  ft.  or  more;  535,034,- 
200  cu.  ft.  or  12  per  cent  of  the  quan- 
tity mentioned  was  billed  at  the  rate 
of  $1  per  1,000  cu.  ft.  or  minimum; 
849,604,400  cu.  ft.  or  19  per  cent,  at 
the  rate  of  50  ct.  per  1,000  cu.  ft.,  and 
3,093,944,500  cu.  ft.  or  69  per  cent  at 
the  rate  of  35  ct.  per  1,000  cu.  ft.  In 
addition  to  the  above  there  were  119 
statements  rendered  for  40,963,100  cu. 
ft.  of  water  at  one-half  the  regular 
rate  and  this  amounted  to  $7,237.50; 
also  899  statements  were  rendered  for 
546,622,200  cu.  ft.  of  water  at  double 
the  regular  rate,  amounting  to  $384,- 
638.14.  There  were  446,479,200  gal.  or 
59,689,700  cu.  ft.  of  water  sold  to  the 
village  of  Highland  Park  at  a  special 
temporary  rate  of  $14  per  1,000,000  gal. 
The  total  amount  billed  for  all  water 
passing  through  meters  after  all  ad- 
justments were  made  was  $2,481,016.67 
and  the  net  consumption  billed  was 
5,096,054,100  cu.  ft.— From  the  70th 
Annual  Report  of  the  Board  of  Water 
Commissioners  of  Detroit. 
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Studies  of  Percolation 

Through  and  Hydraulic 

Pressure  Under 

Earth  Dams 

By  A.  L.  FELLOWS, 

Senior  Irrigation  Engineer,  U.  S.  Depart- 
ment of  Agriculture. 

The  Division  of  Agricultural  Engi- 
neering, U.  S.  Bureau  of  Public 
Roads,  co-operating  with  the  U.  S. 
Reclamation  Service,  is  undertaking 
a  detailed  investigation  of  the  under- 
lying principles  involved  in  the  de- 
sign and  construction  of  earthen 
dams  and  embankments  designed  for 
the  impounding  of  water  for  irriga- 
tion and  other  purposes,  with  a  view 
to  securing  a  larger  measure  of  safe- 
ty and   efficiency   in   such  works. 

Among  the  subjects  to  be  investi- 
gated are,  the  rates  of  flow  and 
amounts  of  water  percolating  through 
such  dams;  the  location  of  planes  of 
saturation  with  reference  to  water 
levels  in  the  reservoirs;  the  fluctua- 
tions of  the  planes  of  saturation;  the 
effects  of  the  saturated  portion  upon 
the  stability  of  the  dam;  and  the 
need  for  drainage  of  the  material 
forming  the  outer  part  of  the  em- 
bankment. There  are  also  included 
in  the  studies  the  extent  and  effects 
of  the  hydrostatic  pressures  beneath 
dams,  the  construction,  economic  ad- 
vantages, and  efficiency  of  core  walls 
of  different  types  upon  the  planes  of 
saturation   within   the   embankments. 

Much  of  the  available  data  bear- 
ing upon  the  subject  have  already 
been  compiled  and  tentative  plans 
for  investigations,  with  specifications 
for  work  to  be  done,  directions  to 
observers,  and  forms  for  records, 
have  been  prepared.  The  plans  for 
making  the  further  studies  proposed 
at  this  time  contemplate  the  selec- 
tion of  as  large  a  number  of  earth 
dams  as  is  practicable.  These  dams 
are  to  be  of  various  types  of  con- 
struction, heights,  materials,  facings, 
cores,  and  other  details.  There  will 
be  some  with  cores  of  various  kinds 
such  as  concrete,  puddled  or  selected 
clay,  gravel,  etc.,  and  some  without 
cores;  similarly,  dams  with  different 
types  of  facings  will  be  studied. 

The  investigation  may  include  the 
sinking  of  two  types  of  wells  in  se- 
lected    cross-sections,     the     number 


and  locations  of  the  wells  depending 
upon  local  conditions.  Generally 
speaking,  the  two  types  are  to  alter- 
nate in  each  section.  One  type  will 
be  sunk  approximately  three-fourths 
of  the  depth  through  the  embank- 
ments, practically  the  entire  length 
of  the  pipe  being  perforated,  these 
should  yield  data  regarding  planes  of 
saturation  as  related  to  the  rise  and 
fall  of  water  in  the  reservoir.  The 
other  type  would  be  sunk  to  the  nat- 
ural base  of  the  dam,  the  pipe  being 
open  only  at  the  lower  end,  and 
would  be  for  the  purpose  of  obtain- 
ing information  bearing  directly 
upon  the  hydrostatic  pressure,  or  up- 
lifting force.  Records  of  the  water 
levels,  both  above  and  below  the 
dams,  and  in  each  well  are  to  be  kept 
and   regular  reports   made. 

Obviously  the  most  satisfactory  re- 
sults can  be  obtained  only  through 
the  widest  co-operation  in  the  engi- 
gineering  profession  generally,  and 
any  engineer  having  charge  of  the 
construction  or  operation  of  earth 
dams,  and  who  realizes  the  impor- 
tance of  the  subject  will  doubtless  be 
willing  to  assist  to  the  best  of  his 
ability.  With  a  view  of  gaining  such 
aid  and  it  is  proposed  that  this  plan 
shall  be  widely  published  and  dis- 
cussed among  those  who  may  be  in- 
terested, with  the  object  of  obtaining 
such  co-operation  as  may  be  prac- 
ticable along  the  following  lines: 

1.  Furnishing  information  as  to  any 
known  data  bearing  upon  the  subject 
under  consideration. 

2.  Suggesting  dams  where  such  in- 
vestigations such  as  those  proposed 
may  be  made  to  advantage,  or  should 
be  made  with  a  view  to  the  preserva- 
tion of  the  dam. 

3.  Recommending  such  investiga- 
tions to  the  owners  of  dams  selected 
or  suggested. 

4.  Requiring  such  studies  to  be 
made  whenever  the  engineer  has  the 
authority  and  thinks  it  advisable, 
particularly  in  connection  with  the 
construction  of  any  new  dam. 

5.  Making  such  suggestions  and 
raising  such  questions  bearing  upon 
the  problems  involved  as  may  occur 
to  him. 

Supervision  of  the  investigations 
described  herein  has  been  delegated 
to  A.  Lincoln  Fellows,  Senior  Irriga- 
tion Engineer,  301  Custom  House, 
Denver,  Colo.,  from  whom  any  further 
information  desired  regarding  the 
matter  may  be  obtained. 
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Municipal  Water  Works  Accounting  System 

An  Explanation  of  the  "Trail"  of  Expenditures  and  Receipts  Through 

the  System  of  Accounting  Installed  in  the  Water 

Department  at  Herkimer,  N.  Y. 


A  water  works  accounting  system 
having  a  number  of  interesting  fea- 
tures has  been  installed  recently  in 
the  water  department  of  the  munici- 
pal commission  of  Herkimer,  N.  Y. 
The  system,  which  was  prepared  along 
lines  similar  to  that  specified  for  elec- 
tric systems  by  the  New  York  State 
Public  Service  Commission,  is  de- 
scribed by  Mr.  Arthur  T.  Clark,  super- 
intendent, Herkimer  municipal  com- 
mission, in  the  January  Journal  of  the 
American  Water  Works  Association 
from  which  the  matter  following  is 
taken. 

Expenditures. — The  first  step  is  pre- 
paring an  invoice  for  payment.  The 
invoice  is  approved  by  the  superinten- 
dent for  goods  received,  price  correct 
and  for  payment,  and  then  is  turned 
over  to  the  accounting  department. 
At  the  end  of  the  month,  or  at  such 
times  as  it  is  necessary  to  voucher 
the  invoices,  all  of  the  invoices  are 
vouchered  on  a  form,  and  distributed 
to  the  proper  accounts.  When  the 
■voucher  is  completed  it  is  numbered 
and  put  in  the  voucher  record,  the 
amounts  appearing  in  their  proper 
columns,  as  shown  by  the  voucher 
payable  record.  When  this  operation 
is  completed  the  vouchers  are  posted 
in  detail  to  whatever  account  they  are 
distributed,  and  that  account  may  be 
in  the  expense  ledger,  the  fixed  capital 
ledger  or  the  material  and  supplies 
ledger. 

In  each  of  the  ledgers  there  is  an 
account  to  represent  the  distribution 
of  the  classification  in  the  particular 
class  of  accounts,  as,  for  instance,  the 
expense  ledger. 

Classification  of  Water  Expense 
Accounts. — The  following  is  a  list  of 
the  distribution  of  the  operating  ex- 
penses and  there  is  an  account  in  the 
expense  ledger,  to  represent  each  ac- 
count in  the  classification. 

Water    Supply    Expenses. 
Acct. 
No. 

301  Works  superintendence 

302  Pump  labor 
303-A  Boiler  labor 

303  Miscellaneous  works  labor 
304 -A  Lubricants  for  power 

304  Works  supplies  and  expenses 

305  Purification  supplies  and  expenses 

306  Repairs  of  works  and  station  struc- 

tures 


307  Repairs  of  pumps  and  accessories 
307-A  Repairs    of    furnaces,    boilers    and 

accessories 

308  Repairs     of     miscellaneous     station 

equipment 

309  Repairs  of  supply  mains  and  wells 

310  Electric  Energy  for   pumping 
310-A  Fuel  for  steam 

Distribution   Expenses. 

311  Water  distribution  superintendence 

312  Distribution  supplies  and  expenses 

313  Water  meter  and  installation  work 

314  Work  on  consumers'  premises 

315  Repairs  of  water  mains 

316  Repairs  of  water  services 

317  Repairs  of  water  meters 

318  Repairs  of  distribution  tools 

Commercial  Expenses. 

319  Commercial  Department  Accounting 

— Water 

320  Meter  reading — Water 

321  Commercial   office   supplies   expenses 

— Water 

322  Advertising— Water 

General   Expenses. 

323  Salaries  and  expenses  of  general  of- 

ficers 

324  Salaries  of  general  office  clerks 

325  General  office  supplies  and  expenses 

326  Miscellaneous  general  expenses 

327  General  amortization — Water 

328  Insurance 

329  General  stationery  and  printing 

330  Store  expense 

331  Stable  expense 

332  Duplicate  water  charges — Cr. 

Fixed  Capital  Ledger. — The  follow- 
ing is  a  list  of  the  distribution  of  the 
fixed  capital  classification  and  there  is 
an  account  in  the  fixed  capital  ledger 
to  represent  each  account  in  the 
classification. 

Classification   of   Fixed   Capital   Accounts. 
Acct. 
No. 
551     Lands   and   water   diversion   rights 

352  Water  shed  properties 

353  Impounding  dams  and  reservoirs  and 

wells 

354  Aqueducts  and  supply  mains  right  of 

way 

355  Purification  system 

356  General  equipment 

357  Works  and  stations  structures 

358  Pumps  and  accessories 

359  Accessory  equipment  at  works 

360  Distribution  storage  reservoirs  lands 

361  Distribution    storage    reservoirs    and 

wells 

362  Distribution  mains 

563  Distribution   valves,   valve   chambers 
and  accessories 

364  Fire  hydrants  and  connections 

365  Water  services  and  stops 

366  Water  meters 

367  Water  meter  installation 

368  Water  tools  and  implements 

369  "Water  laboratorv  equipment 

370  Engineering  and  superintendence 

371  'Daw   expenditures   during    construc- 

tion 
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;;T2     Injuries  during  construction 

373  Taxes  during  construction 

374  Miscellaneous   construction    expendi- 

tures 

375  Interest  during  construction 

Materials  and  Supplies  Ledger. — 
The  materials  and  supplies  are  not 
distributed  to  any  account  but  to  the 
article  itself,  such  as  pipe,  valves, 
general  supplies,  etc. 

Cash  Book  Record. — When  a  vouch- 
er is  paid  it  is  entered  in  its  proper 
column  on  the  credit  side  of  the  cash 
book  record.  This  is  the  original  book 
of  entry  where  the  receipts  and  ex- 
penditures are  brought  together. 

The  next  step  is  the  reconciliation 
of  the  bank  balance  with  the  check 
book.  This  important  matter  is  always 
done  before  the  cash  book  balance  is 
attempted.  Then  all  the  vouchers  that 
are  paid  are  checked  in  their  chron- 
ological order  with  the  check  book 
stubs  and  entered  on  the  credit  side 
of  the  cash  book.  The  debit  side  of 
the  cash  book  is  entered  from  the 
daily  cash  receipts,  where  the  dis- 
tribution of  the  various  accounts  is 
made. 

Consumers  Ledger.— The  consumers 
ledger  contains  the  information  for 
each  individual  consumer,  such  as 
name,  address,  meter  number,  kind 
and  style  of  meter,  date  turned  on  and 
turned  off,  also  the  meter  readings. 
The  next  step  is  to  take  off  a  list  on  a 
special  Burroughs  adding  machine  of 
the  amount  of  water  consumed  and 
the  amount  of  bill  rendered  each  cus- 
tomer. These  totals  are  later  jour- 
nalized and  charged  to  accounts  re- 
ceivable and  credited  to  operating 
revenues  water. 

Journal. — In  preparing  the  journal 
entries,  the  entries  are  made  in  total 
to  be  posted  to  the  control  accounts 
in  the  general  ledger,  as,  for  instance : 

Entire  No.  1,  an  entry  from  the  Vouche.- 
Payable  Record. 

Entry  No.  2,  the  debit  side  of  the  Cash 
Book. 

Entry  No.  3,  the  credit  side  of  the  Cash 
Book. 

Entry  No.  4,  the  amount  of  material 
and  supplies  used  from  stock  and  charged' 
to  the  various  accounts  where  it  is  used, 
and  credited  to  the  control  account,  Ma- 
terial and  Supplies. 

Entry  No.  5,  the  proportion  of  insur- 
ance applicable  to  the  month  is  charged 
to  Operating  Expenses  "Insurance"  and 
credited  to  the  atcount,  Prepaid  In- 
surance. : 

Entry  No.  6,  an  amount  equal  to  one- 
twelfth  of  two  per  cent  of  the  fixed  cap- 


ital installed  is  set  up  each  month  to  the 
account  "Operating  Expenses  General 
Amortization"  and  credited  to  Reserves 
"Accrued  Amortization  of  Capital  Wa- 
ter." 

Entry  No.  7,  the'  amount  of  consumers 
bills  rendered  customers  for  the  month 
is  set  up  and  charged  to  Accounts  Re- 
ceivable Water  and  credited  to  Operating 
Revenues  Water  in  its  detail. 

Entry  No.  8,  the  amount  of  bills  ren- 
dered customers  for  miscellaneous  ac- 
counts other  than  water  consumed,  such 
as  labor,  piping,  etc.,  is  set  up  and 
charged  to  Accounts  Receivable  Miscel- 
laneous and  credited  to  whatever  ac- 
count is  proper.  The  detail  of  the  ac- 
counts is  shown  and  charged  to  the  indi- 
vidual account  in  the  Detail  Ledger. 

Entry  No.  9,  will  be  the  amount  of  in- 
terest for  the  month  that  is  set  up  and 

Expenditures  Cash  Receipts 


Voucher 


Day  Sheet 


Expense        Fixed        Material        Voucher       Cash         Consumers 
Ledger       Capital           and            Record       Record         Ledger 
Ledger      Supplies  I I J 


Journal 


Detail  Ledger       General  Ledger 


Balonce  Sheet  and 
Monthly    Report 


Chart   of  the   Trail    of   Expenditures    and 
Receipts. 

charged  to  Interest  Deductions  and  cred- 
ited to  the  account  "Interest  Accrued." 

Entry  No.  10,  this  entry  is  to  charge 
Operating  Revenues  and  credit  Accounts 
Receivable  Water  with  the  amount  of  dis- 
counts that  are  allowed  during  the  month. 

Postings    are    made    from    the    Journal 
to  the: 
Detail    Ledger:     (These    postings    include 

the  total  of  the  operating  revenues  and 

the    individual    accounts    of    customers 

for  Accounts  Receivable  Miscellaneous) 

and  to  the — 
Expense    Ledger:      (Which    includes    any 

credits   that   may   be   applicable   to   the 

Expense  Account) 
Fixed    Capital   Ledger:     (For    any    items 

that    may    be    applicable    to    the    Fixed 

Capital  Accounts) 

and  to  the — 
Material  and  Supplies  Ledger:  (The  credit 

for  material  used  from  stock,  which  is 

credited  on  the  account  in  the  material 

and   supplies   ledger,    will  be   posted   in 

detail  from  the  information  that  goes  to 

make   up  Entry  No.  4) 
and  all  other  entries  are  posted  to  the 
general    ledger    accounts,    which,    in 
most  cases,  is  the  control  account  of 
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some  subsidiary  ledger,  as  will  be  de- 
scribed later. 


General  Ledger. — A  list  of  the  gen- 
eral ledger  accounts  is  as  follows: 

Assets. 
Fixed  Capital  Dec.  31,  1908,  Water 
Fixed  Capital  since  Dec.  31,  1908,  Water 
Materials  and  Supplies 
Cash 

Accounts  Receivable  Water 
Accounts       Receivable       Miscellaneous 
Water 
Prepaid  Insurance 
Interest  Deductions  Water 
Operating  Expense  Water 

Liabilities. 
Funded  Debt  Water 
Interest  Accrued 

Accrued  Amortization  of  Capital  Water 
Operating  Revenues  Water 
Other  Accounts  Payable 
Corporate  Surplus 

After  all  the  postings  are  made 
from  the  journal  to  the  general  ledger 
accounts,  a  trial  balance  is  taken  off 
and  the  following  result  should  be 
obtained: 

The  amount  of  the  account: 

"Fixed  Capital  December  31,  1908,  Wa- 
ter" will  be  the  total  of  all  the  accounts 
in  the  Fixed  Capital  Ledger. 

"Material  and  Supplies"  will  be  the 
balance  of  the  individual  article  account 
in  the  Material  and  Supplies  Ledger. 

"Cash"  will  be  the  amount  as  shown  in 
the  Cash  Book  Record  which  reconciles 
with  the  bank  balance  and  also  balances 
both  sides  of  the  Cash  Book  Record. 

"Accounts  Receivable  Water."  This 
amount  will  be  the  total  of  the  balances 
of  the  consumers  accounts  in  the  Con- 
sumers Ledgers. 

"Accounts  Receivable  Miscellaneous 
Waters."  This  amount  will  be  the  bal- 
ances of  the  accounts  in  the  Detail  Ledger 
under  the  heading  "Accounts  Receivable 
Miscellaneous  Water." 

"Prepaid  Insurance."  This  amount 
will  be  what  is  shown  in  the  Insurance 
Premium  Register  as  being  prepaid  and 
to  be  charged  later  against  the  Operating 
Expense  Account    "Insurance." 

"Interest  Deductions."  This  amount 
will  be  the  amount  of  interest  on  the 
water  bonds.    No  detail  is  necessary. 

"Operating  Expense  Account."  This 
amount  will  be  the  total  of  each  account 
in  the  Expense  Ledger  after  all  the  debits 
and  credits  have  been  made. 

"Funded  Debt  Water."  This  is  the 
amount  of  outstanding  bonds  on  the  Wa- 
ter Department.    No  detail  is  necessary. 
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"Interest  Accrued."  This  is  the  amount 
of  material  interest  unpaid  on  the  funded 
debt  of  the  Water  Department. 

"Accrued  Amortization  of  Capital  Wa- 
ter." This  is  the  amount  of  the  reserve 
that  has  been  set  up  from  time  to  tim<- 
to  take  care  of  fixed  capital  that  is  worn 
out  and  retired  from  service. 

"Operating  Revenues  Water."  This 
amount  is  the  total  of  the  Detail  Ledger 
of  the  accounts  under  the  caption  of  "Op- 
erating Revenues." 

"Other  Accounts  Payable."  This  is  the 
balance  of  vouchers  unpaid  at  time  when 
the  books  are  closed  for  each  period. 

"Corporate  Surplus."  This  is  the 
amount  of  net  earnings  that  have  accrued 
from  time  to  time  and  shown  in  this 
account. 

The  above  system  was  installed 
under  the  direction  of  Mr.  Francis  O. 
Wheeler,  public  accountant,  of  Utica, 
N.  Y. 


Geodetic  Surveys  by  U.  S.  and  Can- 
ada.— As  the  result  of  a  conference 
at  Ottawa,  Ont.,  a  plan  has  been 
agreed  upon  for  co-ordinating  geodetic 
and  tidal  surveys  by  the  United 
States  and  Canada.  The  co-operative 
geodetic  plan  includes  primary  or 
precise  triangulation  along  the  Inter- 
national boundary  from  Lake  Supe- 
riar  to  the  Pacific  Coast,  an  exten- 
sion of  triangulation  in  Idaho,  Ore- 
gon, and  Washington  to  the  Canadian 
boundary.  On  the  Pacific  Coast  simi- 
lar co-operative  work  is  being  carried 
on  from  Northern  Washington  through 
British  Columbia  to  the  Yukon  terri- 
tory and  Alaska.  The  plan  also  in- 
cludes several  lines  of  precise  level- 
ing for  strengthening  the  precise 
level  nets  of  both  countries.  Such 
co-operation  in  geodetic  work  along 
and  near  the  boundaries  of  Canada 
and  the  United  States  will  be  of  great 
mutual  advantage.  The  triangulation 
and  precise  leveling  will  be  available 
to  both  countries  for  all  classes  of 
work    needing    precise    control. 


Nearly  $500,000,000  Fire  Loss  in 
1921. — The  total  loss  from  fires  in 
this  country  in  1921,  according  to  the 
Actuarial  Bureau  of  the  National 
Board  of  Fire  Underwriters,  was 
$495,400,000,  or  $4.54  for  each  man, 
woman  and  child  in  the  country.  This 
is  a  greater  loss  than  has  been  re- 
corded in  any  previous  year,  with  the 
exception  of  1906,  when  the  San 
Francisco  earthquake  and  fire  oc- 
curred. 
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Submerged  Pipe  Lines  for  Outfall  Sewers 

Methods  of  Design  and  Construction  and  Results  of  Operation  Out- 
lined in  Committee  Report  to  Sanitary  Section  of 
Boston  Society  of  Civil  Engineers 


Salient  points  on  the  design,  con- 
struction and  operation  of  outfall 
sewers  based  on  detailed  descriptions 
of  about  40  installations  were  given 
in  a  committee  report  presented  to 
the  Sanitary  Section  of  the  Boston 
Society  of  Civil  Engineers.  The  com- 
mittee consisted  of  Hiram  A.  Miller, 
chairman,  Edgar  S.  Door,  and  George 
A.  Sampson.  The  report,  which  is 
printed  in  the  January  Journal  of  the 
society,  follows: 

Location.  —  Submerged  outfall 
sewers  are  used  to  dispose  of  sewage 
in  those  cases  where  large  bodies  of 
water  offer  the  opportunity  for  dis- 
posal by  dilution  and  oxidation.  They 
are  therefore  found  on  the  seacoast, 
Great  Lakes  and  large  rivers.  The 
proper  method  for  pre-treatment  of 
the  sewage  before  disposal  by  a  sub- 
merged outfall,  depends  on  the  dilu- 
tion afforded,  the  condition  of  tides 
and  currents,  the  character  of  the 
sewage,  the  proximity  of  bathing 
beaches  and  residences,  and  other  lo- 
cal considerations. 

The  treatment  varies  from  none 
whatever,  to  Imhoff  tanks  followed 
by  filtration.  Ordinarily,  when  the 
outlet  can  be  located  at  a  depth  of 
30  ft.  or  more  below  low  water,  and 
the  direction  of  current  is  favorable, 
it  is  sufficient  to  remove  or,  com- 
minute the  solids  by  subsidence, 
screening  or  otherwise.  On  the  New 
Jersey  coast,  the  clarification  or  so- 
called  "septic"  tank  has  been  used 
with  good  results,  and  seems  prefer- 
able to  the  Imhoff  tank  because  of  the 
greatly  varying  period  of  detention 
between  winter  and  summer  use. 

A  check  valve  is  required  on  the 
outlet  of  the  tanks  affected  by  tides, 
to  prevent  the  entrance  of  salt  water. 
The  governing  condition  of  the  de- 
sign is  to  extend  the  outfall  to  a  point 
where  the  water  is  deep  enough  to 
effect  a  satisfactory  degree  of  dis- 
persion before  the  sewage  reaches  the 
surface,  and  to  be  beyond  the  destruc- 
tive action  of  the  waves  and  the  dan- 


ger from  shifting  sand.  A  depth  of 
not  less  than  30  ft.  is  preferable. 

Material. — Pipes  of  cast  iron, 
wrought  iron,  the  latter  galvanized  or 
plain,  and  riveted  steel,  are  almost 
universally  used,  although  some  large 
reinforced  concrete  outfalls  have  been 
recently  constructed.  A  few  wooden 
outfalls  are  reported,  but  they  are 
short,  and  not  typical  of  the  kind 
that  we  are  discussing,  1.  e.,  long  sub- 
merged outfall  that  effects  final  dis- 
posal of  sewage  in  deep  water. 

The  life  of  ordinary  steel  pipe  in 
contact  with  salt  water  is  probably 
too  short  to  warrant  its  use  in  per- 
manent outfalls.  The  life  of  plain 
wrought  iron  pipe  is  from  15  to  20 
years,  which  may  be  somewhat  pro- 
longed by  galvanizing,  although  there 
is  some  doubt  as  to  whether  the  extra 
expense  is  warranted.  Cast  iron  and 
reinforced  concrete  are  the  most  dura- 
ble. 

Sizes  and  Lengths. — Sizes  of  pipe 
ranging  from  6  in.  to  84  in.  in  diam- 
eter are  reported,  and  lengths  from 
36  ft.  to  10,000  ft.  The  size  depends 
upon  the  quantity  of  sewage  to  be 
conveyed,  and  the  velocity  resulting 
either  from  gravity  flow  or  pumping. 
A  self-cleaning  velocity  should  be 
maintained  or  some  provision  for 
flushing  be  installed.  The  length  is 
governed  by  the  profile  of  the  bot- 
tom, the  depth  decided  upon  for  the 
outlet,  the  proximity  of  beaches,  and 
the  volume  of  sewage  as  affecting  di- 
lution. 

Considerations  Governinq  Location 
of  Outlet  End. — The  location  of  the 
outlet  is  governed  by  four  considera- 
tions— 

(a)  Stability  of  the  bottom, 

(b)  Depth  of  water, 

(c)  Distance  from  beach, 

(d)  Prevailing  currents. 

(a)  Stability  of  the  Bottom:  It  is 
imperative  that  the  outlet  end  of  the 
pipe  should  be  carried  far  enough 
out  so  as  to  reach  a  point  where  the 
bottom  is  stable.  This  will  be  found 
where  the  water  is  comparatively 
deep,  beyond  the  zone  of  disturbance 
occurring  near  the  beach  where  the 
wave  action  is  most  violent.  If  the 
outlet  is  within  this  zone,  it  is  liable 


(65) 


372 


Watenvorks  Monthly  Issue  of 


February, 


to  be  destroyed  or  buried  up  in  shift- 
ing sand. 

(b)  Depth  of  Water:  It  is  desira- 
ble that  the  discharge  of  sewage 
should  take  place  in  the  deepest  water 
practicable  so  as  to  cause  quick  dis- 
persion and  minimize  the  apparent 
nuisance. 

(c)  Distance  from  Beach:  The  out- 
let should  be  carried  out  as  far  as 
necessary  to  prevent  visible  pollution 
reaching  the  beach,  and  if  the  latter 
is  used  for  bathing,  the  outlet  should 
be  so  far  removed  that  the  bacterial 
count  of  the  beach  water  is  not  ma- 
terially increased. 

(d)  Prevailing  Currents:  The  pre- 
vailing current  should  be  ascertained 
by  submerged  and  surface  float  ex- 
periments, and  a  point  selected  for 
the  discharge  where  the  current  is 
off  shore  all  or  most  of  the  time. 

Any  one  or  more  of  these  considera- 
tions may  govern  the  location  of  the 
outlet,  and  therefore  determine  the 
length  of  the  outfall.  As  an  aid  in 
studying  these  questions,  soundings 
should  be  made  over  the  areas  con- 
sidered as  possible  outfall  locations, 
and  a  profile  taken  on  the  line  of  the 
proposed  outfalls. 

The  outlet  end  of  the  pipe  is  usual- 
ly secured  to  an  anchor  of  masonry 
or  piles  and  crib  work  or  some  such 
suitable  combination,  and  turned  up 
either  vertically  or  at  an  angle  of  45° 
from  4  to  6  ft.  above  the  bottom. 
Sometimes  the  discharge  is  horizon- 
tal through  one  or  more  outlets.  A 
cast  iron  anchor  block  secured  to  the 
masonry  is  desirable  to  hold  this 
bend.  If  a  concrete  anchor  block  is 
used,  the  concrete  should  be  thorough- 
ly mixed  in  the  proportions  of  one 
quick-setting,  natural,  hydraulic  ce- 
ment, to  six  fine  and  coarse  aggregate, 
combined  to  give  a  dense  mixture, 
and  carefully  placed  by  means  of  a 
water-tight  funnel  extending  down  to 
the  fresh  concrete. 

In  the  great  majority  of  cases,  the 
pipe  is  carried  full  size  to  the  end, 
and  the  discharge  all  takes  place  at 
this  one  opening,  but  in  some  cases, 
particularly  when  the  water  is  shal- 
lower than  is  desirable,  there  are  top 
openings  provided  near  The  end,  and 
the  bore  of  the  pipe  is  corresponding- 
ly reduced  for  the  obvious  purpose  of 
getting  wider  dispersion,  and  to  main- 
tain a  self-cleaning  velocity.  In  a 
few  cases,  the  outfall  pipe  is  divided 
at  the  outlet  end  into  a  number  of 
smaller  pipes  for  the  same  reason. 


Preparation  of  the  Bottom. — Only 
in  the  cases  of  the  larger  pipes  is 
there  usually  any  preparation  of  the 
bottom  to  receive  the  pipe.  In  the 
case  of  the  large,  84-in.,  C.  I.  pipe  of 
the  Metropolitan  Sewerage  System  at 
Nut  Island,  a  trench  was  dredged,  and 
pile  bents  driven  to  support  the  pipes. 
The  pipes  were  laid  in  this  trench, 
and  the  jointing  done  by  divers.  In 
the  case  of  the  smaller  pipes,  how- 
ever no  digging  is  required  except 
through  the  crest  of  the  beach  and 
down  to  low  water,  and  in  special 
cases  where  there  is  danger  of  injury 
from  boats'  anchors  or  otherwise 
when  the  pipe  is  laid  in  a  trench  or 
protected  by  riprap. 

When  a  submerged  outfall  extends 
beyond  a  pier  head,  which  is  usually 
advisable,  to  a  distance  of  at  least 
50  ft.,  it  should  be  laid  without  ob- 
structing either  the  actual  or  legal 
channel  or  waterway,  and  so  as  to 
avoid  injury  by  dredging  operations 
or  anchoring. 

Joints. — If  cast  iron  pipe  is  used, 
the  joints  should  be  made  with  lead, 
and  every  third  joint  should  be  ball 
and  socket,  both  for  the  smaller  sizes 
to  prevent  breakage  in  launching  as 
described  below,  and  for  the  larger 
sizes  which  are  laid  in  place  by  sec- 
tions in  order  to  conform  to  the  con- 
tour of  the  bottom. 

If  wrought  iron  or  steel  pipe  is 
used,  the  joints  are  usually  screw 
joints,  sometimes  covered  with  lead- 
filled  sleeves  several  feet  long.  This 
is  good  practice  on  the  joints  between 
high  and  low  water  where  there  is 
most  liability  to  injury  from  the 
pounding  of  the  breakers.  It  is  also 
good  practice  to  introduce  a  tele- 
scoping joint  near  low-water  mark, 
which  may  be  provided  in  connection 
with  one  of  the  sleeve-covered  joints. 

Some  difficulty  has  been  encoun- 
tered where  wrought  iron  and  steel 
pipes  are  laid  on  pile  bents,  by  the 
pipe  rubbing  against  the  bents  until 
holes  occur,  for  which  reason  this 
method  of  securing  the  pipe  is  ques- 
tionable. In  any  case,  where  pile 
bents  are  necessary,  or  a  timber  crib 
work  is  used  at  the  outlet,  all  bolts 
should  be  galvanized,  and  all  wash- 
ers cast  iron. 

Launching— The  pipe,  including  the 
cast  iron  outlet  block,  is  usually  as- 
sembled on  shore  on  the  prolongation 
of  the  line  upon  which  it  is  desired 
to    deposit  it  in  the  water.     Tempo- 
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rary   ship's   anchors   are   fixed   in   the       16  in 7.50 

bottom  on  the  same  line  and  at  a  con-       |*  m 10.25 

siderable    distance    beyond,    i.    e.,    to  48  in  []][[[           '.'.'.'.'.'.'.'.'.'.'. '. '. '.    20.00 

seaward  of  the  point  where  the  out-       60  in 26.00 

let   end   is   to   be     permanently     an-      J 2  in 32.50 

chored.     A  large   sheave   is  attached       84  in tfS-°° 

to  this  temporary  anchor,  and  a  cable  Operation.— These  submerged  out- 
reeved  through  it,  one  end  of  the  ca-  falls  are  reported,  with  very  few  ex- 
ble  being  attached  to  the  outlet  end  ceptions,  to  have  given  satisfaction, 
of  the  pipe,  and  the  other  end  to  a  Several  instances  are  recorded 
large  winch  on  shore.  The  pipe  is  where  it  is  difficult  to  locate  the  out- 
supported  on  rollers  or  trucks,  and  is  let  from  any  surface  indication;  others 
pulled  out  into  position  by  the  winch.  where  the  surface  is  discolored  with 
With  wrought  iron  pipe  it  is  neees-  a.8?™  over  but  a  small  area  imme- 
sarv  to  provide  ballast  to  prevent  ex-  Jately  above  the  outlet ;  and  some, 
cessive  buoyancy  and  injury  by  however,  where  the  discoloration  ex- 
waves,  which  is  accomplished  by  run-  tends  for  several  hundred  feet  al- 
ning  wrought  iron  pipe  inside  and  though  not  objectionable.  Such 
filling  the  latter  with  water.  troubles    as    have    been    experienced, 

With  cast  iron  pipe,  some  means  of  nave  arisen  from  two  sources: 
buoyancy  has  been  found  advantage-  (1)  Displacement  or  burying  of  the 
ous.  Two  methods  have  been  used  outlet  due  to  its  not  having  been  car- 
te- support  the  pipe  in  the  passage  ried  out  far  enough  to  reach  a  stable 
from  the  beach  to  the  permanent  an-  bottom  in  comparatively  still  water, 
chor  point — one  by  slinging  it  from  and  beyond  the  region  of  shifting 
the  pairs  of  boats,  and  the  other  by  sands. 

supporting  it  on  low  trucks  with  thick  (2)  Displacement   and    breakage    of 

wooden  wheels,  with   devices  for   re-  the   pipe   on    the   beach,    due    to   the 

leasing  the  trucks  when  the  pipe  has  pounding   of   the   waves    and   cutting 

arrived  in  its  permanent  position.    In  away  of  the   sand,   leaving   the   pipe 

order  to  prevent  fouling,  it  has  been  unsupported. 

found  useful  to  buoy  the  return  cable  The  remedy  in  the  first  case  is  ob- 
from  the  sheave  attached  to  the  tern-  vious.    The  best  remedy  which  seems 
prorary    anchors    to   the   winch    with  to   have   been   f0Und   for   the   second 
oil  barrels.     The  casting  holding  the  case  is  to  enclose  the  exposed  joints 
raised  outlet   end  of  the  pipe   is   de-  in  long  sieeves  in  some  cases  12  ft. 
posited   upon   the   permanent   anchor-  in  iength.    These  sleeves  are  made  of 
age  and  secured  thereto  by  divers.  iron   or   steei   pipe   spiit  and   flanged 
Cost. — The    difficulty   of   presenting  longitudinally    and    are    packed    with 
any  definite  figures  as  a  guide  in  esti-  lead.   One  such  protected  joint  should 
mating   the    cost    of    submerged    out-  be  made  to  telescope  to  provide  for 
falls  will  readily  be  appreciated.  Some  longitudinal   expansion    and    contrac- 
of  the  factors  influencing  the  unit  cost  tion.     The     pipe     should     be     buried 
of  any  outfall  are  the  kind  of  pipe  de-  above    low    water,    and    protected    so 
termined  upon,   length   of  submerged  that   it   will    not   be    undermined    by 
line,  depth  of  outlet  below  mean  low  wave  action,  and  should  be  laid  with 
water,     velocity    of     tide    or    stream,  gentle   changes  of  grade.     The  man- 
character  of  the  bottom,  atmospheric  hole  at  the  shore  end  of  the  outfall 
conditions   at    time    of    construction,  should   be   sufficiently   removed   from 
method  available  for  laying  the  pipe,  the  beach  to  be  safe  against  storms, 
and   special    provisions    necessary    to  Careful   inspections    should   be    made 
conform  to   sanitary  regulations,   etc.  of   outfalls   for   deposits,   leaks,   dam- 
From  our   study  of  existing   outfalls,  age  by  storms  and  other  adverse  con- 
we   have,    however,    deduced    certain  ditions  for  satisfactory  operation,  and 
costs  which  are  given  in  the  follow-  the  trouble  corrected  at  once, 
ing  table  and  may  be  considered   to  jf   attention   is   paid   to   the   points 
represent  average  pre-war  conditions.  discussed  above,  and  the  proper  pre- 
Under    extreme     circumstances,     the  cautions    taken,     there     would    seem 
costs  were  in  a  few  instances  100  per  to   be   no   reason   why    an     engineer 
cent  in  excess  of  and  50  per  cent  less  should    hesitate      to      install    a    sub- 
than  those  below.  merged     outfall      sewer     when      this 
size  of                                  Price  per  foot.  method  of  sewage  disposal  will  satis- 
outfaii.                                including  outlet.  fy  the   sanitary  requirements   of   the 

o    111..,.,.,,, # <p  *)  .UU 
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Electric    Pumping    at    Con- 
Cord,  N.  H. 

Abstract   of  a   Paper  Presented   Sept. 

15   Before   New   England  Water 

Works    Association 

By  P.  R.  SANDERS, 

Superintendent    "Water    Works,    Concord, 
NT.  H. 

The  water  supply  of  Concord,  N.  H., 
is  obtained  from  Penacook  Lake,  lo- 
cated about  three  miles  from  the  cen- 
ter of  the  city.  From  1872  when  the 
system  was  installed,  until  1892,  the 
total  supply  was  furnished  by  gravity 
alone. 

As  the  growth  of  the  residential 
section  extended  westward  into  the 
higher  parts  of  the  city,  it  became 
apparent  that  steps  must  be  taken  to 
provide  an  increased  pressure.  In 
order  to  secure  this  increased  pres- 
sure, in  1892  a  high  service  system 
was  installed  consisting  of  a  2,000,- 
000-gal.  reservoir  at  an  elevation  of 
200  ft.  and  a  2,000,000-gal.  Worthing- 
ton  triple  expansion  pump. 

The  pumping  station  is  located  be- 
tween the  city  and  the  lake,  on  the 
main  pipe  line,  about  one  mile  from 
the  center  of  the  city  and  two  miles 
from  the  lake  and  is  supplied  by 
gravity  at  static  pressure  of  50  lb., 
from  an  18-in.  cement-lined  main  and 
a  20-in.  cast-iron  main  which  also  fur- 
nish the  gravity  supply  for  the  city. 

In  1904  when  the  village  of  Pena- 
cook, a  part  of  the  city  six  miles 
north,  was  added  to  the  high  service, 
a  second  Worthington  triple  expan- 
sion pump  was  installed.  Up  to  this 
time  the  daily  average  amount  of  wa- 
ter pumped  was  400,000  gal.;  after 
the  addition  of  Penacook,  it  increased 
to  800,000  gal.  The  total  daily  con- 
sumption for  all  purposes '  is  nearly 
2,400,000  gal.,  800,000  gal.  from  the 
high  service  an  1,600,000  gal.  from  the 
gravity  service. 

In  1917  when  the  United  States  en- 
tered the  war  and  coal  was  needed 
for  the  manufacture  of  munitions  and 
other  war  supplies,  it  seemed  best 
after  a  thorough  investigation  of  the 
matter,  to  release  the  quantity  of  coal 
used  to  run  our  plant  and  pump  by 
electricity. 

In  this  respect  Concord  is  very 
favorably  located,  for  power  is  man- 
ufactured   by    the     Concord     Electric 


Co.,  at  its  plant  at  Sewall's  Falls, 
and  the  line  is  also  tied  in  with  the 
Manchester  Traction  Co.  at  Garvin's 
Falls,  both  of  these  plants  being  lo- 
cated on  the  Merrimack  River. 

Rate  for  Electricity. — A  rate  was 
made  by  the  Concord  Electric  Co.  to 
the  waterworks,  by  which  they  were 
to  furnish  us  power  at  iy3c  per 
K.W.H.  After  we  had  paid  $1,800 
there  was  to  be  no  further  charge  un- 
til we  had  pumped  300,000,000  gal. 
and  then  the  rate  was  to  be  $6  per 
million  gallons  pumped,  figured  on  a 
yearly  basis.  All  pumping  was  to  be 
done  at  night  between  the  hours  of  8 
p.  m.  and  6  a.  m.  except  in  times  of 
fire  or  other  emergency  when  we 
could  pump  as  required. 

A  contract  was  made  with  the 
Worthington  Pump  and  Machinery 
Corporation  for  an  8-in.  single  stage, 
horizontal,  split  case,  double  suction, 
volute  pump,  to  have  an  efficiency  of 
72  per  cent  when  pumping  2,100  gal. 
per  minute  or  3,000,000  gal.  per  24 
hours,  against  a  net  operating  head 
of  120  ft. 

To  drive  this  pump,  we  furnished 
an  A.  C.  100  HP.  General  Electric 
motor  of  the  squirrel  cage  type,  to 
operate  at  a  speed  of  1,800  R.P.M., 
which  was  guaranteed  by  the  makers 
to  have  an  efficiency  of  91.5  per  cent 
when  operated  at  either  full  or  three- 
quarters  load.  A  20x8  Venturi  meter 
was  placed  on  the  discharge  main. 
This  pump  was  placed  in  service  in 
August,  1919. 

As  the  water  is  taken  directly  from 
the  mains  that  supply  the  city,  pro- 
vision had  to  be  made  to  take  care 
of  the  water  hammer  caused  by  the 
shutting  down  of  the  pump  and  a  4- 
in.  relief  valve  was  placed  on  the  suc- 
tion to  discharge  into  the  sewer  set 
at  an  overload  of  20  per  cent.  The 
pump  operates  against  a  check  valve 
on  the  discharge  side  as  it  is  not  nec- 
essary to  start  against  a  closed  gate. 

No  addition  or  new  building  was 
necessary  as  there  was  ample  room 
in  the  existing  engine  room. 

The  steam  pumps  are  kept  for 
emergency  and  the  fireman  is  re- 
leased for  other  duties.  A  small  heat- 
ing apparatus  was  installed  to  heat 
the  engine  room,  as  it  was  considered 
too  expensive  to  use  the  large  steam 
boilers  for  that  "purpose. 

A  test  of  the  pump  was  made  for 
the  month  of  September,  1919,  with  a 
daily  average  of  654,333  gal.  pumped, 
340    K.W.H.    used    and     a     net    head 
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pumped  against  of  126.4,  and  the 
pump  showed  an  efficiency  of  85.18 
per  cent. 

Record  of  Electric  Pumping. — Dur- 
ing the  year  1920,  the  record  of  the 
electric  pump  by  Venturi  meter 
measurement  was: 

Water  pumped,  308,879,000  gal. 
Daily  average  pumped,  843,931  gal. 
Gallons    pumped    per    minute,    2,640    or 
3,800,000  per  24  hours. 
Total  K.W.H.  used,   156,610. 
K.W.H.  per  1,000,000  gal.,  506. 
Static  head,  suction,  50  lb. 
Static  head,   discharge,   88  lb. 
Dynamic  head,  suction,  37  lb. 
Dynamic  head,  discharge,  90  lb. 
Net  head  pumped  against,  122  ft. 

With  switchboard  loss  of  2  per  cent 
and  motor  efficiency  of  91.5  per  cent 
this  gives  an  efficiency  of  84.25  per 
cent.  The  record  for  1921  was  equal- 
ly good. 

The  cost  of  installation  was  as  fol- 
lows: 

Centrifugal  pump,  foundations  and 

fittings   $2,415.22 

Motor  and  switchboard   1,291.50 

Venturi  meter    1,406.16 

Heating  apparatus   344.78 


Total  cost   $5,457.66 

The  supplies  used  for  the  past  year 
were  14  gal.  of  oil,  47  lb.  of  packing, 
74  lb.  of  waste  and  approximately  12 
tons  of   coal   to   heat  the   building. 

Cost  of  Pumping. — The  cost  of 
pumping  by  steam  figured  on  total 
pumping  station  expenses  with  no 
allowance  for  interest  or  depreciation 
charges  was: 

Per  mil-  Per  mil- 

Year.  lion  gal.         Year.  lion  gal. 

1911   $11.65         1916   $15.40 

1912   12.34         1917    16.22 

1913*   19.49         1918   17.06 

1914   13.12         1919f   15.14 

1915    14.03 


♦Excessive  repairs. 
fSteam  and  electricity. 

Cost  by  electricity, 

1920    $13.16  per  million  gal. 

•1921   12.90  per  million  gal. 


Cast  Iron  Pipe  Prices  1902  to  1922 

The  following  tabulation  from  the 
Jan.  4  issue  of  The  Iron  Age  shows 
the  average  prices  by  years  for  6-in. 
cast  iron  pipe  at  New  York: 


Price  per 

Year.  net  ton. 

1902    $27.88 

1903    28.81 

1904    24.17 

1905    27.79 

1906    31.38 

1907    32.37 

1908    25.94 

1909    25.44 

1910    24.74 

1911    21.24 

1912    22.48 


Price  per 
net  ton. 

1913    $23.37 

1914    20.90 

1915    22.94 

1916    31.62 

1917    55.31 

1918    60.65 

1919    57.27 

1920    73.98 

1921    54.68 

1922    51.44 


Method  of  Constructing  Re- 
inforced   Concrete    Water 
Tank  at  Barnum,  Minn. 

Extracts  from  a  Paper  Presented  Jan. 

24  at  the  Annual  Meeting  of  the 

Iowa  Engineering  Society 

By  W.  S.  HEWETT, 

Of   The   William    S.    Hewett   Co.,    Minne- 
apolis, Minn. 

From  my  experience  and  observa- 
tion and  from  my  study  of  the  experi- 
ence and  observation  of  others  I  have 
formed  the  opinion  that  a  logical  re- 
inforced concrete  tank  should  be  de- 
signed in  accordance  with  the  fol- 
lowing principles: 

(1)  Shrinkage  stresses  should  be 
kept  at  a  minimum,  not  over  %  of  1 
per  cent  of  steel  should  be  placed  in 
the  concrete. 

(2)  Concrete  should  not  be  in  ten- 
sion. 

(3)  Concrete  should  not  be  sub- 
jected to  heavy  shear  on  horizontal 
planes. 

When  these  principles  of  design 
are  observed,  the  ordinary  construc- 
tor, using  ordinary  material,  with  or- 
dinary prudence,  may  expect  the  very 
best  of  results.  In  other  words,  the 
building  of  a  reinforced  concrete  wa- 
ter tank  becomes  a  very  simple  prob- 
lem instead  of  a  very  difficult  one. 

Construction  of  Bottom  and  Side 
Walls. — I  can  best  outline  my  meth- 
ods of  construction  by  taking  an  ex- 
ample. At  Barnum,  Minn.,  we  built 
in  1922  a  tank  20  ft.  internal  diam- 
eter, 32  ft.  high,  giving  approximate- 
ly 75,000  gal.  capacity.  We  first  made 
excavations  to  a  depth  of  about  5  ft. 
and  put  in  a  footing  for  the  side 
walls.  We  next  built  the  bottom  of 
the  tank  which  was  a  slab  15-in. 
thick,  with  a  diameter  of  20  ft.  This 
slab  was  reinforced  with  light  radial 
and  circular  rods  top  and  bottom. 
This  slab  rested  upon  the  ground 
with  its  outer  part  resting  upon  the 
footings  already  placed  for  the  side 
walls. 

Side  walls  were  then  constructed 
iy2  in.  thick,  with  vertical  recesses 
at  intervals  15  in.  wide  and  1*&  in. 
deep.  These  recesses  were  for  the 
accommodation  of  the  turnbuckles  in 
each  band.  The  side  walls  were  built 
in  a  sectional  form  6  ft.  6  in.  high, 
allowing  a  vertical  run  of  about  6 
ft.  each  day.  The  construction  joints 
between  the  day's  work  were  cleaned 
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and  washed  before  the  next  day's 
run  was  started.  Forty-eight  %-in. 
round  vertical  ^ods,  spaced  about  16 
in.  apart,  were  placed  in  the  wall. 
There  were  also  three  horizontal 
bands  y2-in.  round  rods  placed  in  each 
clay's  run  about  24  in.  apart,  used  as 
a  precautionary  measure  in  construc- 
tion. 

The  forms  for  the  side  walls  were 
adjustable  to  permit  them  to  be 
loosened  before  raising  to  the  new 
position.  The  side  walls  were  run 
in  six  days.  This  work  was  done 
in  late  October  and  during  November. 
Temperature  ranged  from  a  few  de- 
grees below  freezing  to  about  50°. 
The  water  used  in  mixing  concrete 
was  heated  but  no  other  precaution 
taken  and  no  heat  was  applied  to  the 
finished  work. 

Assembling  Adjustable  Bands. — As 
soon  as  the  side  walls  were  com- 
plete, the  work  of  assembling  the  ad- 
justable bands  began.  These  bands 
were  simply  placed  in  position  and 
tightened  sufficiently  to  keep  them  in 
place.  These  bands  were  each  in 
three  pieces,  the  turnbuckles  being 
spaced  20  ft.  4%  in.,  20  ft.  4%  in.  and 
26  ft.  4V8  in.  The  turnbuckles  were 
not  staggered.  The  rods  were  of 
mild  steel,  with  an  elastic  limit  of 
about  36,000  Ids.  and  a  modulus  of 
elasticity  of  about  24,000,000.  They 
were  not  upset  but  were  provided 
with  rolled  threads. 

Our  computations  indicated  that  an 
initial  stress  of  about  14,500  lb.  per 
square  inch  was  desired  in  the  rods 
near  the  bottom,  changing  to  about 
15,000  lb.  per  square  inch  higher  up. 
The  rods  were  assembled  in  such  a 
manner  that  the  lever  used  in  tight- 
ening the  rods  worked  down. 

Tightening  the  Rods. — Three  men 
were  selected,  each  weighing  about 
175  lbs.,  and  placed  .  at  the  turn- 
buckles. Strain  gage  measurements 
were  made  at  points  on  one  of  the 
rods  and  the  length  of  the  wrench 
changed  until  satisfactory  readings 
resulted.  It  was  found-  that  when 
tightening  a  rod  11/16  in.  in  diam- 
eter, a  15-in.  wrench  in  the  hands  of 
a  175-lb.  man  would  give  the  desired 
result.  This  rod  was  then  loosened 
and  the  work  of  adjusting  the  rods 
was  started  at  the  bottom  of  the 
tank.  No  more  readings  were  taken 
until  all  rods  were  adjusted.  Read- 
ings taken  on  the  rod  referred  to 
above  gave  an  average  stress  of  14,- 
000    lb.    per    square    inch.      This    rod 


was  No.  18  from  the  bottom  of  the 
tank.  Readings  taken  on  Rod  No. 
53  from  the  bottom  showed  an  aver- 
age of  14,560  lb.  per  square  inch.  In 
adjusting,  the  rod  was  tapped  with  a 
light  hammer  at  points  between  the 
turnbuckles.  This  tapping  relieved 
the  brake  action  and  adjusted  the 
rods  to  the  concrete  surface  with 
uniform  stress.  Our  measurements 
indicated  but  slight  difference  be- 
tween the  stress  near  the  center  of 
the  rod  and  that  near  the  turnbuckle. 

After  the  rods  were  adjusted  a 
wire  netting  covering  the  entire  tank 
was  attached  to  the  rods.  The  cir- 
cumference of  the  outer  forms  used 
in  moulding  the  side  walls  was  en- 
larged to  permit  the  placing  of  3  in. 
of  concrete  outside  of  the  rods  and 
embedding  the  wire  netting.  This 
outer  concrete  gives  a  protection  to 
rods  and  increases  the  bearing. 
Where  a  gunite  plant  is  available,  a 
coating  of  gunite  1*4  in.  thick  would 
be  preferable  to  the  3  in.  placed  as 
above. 

Propositions  for  Concrete.  —  The 
specifications  called  for  a  concrete  of 
1  part  cement,  2  parts  sand  and  4 
parts  gravel  or  crushed  rock.  It  was 
expected  to  use  local  gravel.  This 
was  later  found  to  be  unsuited  for  the 
work  and  crushed  rock  was  used.  The 
sand  was  washed  and  very  coarse 
with  insufficient  fine  particles.  The 
rock  ranged  in  size  from  %  to  1%  in. 
When  concreting  of  the  side  walls  be- 
gan it  was  immediately  evident  that 
the  aggregate  did  not  contain  enough 
fine  particles  to  insure  dense  con- 
crete with  a  ratio  of  1:2:4.  However, 
it  was  decided  to  use  this  ratio  for 
the  first  day's  run  in  order  to  learn 
what  difficulties  might  be  expected 
with  porous  concrete  in  this  type  of 
construction.  After  the  first  day  the 
ratio  was  changed  until  the  concrete 
puddled  properly.  The  new  ratio  was 
approximately  1:2:3.  After  the  ad- 
justing of  the  bands  on  the  lower  part 
of  the  tank,  9  ft.  of  water  was  put 
in  the  tank  to  observe  its  action  on 
the  porous  concrete  in  the  lower  6 
ft  This  concrete,  when  the  forms 
were  removed,  showed  the  rock  in 
many  places.  When  water  was  put  in 
the  tank,  the  lower  6  ft.  section  sweat- 
ed to  such  an  extent  that  the  wall 
was  wet  on  the  outside.  Above  this, 
where  the  richer  mix  was  used,  only 
very  slight  damp  spots  were  observed 
on  possibly  20  per  cent  o.f  the  sur- 
face.    None  of  the  construction  joints 
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leaked.  After  allowing  the  concrete 
to  be  thoroughly  soaked  the  water 
was  drawn  off  and  the  inside  of  the 
tank  wall  given  a  brush  coat  of 
"Ionite,"  and  followed  by  a  brush 
coat  of  80  per  cent  cement  and  20 
per  cent  "Ionite."  Both  coats  were 
put  on  with  paint  brushes  and  but 
very  little  left  on  the  surface.  After 
a  few  days  the  tank  was  again  filled 
and  found  to  be  absolutely  dry,  not  a 
single  damp  spot  appearing. 

The  tank  was  entirely  filled  before 
the  outer  coating  of  concrete  was 
placed  to  permit  of  measuring  the  ul- 
timate tension  in  the  rods.  This  ul- 
timate stress  measured  16,500  lb.  per 
square  inch.  Five  inches  of  hydrated 
lime,  by  bulk,  was  used  in  all  con- 
crete. 

The  next  day  after  the  tank  was 
completed  it  was  filled  to  its  capac- 
ity and  left  three  days  for  the  exam- 
ination of  the  engineers.  Not  the 
least  dampness  ever  appeared  on  the 
outer  surface. 

The  engineers  for  the  village  of 
Barnum,  were  Messrs.  Druar  &  Mili- 
nowski,  Consulting  Engineers,  St. 
Paul,  Minn. 


Flushing    Water    Mains    at 
Detroit,  Mich. 

On  Aug.  18,  1921,  the  Department  of 
Water  Supply  of  Detroit,  Mich.,  began 
flushing  mains  with  a  view  to  remov- 
ing as  much  of  the  sediment  as  pos- 
sible before  the  filtration  plant  now 
under  construction  is  put  in  service. 
Up  to  June  30  last  279  miles  of  pipe 
of  various  sizes  had  been  cleaned.  The 
following  notes  on  this  work  are 
taken  from  the  70th  annual  report  of 
the  Board  of  Water  Commissioners, 
covering  the  year  ending  June  30, 
1922. 

It  has  been  the  policy  of  the  board 
to  flush  water  mains  at  regular  inter- 
vals in  order  to  remove  accumulated 
sediment.  As  the  new  filtration  plant 
will  remove  all  sediment  from  the 
water,  It  was  decided  to  flush  all  the 
mains  in  the  system  before  the  filter 
Plant  commenced  operations,  and  the 
flushing  of  mains  in  the  low  pressure 
system  was  begun  on  Aug.  18,  as  noted 
above.  The  small  lines  were  flushed 
first  through  hydrants  and  the  few 
blow-offs  available. 

A  map  showing  the  district  to  be 
flushed  and  exact  instructions  as  to 
the  procedure  to  be  followed  in  flush- 


ing that  district  were  given  the  flush- 
ing gang  each  day.  All  gates  or 
hydrants  found  broken  or  in  bad  con- 
dition were  noted  on  th*e  instruction 
sheet  which  was  returned  to  the  en- 
gineering department.  Broken  gates 
or  gates  in  bad  condition  were  also 
reported  to  the  storage  yard,  which 
promptly  repaired  them,  and  broken 
hydrants  were  reported  to  the  water 
supply  section  of  the  fire  department 
in  order  that  they  also  might  be  re- 
paired. Flushing  was  done  during  the 
day  throughout  the  low  pressure  dis- 
trict until  Woodward  Ave.  was 
reached.  After  that  time,  all  flushing 
was  done  at  night. 

Flushing  operations  were  stopped 
the  end  of  January,  because  cold 
weather  had  hindered  the  work.  The 
engineering  bureau  kept  laying  out 
new  flushing  districts  and  one  gang 
was  started  again  the  last  of  April, 
flushing  the  large  mains  of  the  low 
service.  Soon  afterwards  two  gangs 
were  started  in  the  intermediate,  all 
gangs  working  at  night. 

Formerly  each  house  affected  by 
the  flushing  operations  was  notified 
separately  the  day  previous.  This 
method  was  very  expensive,  and  ar- 
rangements '  were  therefore  made 
whereby  each  city  newspaper  agreed 
to  publish  a  notice  eactfvday,  stating 
where  the  gangs  would  be  operating 
the  next  two  nights.  This  method  was 
found  to  be  very  satisfactory  and  has 
been  continued.  Hospitals  and  other 
places  which  require  a  continuous 
supply  of  water  at  good  pressure  are 
notified  by  the  foreman  when  he  com- 
mences work,  and  arrangements  are 
made  to  take  care  of  them.  During  the 
last  fiscal  year  the  entire  low  service, 
consisting  of  103  miles  of  pipe,  165 
miles  of  the  intermediate  service  and 
12  miles  of  the  high  service  pipe  were 
cleaned. 

Several  experiments  have  been  made 
to  determine  the  extent  to  which 
flushing  actually  cleans  the  mains. 
Pipes  which  were  cut  after  being 
flushed,  showed  that  the  loose  dirt 
was  all  removed,  but  that  the  bar- 
nacles on  the  pipe  and  a  layer  of  more 
solid  sediment  on  the  bottom  of  the 
pipe  remained. 


Texas  Reclamation  Bill  Signed. — 
Governor  Neff  of  Texas  has  signed  a 
reclamation  bill,  which  provides  an 
appropriation  of  $600,000  for  topo- 
graphic surveys  of  the  water  sheds 
of  Texas.   * 
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Well    Drilling    Practice    in 
North  Carolina 

Abstract   of  Paper  Presented   Nov.   17 
at  Annual   Meeting   of   North  Caro- 
lina  Section   of   American    Water 
Works   Association 

By  F.  G.   GODFREY, 

Superintendent  Water  and  Light  Depart- 
ment, New  Bern,  N.  C. 

The  city  of  New  Bern,  N.  C,  has  a 
series  of  four  wells  located  in  the 
center  of  a  70-acre  tract  and  these 
wells  have  delivered  on  test  over 
2,500  gal.  per  minute,  and  as  our  nor- 
mal requirements  are  about  1,330,000 
gal.  per  day  we  have  no  need  to  wor- 
ry about  our  supply  for  several  years 
to  come.  We  are  drilling  at  the  pres- 
ent time  an  additional  series  of  wells 
to  take  care  of  the  fire  hazard,  and 
when  these  are  completed  we  will 
have  a  system  that  will  take  care  of 
almost  any  situation  that  may  arise. 

Wells  of  our  system  located  within 
100  ft.  of  each  other  show  but  little 
loss  of  head  when  any  one  well  is 
pumped  to  capacity;  in  one  case  an 
8-in.  well  was  pumped  to  800  gals,  per 
minute  with  a  loss  of  head  of  only 
24  in.  in  a  well  only  90  ft.  from  it. 

Precautions  Regarding  Bottom  Sec- 
tion of  Casing. — One  of  the  main 
things  that  a  well  driller  should  be 
sure  of  is  that  the  bottom  section  of 
his  casing  is  driven  into  the  first 
stratum  of  rock  that  he  encounters  so 
that  there  will  be  no  danger  of  any 
surface  water  seeping  into  the  well. 
If  this  is  not  done,' it  makes  no  dif- 
ference how  good  a  supply  of  water 
one  may  get,  there  is  always  the 
possibility  of  the  supply  becoming 
contaminated  from  this  source.  Most 
of  the  pollution  in  deep  well  supplies 
comes  from  this  very  cause.  It  is  re- 
markable the  distance  that  surface 
waters  will  travel  through  the  ground 
and  pollute  a  well  supply. 

When  a  suction  pipe  is  installed  in- 
side the  casing  of  a  well  care  should 
be  exercised  to  see  that  the  top  of 
the  casing  is  properly  sealed  so  that 
no  dirt  or  rainwater  can  get  in  the 
well.  As  this  part  of  the  plant  is 
seldom  looked  over  it  is  frequently  a 
source  of  trouble. 

Well  Drilling  Conditions  in  Eastern 
Section  of  State. — In  the  eastern  sec- 
tion of  this  state,  the  drilling  of  wells 
is  not  a  very  expensive  operation  as 
we  have  seldom  struck  any  very  hard 
rock.     Most  of  the  rock  encountered 


is  a  shell  rock  and  is  not  very  hard 
We  seldom  encounter  any  granite 
This  enables  us  to  drill  wells  at  a 
very  reasonable  price,  as  it  allows 
the  use  of  a  very  light  rig,  and  a. 
great  portion  of  the  well  can  be  wash- 
ed down  without  any  trouble  until  the 
first  rock  is  encountered.  Then  we 
have  to  put  in  a  drill  to  break  up  the 
rock  and  use  a  sand  pump  to  take 
out  the  broken  rock  and  dirt.  The 
drill  we  have  used  with  the  best  re- 
sults in  this  soft  rock  is  a  home  made 
drill  a  great  deal  like  the  old-time 
star  drill  long  used  to  cut  through 
brick  walls.  This  is  not  so  expensive 
as  the  regular  spud  and  can  be  more 
easily  sharpened  and  handled  with 
the  lighter  rig  as  it  is  so  much 
lighter  than  the  ordinary  string  of 
drilling  tools.  With  this  tool  we  can 
generally  make  from  8  in.  to  1  ft.  at 
each  drilling  as  this  type  of  drill  does 
not  clog  up  and  only  quits  cutting 
when  the  crushed  rock  gets  deep 
enough  so  that  the  drill  does  not  hit 
the  hard  rock  when  it  drops. 

Sand  Pumping. — Close  to  the  sur- 
face this  crushed  rock  is  easily  wash- 
ed out  if  we  have  a  supply  of  water 
available  sufficient  to  overflow  the 
casing,  but  at  the  lower  depths  we 
have  to  resort  to  the  sand  pump.  This 
sand  pump  is  made  of  a  piece  of  pipe 
slightly  smaller  than  the  well  casing 
with  a  bail  on  the  top  to  fasten  line, 
and  in  the  other  end  a  valve  similar 
to  the  old  leather  valve  used  in  the 
ordinary  pitcher  pump.  The  sand  and 
rock  is  forced  up  into  this  pipe  and 
then  by  raising  and  lowering  the  pipe 
the  water  is  forced  out  of  the  top  of 
the  pipe  and  the  sand  and  stone  re- 
main. This  has  to  be  raised  to  the 
surface  and  there  dumped  by  hand, 
and  this  operation  has  to  be  continued 
until  we  can  raise  no  more  sand  or 
rock  and  then  the  whole  operation 
has  to  be  gone  over  again. 

We  usually  get  the  best  results  in 
washing  down  wells  with  a  centrif- 
ugal pump  as  they  are  easier  to  han- 
dle and  a  pump  of  large  capacity  is 
not  so  cumbersome  to  carry  around 
to  the  well  location. 

We  usually  dig  a  small  surface  well 
or  sump  and  fill  this  with  water  from 
outside  source  provided  we  can- 
not get  a  supply  by  going  down  a 
few  feet.  The  overflow  is  carried 
back  to  this  sump  and  the  water  used 
over  and  over,  so  that  a  very  small 
amount  of  water  suffices  for  this  work. 
We  locate  the  sump  a  short  distance 
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from  the  well  so  that  a  ditch  can  be 
cut  and  the  washings  of  rock  and 
sand  can  be  cleaned  out  of  the  way 
and  the  water  run  back  into  the  sump. 
We  have  not  had  to  case  any  of 
our  wells  below  the  first  stratum  of 
rock  as  we  have  always  encountered 
a  fine  grade  of  water  bearing  sand 
immediately  we  drill  through  the  rock, 
that  gave  the  wells  the  necessary 
capacity  for  our  needs. 

Use   of   Venturi   Flume    for 
Measurement  of  Irriga- 
tion Water  Deliveries 

On  the  Milk  River  project  of  the 
United  States  Reclamation  Service, 
which  has  its  headquarters  at  Malta, 
Mont.,  a  large  number  of  Venturi 
flumes  have  been  installed  for  the 
measurement  of  farm  deliveries  and, 
in  some  cases,  lateral  deliveries.  The 
use  of  these  flumes  on  this  project  is 
described  by  Mr.  H.  Kenneth  Smith, 
assistant  engineer,  in  a  recent  issue 
of  the  Reclamation  Record,  from 
which  the  notes  following  are  taken. 

Gage  heights  are  measured  with  a 
hook  gage  from  nails  driven  in  the 
sides  of  the  gage  walls.  The  hook 
gages  are  made  from  strap  iron  Y»  by 
I  in.,  graduated  by  hundredths  to  2  ft. 
Each  ditch  rider  carries  one  of  these 
hook  gages  as  a  part  of  his  regular 
equipment  and  uses  it  as  a  2-ft.  rule 
for  various  purposes. 

The  discharge  is  determined  from 
a  semilogarithmic  chart,  with  upper 
gage  heights  and  draw,  or  difference 
in  gage  heights,  as  co-ordinates,  the 
discharge  in  second-feet  being  read  on 


i6trfel*i?*f<!n*en3»' 


Discharge    Curves    for    Rectangular    Ven- 
turi   Flumes. 

curves.  The  sheets  are  drawn  of  a 
size  to  fit  the  standard  time-book 
cover  of  the  Reclamation  Service,  a 
sample  sheet  being  illustrated  in  the 
accompanying  diagram. 

Operating  conditions   on   an   irriga- 


tion project  often  require  that  a  small 
quantity  of  water  be  delivered  through 
a  ditch  of  considerably  greater  capa- 
city, and  at  the  same  time  it  is  re- 
quired that  the  water  be  backed  up 
until  the  ditch  is  practically  bank  full. 
Generally  it  is  not  practical  to  in- 
struct   a    ditch    rider    to    read    gage 


Testing  Channel  with   V-Notch   and   Rec- 
tangular Flumes. 

heights  to  a  refinement  greater  than 
one-hundredth  of  a  foot,  and  an  error 
of  one-hundredth  is  quite  common. 
The  problem,  then,  is  so  to  construct 
or  modify  the  Venturi  flume  that  an 
error  of  one-hundredth  in  gage  read- 
ing would  not  be  material  when  de- 
livering water  to  the  farmers. 

This  difficulty  is  overcome  by  in- 
stalling a  plug  in  the  throat  of  the 
flume,  thereby  reducing  the  water 
area.  This  plug  consists  of  two  weir 
boards  bolted  together,  the  sharp 
edges  of  both  boards  being  toward 
the  throat.  A  bolt  with  a  thumb  nut 
holds  them  in  place. 

The  accompanying  illustration 
shows  the  testing  channels  where  the 
discharges  through  the  plugged  flume 
were  compared  with  the  discharge 
over  a  standard  weir.  The  plug  is 
shown  on  the  bank  in  the  center  of 
the  picture. 

These  plugs  can  be  placed  in  the 
flume  or  withdrawn  while  the  ditch 
is  in  operation.  Care  must  be  used 
that  the  plug  is  snug  against  the  bot- 
tob  of  the  flume  and  so  tight  that  it 
will  not  float  or  otherwise  become 
dislodged. 

By  means  of  this  plug  a  flow  that 
in  the  standard  design  will  cause  a 
draw  of  one  or  two  hundredths  will 
now  cause  a  draw  of  ten  to  twelve 
hundredths  and  is  therefore  a  meas- 
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urable  quantity.  An  error  of  one- 
hundredths  in  reading  at  ten  or  twelve 
hundredths  is  of  much  less  moment 
than  the  same  error  at  one  or  two 
hundredths. 

Four  sizes  of  the  Venturi  flumes  are 
in  use  on  the  Milk  River  project,  hav- 
ing throat  widths  of  12,  18,  24,  and  30 
in.  For  the  12  and  18-in.  sizes  the 
height  of  the  plug  used  is  9  in.,  and 
for  the  two  larger  sizes  the  height  is 
15  in. 

These  plugs  have  proven  quite  satis- 
factory and  have  greatly  increased 
the  accuracy  of  the  measurement  of 
water  on  this  project. 


Economical  Control  of  Chem- 
ical Dosage  in  Filter 
Plants. 


Abstract  of  a  Paper  Presented  Nov.  15 

At   Annual    Meeting    of    North 

Carolina   Section  American 

Water  Works  Association 

By  R.  A.  MADDOCK, 

Chemist    and   Bacteriologist,    Water    De- 
partment,  Charlotte,   N.   C. 

Perhaps  one  of  the  greatest  oppor- 
tunities that  usually  exists  to  reduce 
operating  expenses  is  in  the  control 
of  chemical  dosage.  The  point  of  ap- 
plication, agitation  and  hydrogen-ion 
concentration,  all  have  an  important 
bearing  on  economical  coagulation  and 
sedimentation,  over  which  the  oper- 
ator usually  has  control.  By  careful 
and  intelligent  handling,  the  hydro- 
gen-ion concentration  can  be  adjusted 
to  the  optimum  pH  value,  which  is 
necessary  for  complete  or  nearly  com- 
plete precipitation  of  the  aluminum 
from  the  alum  added  to  the  water, 
which  means  less  chemicals  will  be 
required  for  a  given  bacterial,  tur- 
bidity or  color  removal.  This  point 
has  not  been  very  definitely  estab- 
lished as  yet,  and  the  reports  from 
various  sections  would  indicate  that 
it  varies  for  different  waters. 

Application  of  the  Chemicals. — Very 
often  the  chemicals  are  introduced 
into  the  main  just  before  reaching 
the  sedimentation  basin,  and  while 
this  method  is  satisfactory  under  most 
conditions,  it  will  at  times  be  found 
an  advantage  to  apply  the  chemicals 
at    some    other    point    or    at    several 


points.  If  the  water  to  be  treated 
contains  much  heavy  sediment,  It 
would  be  a  waste  of  money  to  apply 
the  chemicals  before  the  water  enters 
the  basin,  since  a  large  portion  would 
be  carried  down  with  the  heavy  par 
tides  soon  after  entering  the  basin. 
Under  conditions  of  this  kind  it 
would  often  be  found  advantageous 
to  let  the  heavy  particles  settle  out 
in  the  first  part  of  the  basin  without 
the  aid  of  coagulation,  and  apply  the 
chemicals  at  or  near  the  center  of  the 
basin  if  capacity  will  permit. 

We  know  that  the  temperature  of 
all  surface  waters  fluctuates  and  that 
temperature  has  a  marked  effect  upon 
coagulation,  which  is  another  reason 
that  provisions  should  be  made  to 
apply  the  chemicals  at  different 
points.  The  proper  time  to  install 
provisions  of  this  kind  is  when  the 
plant  is  built. 

In  many  plants  it  is  necessary  to 
use  quicklime  in  connection  with  sul- 
phate of  alumina.  To  get  the  best 
results  from  its  use  it  should  be 
slacked  very  carefully.  Hot  water  will 
be  found  best  for  this  purpose  as  the 
temperature  during  slackening  should 
be  as  high  as  possible. 

Excess  Treatment  Method  at  New- 
ark, O. — A  method  is  being  installed 
in  the  new  water  treatment  plant  at 
Newark,  O.,  which  was  designed  by 
Charles  P.  Hoover,  assisted  by  A.  R. 
Holbrook,  which  consists  of  excess 
treatment  with  lime,  soda  ash  and 
alum,  combined.  This  excess  treat- 
ment will  be  obtained  by  overdosing  a 
portion  of  the  supply  and  subsequently 
mixing  it  with  a  larger  and  untreated 
part  of  the  supply.  The  amount  to 
be  treated  with  excess  amount  of 
chemicals  will  be  approximately  25 
per  cent,  immediately  after  which  it 
will  be  vigorously  agitated  for  about 
five  minutes.  This  25  per  cent  por- 
tion will  then  be  mixed  with  the  75 
per  cent  untreated  portion  in  a  baf- 
fled mixing  tank,  through  which  the 
water  will  have  a  carrying  velocity 
of  0.4  ft.  per  second,  the  detention 
period  being  sixty  minutes.  The  en- 
tire body  of  water  will  then  be  passed 
to  concentrating  tanks  equipped  with 
Dorr  thickeners,  where  the  water  will 
remain  for  about  22  minutes.  It  is 
pointed  out  by  Mr.  Hoover  that  the 
extraction  of  as  much  as  possible  of 
the  precipitate  or  sludge  in  the  thick- 
eners before  the  water  passes  to  the 
sedimentation   basin    will   lessen   the 
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accumulation  of  sludge  at  the  entrance 
of  the  basin  and  thus  make  the  basin 
utilizable  to  its  full  capacity  at  all 
times.  It  is  believed  that  this  method 
will  prove  to  be  economical  as  well 
as  efficient. 

While  the  carbonation  of  water  as 
an  aid  to  coagulation  is  more  or  less 
in  the  experimental  state,  it  has  been 
reported  on  very  favorably. 

Effect  of  Adding  Sulphuric  Acid. — 
John  'R.  Baylis,  Principal  Sanitary 
Ghemist,  Water  Department,  Balti- 
more, Md.,  has  recently  reported  that 
at  Baltimore  the  addition  of  a  small 
amount  of  sulphuric  acid  to  the  wa- 
ter before,  or  at  the  same  time  as  the 
alum,  has  aided  coagulation  very  ma- 
terially. He  reports  that  several  trials 
have  been  made  under  operating  con- 
ditions with  results  that  show  consid- 
erable saving  in  alum.  From  this  ex- 
perimental work  Mr,  Baylis  draws  the 
conclusion  that  in  most  places  an  acid 
alum  could  be  used  with  better  re- 
sults than  basic  alum,  which  is  being 
used  almost  universally. 

■  Method  of  Treatment  at  Oshkosh, 
Vis. — The  waters  in  some  lakes  and 
,  few  rivers,  especially  at  certain  sea- 
ons  of  the  year,  are  comparatively 
ree  from  coloring  and  suspended  mat- 
er and  could  be  treated  very  suc- 
:essfully,  the  writer  believes,  with  a 
nethod  he  used  at  Oshkosh,  Wis.,  for 
tbout  two  years,  and  which  resulted 
n  a  large  saving  of  chemicals.  Osh- 
cosh  gets  its  water  supply  from  Lake 
Winnebago,  which  during  several 
months  of  the  year  has  very  little 
coloring  or  suspended  matter.  The 
method  used  during  these  favorable 
periods  is  described  as  follows: 

Discontinue  the  application  of  chem- 
icals to  the  sedimentation  basin  and 
instead  apply  a  strong  solution  of 
sulphate  of  alumina  to  the  quiescent 
water  in  a  freshly  washed  filter  bed 
and  allow  to  stand  long  enough  to 
break  up  and  form  a  mat  of  aluminum 
hydroxide  of  a  uniform  thickness. 
Some  of  you  will  remember  a  few 
years  ago  when  asbestos  was  tried 
out  to  produce  a  filtering  mat  on  the 
surface  of  the  sand  but  was  a  failure 
due  to  inability  to  get  a  uniform 
thickness.  The  amount  of  sulphate  of 
alumina  used  depends  upon  the 
strength  of  the  solution  as  well  as  the 
area  of  the  sand  bed.  This  solution 
can  be  applied  through  an  ordinary 
garden  hose  but. was  applied  at  Osh- 
kosh through  perforated  pipes  placed 


over  the  filters  at  regular  intervals. 
This  method  does  away  with  any 
chance  to  get  alum  in  the  filter  efflu- 
ent and  provides  a  good  mat  from  the 
very  beginning  of  each  filter  run.  The 
writer  believes  this  method  could  be 
successfully  used  at  a  great  many 
plants — at  least  periodically. 

Chlorination. — It  has  been  observed 
at  some  few  places  that  chlorination 
preceding  the  addition  of  alum  has 
very  greatly  aided  coagulation  in  re- 
moving both  suspended  and  coloring 
matter.  The  application  of  chlorine 
prior  to  filtration  is,  the  writer  be- 
lieves, in  many  instances  good  prac- 
tice, since  where  bacterial  removal 
alone  is  sought  by  the  use  of  alum, 
to  produce  an  effluent  from  the  fil- 
ters that  will  compare  favorably  to 
the  American  Public  Health  Stand- 
ard, the  substitution  of  chlorine  for 
alum  will  be  found  an  effective  sub- 
stitute. 

Should  a  plant  operator  be  classed 
as  careless  or  incapable  because  he 
does  not  strive  to  produce  a  low  bac- 
terial count  in  the  effluent  from  the 
filters,  but  who  regulates  his  chemical 
dosage  so  as  to  get  a  water  that  is 
free  from  suspended  matter  and  de- 
pend on  chlorination  for  satisfactory 
bacterial  count?  In  a  great  many 
cases  the  answer  to  this  question 
should  be  "no."  Many  of  those  who 
favor  treating  the  water  with  suffi- 
cient chemicals  so  as  to  obtain  an 
effluent  that  will  pass  the  U.  S.  Health 
Standard  before  chlorination,  seem  to 
think  that  it  is  unsafe  to  rely  upon 
chlorine  to  do  its  full  and  just  share. 
This  is  probably  true  for  the  plant 
that  is  inefficiently  operated  and  that 
relies  on  one  chlorinating  outfit.  All 
plants  should  have  two  complete 
chlorinating  units  with  a  supply  of  all 
extra  parts  on  hand  so  in  case  one 
machine  goes  down  and  out  there 
need  be  no  delay  or  interruption  in 
the  sterilization  of  the  water.  In  the 
larger  plants  both  chlorinators  should 
be  allowed  to  run  with  the  dose  di- 
vided equally  between  them. 

Proper  installation  of  chlorinators 
and  same  operated  in  multiple  units 
is  all  that  some  of  our  larger  cities 
depend  on  for  the  successful  purifi- 
cation of  their  water  supply.  Of 
course,  chlorinators  require  intelli- 
gent supervision  the  same  as  any 
other  mechanical  device. 

From  the,  standpoint  of  economy  it 
seems  to  me  that  it  is  poor  business 
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as  well  as  poor  judgment  to  spend 
four  dollars  to  purify  a  million  gal- 
lons of  water  without  the  use  of  chlo- 
rine when  the  same  standard  of  pur- 
ity can  be  maintained  for  two  dollars 
by  using  chlorine  in  connection  with 
coagulation  and  filtation.  On  the 
other  hand,  to  insure  a  constant  sup- 
ply of  pure  water  depending  at  all 
times  entirely  on  coagulation  and  fil- 
tration would  in  most  cases  require 
a  trained  man  on  the  job  every  hour 
of  the  day  and  night,  which  is  a  con- 
dition found  only  in  our  largest  cities. 

In  a  number  of  cases  chlorination 
has  enabled  the  rate  of  filtration  to 
be  increased.  This  increased  capacity 
which  otherwise  would  have  called 
for  additional  filter  units,  has  been 
obtained  without  any  further  costs.  It 
is  constantly  being  demonstrated  that 
it  is  possible  to  successfully  operate 
water  purification  plants  and  to  ob- 
tain the  desired  clarification  and  color 
removal  by  the  use  of  alum,  and  rely 
on  chlorination  for  bacterial  removal. 

The  writer  believes  that  using  chlo- 
rine on  the  side  of  safety  is  the  proper 
thing  to  do  when  treating  such  waters 
as  those  that  show  a  satisfactory  bac- 
terial count  when  treated  to  produce 
one  hundred  per  cent  clarification  and 
a  satisfactory  color  removal.  How- 
ever, I  believe  that  in  limiting  the 
use  of  chlorine  only  as  a  measure 
on  the  side  of  safety,  we  are  not  mak- 
ing proper  use  of  the  greatest  instru- 
ment ever  placed  in  the  hands  of 
water  purification  engineers. 

State  Maps  of  Power  Stations. — A 
map  of  Kentucky  showing  the  loca- 
tions of  the  power  stations  and  trans- 
mission lines  used  in  public  service 
in  that  state  and  the  names  of  the 
public  utility  companies  has  just  been 
published  by  the  United  States  Geolo- 
gical Survey,  Department  of  the  In- 
terior. This  map,  which  measures 
about  27  by  63  in.  and  is  on  a  scale 
of  1:500,000,  or  about  8  miles  to  the 
inch,  is  the  latest  of  the  series  of 
state  power  maps  published  by  the 
Geological  Survey.  The  other  maps 
published  are  those  of  New  York, 
Pennsylvania,  Maine,  New  Hamp- 
shire and  Vermont,  Massachusetts, 
Rhode  Island  and  Connecticut,  Mary- 
land, Delaware  and  the  District  of  Co- 
lumbia, New  Jersey,  Virginia,  Indiana 
and  West  Virginia.  These  maps  may 
be  purchased  from  the  Director  of 
the  United  States  Geological  Survey, 
Washington,  D.  C,  for  50  cents  each. 
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Method  and  Costs  of  Clean- 
ing Open  Drains  with 
Drag  Line  Excavator 

Construction  of  open  drains  on  the 
Rio  Grande  project  of  the  U.  S.  Rec- 
lamation Service,  begun  in  1917,  has 
brought  relief  from  seepage  and  af- 
forded protection  to  some  102,500 
acres  of  land.  A  portion  of  these 
lands  had  become  so  water-logged  as 
to  be  useless  for  any  purpose,  but  is 
now  possible  of  cultivation  and  cap- 
able of  producing  paying  crops.  Not 
only  the  seeped  areas  but  the  other 
lands    of    the    150,000    acres    of    the 
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Typical     Drain     Sections. 

project  will  enjoy  the  benefits  offered 
by  the  total  of  350  miles  of  drains 
which  will  be  completed  about  Octo- 
ber, 1924,  if  present  rate  of  progress 
is  continued. 

Excavation  of  drains  was  carried  to 
a  depth  of  10  ft.  to  lower  the  water 
table  of  the  surrounding  lands,  provid- 
ing protection  for  the  deepest-rooted 
plants.  The  growth  of  tules,  which 
is  a  constant  menace,  filling  the  full 
section  of  the  drain,  choking  the 
water  channel,  and  retarding  the  flow, 
has  been  cut  from  time  to  time.  Re- 
cently it  was  discovered  on  the  Rio 
Grande  project  that  the  presence  of 
water  cress  prevented  the  tule  growth 
in  the  water  channel,  and  experiments 
are  now  being  carried  on  to  determine 
whether  or  not  it  would  be  feasible 
to  plant  the  water  cress  in  drains  in 
order  to  kill  the  tules. 

Cleaning  the  drains  of  weeds  and 
tules  and  other  obstructions  has  con- 
stituted  the    maintenance    work   pre- 
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vious  to  the  present  year.     However,  chine  for  repairs  it  was  necessary  to 

accumulation    of    silt,    aided    by    the  place    a    sheet-pile   cut-off   across   the 

presence  of  tules,  had  so  raised  the  drain  to  prevent  filling  of  the  cleaned 

grade   in   the    Mesa   drain    in   the   El  portion. 

Paso    Valley   that    further   and   much  The  Mesa  drain  was  the  first  of  the 

more  extensive  cleaning  methods  be-  Rio    Grande    drainage    system    to    be 

came  imperative.     It  was   desired  to  cleaned,  and,  although  it  will  be  neces- 

effect  the  cleaning  by  cutting  a  small  sary  to  perform  similar  work  on  other 

waterway  in  the  present  drain  and  at  drains,  such  work  Will  not  be  repeated 

the  same  time  to  preserve  the  settled  on  the  Mesa  for  several  years. 

banks.     How  this  work   was   done   is  

described  by  Mr.  F.  E.  Wilson,  assis-  Pipe  Sizes  in  Distribution  System 

tant  engineer,  IT.  S.  Reclamation  Serv-  c  t\  m      •*.    **•  l 

ice,    in    the    November    Reclamation  or  Detroit,  Mich. 

Record,  to  which  we  are  indebted  for  At  the  beginning  of  the  fiscal  year, 

the  matter  in  this  article.  July  i>  1921,  the  complete  distribution 

A   Pawling    &    Harnischfeger    drag-  system    of   Detroit,    Mich.,    comprised 

line    excavator,     sufficiently    counter-  15U2  mileg     £  water     .       ,n  gervice 

balanced,  equipped  with  a  %-yd.  buck-  '      T          nn    ^nnn    «_                    ■<  /.j** 

et    and    a    37-ft.    boom,    was    put    in  0n  June   30>  1922'  tnere  were  WJ 

operation,  confining  the  excavation  of  miles  in  service,  an  increase  of  133.1 

weed    growth   and   earth   to   a   width  miles.     The  estimated   total  capacity 

of  from  6  to  7  ft.'    This  machine   with  of  tWa         tem  of  pipes  is   57(274,400 

the   small   bucket   and   the   shortened  _     _.      .  ..      .       .   ..     „     _  ,.  m  .     . 

trin   line,    was    able    to    lift    the   load  ^aL    The  Allowing  table  from  the  last 

without  removing  the  bottom  growth  annual  report  of  the  Board  of  Water 

on   the    operating    side,    and    without  Commissioners  shows  the  number  of 

pulling    the    bucket    against    the    old  miles  of  each  size  of  pipe  in  service 

settled  bank.     A  clean,  neat  piece  of  and  its  percentage  of  the  whole, 

work  was  accomplished,  giving  a  clear  Size                                                   Percent 

channel    from    6    to    8    ft.    in    width,  to-                                    Milef  143    of  ^f 

practically    to    grade    and    free    from  3    " ',','.'/,','.'.'..[ '.'. '.'.'. '.'.'.'.       8.682            .53 

tule  growth,  lowering  the  water  sur-       4 134.235  8.15 

face  from  1%  to  2%  ft.  |   ■■■•■•    ™        «;« 

The  9%  miles  of  drain  were  cleaned      10    52.808  3.21 

at  a  total  cost  of  $3,148.62,  or  approxi-      12    78.552  4.77 

mately  $330  per  mile;    40,875  cu.  yd.  H    [iy///////.;'.'.'.'.'.'.['.'.'m       oioi?          o!oo 

of  material   were  removed  at  a  unit      20 0.074  0.01 

cost  of  8  ct.\  The  machine  movement      24    40.754  2.43 

averaged  600  ft.   a  day.     In  addition  |g    \\\\\\\\\'.\\\'.Y.Y.Y.'.m.       9.192          0.66 

to  the  yardage  removed,  about  8,000  42    ......................     31.994          1.94 

yd.  were  handled  in  the  construction      45    q?"S?2  S"S? 

of  a    roadway   for   the   machine   and      48    dd-UZ5  ^U1 

repairing   of   breaks,    caused   by    irri-         Toal  1,647.318       100.00 

gation  water  flowing  in  the  drain  from  j     th               t   tne   average   size   of 

adjoining   fields.     This   roadway   can,  {      in  uge  in  the  distribution  sys- 

of  course,  be  used  in  future  cleaning.  tBmy &    the    diameter    of    that    pipe 

Cleaning  drains,  both  up  and  down  which,  having  the  same  length  as  the 

grade,  was  tried  in  the  El  Paso  Valley,  combined  lengths   of   all  the   various 

and  experience  developed  the  fact  that  sizes  now  in  use,  would  have  the  same 

digging  down  grade  is  most  success-  cubic   contents.     The  following  table 

ful.     It  was  first  thought  that  while  gives  the  average  size  of  pipe  for  each 

digging  down  grade,  especially  through  of  the  past  five  years: 

heavy    cuts,    bottom    material    would  3 

run  back  between  shifts  and  raise  the  «„    g*                                       ■§ 

grade  of  the  portion  of  the  drain  al-  J  i  o                                       ,S,  a 

ready  cleaned.    This,  however,  did  not  -gw^           o  e  g        gcj©       c£  ^ 

occur,   even  when   the   machine   was  c          £2^           «'"§        gBB      ~g.-~- 

down  for  a  full  day.     While  digging  $           g'^S           aa«        rt^^"       .2^^ 

up  grade,  owing  to  rapid  lowering  of  ^          o « *-           ^ac«       Oqo       Ocos 

below    raising  the  grade  of  the  por-  1920  ..5o;i89,206    1,368.09    36,685.60    13.04 

tion  of  the  drain  cleaned;  and  in  sev-  1921  ..53,713,914    1,513.46    35,490.80    12.83 

eral  instances  when  stopping  the  ma-  1922  ..57,270,440    1,647.80    34,755.67    12.70 

(") 
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Underground  Pumping  Plant 
and  Reservoir 

An  out  of  the  ordinary  water  sup- 
ply installation  at  Cleburne,  Tex., 
consisting  of  an  underground  reser- 
voir and  pumping  plant  located  350 
ft.  below  the  surface,  is  described  by 
J.  W.  Hockaday,  superintendent  of 
the  Cleburne  Water  and  Sewer  De- 
partment, in  Texas  Municipalities, 
from  which  the  notes  following  are 
taken. 

The  water  system  of  Cleburne  has 
passed  through  possibly  more  evolu- 
tions than  the  average  water  plant. 
In  the  first  place,  the  site  of  Cleburne 
was  decided  upon  because  of  a  spring 


The    Underground     Pump     Room.     The     Manhole,    Over 

Which     Is    a    Star,     Communicates    With    a    Tunnel 

About  150  Yards  Long  in  Which  Are  Pipes  Which 

Conduct    the    Water    from    Wells    to    the 

Underground    Reservoir. 

of  water  gushing  out  of  a  small  hill 
nearby.  This  spring  was  a  valuable 
asset  to  the  new  town,  and  the  set- 
tlers came  and  hauled  the  water  to 
their  homes  in  barrels.  Later  when 
the  settlement  grew  to  the  portions 
of  a  village,  an  elevated  tank  was 
placed  on  a  point  of  rising  ground 
and  water  piped  to  the  surrounding 
dwellings.  Still  later  when  Cleburne 
became  a  county  seat,  a  stock  com- 
pany was  organized  and  a  still  larger 
system  was  installed.  Later  the  wa- 
terworks plant  was  taken  over  by  the 
city. 

After  a  time  the  plant  again  passed 
into  private  hands,  and  was  held  in 
turn  by  a  number  of  water  companies, 
each  of  them  adding  certain  improve- 
ments. The  water  supply,  however, 
never  kept  pace  with  the  needs  of  the 
thriving    town.      At   length   the    plan 


was  conceived  of  sinking  a  shaft  be- 
low the  level  of  the  water  head,  at 
the  bottom  of  which  was  to  be  exca- 
vated a  room  in  which  a  motor  driven 
pump  was  to  be  installed.  Under- 
neath this  room  was  to  be  a  reser- 
voir into  which  the  water  would  flow 
from  the  different  wells  through  a 
system  of  pipes  radiating  out  from 
the  central  reservoir.  This  work  was 
begun  in  1909.  The  shaft  was  sunk 
and  part  of  the  tunnels  were  dug, 
but  on  account  of  the  financial  diffi- 
culties involved  the  project  was  tem- 
porarily abandoned. 

Later  the  waterworks  system  was 
again  taken  over  by  the  city  and 
bonds  voted  to  carry  out  the  plans. 
The  underground 
plant  was  flnalTy  in- 
stalled after  a  Iap3e 
of  several  years  af- 
ter* the  first  work 
upon  it  was  bcnin. 
However,  the  first 
attempts  to  operate 
it  were  discourag- 
ing, because  water 
would  frequently  in- 
undate the  power 
room  and  submerge 
the  motor. 

In  ]921  the  present 
management    came 
into      service,      and 
means  were  devised 
for     preventing    the 
water  from  entering 
the    unde  rground 
power  room.  At  pres- 
ent the  unique  meth- 
od of  securing  water 
is    doing   all    that   was   originally    ex- 
pected   of    it,    except    that    the    water 
head  has  sunk  below  the  level  of  the 
shaft,  which  is  350  ft.  deep. 

Water  is  blown  into  the  under- 
ground reservoir  from  the  different 
wells  by  compressors.  The  system 
of  machinery  is  very  complete,  con- 
sisting of  two  1,250-ft.  two-stage  com- 
pound condensing  compressors  and 
one  compressor  operated  by  a  150- 
HP.  electric  motor.  Only  one  of  these 
compressors,  however,  is  operated  at 
a  time,  but  it  has  been  necessary  to 
operate  two  of  them  on  occasions 
when  demand  was  great. 


Meeting  of  Dakota  Engineers. — The 
North  Dakota  Society  of  Engineers 
adn  the  North  Dakota  chapter  of  the 
A.  S.  E  will  hold  a  joint  annual  meet- 
ing on  Feb.  20  and  21. 
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Collection  and  Disposal  of  Municipal  Refuse 


Methods  in   Iowa  Towns  and  Cities  Described  in  Paper   Presented 
Jan.  24  at  Annual  Meeting  of  the  Iowa  Engineering  Society 

By  EARLE  L.  WATERMAN, 

Associate    Professor  of    Sanitary    Engineering,   State  University  of  Iowa. 


This  paper  has  been  prepared  for 
two  purposes;  first,  to  stress  the 
point  that  the  collection  and  disposal 
of  municipal  refuse  is  essentially  an 
engineering  problem  which  receives 
but  little  attention  from  municipal 
engineers;  and,  second,  to  describe 
briefly  the  methods  used  in  collect- 
ing and  disposing  of  municipal  refuse 
in  Iowa  towns  and  cities.  The  infor- 
mation presented  concerning  the 
problem  in  the  smaller  communities 
has  been  obtained  by  actual  surveys 
in  small  Iowa  towns  and  cities.  The 
data  concerning  methods  of  collecting 
and  disposing  of  municipal  refuse  in 
cities  of  over  7,000  population  have 
been  obtained  by  correspondence 
with  city  officials  and  in  some  in- 
stances by  personal  observation.  The 
data  are  incomplete  in  many  respects, 
yet  the  writer  hopes  that  their  presen- 
tation will  serve  to  interest  municipal 
engineers  in  the  problems  of  refuse 
disposal  and  perhaps  suggest  to  them 
lines  of  investigation  to  be  followed 
and  sources  of  information  to  be  con- 
sulted in  solving  such  problems  in 
their  own  practice. 

The  Problem  an  Engineering  One. — 
The   garbage    and   refuse    problem    is 
one  which  concerns  the  comfort,  con- 
venience and  health  of  the  citizens  of 
a    municipality.      The    elimination    of 
nuisances  to   sight  and   smell  caused 
by    decaying    garbage    and    unsightly 
piles  of  refuse  around  the  home  adds 
to  the  comfort;    the  provision   of   re- 
ceptables    for   household    wastes    and 
the   periodical    emptying   of   them   by 
collectors    adds    convenience;     while 
the  proper  removal   of   these   wastes 
reduces  the  health  hazards   that   are 
present  when  this  material  is  allowed 
to  accumulate.     The  problem   is   one 
which  should  come  under  the   public 
works  or  engineering  rather  than  the 
health  department.     The  satisfactory 
solution  of  the  wastes   problem   of  a 
city  calls  for  the  same  thorough  pre- 
liminary study  of  existing  conditions, 
the  same  degree  of  care  in  planning 
its  solution,  and  the  same  careful  su- 


pervision of  its  operation  as  does  the 

problem     of     sewerage    and    sewage 

treatment. 

Just  as  the  sewerage  system  is  de- 
signed to  remove  waste  waters  from 
individual  homes,  the  garbage  and  ref- 
use collection  system  should  function 
to  remove  those  wastes  which  are  not 
water-carried,  such  as  kitchen  wastes, 
table  refuse,  waste  paper,  tin  cans, 
ashes  and  manure.  The  first  two 
items  are  usually  classified  as  gar- 
bage and  the  others  as  refuse.  These 
solid  wastes  are  just  as  much  the  by- 
products of  living  as  the  water-borne 
wastes  which  we  call  sewage.  Their 
removal   from   the    premises    adds    to 

*the  comfort  and  convenience  of  the 
people  living  there  and  helps  to  keep 
their  environment  clean — one  of  the 
first  requirements  of  healthy  living. 
Methods  of  house  treatment,  collec- 
tion of  garbage  and  refuse,  and  the 
disposal  of  them  in  such  a  way  that 
they  will  not  create  a  nuisance  or  be 
a  menace  to  public  health,  do  not 
call  for  as  great  in  investment  in  en- 
gineering structures  as  do  a  sewer- 
age system  and  sewage  treatment 
plant  but  the  writer  believes  that  they 
do  require  careful  planning  and  su- 
pervision, and  that  their  proper  so- 
lution has  much  to  do  with  the  public 

~  health  and  happiness.  It  is  a  munici- 
pal house  keeping  problem  and  the 
municipal  engineer  certainly  should 
be  charged  with  the  municipal  house- 
cleaning  work. 

Kitchen  Garbage  Disposal  in  Small 
Community. — The  disposal  of  mu- 
nicipal refuse,  and  here  the  term  ref- 
use is  used  to  include  both  organic 
and  inorganic  wastes  which  are  not 
carried  by  water,  is  a  problem  which 
becomes  more  acute  as  a  "  city  in- 
creases in  population.  In  the  small 
towns  and  cities  this  problem  does 
not  usually  assume  proportions  which 
demand  its  consideration  from  a  com- 
munity standpoint.  It  is  rather  one 
for  selection  by  the  individuals.  The 
results  obtained  are  not  always  satis- 
factory from  a  community  standpoint 
— since  the  individual  methods  vary 
with   the    intelligence    and    resources 
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of  the  householder  who  is  attempting 
to  solve  the  problem  and  are  adapted 
to  meet  individual  rather  than  com- 
munity requirements.  The  methods 
commonly  used  include  burning,  bury- 
ing, throwing  out  on  ground,  and  most 
frequent   of  all  feeding   to   hogs   and 

chickens.       The     majority     of     these  g 

methods  are  good  when  properly  em-  S 

p!oyed — but  it  is  often  the  case  that  £ 

they  are  more  satisfactory  to  the  per-  ° 

son  using  them  than  to  his  neighbors.  < 

An  intensive  house  to  house  sanitary  £ 

survey   in   a   town   of   900    population  2 

showed  that  the  kitchen  garbage  was  % 
disposed  of  as  follows: 

No.  of  S? 

Method.  instances.  2 

Fed  to  chickens  or  hogs 118  ^ 

Burned    40  << 

Thrown   out  on   the  ground 15  > 

Partly  fed  and  partly  burned 13  "" 

Taken    by   collector 12  J 

Buried 1  <i\ 

Other  surveys  made  by  the   writer  § 

indicate  that  this  summary  is  a  typi-  y 
cal   picture   of   the   garbage    situation 
in  the  average  Iowa  town  and  smalf 
city. 

Except  in  small  residential  suburbs  § 
adjacent  to  a  large  city,  the  problem 

very  rarely    receives     community   at-  J 

tention    in    cities    of    less    than    5,000  3 

population.     The   United    States   Fed-  g 

eral  Census  of  1920  shows  that  there  w 

are   36    cities   in   Iowa  which  have   a  q 
population  of  over  5,000  people. 

Q 

Refuse    Disposal    in    Iowa    Cities. —  £ 

Recently  the  writer  attempted  by  cor-  ^ 

respondence  and  the  use  of  question-  £ 

naires    to    obtain   statistical  informa-  O 

tion  in  regard  to  the   collection   and  H 

disposal  of  municipal  refuse  in  Iowa  ^ 

cities   of   over   7,000    population;     Re-  j 

plies    were    received    from     the     city  ^ 

clerks  in  17  of  the  22  cities  to  which  u 
requests   for    information    were    sent.      ' 

In  some  instances  the  information  re-  ^ 

turned  has  been  supplemented  by  fur-  h 

ther   data,    but   in   general   the   facts  y 

stated  are  those  furnished  by  the  city  q 
official:     The  costs  per  capita  of  the 

municipal  refuse  collection  and  dispo-  ^ 

sal  have  been  computed  on  the  basis  \ 

of  the  1-921  expenditures  in  each  city  Q 

and   the    population    as    recorded    by  X 
the    1920    census.      This    information 

has  been  summarized   in   Table   I   in  3 

which    the    cities    are.  listed    in    the  w 

order  of  their  size.  £j 

In  the  second  column  of  Table  I 
are  listed  the  replies  to  the  question, 
"Is  the  garbage  collected  by  the  city 
or  by  private  collections?"  It  is  in- 
teresting to  note  that  in  the  13  largest 
cities  of   the   state   all   cities   having 
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a  population  of  over  16,000,  the  gar- 
bage collection  is  done  by  city  em- 
ployes or  by  a  contractor  for  the  city. 
Most  cities  have  garbage  ordinances 
which  prescribe  that  garbage  cans,  of 
proper  size  and  having  tight-fitting 
covers,  shall  be  set  out  at  the  rear 
of  the  house  or  at  the  alley  for  the 
convenience  of  the  collector.  Collec- 
tions are  made  once  or  twice  a  week 
in  the  winter  and  two  or  three  times 
each  week  during  the  summer  months. 
In  Clinton,  Burlington,  and  Muscatine 
garbage  collection  service  is  furnished 
by  the  city  only  during  the  months  of 
May  to  October  inclusive.  Four  cities 
report  that  the  collection  of  munici- 
pal refuse  is  a  matter  of  private  en- 
terprise. Although  definite  informa- 
tion is  not  at  hand  it  is  quite  prob- 
able that  in  these  cities  there  are 
ordinances  which  regulate  the  man- 
ner of  disposal  of  the  wastes.  As  in- 
dicated in  this  table  there  is  only  one 
city  of  less  than  15,000  population  in 
which  the  collection  of  municipal  ref- 
use is  handled  as  a  community  prob- 
lem and  only  in  the  larger  cities  is 
refuse  other  than  garbage  collected 
by  the  municipality. 

Extent  of  Collection  Service. — 
There  is  some  variation  in  the  extent 
of  the  collection  service.  The  ques- 
tion was  asked,  "What  per  cent  of  the 
area  of  the  city  is  covered  by  the  gar- 
bage collection  service?"  In  Des 
Moines  the  reply  was,  "Less  than 
one-half,  but  practically  all  thickly 
settled  portions."  Sioux  City  and 
Cedar  Rapids,  75  per  cent.  Clinton, 
66  per  cent.  In  Waterloo,  Council 
Bluffs,  Burlington,  Ottumwa  and  Ma- 
son City  practically  the  entire  area  is 
reached  by  the  collection  wagons.  The 
character  of  street  surface  and  the 
location  of  alleys  seem  to  have  some 
influence  on  the  extent  of  the  service. 
In  some  cities  it  is  almost  impossible 
to  get  uninterrupted  service  if  the 
house  is  located  on  an  unpaved  street 
In  other  cities  where  the  collection 
wagons  use  the  alleys,  the  service  is 
not  furnished  to  property  which  abuts 
on  an  alley  that  is  not  cut  through 
from  one  street  to  another.  Density 
of  population  is  another  factor  which 
is  taken  into  consideration  by  city 
officials  in  planning  the  extent  of  the 
collection  service  since  the  thinly 
populated  outskirts  are  frequently  not 
given  the  service. 

Classes  of  Municipal  Waste. — In 
considering  questions  of  collection 
and  disposal,  municipal  wastes  are  di- 
vided into    three    classes,   i.   e.,   gar- 


bage, refuse  and  ashes.  As  will  be 
noted  in  column  3  of  Table  I  some 
cities  collect  all  three  classes,  others 
only  garbage  and  refuse,  and  some 
only  the  garbage.  Unless  the  refuse 
and  ashes  are  used  in  connection  with 
the  disposal  of  the  garbage  it  appears 
that  the  collection  of  these  municipal 
wastes  is  not  considered  a  public  re- 
sponsibility. In  some  cities  the  street 
department  will  remove  refuse  and 
ashes  upon  request;,  Dut  tne  cost  of 
the  service  is  charged  to  the  house- 
holder. For  many  of  the  small  cities 
and  towns  in  the  state  "Clean-up 
Week"  is  an  annual  affair.  These 
campaigns  are  held  in  the  spring  when 
householders  are  urged  to  place  all 
refuse  and  ashes  either  at  the  street 
curb  or  near  the  alley  where  city 
teams  can  reach  them.  This  work  is 
usually  done  at  public  expense  and  is 
a  satisfactory  method  of  cleaning  up 
the  winter  accumulations  of  ashes  and 
refuse  in  small  municipalities. 

The  methods  of  disposing  of  the 
municipal  wastes  in  Iowa  cities  as 
reported  by  the  city  officials,  who  re- 
plied to  the  inquiries,  are  shown  in 
columns  4,  5  and  6  of  Table  I.  The 
methods  used  for  the  disposal  of  gar- 
bage comprise  feeding  to  hogs  in 
seven  cities;  incineration  in  three 
cities;  making  a  sanitary  fill  in  three 
cities,  and  burning  on  a  dump  in  one 
city.  Refuse  is  burned  in  an  incinera- 
tor in  two  cities  and  disposed  of  at 
city  dumps  in  the  other  two  instances 
reported.  Ashes  are  used  for  filling 
streets  in  one  city  and  used  in  connec- 
tion with  sanitary  fills  at  other  places. 

Methods  of  Disposal. — Time  does  not 
permit  giving  a  detailed  description 
of  the  methods  of  disposing  of  the  mu- 
nicipal wastes  in  each  of  the  cities 
listed,  but  it  may  be  of  some  interest 
to  describe  briefly  some  of  the  methods 
used. 

Feeding  to  Hogs:  In  most  instances 
where  the  municipal  garbage  is  fed 
to  hogs  the  hogs  are  owned  by  pri- 
vate parties  who  are  either  contrac- 
tors collecting  the  garbage  or  individ- 
uals who  receive  it  from  the  collec- 
tors. In  Waterloo  and  Ft.  Dodge  pri- 
vate companies  collect  the  garbage 
and  use  it  for  hog-feeding.  Sioux  City 
is  the  only  municipality  in  our  list 
which  owns  its  own  hogs  and  hog 
farm. 

Sanitary  Fill:  In  some  of  the  cities 
in  Iowa  both  garbage  and  refuse  are 
used  for  filling  in  low  land.  This 
method  is  economical  and  satisfactory 
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where  it  is  properly  done,  but  a  cause 
of  many  complaints  when  it  is  not 
carefully  planned  and  executed.  It  is 
reported  as  being  satisfactory  at  Dav- 
enport where  low  land  along  the  Mis- 
sissippi River  is  being  filled  and  re- 
claimed. Here  piles  of  ashes  and  dirt 
are  spaced  along  the  top  of  the  em- 
bankment so  that  there  is  just  room 
for  the  garbage  wagons  to  back  in 
between  the  piles  and  discharge  their 
load  of  garbage  on  the  face  of  the 
bank.  As  soon  as  the  wagon  is  pulled 
out,  men  with  long-handled  shovels 
cover  the  garbage  with  8  to  10  in.  of 
earth  and  ashes.  Approximately  2  cu. 
yd.  of  covering  are  required  for  each 
iy2  cu.  yd.  of  garbage.  It  is  occasion- 
ally necessary  to  obtain  cover  mate- 
rial from  outside  sources  as  the 
amount  normally  coming  to  the  dump 
is  not  always  sufficient. 

Incineration:  In  Council  Bluffs,  Ma- 
son City  and  Ottumwa,  incinerators 
are  used  for  the  disposal  of  municipal 
wastes.  This  method  has  also  been 
used  in  Des  Moines,  but  it  is  reported 
that  "the  operation  of  the  incinerator 
has  been  abandoned  because  of  exces- 
sive costs."  Costs  of  operation  as  re- 
ported for  Mason  City  and  Ottumwa  do 
not  appear  to  be  excessive.  In  Coun- 
cil Bluffs  the  cost  of  service  is  paid 
by  the  people  for  whom  the  service  is 
rendered  and  not  by  a  tax  levy  as  is 
the  case  at  Mason  City  and  Ottumwa. 
The  City  Clerk  at  Council  Bluffs  states 
that  the  incinerator  in  that  city  has 
been  in  operation  for  several  years 
and  that  as  far  as  the  garbage  prob- 
lem is  concerned  they  consider  that 
it  is  satisfactorily  solved.  The  State 
Sanitary  Engineer  makes  the  follow- 
ing comment  on  the  Council  Bluffs 
incinerator:  "All  the  garbage  and 
refuse,  except  ashes  and  tins,  is 
hauled  to  an  incinerator  and  burned 
From  65  to  75  lb.  of  coal  is  used  per 
ton  of  garbage  and  they  have  no 
trouble.  The  incinerator  is  located 
very  near  the  residential  district  and 
it  is  so  clean  and  so  free  from  odor 
that  you  would  not  know  it  was  there 
unless  you  saw  it." 

Costs  of  Collection  and  Disposal. — 
Two  methods  of  financing  the  collec- 
tion and  disposal  of  municipal  wastes 
are  used  by  Iowa  cities.  Some  cities 
meet  this  expense  by  a  general  tax 
levy  while  in  other  cities  the  service 
is  paid  for  by  the  individual  house- 
holders. Unless  the  service  is  general 
covering  the  entire  city  it  might  well 
be  argued  that  the   costs   should   be 


met  by  those  who  are  benefited.  At 
the  same  time  it  will  be  generally  ad- 
mitted that  there  is  a  benefit  accru- 
ing to  the  general  public  even  though 
only  a  part  of  the  municipal  wastes 
are  removed.  This  is  a  question  which 
can  only  be  mentioned  in  this  paper. 
The  figures  given  in  column  7  of 
Table  I  have  been  computed  on  the 
basis  of  the  annual  expenditures  for 
the  collection  and  disposal  of  munici- 
pal wastes  as  reported  by  city  clerks 
and  the  populations  of  the  respective 
cities  as  shown  in  the  1920  U.  S,  Cen- 
sus reports.  There  is  a  considerable 
variation  in  the  costs  per  capita  for 
all-the-year  service,  the  maximum  be- 
ing $0.71  in  Sioux  City  and  the  mini- 
mum $0.14  in  Iowa  City.  These  dif- 
ferences are  undoubtedly  due  some- 
what to  local  conditions  and  depend 
also  on  the  extent  of  service.  A  very 
complete  service  is  evidently  given  at 
Sioux  City  where  all  classes  of  mu- 
nicipal wastes  are  collected  and  dis- 
posed of  by  the  city.  In  Iowa  City 
only  the  garbage  is  collected  and  this 
service  covers  only  a  part  of  the  city 
area  and  is  reported  as  not  being  sat- 
isfactory. 

Summary. — Efficient  and  satisfac- 
tory disposal  of  municipal  refuse  is 
the  result  of  careful  planning  of  the 
house  treatment,  the  collection  sys- 
tem, and  the  method  of  final  disposal 
of  the  household  wastes  which  are  not 
water-carried.  It  is  an  engineering 
problem  and  should  be  recognized  as 
such  by  both  the  public  and  by  mu- 
nicipal officials. 

The  disposal  of  municipal  refuse  is 
not  usually  recognized  as  a  mu- 
nicipal problem  in  Iowa  cities 
of  less  than  15,000  population. 
In  the  smaller  cities  and  towns 
the  disposal  of  such  wastes  is  left  to 
the  individual  householder.  The  re- 
sults are  frequently  unsatisfactory 
from  a  community  standpoint. 

Information  concerning  the  methods 
of  collection  and  disposal  of  municipal 
refuse  in  17  Iowa  cities  of  over  7,000 
population  is  given.  Local  conditions 
determine  the  methods  to  be  used. 
The  cost  per  capita  varies  with  the  ex- 
tent of  the  service,  the  classes  of  ref- 
use collected  and  the  method  of  dis- 
posal used. 

Meeting  of  Indiana  Sanitary  and 
Water  Supply  Association. — The  16th 
annual  meeting  of  this  association  is 
being  held  Feb.  14  and  15  at  the  Clay- 
pool  Hotel,  Indianapolis,  Ind. 


(82) 


1923  Engineering  and  Contracting  389 

Water  Supply  Contamination  By  Mine  Drainage 

The  Problem  of  Providing  Public  Water  Supplies  in  That  Portion 
of  Pennsylvania  Which  Is  Underlain  With  Coal  Described  in 
Paper  Presented  at  American  Water  Works  Con- 
vention in  Atlantic  City 

By   J.   W.    LEDOUX. 
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According  to  published  statistics  of 
coal  deposits,  the  bituminous  coal  of 
Pennsylvania  of  productive  commer- 
cial value  covers  an  area  of  14,200 
square  miles,  but  the  area  within  the 
outcrops,  according  to  the  best  geo- 
logical maps,  covers  an  extent  of 
about  16,600  square  miles,  comprising 
Somerset,  Fayette,  Greens,  Cambria, 
Westmoreland,  Washington,  Indiana, 
Allegheny,  Beaver,  Armstrong,  Butler, 
Lawrence,  Marser,  Clarion,  Forest, 
Clearfield,  McKeen,  Elk,  Jefferson, 
Cameron  and  Clinton  counties,  and 
small  portions  of  other  counties.  The 
aggregate  area  of  the  counties  above 
named  is  15,9 82,  square  miles.  All 
this  area  of  16,600  miles  lies  on  the 
western  slope  of  the  Allegheny  moun- 
tains and  comprises  one  solid  block 
of  coal  territory,  within  which  there 
are  only  about  600  square  miles  in 
various  patches  that  are  above  the 
possibility  of  coal  mine  drainage. 
There  are  several  other  counties  con- 
taining bituminous  coal,  such  as  Blair, 
Huntington,  Tioga  and  Bedford,  but 
they  are  small  in  comparison  and  are 
not  contiguous  to  this  solid  block  re- 
ferred to.  The  total  population  of  these 
22  counties  is  considerably  over  3,000,- 
000  inhabitants. 

Production  Tonnage  in  Sight. — 
The  production  of  bituminous  coal  in 
net  tons  in  this  area  was  as  follows: 

Tons. 

1914  146,000,000 

1915  156,000,000 

1916  168,000,000 

1917  169,000,000 

1918  167,000,000 

The  production  of  bituminous  coal 
in  all  other  counties,  Blair,  Hunting- 
ton, Tioga  and  Bedford,  for  the  same 
time  was  as  follows: 

Tons. 

1914    2,000,000 

1915    2,200,000 

1916   2,300,000 

1917    2,800,000 

The  estimated  tonnage  of  bitumi- 
nous coal  in  sight  in  Pennsylvania 
at  the  end  of  1920  was  102,574,000,000 
net   tons.   The    estimated   bituminous 


tonnage  mined  to  the  end  of  1920  is 
estimated  to  be  3,424,000,000  net  tons. 
It  is  seen  that  the  tonnage  produc- 
tion has  increased  about  21  per  cent 
in  four  years.  While  at  the  present 
rate  of  mining  the  Pennsylvania  bitu- 
minous field  would  last  some  500 
years,  it  will  take  a  very  simple  cal- 
culation to  show  that  when  we  con- 
sider the  ratio  of  increased  annual 
production,  the  field  will  be  exhaust- 
ed in  a  fraction  of  that  time,  and  the 
full  development  of  the  field  is  likely 
to  take  place  within  a  century. 

The  seams  of  coal  in  this  territory 
are  usually  designated,  counting  from 
the  bottom,  as: 

A.    i Brookville 

A/    Clarion 

B Miller,   or  Lower  Kittanning 

C Middle  Kittanning 

C?    Upper  Kittanning 

D   Moshannon, or  Lower  Freeport 

B    Lemon,  or  Upper  Freeport 

Some  600  feet  above  the  Lemon 
seam  is  the  Pittsburgh  seam,  which 
is  usually  the  most  important  of  all, 
on  account  of  its  greater  thickness 
and  superior  quality  for  the  manufac- 
ture of  coke.  While  there  are  other 
coal  seams  recognized  by  geologists, 
those  above  mentioned  are  the  ones 
considered  of  consequence. 

Contamination  By  Sulphur  Water. — 
These  coal  seams  all  contain  sulphur 
and  iron,  and  the  rock  formations  im- 
mediately in  contact  with  the  coal 
contain  iron  pyrites,  or  sulphide  of 
iron. 

When  these  coal  beds  are  left  un- 
touched the  streams  draining  the  coal 
lands  are  usually  not  contaminated  to 
any  marked  extent  by  sulphur  water; 
as  soon  as  they  are  broken  by  mining, 
the  water  flowing  from  the  mines  dis- 
solves the  sulphur  and  iron,  becomes 
highly  charged  with  sulphuric  acid, 
and  if  undiluted  will  attack  metals 
and  is  unfit  for  any  domestic  or  in- 
dustrial purpose. 

Where  the  mine  opening  is  below 
the  ground  water  level  the  water  must 
be  pumped  out  by  means  of  wood-lined 
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pumps  through  wood  or  cement-lined 
pipes,  and  this  process  constitutes  one 
Of  the  difficulties  of  mining.  When  the 
water  reaches  the  small  streams  it 
colors  them  black  or  yellow,  kills 
fish  and  vegetation,  and  if  in  material 
quantity  makes  the  stream  unfit  for 
use  as  a  water  supply. 

Many  of  the  towns  in  Western  Penn- 
sylvania have  been  obliged  to  aban- 
don their  supplies  thus  contaminated. 
Some  have  tried  to  purify  the  water 
chemically  and  others  have  put  up 
with  the  evil  where  the  contamina- 
tion was  not  too  great. 

There  are  many  important  streams 
that  30  years  ago  were  suitable  for 
water  supplies  and  today  are  unfit 
lor  any  use  whatever.  A  few  instances 
are  the  northeast  branch  of  the  Sus- 
quehanna, Clearfield  Creek,  Twolick 
Creek,  Black  Lick  Creek,  Conomaugh, 
Stony  Creek,  Paint  Creek,  Loyal  Han- 
na  Creek,  Kiakiminitas,  Youghiogheny, 
Turtle  Creek,  Jacobs  Creek,  Radstone 
Creek,  Red  Bank  Creek  and  many  oth- 
ers, but  it  is  only  a  question  of  time 
when  coal  mining  will  be  developed 
to  such  an  extent  that  all  streams 
in  this  territory  of  over  16,000  square 
miles  will  be  so  contaminated  with 
mine  drainage  that  something  radical 
will  have  to  be  done  to  supply  the 
growing  population  with  usable  water. 

The  Legal  Side  of  the  Question. — 
There  are  many  cases  were  munici- 
palities or  water  companies  have  ap- 
propriated uncontaminated  water  sup- 
plies and  continued  to  use  them  for 
a  number  of  years,  and  later  coal 
mining  has  been  developed  to  such 
an  extent  on  the  water-shed  that  either 
the  supply  had  to  be  abandoned  or 
its  purity  was  so  seriously  menaced 
that  it  was  only  a  question  of  time 
when  abandonment  was  a  foregone 
conclusion.  Where  the  water  works 
people  had  taken  the  proper  steps  ac- 
cording to  law  to  protect  its  water 
supply  from  contamination  and  the 
coal  mine  drainage  had.  afterwards 
begun  to  menace  the  supply,  it  would 
have  been  a  serious  question  whether 
they  could  prevent  or  enjoin  this  min- 
ing industry.  There  is  a  lot  to  be  said 
on  both  sides .  of  this  question.  As  a 
broad  general  principle,  if  a  munici- 
pality or  water  company's  legal  rights 
to  prevent  contamination  are  assured 
by  the  state,  then  the  mining  indus- 
try will  be  inoperative.  Take,  for 
instance,  the  Youghiogheny  River. 
Originally  it  was  suitable  for  a  water 
supply,  but  so  much  mining  had  been 
started   on   the   various   branches    of 


the  stream  and  its  upper  water-shed 
that  it  would  be  a  herculean  task  to 
prevent  this,  and  if  it  could  be  ac- 
complished, a  large  part  of  the  bi- 
tuminous wealth  of  the  state  would 
be  rendered  useless. 

An  important  legal  case,  trying  out 
this  principle,  is  known  as  the  San- 
derson case  in  the  anthracite  region 
where  the  Supreme  Court  took  the 
ground  that  an  individual  who  had  a 
water  supply  on  his  property  that  was 
pure  could  not  enjoin  the  subsequent 
mining  of  coal  which  would  destroy 
his  water  supply;  that  the  state's  in- 
dustries must  not  be  interfered  with 
in  that  way.  This  is  really  the  only 
Pennsylvania  case  that  brought  up 
the  issue  squarely  against  contami- 
nation by  coal  mines. 

In  looking  over  the  many  legal 
cases  in  Pennsylvania  and  other  states 
bearing  on  this  problem  one  gets  the 
impression  that  there  is  no  consen- 
sus of  opinion  as  to  whether  the  water 
company  or  municipality  should  be 
able  to  protect  its  water  supply 
against  drainage  from  coal  mines  that 
are  opened  after  the  water  supply 
has  been  legally  appropriated. 

If  the  state  controlled  both  the  wa- 
ter supplies  and  the  coal  deposits 
it  could  well  set  aside  water-sheds 
sufficient  to  supply  the  entire  terri- 
tory and  on  which  coal  was  not  to 
be  mined.  The  modus  operandi  would 
be  to  study  the  distribution  of  popu- 
lation and  the  location  with  respect 
thereto  of  the  available  water-sheds 
having  water  of  suitable  quality  and 
adequate  quantity.  These  would  be 
set  aside  as  sources  of  supply  which 
were  not  to  be  contaminated  by  coal 
mine  or  other  deleterious  drainage. 

Coal  Area  Required  for  Future  Wa- 
ter Supply. — Taking  this  same  terri- 
tory of  16,000  square  miles  contain- 
ing a  population  of  we  will  say  3,000,- 
000  at  present,  and  assuming  a  fu- 
ture population  of  double  that  amount, 
or  6,000,000,  taking  150  gallons  per 
capita  as  a  liberal  allowance  for  water 
supply,  there  would  be  required  for 
the  territory  in  round  numbers,  say 
1,000,000,000  gallons  per  day.  A  square 
mile  of  water  impounding  area  will 
yield  under  maximum  storage  about 
800,000  or  900,000  gallons  per  day, 
so  that  the  drainage  areas  properly 
selected,  covering  about  1,100  square 
miles  would  supply  the  requisite 
amount  of  water,  and  with  the  600 
square  miles  already  available,  on 
which  there  is  no  coal,  500  per 
square   miles   more,   or   about   4   per 
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cent  of  the  coal  area  would 
be  required.  This  would  not  seem  a 
very  serious  reduction  of  mineral  as- 
sets to  the  state,  but  under  the  pres- 
ent haphazard'  methods  of  selecting 
water  supplies,  regardless  of  the  in- 
terests of  the  general  public,  there 
are  sure  to  be  presented  serious  diffi- 
culties in  the  near  future,  due  to  the 
sacred  rights  of  vested  interests,  so 
it  is  necessary  to  consider  the  prob- 
lem under  the  present  conditions  and 
legal  conventions. 

Important  Case   Now   Before  Court. 
— There  is  now  going  on  a  very  im- 
portant case  that  illustrates  this  prob- 
lem,  and   it   is   hoped   that   the   final 
outcome  of  the  case  will  clearly  estab- 
lish the  relative  rights  of  water  com- 
panies   and    coal    mining    companies. 
This    case   is    the    Mountain      Water 
Supply  Company,  et.  al.,  vs.  the  Mel- 
croft   Coal   Company,    et.   al..  in  Fay- 
ette  and   Westmoreland   Counties.   In 
1905  the  Mountain  Water  Supply  Com- 
pany  appropriated  the  waters   of   In- 
dian Creek.  This  water-shed  contained 
about   110   square   miles.   This   water- 
shed contained  an  area  variously  es- 
timated to  be  around  60  square  miles, 
which  was  underlaid  with  the  lower 
measures  of  bituminous  coal  below  the 
Upper  Freeport  enclosure.  The  water 
company  no  doubt  considered  that  its 
legal  appropriation  of  the  water  sup- 
ply  would   protect    it   against   future 
contamination  by  coal  mine  or  other 
deleterious  drainage.  It  built  its  works 
consisting    of    impounding   reservoirs 
and  pipe  lines,  and  proceeded  to  sup- 
ply the  Pennsylvania  railroad,  a  few 
water  companies  and  other  users  and 
expended  several  million  dollars  in  the 
undertaking.   Shortly  after  the  works 
were  built  and  in  operation,  a  railroad 
was   constructed  from   the  village   of 
Indian  Creek  on  the  B.  &  O.  R.  R.  up 
the  Indian  Creek  valley  to  practically 
the    summit    of    the    water-shed    and 
in  a  few  years  afterwards  mining  pro- 
duction began  on  a  considerable  scale, 
so  that  at  the  present  time  there  are 
some  30  mining  operations,   of  more 
or   less    importance,   and   the    stream 
which  was  originally  of  excellent  qual- 
ity for   domestic  and  industrial   pur- 
poses, now  begins  to  show  evidences 
that  in  a  very  short  time  the  water 
will  become  acid.  This  case  is  now  in 
the   Equity   court  of  Fayette   county, 
and  it  has  become  a  matter  of  great 
interest  to  coal  mining  companies,  en- 
gineers, municipalities  and  water  com- 
panies. 
In  the  trial  of  the  case  substantial- 


ly all  phases  of  the  problem  were 
considered.  It  was  practically  admit- 
ted that  the  present  condition  of  the 
water  was  satisfactory  from  a  com- 
mercial standpoint,  and  various  esti- 
mates were  made  of  the  length  of 
time  before  the  water  would  be  un- 
fit for  use  for  this  purpose,  and  con- 
sideration was  given  as  to  what  meth- 
ods could  be  adopted  at  that  time. 
The  various  methods  considered  were, 
first,  to  divert  the  coal  mine  drain- 
age to  some  point  below  the  water 
company's  reservoir;  second,  to  col- 
lect the  coal  mine  drainage  at  one 
or  more  points  and  treat  it  chemical- 
ly, neutralizing  the  acid  and  softening 
the  resulting  product;  third,  to  store 
water  in  sufficient  quantity  on  other 
portions  of  the  water-shed;  fourth, 
to  dilute  the  acid  water  to  a  sufficient 
extent  to  make  it  suitable ;  fifth,  to 
treat  the  water  at  the  water  com- 
pany's reservoir;  sixth,  to  build  stor- 
age reservoirs  on  various  parts  of  the 
water-shed  and  abandon  the  existing 
supply;  seventh,  to  go  a  distance  for 
an  entirely  new  supply. 

The  actual  trial  of  the  case  lasted 
about  two  weeks,  and  there  was  every 
evidence  that  each  side  was  striving 
to  determine  the  justice  and  equity 
of  the  case  without  bitterness  or  un- 
fair methods.  It  would  be  difficult  to 
conceive  of  a  more  typical  case  for 
trying  this  vital  and  important  ques- 
tion of  legal  rights. 

An  acre  of  coal  land  in  that  terri- 
tory contains  from  four  to  ten  thou- 
sand tons,  and  when  mined,  the  coal 
may  be  worth  from  $1.50  to  $3.00  per 
ton.  With  a  profit  of  only  10c  per  ton, 
the  land  would  be  worth  at  least  $400 
per  acre.  Coal  land  of  that  character 
does  sell  in  the  market  for  prices 
ranging  from  $40  to  $1,000  per  acre, 
and  if  we  should  take  $100  per  acre, 
the  coal  land  on  that  water-shed  would 
be  worth  around  $4,000,000,  so  it  is 
seen  that  whichever  side  wins  the  case 
the  outcome  will  be  serious. 

Chemical  Quality  of  Mine  Drainage. 
— Every  water  works  man  knows  the 
seriousness  of  handling  water  that 
is  low  in  alkalinity,  and  when  this  de- 
gree of  alkalinity  has  passed  below 
zero  and  becomes  acid,  the  problem 
requires  radical  treatment.  It  is  usu- 
ally considered  that  when  the  alka- 
linity is  below  10  parts  per  million, 
treatment*of  the  water  by  lime  or  soda 
is  necessary  to  avoid  pitting  or  corro- 
sion of  metal  surfaces  and  the  "red 
water"  plague. 

From  an  examination  of  the  mine 
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drainage  waters  of  various  coal  dis-  charged  with  sulphur,  and  hence  the 

tricts  in  Cambria,  Somerset,  Clearfield,  contamination  by  sulphur  water      In 

Fayette  and  other  counties,  it  is  found  the  writer's  judgment  the  flow  from  a 

that  there  is  a  great  variation  in  the  given  amount  of  water-shed  on  which 

chemical  quality  of  the  mine  drainage.  coal  mining  has  been  fully  developed 

A  typical  analysis     of     pit     mouth  never  exceeds  the  ordinary  minimum 

water  is  as  follows,  all  in  parts  per  flow  of  the  stream  that  existed  before 

mimon*  coal  mining  began,  so  therefore  with 

per  Sfiion  ?  water-shed  of  say  60  square  miles 

Total  solids  2,400  in   typical  western  Pennsylvania  ter- 

Silicon  oxide  52  ritory,    the   minimum   flow   might   be 

A?uminum  ••.':.•.•.•.•:. 2%  taken  from   10'000   to   1Q0M0   g.   p.   d. 

Manganese    '.'.'.'.'.'.           io  per    s^-    mile>    and    a    fair    allowance 

Calcium    160  would  generally  be  about  60,000  gal- 

SteyS'Sy  meihyi:ora„ge  tesi          3fo  ?™  IZ  ■£?"  "^  "'  3'6°0'00°  ^ 

Acidity  by  phenolphthalion  test            790  Ts   per   aay- 

Sulphates  as  SO*  1,400  In  a  water-shed  very  similar  to  that 

This  analysis  is  given  to  show  the  ?f  Indianu  Cree>  in  all  particulars  of 

ordinary    distribution    of    the    various  ^pography  and  quality  of  coal,  where 

elements  that  are  present  in  bitumi-  the  m!?mgnhad  been  in  Progress  for 

nous  mine  water,  and  it  is  purposely  mor!  ? a?  30  years'  and  the  develop- 

taken  as  representing  more  than  the  m?n*  **ad    aTr}Xed    at   almost      what 

average  of  bad  qualities,  but  it  does  T.  .,  c°nsidered  normal  and  full, 

not  represent  the  worst  that  is  some-  ^e   total   n?w,  of   mine   drainage   on 

times  found.  In  respect  to  total  solids  the    wJ?terS?2dn  ?L  57  ,square    miles' 

and    acidity    a    weighted    average    of  JaB  ?b?1?t   6'°00,000  gallons   per  day. 

a  large  number  of  tests  taken  at  dif-  Th®.  total /olids   were   880   parts  per 

ferent  times  of  the  year  would  be:  milll0n  and  the  a^dlty  °y  the  methyl- 

orange  test  was  80  parts  per  million. 

per millfon  The    stream    flow    into   which   all   the 

Total  solids  1,650  mines  had  drained  was  evidently  not 

Acidity  by  methyl-orange  in-  at  a  minimum,  and  if  the  acidity  had 

Acidity    bf  •  phenolphthaiion  been  measured  at  the  individual  mine 

indicator  850  openings,  of  which  there  were  over  a 

Sulphates  as  S04  1,100  hundred,  the  results  would  have  been 

It  will  be  noted  that  even  with  the  mucn  greater, 
worst  water  undiluted  from  the  mines,  Method  of  Neutralizing  Mine  Water 
the    total    dissolved    solids    will    not  for   Industrial    Use. — Much   study   has 
usually  be  greater  than   y±   of  1  per  been  given  to  the  problem  of  neutral- 
cent,  izing  mine  water  and  making  it  fit  for 

When    this   water   passes    into   the  industrial  use.  Many  experienced  engi- 

stream,   the   stream   water   may   con-  neers  and  chemists  have  endeavored 

tain  per  unit  a  small  fraction  of  these  to   solve   the    problem  in   a   practical 

ingredients.  manner.  The  difficulty  is  so  great  that 

While  the   drainage  from  mines  is  the  final  decision  was  usually  to  get 

usually   estimated  as   being  in  direct  water  from  other  sources  uncontami- 

ratio   to   the   amount   of   coal   mined,  nated  by  mine  drainage, 

it  does  not  by  any  means  follow  that  Where  the  waters  of  the  stream  are 

law,  but  seems  to  follow  the  same  law  not    too   badly    contaminated    various 

as  that  of  the  flow  of  ground  water  processes    are    in   use    to    render   the 

from  springs  or  wells.  The  mines  do  water  fit  for  industrial  purposes.  The 

not    produce    any    more    water    than  most  common  of  these  neutralizes  by 

would  flow  through  the  same  ground  lime   and  soften  by  soda  ash.   There 

if  mining  had  not  been  developed.  In  are   some  half  dozen  companies  that 

other  words,  the  stream  into     which  make    a    specialty   of    that      process, 

this  mine  drainage  flows  is  not  aug-  which  has  been  known  and  practiced 

mented  by  the  flow  from  the  mines,  as  for  at  least  forty  or  fifty  years.  Treat- 

the  source  of  water  in  every  case  is  ment  of  mine  water  with  lime  has  the 

rainfall,  and  the  distribution  of  flow  effect  of  precipitating  a  large  amount 

throughout  the  year  is  due  to  the  char-  of   the   iron   and   aluminum,   and  the 

acteristics   of  the   sub-soil,  but  when  lime  combines  with  the  sulphuric  acid 

the  mines  are  developed  the  water  that  to    form    calcium    sulphate,    and    this 

would  otherwise  flow  to  the  stream  un-  water  is  also  free  from  carbonic  acid, 

contaminated,    now   reaches   the   raw  The    calcium    sulphate   will    not   pre- 

surfaces     of     formations     that      are  cipitate  at  ordinary  temperatures,  and 
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it  can  be  carried  into  metal  recepta- 
cles without  corroding  them.  Anoth- 
er process  consists  in  first  passing 
the  water  through  finely  ground  lime- 
stone, or  calcium  carbonate.  This  has 
the  same  effect  on  the  sulphide  of 
iron  and  aluminum  as  lime,  but  it 
produces  free  carbonic  acid,  and  also, 
as  before,  calcium  sulphate  in  the  ef- 
fluent. To  get  rid  of  the  carbonic  acid, 
which  is  highly  corrosive,  the  water 
must  be  afterwards  treated  with  lime 
or  thoroughly  aerated.  The  advantage 
of  this  process  is  the  cheapness  of 
the  limestone  as  compared  with  the 
lime,  and  the  chemical  action  prob- 
ably requires  much  less  time,  but  it 
requires  a  thorough  system  of  aera- 
tion to  reduce  the  free  carbonic  acid. 
Otherwise,  a  subsequent  lime  treat- 
ment is  necessary  and  that  requires 
as  much  lime  as  if  used  instead  of  the 
limestone  in   the  first  place. 

A  process  which  is  used  quite  ex- 
tensively in  softening  water  for  boil- 
er purposes  is  by  means  of  zeolite, 
which  is  double  silicate  of  alumina  and 
soda  occurring  in  some  localities  in 
the  natural  state,  and  is  also  man- 
ufactured artificially.  When  a  hard 
water  or  one  highly  charged  with  cal- 
cium sulphate  percolates  through  a 
filter  of  this  material,  the  lime  and 
magnesia  are  retained,  and  the  soda 
comes  into  the  water  in  their  place. 
The  water  emerges  as  a  soft  water 
highly  charged  with  sulphate  of  soda. 
After  a  time  when  the  soda  in  the 
zeolite  filter  has  been  replaced  by  lime 
it  loses  its  property  of  softening  the 
water.  The  process  is  then  reversed, 
and  a  solution  of  common  salt  is 
slowly  percolated  through  the  filter, 
when  the  lime  is  exchanged  for  the 
soda  and  the  soda  goes  into  the  per- 
colating solution  of  salt  in  the  form 
of  chloride  of  calcium.  This  is  con- 
tinued until  all  the  lime  is  removed 
and  the  soda  restored  to  its  original 
condition.  After  the  solution  of  salt 
has  been  washed  out,  the  percolat- 
ing filter  is  again  ready  for  use  as  a 
water  softener.  This  process  is  known 
as  regenerating. 

It  will  be  seen  that  both  of  these 
processes,  that  is,  the  lime-soda  pro- 
cess and  the  zeolite  process,  leave 
the  resulting  water  highly  charged 
with  sulphate  of  soda.  This  is  not  a 
desirable  substance  for  many  pur- 
poses, and  if  existing  in  material 
quantities,  causes  foaming  in  boilers, 
and  as  locomotive  boilers  are  run  for 
a  considerable  time  without  renewing 
the  water,  the  dissolved  solids  even- 


tually become  concentrated  and  foam- 
ing is  sure  to  take  place  sooner  or 
later. 

Barium  salts  have  been  used  to  a 
limited  extent  in  the  treatment  of 
waters  charged  with  sulphuric  acid, 
or  with  waters  high  in  calcium  sul- 
phate. Adopting  one  or  the  other  of 
the  three  compounds — barium  chlo- 
ride, barium  hydrate  or  barium  car- 
bonate— with  mine  water,  sulphur 
would  precipitate  as  barium  sulphate, 
but  barium  chloride  has  the  disadvan- 
tage that  calcium  chloride  goes  into 
solution,  which  would  be  undesirable. 
Barium  hydrate  would  be  the  ideal 
compound  to  use  because  it  goes  into 
solution  instantly  and  combined  with 
the  sulphur,  and  the  great  expense  for 
detention  reservoirs  and  mixing  de- 
vices would  be  avoided.  Barium  car- 
bonate is  the  most  readily  obtainable 
of  the  three  products,  but  it  is  only 
soluble  in  pure  water  to  the  extent 
of  about  80  parts  per  million.  It  has, 
however,  been  used  to  neutralize  acid 
waters,  and  also  for  the  removal  of 
calcium  sulphate,  but  it  is  a  ques- 
tion whether  in  this  form  it  would  be 
a  practical  proposition  for  mine  water. 
The  price  in  carload  lots  is  about  $46 
per  ton,  while  the  barium  hydrate  is 
quoted  in  small  lots  at  $117  per  ton. 
Probably  on  a  large  scale  it  would  be 
bought  for  very  much  less.  Although 
poisonous  to  some  extent  there  would 
be  no  danger  in  its  use  so  long  as  less 
than  the  theoretical  requirements  were 
used.  On  account  of  its  higher  mole- 
cular weight,  a  greater  quantity  would 
be  required  to  neutralize  or  soften 
water  than  if  soda  were  used,  but 
the  resulting  water  would  be  unob- 
jectionable in  every  respect,  while 
with  the  use  of  soda  ash,  there  is 
formed  sodium  sulphate,  which  is  sol- 
uble in  water,  and  when  concentrat- 
ed produces  foaming  in  boilers. 

Barium  compounds  are  usually  ob- 
tained from  Europe,  but  they  occur 
in  various  parts  of  the  United  States. 

In  view  of  the  fact  that  barium 
salts  comprise  the  only  chemical  pro- 
cess that  renders  water  completely 
satisfactory  for  industrial  purposes,  it 
is  surprising  that  so  little  attention 
has  been  given  to  it.  Nearly  all  the 
investigators  of  the  treatment  of  mine 
waters  chemically  have  considered 
only  lime  or  sodium  salts,  and  some 
of  these  investigators  have  combined 
the  lime  treatment  with  that  of  heat. 

In  many  of  the  publications  sup- 
posed to  be  authentic,  it  is  claimed 
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that  calcium  sulphate  will  completely 
precipitate  out  of  water  when  the  tem- 
perature has  been  raised  about  307° 
P.,  but  tests  show  these  statements 
to  be  erroneous,  for  at  that  tempera- 
ture water  still  has  a  capacity  for 
holding  in  solution  about  500  parts  per 
million  of  calcium  sulphate,  and  even 
at  356<>  P.,  corresponding  to  about  130 
lb.  pressure,  the  water  will  hold  about 
270  parts  per  million  of  calcium  sul- 
phate, so  that  by  using  this  principle 
of  preciptation  by  heat  the  resulting 
water  would  still  have  to  be  treated 
by  either  soda  or  barium  to  reduce 
the  calcium  sulphate  to  a  permissible 
content. 

Patented  Processes  for  Treating 
Mine  Waters. — There  have  been  a 
great  many  patents  issued  in  the 
United  States  and  foreign  countries 
for  the  treatment  of  mine  waters.  In 
1887  Cassius  Carroll  Peck  of  New  York 
patented  a  process  for  purifying  water 
consisting  of  heating  the  water  to  be 
purified  to  the  temperature  required 
for  precipitating  the  solid  matters 
which  may  be  held  in  solution,  and 
which  can  be  precipitated  by  this 
means.  Second,  in  cooling  to  the  na- 
tural temperature  of  the  feed  water 
the  water  which  has  been  heated  and 
by  means  of  the  supply  which  re- 
places the  water  which  leaves  the 
heater.  Third,  in  filtering  the  water 
which  has  been  heated  and  then 
cooled.  Theoretically,  this  was  com- 
pletely effective,  but  practically  it 
would  have  been  of  no  service  in 
connection  with  mine  water  highly 
charged  with  acid,  because  the  acid 
water  would  have  attacked  any  re- 
ceptacles through  which  the  water 
passed  in  the  first  place,  so  there- 
fore, combined  with  Peck's  process, 
it  is  necessary  to  neutralize  the  acid 
by  means  of  lime  or  some  other  al- 
kaline   substance. 

In  1900  Jas.  Boyd  Greer  of  Chica- 
go, 111.,  patented  a  process  for  puri- 
fying water,  consisting  in  neutraliz- 
ing the  free  acid  by  a  suitable  rea- 
gent such  as  hydrate  of  lime,  then 
heating  the  water  to  a  sufficient  tem- 
perature to  precipitate  the  impurities 
that  are  not  removed  by  chemicals; 
then  filtering  the  water  while  hot. 

In  1905  John  Williams  Langley  of 
Cleveland,  Ohio,  patented  a  process 
for  treating  mine  water  with  finely 
divided  limestone,  or  calcium  carbon- 
ate, in  amount  sufficient  to  neutralize 
all  the  free  acid,  and  to  react  with 
at   least    the    major    portion    of    the 


iron  salts,  whereby  a  precipitate  was 
formed,  thereafter  separating  the  pre- 
cipitate from  the  remaining  liquid 
and  subjecting  such  precipitate  to  tem- 
peratures between  179  and  358  centri- 
grade,  whereby  it  is  converted  into 
a  finely  divided  pigment  without  un- 
dergoing any  grinding  operation.  His 
process  was  principally  concerned 
with  obtaining  a  by-product,  and  sec- 
ondly to  make  the  solution  fit  to  dis- 
charge into  the  streams. 

In  1918  Wm.  Metcalf  Parkin  of 
Pittsburgh  patented  a  process  for 
treating  water  with  granular  lime- 
stone, or  calcium  carbonate,  whereby 
it  is  partially  purified,  and  then  add- 
ing lime  to  obtain  a  neutral  or  alka- 
line reaction,  his  sole  purpose  being 
to  make  the  water  fit  for  industrial 
use. 

From  that  time  on  various  patents 
have  been  granted  to  Jas.  R.  Campbell 
and  E.  C.  Auld  of  Scottdale,  Pa.,  and 
Addison  F.  Hoffman  of  Pittsburgh,  us- 
ing pulverized  calcareous  material  and 
obtaining  a  precipitate  which  was  val- 
uable  as   a   by-product. 

Mr.  Campbell,  engineer  and  chemist 
for  the  Frick  interests  in  the  Pitts- 
burgh district,  has  probably  done  more 
on  a  practical  scale  in  this  line  than 
any  one  else,  his  object  being  to  ob- 
tain water  satisfactory  for  cooling  pur- 
poses, and  to  get  enough  salvage  out 
of  the  by-products  to  pay  for  the  cost 
of  the  process,  but  it  is  believed  that 
he  has  not  attempted  to  make  the 
water  completely  suitable  for  boiler 
purposes.  So  far  as  his  object  was 
concerned  it  appears  that  he  has  at- 
tained a  considerable  degree  of  suc- 
cess. 


Meeting  of  Illinois  Section  of  Amer- 
ican Water  Works  Association. — The 
15th  annual  meeting  of  the  Illinois 
Section  of  the  American  Water  Works 
Association  will  be  held  at  Decatur, 
111.,  on  March  21-22.  Subjects  to  be 
discussed  include:  Impounded  water 
supplies,  water  softening,  financing 
public  utilities,  customer  ownership 
of  securities,  increasing  the  use  of 
water,  supervision  of  filtration  plants, 
consolidation  of  small  plants,  the  fuel 
problem,  and  advisability  of  small  util- 
ities owning  or  controlling  coal  mines. 
Items  of  general  interest  will  be  dis- 
cussed. The  waterworks  and  the 
plant  of  Mueller  Bros.,  who  manufac- 
ture waterworks  supplies,  will  be  visit- 
ed. G.  C.  Habermeyer,  Engineer,  State 
Water  Survey,  Urbana,  111.,  is  Secre- 
tary. 


(88) 


1923  Engineering  and  Contracting  895 

Administration  of  Municipal  Water  Works 


An  "Ideal"  in  This  Special  Field  of  Public  Service  Outlined  in  Paper 
Presented  Dec.  12  Before  the  New  England  Water  Works  Assn. 

By  A.  R.  HATHAWAY, 

Water  Registrar,    Springfield,  Mass. 


What  is  the  fundamental  relation- 
ship of  a  waterworks  to  both  the  town 
or  the  municipality  owning  and  op- 
erating it  and  to  the  public  served? 

We  all  know  that  a  waterworks  en- 
terprise in  the  far  earlier  years  was 
almost  invariably  a  privately-owned 
business  and  operated  for  profit  to  its 
owners,  and  later  became  classed  as 
a  "public  utility"  along  with  other 
similar  enterprises,  such  as  gas  and 
electric  plants,  telephone  companies 
and  railroads,  etc. 

Utility  Commission  Opinions  Ap- 
plicable to  Municipal  Plants. — Then 
the  accounting,  financing,  rate-mak- 
ing, and  methods  of  public  service  by 
all  such  privately-owned  "public  utili- 
ties" gradually  became  placed  under 
the  control  and  regulation  of  state 
commissions,  known  as  public  utility 
commissions,  public  service  commis- 
sions, railroad  commissions,  and  the 
like,  for  the  better  mutual  protection 
of  the  interests  of  the  stockholders 
and  of  the  public  served.  This  con- 
trol is  now  exercised  by  some  form 
of  state  commission  in  nearly  every 
state  in  this  country,  and  these  regu- 
lating commissions  are  handing  down 
many  authoritative  opinions  concern- 
ing the  methods  of  operation  and 
service  by  such  privately-owned  utili- 
ties, which  opinions  by  analogy,  and 
often  directly,  are  very  pertinent  to 
the  conduct  of  the  municipally-owned 
utilities  of  the  present  day.  In  his 
paper  at  the  New  Bedford  convention 
of  the  New  England  Waterworks  As- 
sociation, Mr.  King  very  truly  stated 
that— 

The  supplying  of  water  to  a  municipal- 
ity is  not  one  of  the  original  functions  of 
town  government.  It  is  one  of  the  neces- 
sities occasioned  by  our  advance  in  civ- 
ilization *  *  *  better  known  as  a  public 
utility,  which  the  municipality  has  been 
allowed  to  finance  principally  for  the 
preservation  of  public  health  and  inci- 
dentally for  fire  protection  and  manu- 
facturing purposes,  but  not  for  the  pur- 
pose of  making  a  profit.  As  a  public 
utility  it  should  be  managed  independ- 
ently of  the  general  functions  of  mu- 
nicipal operations. 

I   quote  his   remarks   here   as   par- 


ticularly pertinent  to  the  progression 
from  the  privately-owned  to  the  mu- 
nicipally-owned  waterworks   utility. 

Public  Utilities  and  Governmental 
Enterprises. — I  wish  for  a  moment  to 
call  your  attention  to  a  converse 
thought  to  the  foregoing  remarks 
about  the  privately-owned  utilities  of 
years  ago. 

Not  being  present  in  the  body  dur- 
ing the  past  ages  I  cannot  personally 
vouch  for  the  fact  that  in  those  earlier 
days  such  private  enterprises  as 
stock  corporations  for  the  ownership 
and  operation  for  profit  of  police  pro- 
tection, public  schools,  streets  and 
highway  companies,  fire  companies, 
public  park  companies,  and  the  like, 
were  entirely  unknown;  but  I  unhesi- 
tatingly accept  such  statement  as 
fact,  as  we  cannot  conceive  of  such 
enterprises  ever  entering  into  the 
class  of  "public  utilities"  under  pri- 
vate ownership. 

From  the  beginning  I  believe  such 
enterprises  as  these  sprang  from  a 
community  of  interests  being  formed 
by  the  needs  of  the  many  individuals 
in  the  aggregate  going  to  make  up  the 
village  and  town  of  those  earlier  days 
and  of  the  growing  city  of  later  years. 

By  mutual  agreement  of  the  gov- 
erned and  consolidation  of  the  com- 
mon interests  into  what  we  term 
"governmental  bodies"  such  public 
enterprises  were  undertaken  and 
placed  under  control  of  governmental 
departments  (so-called),  and  were 
financed  by  means  of  assessments 
upon  the  property  of  all  members 
benefited,  which  assessments  we  call 
taxes. 

We  have  then  two  distinct  classes 
of  public  enterprises  in  our  minds: 
First,  those  which  are  universally 
called  "public  utilities"  by  all  the 
competent  authorities,  and  which  may 
be  owned  and  operated  by  either  a 
private  corporation  or  by  a  town  or 
municipal  corporation;  second,  those 
which  are  and  always  were  called 
'.'departments"  or  functional  divisions 
of  town  or  municipal  government. 

Every  thinking  person  knows  and 
believes  that  the  first  class  should  be 
financed  by  the  assessments  of  equita- 
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ble  "rates"  upon  each  user  or  con- 
sumer of  the  service  rendered,  in  ac- 
cordance with  the  benefit  derived 
from  that  service;  while  the  expenses 
of  the  second  class  should  be  always 
met  by  "tax  assessments"  upon  the 
property  to  be  benefited. 

The  Cause  of  Many  Failures  of  Mu- 
nicipal Ownership. — Now,  then,  under 
the  foregoing  generally  acknowledged 
fundamental  divisions  of  administra- 
tion of  the  two  classes  of  public  enter- 
prises, the  failure  of  town  and  mu- 
nicipal authorities  to  keep  in  mind 
such  fundamental  divisions  has  been 
the  cause  of  the  many  failures  of  mu- 
nicipal ownership  of  "public  utili- 
ties"; such  failures  are  in  process  at 
the  present  time,  and  will  continue 
until  some  authority  above  the  usual 
local  political  governing  bodies  takes 
over  and  exercises  the  proper  and 
needful  regulation,  whereby  the  ad- 
ministration of  the  "public  utilities" 
becomes  and  continues  to  be  a  "busi- 
ness" administration  instead  of  a  "po- 
litical" one. 

In  this  connection  your  attention  is 
invited  to  the  following  from  the  Sep- 
tember, 1920,  issue  of  "The  American 
City"  magazine: 

Every  municipal  water  department 
should  be  conducted  as  a  separate  "ad- 
ministrative entity"  and  should  be  en- 
tirely separated  from  the  general  city 
government.  Such  a  policy  necessitates 
the  conferring  of  broad  and  extensive 
powers  upon  the  administrative  body, 
such  as  are  usually  exercised  by  a  pri- 
vate corporation  engaged  in  supplying 
water  for  public  uses. 

The  division  of  authority  between  the 
body  administering  the  water  plant  and 
the  officers  conducting  the  general  city 
government  has  not  proved  workable  and 
does  not  contribute  to  efficiency  in  either 
department.  The  business  of  supplying 
water  when  conducted  by  a  municipality 
is  first  and  always  only  a  business  and 
should  be  managed  and  conducted  solely 
as  a  business,  not  for  the  purpose  of 
obtaining  the  largest  possible  revenue, 
but  to  attain  the  greatest  possible  effi- 
ciency and  to  supply,  at  a  moderate 
charge,  all  public  requirements.  *  *  * 
The  persons  chosen  for  constructing  and 
operating  a  municipal  water  plant  should 
be  chosen  for  their  technical  knowledge 
of  the  particular  enterprise  which  is  to 
be  committed  to  their  charge. 

Knowledge  of  the  broader  questions  of 
municipal  government  in  no  way  qualifies 
individuals  with  the  technical  knowledge 
to  successfully  operate  a  waterworks 
system.  An  attempt  to  operate  the  water 
system  as  a  distinct  part  or  branch  of  a 


general  scheme  of  municipal  government, 
whether  that  government  be  conducted 
by  a  political  body  elected  in  the  manner 
generally  prevailing  throughout  the 
United  States,  or  by  commissioners  under 
some  modification  of  the  city  manage- 
ment plan,  will  usually  fail  of  achieving 
the  efficiency  which  otherwise  would  be 
obtainable,  for  the  reason  that,  general 
city  officers,  or  the  officers  conducting 
the  general  city  government,  are  chosen 
from  time  to  time  upon  issues  involving 
questions  of  ethics  and  morality  and  the 
general  policy  of  the  government  which 
have  no  relation  whatever  to  the  busi- 
ness of  managing  the  water  system. 
*  *  *  From  the  very  nature  and  funda- 
mentals of  the  usual  city  administrative 
body,  the  officers  chosen  by  the  people 
to  conduct  the  general  city  government 
rarely  possess  technical  knowledge  or 
experience  in  any  given  line  of  business. 
This  results  in  loss  to  those  branches  of 
the  municipal  government  which  are 
purely   "business"   in   their  nature. 

The  foregoing  would  seem  to  suffi- 
icently  answer  my  question  as  to  the 
fundamental  relationship  of  a  water- 
works (or  any  other  similar  public 
utility)  to  the  public  served  and  to 
the  town  or  municipality  owning  and 
operating  it.  Many  such  authoritative 
opinions  are  available,  which,  when 
summarized  briefly,  state  in  effect 
that  the  relation  of  the  municipally 
owned  utility  is  exactly  the  same  as 
that  of  a  privately  owned  utility  under 
an  efficient  business  administration. 

Efficient  Business  Management  of 
Utilities. — There  arises  at  this  point 
the  logical  question  of  what  is  under- 
stood by  and  included  under  an  effi- 
cient business  administration  of  both 
privately  owned  and  municipally 
owned  public  utilities. 

We  hear  much,  nowadays  especial- 
ly, of  the  privately  owned  utilities 
adopting  all  manner  of  modern  de- 
vices and  approved  business  practices, 
both  in  proper  accounting  and  public 
service  (as  prescribed  by  the  various 
state  regulating  commissions),  in  or- 
der that  the  most  economical  and 
efficient  administration  of  such  utili- 
ties may  result  in  adequate  dividends 
to  the  stockholders. 

If  such  were  not  the  case  we  would 
hear  of  many  utilities  going  out  of 
business.  As  I  have  stated  at  other 
times  and  in  other  places,  I  cannot 
see  why,  when  such  a  public  utility 
is  taken  over  or  established  under  a 
municipal  ownership  and  operation, 
the  governmental  owners  imme- 
diately proceed  to  omit  some  of  these 
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very  needful  practices  (such  as  prop- 
er uniform  accounting,  including  the 
provision  for  depreciation,  the  insur- 
ing of  all  earnings  and  revenues  ac- 
cruing to  the  utility  from  municipal 
uses  as  well  as  from  private  uses,  the 
payments  of  all  expenses  borne  by 
city  departments  and  other  officials 
on  account  of  the  utility,  and  pay- 
ment of  city  taxes,  etc.),  with  the  re- 
sult that  there  is  no  means  of  know- 
ing how  the  utility  stands  financially 
as  a  supposed  self-supporting  enter- 
prise, and  no  comparison  can  be  made 
with  a  similar  privately  owned  enter- 
prise. 

In  my  1914  annual  report  to  the 
Springfield  Board  of  Water  Commis- 
sioners I  stated  that — 

When  the  water  works  receives  all  its 
just  earnings  in  cash  or  its  equivalent — 
in  the  same  manner  and  to  the  same 
extent  as  in  the  case  of  a  privately- 
owned  public  utility — and  when  it  pays 
all  expenses  properly  chargeable  to  such 
a  public  utility;  then,  and  not  until  then, 
can  an  adequate  financial  statement  be 
made,  showing  the  true  relation  the 
water  works  bears  to  its  owner,  the  mu- 
nicipality, as  a  "public  service  enter- 
prise"  or  investment. 

Since  that  time  I  have  seen  no  rea- 
son for  changing  my  opinion,  but 
rather  each  year  become  more  strang- 
ly  confirmed  in  same  by  reading  the 
similar  opinions  of  recognized  authori- 
ties on  this  subject,  to  whom  we  look 
for  guidance  in  our  search  for  right 
practices. 

In  quoting  some  of  my  own  opinions 
in  this  paper  I  assure  you  it  is  not 
done  in  any  egotistical  sense  at  all, 
but  rather  as  an  easier  way  for  me 
to  place  before  you  my  personal  feel- 
ings in  the  matter  and  to  save  the 
time  of  trying  to  express  such  opinion 
in  another  way. 

Opinions  on  "Free"  Water— For 
this  purpose  also  I  shall  offer  you  cer- 
tain opinions  of  real  authorities  (or 
some  of  them)  in  support  of  the  prin- 
cipal features  of  the  subject  as  we 
most  of  us  must  believe,  and  quoting 
some  of  them  more  or  less  at  length 
for  a  better  possible  future  reference 
if  wanted.  Here  are  a  few  of  such 
taken  from  my  files  and  which  should 
not  and,  in  my  opinion,  cannot  be 
gainsaid  by  thinking  persons. 

Extract  from  letter  of  Mr.  William  J. 
Hagenah  of  Chicago  (one  of  the  leading 
public  utility  engineers  and  statisticians 
of  this  country)  in  commenting  on  the 
Springfield  Water  Commissioners'  Report 
for  1918: 

"I  note  with  much  interest  the  position 


taken  by  your  board  as  set  forth  on 
pages  10  and  11  of  the  report,  wherein 
it  is  urged  that  the  city  should  compen- 
sate the  water  works  for  the  services 
which  it  received.  This  Dosition  is  so 
eminently  sound  from  an  economic  and 
business  standpoint  that  it  does  not  ad- 
mit of  argument,  and  one  naturally  won- 
ders why  cities  refrain  from  treating 
their  utilities  in  a  businesslike  manner. 
It  is  only  by  following  this  course  that 
those  who  are  giving  their  best  efforts 
to  the  management  of  such  properties 
can  show  the  public  the  true  results  of 
their  services.  That  certain  departments 
of  the  city  should  make  a  heavy  and 
expensive  demand  on  the  water  works 
property  without  meeting  the  costs 
which  they  incur  is  unfair  to  the  water 
works  and  would  not  be  tolerated  in  any 
other   line   of   business." 

Recent  Legal  Decisions.  From  "Public 
Works"    Magazine    of   October,    1922. 

(a)  "The  Wisconsin  Commission  is  of 
the  opinion  that  the  electric  consumers 
of  a  municipal  plant  should  not  be  re- 
quired to  carry  the  burden  of  the  water 
department.  Each  utility  should  stand 
upon  its  own  feet.  The  larger  portion  of 
the  operating  expenses  of  the  plants  is 
chargeable  directly  to  a  particular  utility 
and  a  particular  class  of  service.  The 
remaining  expenses  are  common  -and 
must  be  apportioned  between  the  utilities 
on   a  fair  and  reasonable  basis." 

(b)  "The  laws  of  Wisconsin  place  a 
municipality,  which  owns  and  operates  a 
public  utility,  under  the  same  obligations 
as  any  other  owner  of  a  public  utility. 
The  Commission  considers  that  the  gen- 
eral functions  of  city  government  and  the 
supplying  of  private  needs  should  be  kept 
separate  and  each  be  self-supporting." 

From  Wisconsin  Railroad  Commission, 
1915.  (Leading  state  utility  commission 
in   the  country): 

(a)  "A  municipal  water  plant  or  elec- 
tric plant  should  be  treated  as  an  enter- 
prise, separate  and  distinct  from  the 
municipality  itself,  and  the  accounts  kept 
accordingly." 

(b)  "A  city  operating  its  own  water 
plant  or  electric  plant  should  pay  the 
utility  at  a  reasonable  rate  for  service 
rendered  the  city,  and  the  utility  should 
pay  the  city  a  reasonable  amount  as 
taxes  and  as  interest  on  the  city  equity 
in  the  property  of  the  utility,  in  order 
to  avoid  unjust  discrimination  in  favor 
of  either  the  taxpayers  or  the  consum- 
ers." 

Extract  fi;om  article  of  George  H. 
Hooper,  Operating  Superintendent  Water 
WTorks  at  Winnipeg,  Manitoba  (in  fire 
&  Water  Engineering  Magazine  of  Sept. 
6,   1922): 
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"The  water  works  system  or  utility  of 
any  city,  town  or  municipality,  while 
under  the  control  of  the  council  or  gov- 
erning body  should  be  absolutely  separate 
and  self-supporting.  All  surplus  money 
earned  in  any  one  year  should  be  set 
aside  to  take  care  of  renewal  of  mains 
and  that  portion  of  the  service  under 
the  control  of  the  system. 

"I  believe  the  system  in  vogue  in  cer- 
tain places  to  hand  over  the  surplus  to 
general  revenue  is  wrong  in  principle, 
and  takes  away  from  the  water  works 
branch  the  right  to  make  necessary 
changes,  construct  new  works  or  renew 
parts  of  the  system  needing  same,  with- 
out going  to  the  council  for  the  money, 
with  the  result  that  the  request  is  some- 
times only  partly  complied  with  or  re- 
fused on  account  of  lack  of  funds. 

"A  water  works  department  should  re- 
ceive payment  for  every  gallon  or  cubic 
foot  of  water  delivered,  whether  it  be  to 
a  civic  department  or  to  the  private 
individual." 

The  Comptroller  of  the  city  of  Sa- 
vannah, in  1917  stated:  "The  water 
works  department,  while  it  should  not 
be  operated  at  a  profit,  should  be  able 
to  provide  a  depreciation  fund,  should 
take  care  of  all  extensions  and  better- 
ments, should  pay  the  interest  on  its 
bond's  and  provide  a  sinking  fund  for  the 
redemption  thereof,  and  furthermore 
should  yield  to  the  city  some  return  on 
its  investment.  This  last  point  is  recog- 
nized by  Richmond,  Va.,  and  Holyoke, 
Mass.,  both  of  which  cities  tax  the  water 
works   department." 

Memphis,  Tenn.  (1917):  "The  water 
works  plant  is  operated  as  a  distinct 
department  of  the  city,  administered  by 
three  commissioners  with  separate  offi- 
cers  and   separate    treasury." 

From  Engineering  &  Contracting  Mag- 
azine of  May  8,  1918  (extracts  from  an- 
nual repart  of  Chief  Engineer  of  Alham- 
bra,   Cal.,   Water  Works,  for  1917): 

"The  business  of  supplying  water  is  of 
a  different  character  than  that  of  any 
other  municipal  industry  at  the  present 
time.  *  *  *  All  other  departments  are 
primarily  disbursing  agencies,  expending 
allotted  funds  on  predetermined  work. 
The  water  department  is,  however,  a 
commercial  enterprise,  possessing  re- 
quirements similar  to  other  public  utili- 
ties. *  *  *  To  be  operated  well  and 
continuously  its  financial  success  must 
be  certain  in  order  to  meet  current  obli- 
gations, to  maintain  the  desired  stand- 
ards and  to  adequately  provide  for  the 
growing  demands.  *  *  *  thoughtful 
planning  is  necessary  in  order  to  forecast 
the    future    service    requirements    and    to 


insure  successful  operation   and  substan- 
tial building." 

Jacksonville,  Fla.  (1917):  "The  account 
of  the  water  works  have  always  been 
kept  separate  from  other  municipal  ac- 
counts; the  cash  receipts  from  the  water 
works  are  entirely  separate  from  other 
receipts  and  the  moneys  are  kept  in  a 
separate  account.  Funds  for  the  purpose 
of  necessary  renewals  and  replacements 
are  set  aside  from  time  to  time.  The 
water  department  also  contributes  its 
proportion  to  the  general  sinking  fund 
of  the  city."  (This  must  of  course  be  for 
taking  care  of  water  bonds  only?) 

The  following  extracts  taken  from  a 
copy  of  "Reprinted  Editorials  in  the  May 
5,  1915,  issue  of  the  Engineering  &  Con- 
tracting Magazine"  furnish  a  notable  il- 
lustration of  how  some  of  the  western 
states  and  cities  are  leading  the  way  to 
better  things  in  water  works  administra- 
tion, and  special  attention  is  called  to 
the  same,  even  by  those  of  us  who  may 
have  read  the  articles  when  published 
and  possibly  have  forgotten  them  now. 

Re  Referendum  Passed  by  Fargo,  North 
Dakota,  in  1915:  "Water  works  men,  the 
country  over,  will  be  interested  to  learn 
that  the  first  use  of  the  referendum  in 
the  state  of  North  Dakota  was  at  Fargo, 
on  April  6,  at  which  time  a  new  water 
works  ordinance  was  passed  by  popular 
vote  after  the  Board  of  City  Commis- 
sioners had  refused  to  pass  it.  The  or- 
dinance *  *  *  provides  for  the  abo- 
lition of  'free  water,'  creates  a  water 
works  fund  and  subsidiary  funds,  includ- 
ing a  depreciation  fund,  and  makes  illegal 
the  use  of  this  water  fund  for  other  than 
water  department  expenditures."  (Fargo 
had  then  a  City  Commission  of  five  mem- 
bers, covering  water,  streets,  finance, 
police  and  fire  matters,  and  all  the  mem- 
bers were  "men  or  energy,  ability  and 
unquestioned    integrity.") 

"Failure  of  the  members  to  agree  on 
the  water  ordinance  was  not  due  to  per- 
sontal  antagonism.  The  difficulty  arose 
out  of  the  division  of  the  city  govern- 
ment into  revenue  and  non-revenue  pro- 
ducing departments,  and  out  of  the  nat- 
ural tendency  of  men  not  to  show  but 
to  shift  the  true  expense  of  their  depart- 
ment upon  another  department  having 
an  independent  source  of  revenue."  The 
Water  Commissioner  "was  unable  to 
bring  his  fellow  Commissioners  to  his 
viewpoint  with  reference  to  water 
finances,  and  so  appealed  directly  to  the 
people,  with  the  result  already  stated." 

"Under  the  conditions  which  have  ex- 
isted in  Fargo  the  City  Commission  has 
in  a  sense  been  a  water  board  of  five 
members,  four,  with  official  Interest  in 
water    finances    adverse    to    that    of    the 
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Water  Commissioner."  (Then  follows  the 
description  of  how  each  wants  water  for 
his  especial  department,  but  without 
showing  its  expense  in  such  department!) 

"Under  the  new  order  of  things,  since 
the  passage  of  the  water  ordinance,  the 
other  departments  will  have  to  pay  for 
water  used  and  for  the  readiness  of  the 
water  department  to  serve  them.  The 
true  expenses  will  be  more  clearly  defined 
in  all  departments.  It  will  no  longer  be 
possible  to  reappropriate  money  from 
the  water  works  fund  for  general  mu- 
nicipal expenses." 

Then  follows  this  further  editorial  com- 
ment and  significant  statement:  "Free 
water  has  played  such  a  prominent  part 
in  loose  and  misleading  forms  of  mu- 
nicipal accounting,  thereby  retarding  the 
efficiency  and  economy  movement,  that 
we  are  always  glad  to  see  a  city  abolish 
it.  The  Fargo  experience  is  of  interest, 
as  it  shows  that  where  the  subject  is 
properly  agitated,  as  it  was  in  that  city, 
the  people  can  be  made  to  see  the  point." 

(The  Fargo  ordinance  provides  in  Sec- 
tion 1  that  the  "Municipality  Shall  Pro- 
vide by  Taxation  for  Water  Used,  Wasted 
or  Donated  by  It.") 

In  the  issue  of  the  Engineering  News 
of  September  4,  1913,  appeared  a  very 
interesting  description  of  the  drastic 
provisions  of  a  water  works  ordinance 
passed  by  the  city  of  San  Diego,  Calif., 
on  April  28,  1913,  which  also  illustrates 
the  western  progress  in  some  of  the  mat- 
ters now  under  discussion. 

Besides  many  interesting  and  progres- 
sive provisions  of  this  ordinance,  an  un- 
usual but  absolutely  just  provision  is 
required  (in  addition  to  making  the  vari- 
ous departments  of  the  city  pay  from 
their  special  funds  into  the  water  fund 
for  all  water  used  by  them)  and  as  fol- 
lows: With  the  consent  and  approval  of 
the  Common  Council  special  rates  of  less 
than  8  cents  per  100  cubic  feet  (the  regu- 
lar rate  prescribed)  may  be  granted  to 
public  works,  charitable  institutions  and 
others  in  special  instances:  but  in  every 
instance  where  a  special  rate  is  thus 
granted,  the  balance  between  it  and  the 
regular  rate  must  be  paid  the  water  de- 
partment out  of  the  general  fund!  (In 
other  words,  the  water  works  in  San 
Diego  must  no  longer  be  made  the  "Mu- 
nicipal Goat!") 

It  is  always  a  matter  of  wonder- 
ment to  me  why  city  councils  and 
other  local  governing  bodies  and  offi- 
cials do  not  appear  to  take  seriously 
the  recommendations  and  opinons  of 
their  waterworks  officials,  who  must 
in  a  way  become,  specialists  in  their 
line  and  keep  well  informed  as  to  the 
progressive    practices    in   their    busi- 


ness, and  whose  conclusions  when 
sought  by  outside  officials  or  govern- 
ing bodies  in  distant  cities  are  gen- 
erally given  more  weight  and  consid- 
eration. I  suppose  the  only  explana- 
tion lies  in  the  traditional  expression 
about  the  "prophet  without  honor  in 
his  own  country,"  or  similar  expres- 
sion. 

Taking  the  Waterworks  Out  of  Po- 
litical Control. — Why  should  a  mu- 
nicipal waterworks  not  only  be  kept 
and  operated  entirely  independent  of 
the  so-called  governmental  "depart- 
ments" of  a  town  or  city,  but  should 
be  controlled  and  regulated  by  some 
authoritative  body  of  specialists  like 
the  state  utility  commissions,  rather 
than  by  the  local  political  bodies? 

The  honest  and  unprejudiced  seek 
er  for  light  upon  this  question  has 
only  to  read  of  and  observe  the  evils 
and  failures  of  the  many  attempts  at 
political  control  throughout  the  coun- 
try during  the  years  past,  with  its 
utter  lack  of  following  the  common 
business  practices  and  needful  uni- 
formity of  the  privately  owned  suc- 
cessful public  utilities,  and  his  best 
self-interest  will  answer  the  question 
for  him.  I  venture  to  state  that  the 
average  business  man,  if  the  matter 
could  be  placed  before  him  in  a  clear 
and  logical  manner,  would  agree  that 
the  local  political  control  of  any  util- 
ity, which  is  supposed  to  efficiently 
serve  him  and  the  public  (of  which 
he  is  only  a  part),  is  not  as  safe  and 
impartial  as  that  of  a  higher  outside 
body  of  so-called  specialists. 

In  connection  with  this  matter  of 
control  I  wish  to  offer  a  few  authori- 
tative opinions  and  abstracts,  which 
in  themselves  will  I  am  sure  prove  to 
be  of  valuable  assistance  at  this  time. 

In  the  "Engineering  and  Contracting" 
issue  of  May  5,  1915,  we  find  the  follow- 
ing prophecy:  "The  regulation  of  mu- 
nicipally^owned  (water)  plants  is  sure  to 
come." 

A  former  president  of  this  Association 
(and  superintendent  of  a  large  privately- 
owned  water  works  in  New  England)  in 
a  paper  presented  in  1914  made  the  fol- 
lowing statements:  "A  further  remedy 
which  has  been  suggested  to  assist  water 
works  managers  to  put  their  plants  on 
a  businesslike  and  practical  basis  would 
be  the  placing  of  municipal  water  works 
under  the  same  supervision  by  state  pub- 
lic service*  commissions  as  other  public 
service  corporations  for,  after  all  is  said, 
the  municipal  corporation  has  the  same 
need  of  supervision  as  the  private  cor- 
poration." 
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Abstract  from  January,  1917,  "Monthly 
Rate  Letter"  of  Norton,  Bird  and  Whit- 
man (engineers,  Chicago  and  Baltimore) 
in  commenting  on  the  "Progress  of  State 
Regulation"  of  Public  Utilities:  "Experi- 
ence in  those  states  where  the  municipal 
utilities  are  subject  to  the  same  regula- 
tion as  private  companies  has  shown 
that  there  is  a  greater  need  of  regula- 
tion of  municipal  than  of  private  utili- 
ties. Only  in  those  states  placing  mu- 
nicipal and  private  utilities  on  the  same 
basis  can  fair  comparisons  be  made  be- 
tween municipal  and  private  ownership 
and  operation  of  utilities." 

"The  American  City"  Magazine  of  Sep- 
tember, 1920,  gives  a  description  of  sev- 
eral western  cities  where  state  control 
has  been  very  successful,  and  the  imme- 
diate administration  of  water  works  has 
been  placed  under  boards  of  trustees  and 
of  commissioners,  and  entirely  separated 
from   local    political   bodies. 

The  Omaha,  Nebraska,  Water  Plant  is 
conducted  (subject  only  to  the  control  of 
the  State  Legislature)  by  the  Metropol- 
itan Water  District  of  Omaha,  under  a 
bi-partisan  board  of  six  directors,  elected 
by  the  district  for  six-year  terms. 

The  general  manager  states  (in  his 
letter  of  Sept.  26,  1917):  "It  is  the  aim 
of  the  Board  of  Directors  of  the  Metro- 
politan Water  District  to  conduct  the 
water  plant  as  though  it  were  a  private 
enterprise." 

Among  the  state  commissions  now 
exercising  an  accounting  control,  etc.,  of 
municipal  water  works  are  those  of 
Maine,  Connecticut  (last  year),  Pennsyl- 
vania, New  Jersey,  Wisconsin,  Indiana, 
California,  Washington,  Montana  and 
Nebraska. 

Abstract  from  Address  of  Martin  J. 
Insull  (retiring  president  of  National 
Electric  Light  Association)  at  1921  Con- 
vention in  Chicago  (Public  Service  Mag- 
azine, July,   1921): 

.  "The  day  of  municipal  control  of  utili- 
ties has  gone  and  we  are  in  the  period 
of  state  control,  with  the  possibility  that 
in  the  time  of  many  of  us  here  we  shall 
have  reached  the  stage  where,  due  to 
further  developments,  interstate  control 
may  become  advisable.  With  the  passing 
of  the  period  of  municipal  regulation 
there  has  necessarily  largely  passed  the 
day   of  municipal  ownership." 

The  Water  Works  at  Portland,  Maine, 
are  controlled  by  the  trustees  of  the 
Portland  Water  District,  which  district 
has  "exclusive  control  and  management 
of  the  Water  Works."  The  legislative 
act,  creating  such  district,  declares  said 
district  to  be  a  "Quasi  municipal  corpo- 
ration" with  power  through  its  trustees 
to  borrow  money,  issue  negotiable  inter- 


est-bearing notes  of  the  district,  pay  all 
legal  obligations  of  said  district,  etc.  At 
the  1916  annual  convention  of  this  As  o- 
ciation  in  Portland  its  Mayor  stated  that 
the  Portland  Water  Works  is  out  of  poli- 
tics and  is  managed  by  a  non-partisan 
commission  of  men  who  know  sound  busi- 
ness principles  and  who  employ  only  ex- 
perts to  administer  its  affairs.  (This  is 
like  having  a  state  public  service  com- 
mission right  on  the  ground  at  all  times, 
it  appears  to  me.) 

Another  former  president  of  this  As- 
sociation (one  of  the  leading  water  works 
and  utility  engineers  in  this  section  of 
the  country)  in  an  address  to  the  Asso- 
ciation in  1916  expresses  the  opinion  that 
"  *  *  *  the  control  of  public  utilities 
by  public  service  commissions,  or  like 
regulating  boards,  is  probably  the  best 
solution  of  the  present-day  issues  be- 
tween the  public  and  the  corporation 
*  *  *.  The  public,  and  the  corporation 
as  well,  can  derive  benefit  only  from  the 
regulation  of  utilities  by  an  able  and  im- 
partial commission.  This  is  equally  a  fact 
whether  the  utilities  be  owned  by  corpo- 
rations or  by  the  public  themselves;  and 
the  writer  would  not  be  surprised  to  see 
the  jurisdiction  of  the  commissions  more 
generally  extended  in  the  near  future  to 
cover  matters  relating  to  the  accounting, 
financing  and  making  of  rates  of  mu- 
nicipally-owned utilities." 

In  the  Editorial  Section  of  "Public 
Utilities  Reports"  for  April  27,  1922,  ap- 
pear these  remarks:  "One  of  the  most 
important  advantages  of  state  regulation 
of  utilities  over  local  control  is  the  oppor- 
tunity of  having  uniform  accounting 
methods  such  as  have  been  prescribed 
by  the  state  commissions.  This  would 
not  be  possible  under  city  supervision. 
The  value  of  this,  both  to  the  utilities 
and  the  public,  should  not  be  lost  sight 
of.  *  *  *  Another  advantage  of  com- 
mission supervision  of  utility  accounting, 
once  its  purpose  and  scope  are  under- 
stood, will  be  its  tendency  to  engender 
better  relations  between  the  utilities  and 
the  public." 

Regulation  of  Municipal  Utilities. — 
The  entire  editorial  article,  from 
which  these  abstracts  are  taken,  is 
well-worth  careful  reading  by  those 
having  access  to  this  publication. 

I  cannot  refrain  from  calling  special 
attention  to  the  following  abstracts 
from  an  editorial  article  in  the  En- 
gineering News-Record  of  Nov.  16, 
1922,  entitled  "Regulation  of  City- 
Owned  Utilities."  This  is  the  very 
latest  expression  from  one  of  the 
most  looked-up-to  authorities  in  this 
country,  and  is  worthy  of  absorption 
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at  the  present  time.  I  quote  most  of 
the  article,  as  follows: 

"The  wide  extent  to  which  privately- 
owned  municipal  water-works  have  been 
put  under  state  control  while  those  owned 
by  the  cities  have  generally  been  left 
scot  free,  except  as  regards  the  sanita- 
tion of  water,  has  led  a  subscriber  to 
suggest  a  'campaign  looking  to  the  finan- 
cial control  by  state  utility  commissions 
over  municipally-owned  and  operated 
water  works'  in  order  to  promote  'busi- 
ness' rather  than  'political'  administra- 
tion. *  *  *  Wisconsin  is  a  notable  in- 
stance of  state  control  of  some  phases 
of  the  financial  administration  of  city- 
owned  water  works.  Apparently  the  plan 
has  been  beneficial  in  that  state.  The 
extension  of  the  plan  might  well  be  given 
attention,  now  that  most  of  the  legisla- 
tures will  soon  have  their  biennial  session. 
Strong  objection  may  be  expected  from 
the  'home  rulers,'  of  whom  there  are 
many.  The  extremists  in  this  class  ob- 
ject even  to  state  control  of  privately- 
owned  utilities,  claiming  that  the  cities 
themselves,  untrammeled,  should  do  all 
the  regulation.  The  argument  in  favor 
of  a  reasonable  degree  of  state  control 
of  municipally-owned  water  works  is 
stronger  than  that   against. 

It  would  seem  that  enough  au- 
thoritative argument  has  here  been 
offered  (by  quoted  opinion  and  com- 
ment) to  show  conclusively  the  real 
need  of  and  trend  toward  some  legis- 
lative action  to  insure  the  proper  in- 
dependent business  administration  of 
municipally-owned  water  utilities,  and 
also  a  reasonable  control  over  same 
by  the  state  commissions. 

In  concluding  this  altogether  too 
long  paper,  I  wish  to  state  that  my 
"ideal"  is  to  see  every  waterworks 
utility  which  is  owned  and  operated 
by  a  town  or  city  in  the  state  of 
Massachusetts  entirely  removed  from 


local  political  influence  and  control, 
and  placed  under  the  control  and  reg- 
ulation of  some  proper  form  of  a  bi- 
partisan state  public  utility  commis- 
sion composed  of  men  chosen  because 
of  their  special  fitness  and  training. 
I  would  also  inciude  in  the  forego- 
ing regulation  the  desirabilty  of  es- 
tablishing by  legislative  action  the 
permanent  independence  and  separa- 
tion of  such  waterworks  utilities  from 
the  local  political  governing  bodies, 
and  the  placing  of  same  in  charge  of 
local  non-partisan  boards  of  trustees 
or  water  commissioners  of  three  or 
more  members  (preferably  five),  who 
shall  be  chosen  by  the  people,  or  by 
some  higher  and  competent  authority 
other  than  the  local  political  govern- 
ing bodies  or  officials;  such  members 
to  receive  a  nominal  remuneration  or 
none,  and  to  serve  for  terms  of  five  or 
six  years  each,  not  more  than  one 
member  to  be  elected  or  re-elected  in 
any  one  year. 

Regional  Conference  on  Highway 
Engineering  and  Economics. — A  con- 
ference to  discuss  ways  and  means' 
of  carrying  out  Alabama's  new  high- 
way program  will  be  held  at  Alabama 
Polytechnic  Institute,  Auburn,  Ala., 
Feb.  21,  22  and  23.  The  program  of 
this  regional  conference  includes  ad- 
dresses by  many  prominent  engineers. 


Unit    Cost    of   Water   Main    Construc- 
tion   at    Detroit 

During  the  year  ending  June  30, 
1922,  the  Department  of  Water  Supply 
of  Detroit,  Mich.,  laid  44.08  miles  of 
pipe  in  villages  adjoining  Detroit  and 
101.65  miles  in  the  city  proper.  The 
unit  cost  of  this  work,  according  to 
the  last  annual  report  of  the  Board  of 
Water  commissioners,  is  shown  in 
Table  I. 


TABLE  I.— COST  PER  FOOT  OP  WATER  MAINS  AT  DETROIT,    MICH. 


Length, 

Ft. 

787 

13 

3,454 

202,167 

168,339 

6,731 

8,739 

41,206 

8,180 

14,283 

20,761 

18,237 

31,692 

1,096 

3,647 

9,747 

185 

392 

Average 


Size, 
In. 

2 

3 

4 

6 

8"  C.  I. 

8  Un. 
10 

12  C.  I. 
12  Un. 
12  Steel 
16  C.  I. 
16  Steel 
24  C.  I. 
24  Steel 
30  C.  I. 
36 
42 


Cartage. 
$0.21 
0.13 
0.06 
0.07 
0.09 
0.09 
0.05 
0.16 
0.12 
0.14 
0.20 
0.09 
0.29 
0.19 
0.45 
0.38 
4.41 
1.03 


.98 


$0.12 


Labor. 
$2.89 
4.40 
1.77 
0.86 
1.34 
1.23 
2.03 
2.48 
1.66 
1.43 
3.64 
2.47 
3.92 
2.99 
4.74 
6.19 
71.75 
28.63 

$  1.70 


Power 
machine. 
$0.02 
0.24 
0.00 
0.06 
0.07 
0.12 
0.09 
0.08 
0.06 
0.20 
0.32 
0.14 
0.26 
0.19 
0.01 
0.19 
0.27 
0.32 

$0.09 


Overhead. 
$1.01 

1.54 

0.69 

0.31 

0.49 

0.54 

0.85 

0.91 

0.69 

0.57 

1.42 

0.38 

1.08 

0.45 

1.66 

2.17 
11.97 
10.02 

$  0.59 


To+-\ 

$  6.90 

9.88- 

3.75 

2.63 

4.19 

3.55 

5.22 

6.92 

5.54 

5.24 

12.12 

7.20 

14.39 

10.16 

19.90 

24.79 

129.76 

93.90 

$  5.48 
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New  Formula  for  Computing  Pipe  Losses 


Results  of  Experiments  in  the  Hydraulic  Laboratory  at  the  University 
of  Wisconsin  Given  in  The  Wisconsin  Engineer 

By  CHARLES  I.  CORP, 

Professor   of   Hydraulic   and    Sanitary    Engineering,    University   of   Wisconsin. 

pipe  section  so  that  we  find  an  equa- 
tion of  the  form  H  =  m  vn  is  best  suit- 
ed to  express  the  actual  experimental 
results.  In  the  equation  H  and 
v  are  as  before,  n  has  differ 
ent  values,  depending  on  the  pipe 
diameter  and  the  nature  of  the 
pipe  surface,  and  m  will  vary  ac- 
cording to  some  power  of  d  other 
than  one. 

There  have  been  a  number  of  em- 
pirical formulae  for  pipe   loss   devel- 


When  water  flows  through  a  pipe 
energy  is  lost  due  to  friction.  This 
loss  of  energy  causes  a  fall  in  the  di- 
rection of  flow.  The  total  fall  or  drop 
in  pressure  head  will  depend  on  the 
length  of  the  pipe,  the  roughness  and 
nature  of  interior  pipe  surface,  the 
diameter  of  the  pipe  and  the  velocity 
of  flow. 

If  the  velocity  were  uniform  across 
the  pipe  section  it  is  probable  the  loss 
of  pressure  head   due   to   flow  would 


" Spiral  rirtltd  f»f»\       IZ" Spiral  riveted  pipe 


IVo/ve  to  be' tested 


Fig.   1. — Arrangement  of  Apparatus  for  12- In.   Pipe  Test.     Valve  Marked  "Valve  to  Be 

Tested"    Was    Removed    and    Pipe    Brought    Together   with    Companion 

Flanges.      Similar  Set-Up   Used  for  the  Other  Pipe  Sizes. 


vary  as  the  square  of  the  velocity  and 

k 
we  would  be  able  to    say,    H  =  —  v2 

d 
where  H  =  loss  of  head  per  100  ft.  of 
pipe,  v  =  velocity  of  flow,  d  =  the  di- 
ameter of  the  pipe  and  k  =  a  numeri- 
cal constant  depending  on  the  rough- 
ness of  the  interior  pipe  surface. 

Effect  of  Interior  Pipe  Surface  on 
Velocity. — Since  the  actual  velocity  of 
flow  varies  across  the  pipe  section,  be- 
ing a  maximum  at  the  center  and  a 
minimum  at  the  pipe  surface,  the  loss 
of  head  does  not  vary  exactly  as  the 
square  of  the  mean  velocity,  hut  as 
some  power  of  the  velocity  which  will 
depend  on  the  conditions.  Interior 
pipe  surface  conditions  influence  the 
variation   of   the   velocity   across   the 


oped  and  used,  each  being  founded  on 
experiments  which  were  limited  in 
scope. 

They  are  therefore  limited  in  their 
application  to  conditions  analogous  to 
the  experiments  on  which  they  were 
based  and  will  differ  in  a  material 
way  in  the  loss  they  give  for  a  given 
diameter  and  length  of  pipe. 

The  variation  of  m  in  the  formula, 
stated  above,  with  the  diameter  of 
the  pipe  has  been  studied  by  a  num- 
ber of  writers,  but  the  experimental 
data  have  been  too  meager  to  obtain 
more  than  a  rough  relation. 

It  has  been  found  a  numerical  con- 
stant divided  by  the  diameter  to  the 
1.25  power  may  be  substituted  for 
m  to  give  an  expression  applying 
closely   to    certain    classes     of     pipe. 
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Some  writers  have  decided,  with  the 
meager  data  at  hand,  that  the  above 
value  may  be  applied  in  a  general 
formula  and  have  taken  d  to  the 
1.25  power  and  given  different  values 
to  the  numerical  co-efficient  for  the 
various  types  of  pipe. 

Experiments   at   University   of   Wis- 
consin.— In  conducting  a  series  of  ex- 


Fig.     2.— Logarithmic     Plotting     of     Pipe 

Losses    for    Different    Velocities    of 

Flow.      Shows   Results  from 

4,  6,  8  and    12- In.   Pipe. 

periments*  in  the  Hydraulic  Labora- 
tory of  the  University  of  Wisconsin 
for  the  loss  of  head  caused  by  valves 
it  became  necessary  to  obtain  the  loss 
due  to  flow  in  wrought  iron  pipes. 
These  data  cover  experiments  on 
pipes  ranging  in  diameter  from  y2  to 
12  in.  and  therefore  furnished  an  ex- 
cellent experimental  basis  for  the 
study  of  the  effect  of  diameter  on  the 
loss  of  head.  While  in  most  cases 
only  one  sample  of  pipe  of  any  given 
size  was  tested,  the  conditions  of  the 
test  were  such  as  to  eliminate,  large- 
ly, losses  due  to  causes  other  than 
pipe  friction.     Fig.    1    illustrates    the 

* "Experiments  on  Loss  of  Head  in 
Valves  and  Pipe  of  One-Half  to  Twelve 
Inches  Diameter,"  by  Charles  I.  Corp,  as- 
sisted by  R.  o.  Ruble.  A  bulletin  of  the 
University  of  Wisconsin,  Engineering  Ex- 
periment Station  now  in  press. 


general  method  of  set-up  used  for  all 
of  the  sizes  tested.  For  obtaining  pipe 
losses  the  valve  shown  in  the  gage 
length  was  removed.  For  the  sizes 
above  4  in.  in  diameter  the  discharge 
was  measured  over  carefully  calibrat- 
ed weirs.  For  the  smaller  sizes  the 
discharge  was  obtained  by  direct 
weighing  with  tank  and  platform 
scales.  The  head  gage  used  consisted 
of  two  glass  tubes  5y2  ft.  long,  joined 
together  at  the  top  and  with  their  bot- 
tom ends  connected  with  the  piezo- 
meter openings  in  the  pipe.  Where 
the  ends  of  the  glass  tubes  were  con- 
nected at  the  top  provision  was  made 
for  supplying  compressed  air  by  means 
of  an  ordinary  auto-tire  pump.  The 
purpose  of  this  was  to  depress  the 
columns  of  water  in  the  gage  glasses 
to  a  convenient  point  for  reading. 

The  pipe  was  either  new  or  in  good 
condition.  The  gage  length  for  sizes 
below  2  in.  was  approximately  10  ft. 
For  the  larger  sizes  it  varied  but  an 
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-  KEY    TO    SYMBOLS  - 

Vl"  Pip« 
I"   Pipe  V   Pipe  O    Apr.26,191! 

July  21.1919  o     Aug. 5. 1919  o    May  6      •■ 

Aug.  6     i.  +        ..     n     ..  if    Jun,  zo  „ 


Fig.     3. — Logarithmic     Plotting     of     Pipe 

Losses    for    Different    Velocities    of 

Flow.     Shows  Results  from  |/2, 

34,   1.  1/2  and  2- In.  Pipe. 

endeavor  was  made  to  have  approxi- 
mately 40  pipe  diameters  of  length  in 
each  case.  There  was  but  one  joint 
in  the  gage  length  in  all  cases  except 
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that  of  the  12-in.  pipe  which  is  shown 
in  Fig.  1. 

Pipe  Loss  of  Different  Velocities  of 
Flow. — Figures  2  and  3  are  plottings 
of  the  data  on  logarithmic  paper.  It 
will  be  noted  the  experimental  points 
fall  very  closely  on  a  straight  line  for 
each  size  of  pipe  tested.    Attention  is 


ty    of  Flow    n   fttt  per  Second 


Fig.  4. — Logarithmic  Curves  for  All  Sizes 

of   Pipe  Tested.     Shows   Loss  of  Head 

for  Different  Velocities  of  Flow. 

called  to  the  middle  diagram  of  Fig. 
2,  which  is  for  6-in.  pipe.  The  6- 
in.  pipe  tests  were  carried  on  at  in- 
tervals for  a  period  of  about  one  year. 
The  data  for  each  period  are  distin- 
guished by  special  symbols.  Rusting 
and  other  aging  effects  of  pipe  have 
caused  the  curves  to  shift  along  and 
to  be  inclined  at  different  angles.  For 
purposes  of  comparison  the  curves 
have  all  been  assembled  in  Fig.  4. 
Table  I  gives  the  equation  of  each  of 
these  lines.  The  value  of  the  expo- 
nent n  of  v  varies  between  the  limits 
of  n- 1.805  and  n  =  1.985,  a  rough 
average  value  being  n=1.90.  By  chang- 
ing the  slope  of  the  different  straight 
line  curves  so  that  n  will  =  1.90  in  each 
case,  values  of  m  can  be  determined 
that  will  give  reasonable  agreement 
between  the  equations  and  the  experi- 
mental points.  Such  values  of  m  have 
been  determined  and  are  tabulated  in 
Table  II. 


Values  Plotted  Logarithmically 
Against  Pipe  Diameters. — In  Fig.  5  the 
values  of  m  of  Table  II  have  been 
plotted  logarithmically  against  the 
actual  pipe  diameters.  They  fall  very 
closely  along  a  straight  line  whose 
.0319 

equation   is  m  = .     If  we   substi- 

d  116 
tute  this  expression  for  m  in  the  equa- 
tion H  r=  m  v  lfl  there  results 
.0319 

H  = v  »■•. 

d  116 

This  formula  for  the  loss  of  head 
in  wrought  iron  pipe  fits  very  well  the 
losses  actually  determined  for  the 
sizes  of  pipe  tested. 

Comparison  of  Formulas. — In  order 
to  compare  this  formula  with  other 
wrought  iron  pipe  experimental  data 
and  with  some  of  the  formulas  used 
in  estimating  pipe  friction,  Fig.  6  has 
been  constructed.  In  Fig.  6  the  cir- 
cles are  experimental  points,  being 
the  results  for  1,  2  and  12-in.  diameter 
pipes.  It  will  be  noticed  Weston's 
and  Hazen  and  Williams'  curves  for 
2-in.  nominal  diameter  pipe  fall  on  op- 
posite sides  of  the  new  formula  and 
the  experimental  points.  Hazen  and 
Williams'  vlues  show  more  loss  and 
Weston's  values  less  loss  for  any 
given  velocity  of  flow.  The  group  of 
curves  and  experimental  points  for  1- 
in.  pipe  are  for  exact  diameters,  and 
differences  are  in  part  due  to  size. 
The  curve  from  Saph  and  Schoder's 
1-in.  galvanized  iron  pipe  shows  more 

TABLE  I.— EQUATIONS  FOR  LOSS  OF 
HEAD  IN  PIPE  FROM  LOGARITHMIC 
PLOTTING  OF  EXPERIMENTAL  RE- 
SULTS ON  FIG.  4. 


Pipe  diameter 

111 

inches. 

Formula. 

V, 

..H  =  1.205     v  i.805 

% 

..H=    .736     v  1.90 

1 

..H=    .5133  v  *.»•» 

W* 

.  .  H  =    .317     v  i.878 

2 

..H=    .271     v  i.w 

4 

..H=    .0995  v  K8*? 

6 

.  .H  =    .0621  v  1.0oa 

8 

. .  H  =    .0494  v  1.823 

12 

,.H=    .0254  v  i.985 

TABLE  II.—  VALUES  OF  m  IN  H  =  m  v 
i.9  FOR  A  SERIES  OF  PIPE  FRICTION 
CURVES  HAVING  A  FIXED  SLOPE 
OF  n=1.9. 


Nominal    diameter 
of  pipe  in  inches. 


1 

iy2 

2 


Measuered 

diameter 

in  feet. 

m. 

.0501 

1.0330 

.0675 

.7215 

.     .0877 

.5150 

.      .1342 

.4065 

.1723 

.2510 

.3346 

.1225 

.5122 

.0580 

.6752 

.0516 

.   1.0000 

.0310 
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loss  for  a  given  velocity  than  any  of 
the  other  experiments.  From  the  pipe 
friction  studies  of  F.  E.  Giesecke  at 
the  University  of  Texas  and  from  data 
obtained  in  the  hydraulic  laboratory 
of  the  University  of  Wisconsin  it  ap- 
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pears  that  galvanizing  slightly  re- 
duces the  diameter  and  increases 
slightly  the  pipe  friction  as  compared 
to  clean  new  black  pipe.  Published 
results  on  friction  in  wrought  iron 
pipe  above  2  in.  in  diameter  are  so 
meager  it  was  not  considered  of  suf- 
ficient value  to  warrant  complicating 
the    figure    by    introducing    the    new 
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Fig.  6.— Comparison  of  Formula  and    Ex- 
perimental   Results   on    Wrought    Iron 
Pipe— Circles    Are    Wisconsin    Ex- 
periments;Triangles  Are  Ham- 
Ilton  Smith's  Experiments. 


formula  curves  for  sizes  between  2-in. 
and  12-in.  diameters.  The  three  sizes 
selected  give  the  degree  of  agreement 
between  the  formula  and  experimen- 
tal data. 

It  should  be  noted  that  the  effect 
of  joints  was  largely  eliminated  in 
this  series  of  experiments  and  the 
formula  therefore  gives  pipe  friction 
alone.  Where  screw  points  or  other 
disturbing  factors  are  present  allow- 
ance should  be  made  for  their  influ- 
ence. 


Progress  of  Zoning  in  the  United 
States. — The  recent  report  of  the  Di- 
vision of  Building  and  Housing  of  the 
U.  S.  Department  of  Commerce  on 
"Zoning  Progress  in  the  United 
States,"  shows  that  109  cities  and 
towns  were  zoned  during  1922.  Zon- 
ing has  spread  rapidly  in  the  smaller 
towns;  23  places  of  5,000-10,000  are 
now  zoned,  and  17  towns  of  less  than 
5,000.  And  of  the  50  larger  cities,  22 
have  zoning  ordinances  in  effect. 
More  than  15,000,000  people  live  in 
zoned  municipalities.  Eighty-one  per 
cent  of  the  urban  population  of  New 
York  state  is  protected  by  zoning, 
while  California  ranks  second  with  71 
per  cent.  New  Jersey  leads  in  the 
number  of  places  with  zoning  regula- 
tions, 31  in  all,  and  New  York  is  sec- 
ond with  17.  The  entire  District  of 
Columbia  is  zoned.  Thus,  computa- 
tions show  that  the  homes  of  27  per 
cent  of  the  total  urban  population 
are  protected  from  intrusion  of  ga- 
rages, stores,  warehouses  or  manu- 
facturing  plants. 


Winnipeg  River  Hydro  Electric  De- 
velopment.— The  first  unit  of  the  168,- 
000,000  HP.  hydroelectric  station  of  the 
Manitoba  Power  Co.  at  Great  Falls 
on  the  Winnipeg  River,  Canada,  was 
placed  in  operation  on  Dec.  1.  Work 
was  commenced  in  the  late  autumn 
of  1921  and  the  preliminary  opera- 
tions of  unwatering  and  plant  assem- 
bling were  carried  on  throughout  the 
following  winter,  but  it  was  not  until 
the  spring  of  1922  that  the  actual 
work  of  construction  was  placed  un- 
der way.  From  then  until  the  end 
of  the  year  some  64,000  cu.  yd.  of 
concrete  were  placed  in  the  power 
station  and  dam,  over  60,000  cu.  yd. 
of  solid  rock  removed  at  the  power 
station  and  over  80,000  cu.  yd.  of 
solid  rock  removed  from  the  White- 
mud  Falls  channel  and  transported  to 
Great  Falls. 
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Water  Measurements  on  Irrigation  Project 

Methods  on  the  240,000  Acre  Development  of  the  Salt  River  Valley 
Water  Users'  Association  Described  in  Reclamation  Record 

By  C.  C.  CRAGIN, 

General  Superintendent  and  Chief  Engineer. 


The  Salt  River  Valley  Water  Users' 
Association  delivers  water  to  approxi- 
mately 240,000  acres  in  the  Salt  River 
Valley,  Ariz.;  203,000  acres  are  includ- 
ed within  the  Reclamation  Service 
project  under  the  Roosevelt  Dam,  and 
the  balance  receives  water  through 
the  main  canals  and  laterals  of  that 
system  constructed  or  reconstructed 
under  the  reclamation  law. 

The  average  amount  of  water  re- 
quired annually  is  1,100,000  acre-feet. 
This  demand  varies  from  an  average 
of  approximately  3  per  cent  in  Decem- 
ber to  over  13  per  cent  in  June,  but 
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Sketch  Map  of  Salt  River  Project,  Arizona. 

has  exceeded  160,000  acre-feet  in  a 
single  month,  depending  on  weather 
and  crop  conditions. 

With  the  advent  of  large  areas  in 
cotton  and  greatly  increased  areas  of 
truck  farms,  the  demand  became  im- 
perative for  the  accurate  timing  of 
water  over  this  large  area,  as  prompt 
service  and  the  conservation  of  water 
could  not  be  fostered  without  it. 

Sources  of  Water  Supply. — The  tim- 
ing of  water  on  this  project  is  some- 
what complicated  by  the  fact  that  the 
water  supply  of  this  valley  comes 
from  four  sources: 

1.  The  flow  of  the  Salt  River  regu- 
lated by  the  Roosevelt  Reservoir  (6,- 
110  square  miles  drainage  area). 

2.  The     unregulated     flow     of     the 


Verde  River  (6,260  square  miles  drain- 
age area). 

3.  The  normal  flow  of  return  water 
at  Joint  Head  Dam. 

4.  Pumped  water. 

The  probability  of  extended  periods 
of  drought  and  need  for  drainage  re- 
quires, as  near  as  is  practicable,  the 
constant  operation  of  approximately 
100  pumps.  However,  owing  to  the 
quality  of  some  of  this  pumped  water, 
quantities  of  it  can  be  used  only  when 
the  demand  in  certain  areas  is  large 
enough  to  make  its  mixture  with  river 
water  permissible.  The  normal  flow 
at  Joint  Head  Dam  varies  from  ap- 
proximately 60,000  to  90,000  acre-feet 
per  year.  The  normal  flow  of  the 
Verde  River  varies  daily  from  50  sec- 
ond-feet in  dry  periods  to  floods  ex- 
ceeding 150,000  second-feet.  The  va- 
riations of  these  three  sources  are  con- 
trolled by  the  draft  on  Roosevelt 
Reservoir,  49  miles  from  the  point  of 
diversion. 

Effect  of  Power  Load  on  Flow. — 
Another  element  affecting  water  reg- 
ulation at  Granite  Reef  is  the  varying 
power  load,  which  results  in  a  con- 
stantly fluctuating  flow  through  the 
Roosevelt  power  house.  This  and  the 
varying  water  draft  on  Roosevelt  Res- 
ervoir is  controlled  by  a  gaging  sta- 
tion below  Roosevelt  Dam,  electrically 
operated.  The  marker  of  this  gage  is 
placed  on  the  switchboard  of  the 
power  house  and  is  held  steady  or 
varied  according  to  the  water  order 
by  three  electrically-operated  54-in. 
needle  valves.  Careless  operation  can, 
of  course,  be  traced  direct  to  the  op- 
erator responsible,  as  the  gage  is  also 
recording  and  inaccurate  attention  is 
shown  at  the  hour  that  it  occurred. 

The  need  for  accurate  timing  and 
dispatching  of  water  under  such  con- 
ditions is  apparent.  Good  service, 
which  means  increased  crop  produc- 
tion, and  the  conservation  of  water 
make  it  imperative  where  the  water 
supply  is  limited.  Aside  from  the 
standpoint  of  prompt  service,  addi- 
tional water  in  the  canal  system  above 
actual  crop  requirements  would  make 
unnecessary   great   accuracy    in    dis- 
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patch,  but  the  water  requirements  and 
available  supply  of  this  valley  demand 
the  lowest  limit  of  operating  waste. 

Monographs  of  Time  Flow. — Several 
months'  preliminary  study  was  made 
of  the  elapsed  time  necessary  for  the 
appearance  at  Granite  Reef  diversion 
of  upstream  changes.  This  study 
showed  that  the  time  required  for  a 
given  change  in  discharge  at  Roose- 
velt Dam  to  reach  Granite  Reef  varied 
from  eight  hours  with  3,000  second- 
feet  flow  to  nearly  two  days  for  a  low 
flow  of  100  second-feet.  Similarly,  on 
the  Verde  River  for  the  70-mile  dis- 
tance from  Childs  to  Granite  Reef,  12 
hours  to  nearly  3  days  elapsed  for  like 
quantities. 

Nomographs  were  prepared  in  which 
a  line  drawn  from  the  quantity  column 
at  the  right  to  the  change  in  flow  at 
Childs,  at  the  left,  intersects  the  time 
column  in  the  center,  showing  the 
number  of  hours  required  for  such 
change  to  reach  Granite  Reef.  In  con- 
junction with  this  variation  and  the 
variation  of  pumped  water  and  return 
flow  at  Joint  Head,  the  variation  of 
the  water  order  is  made  at  Roosevelt 
by  use  of  a  similar  Salt  River  nomo- 
graph shown  below.  During  the  past 
12  months,  after  less  than  one  year's 
previous  operation,  the  water  at  Gran- 
ite Reef  has  been  held  within  less 
than  2  per  cent  of  the  required  water. 

The  irrigated  area  extends  over  34 


NOMOGRAPH  OF  WATER  TIME  FROM  ROOSEVELT 
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Nomograph    of   Water  Time  from    Roose- 
velt to  Head  of  Canals  at  Granite  Reef. 

Example:  With  500  second  feet  flow- 
ing 21%  hours  are  required  for  an  addi- 
tion of  200  second-feet  at  Roosevelt  to 
reach  Granite  Reef  Dam. 

miles  in  an  east  and  west  and  30  miles 
in  a  north  and  south  direction.  With 
the  water  at  the  head  correctly  reg- 
ulated,   the    problem    of    dispatching 


water  through  this  widely  extended 
system  is  met  in  a  similar  manner. 
Additional  main  canal  recording  gage 
stations  have  been  installed  and  ap- 
proximately 150  lateral  head  gates 
rated  for  varying  gate  openings  under 
varying  differences  in  head  above  and 
below  the  gate. 

Results    of    Operation     Under    Ac- 
curate Timing. — During  the  first  year's 
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operation,  under  conditions  of  ac- 
curate timing  of  water,  approximately 
90,000  separate  runs  of  water  were  de- 
livered to  the  farmers,  as  follows:  85 
per  cent  within  24  hours  of  time  for 
which  water  was  ordered,  13  per  cent 
within  48  hours  of  time  for  which 
water  was  ordered,  2  per  cent  (one 
head  ditch)  within  96  hours  of  time 
for  which  water  was  ordered. 

A  better  feeling  among  the  farmers 
as  to  service  is  apparent  and  is  largely 
attributed  to  this  improvement. 

The  entire  operation  waste  for  sluic- 
ing and  unavoidable  tail-ditch  waste 
has  been  reduced  to  less  than  10,000 
acre-feet  for  the  whole  12  months,  or 
less  than  one-tenth  of  1  per  cent  of 
the  water  diverted  and  developed.  It 
is   conservatively    estimated   that   an 
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annual  saving  of  over  30,000  acre-feet 
can  be  effected. 

The  permanent  rating  of  lateral 
gates,  as  recently  accomplished  on 
this  project,  has  resulted  in  a  large 
saving  in  the  annual  cost  of  hydro- 
graphic  measurements,  to  the  extent 
that  the  entire  cost  of  the  above-de- 
scribed work,  together  with  the  an- 
nual operating  expenses  of  all  other 
work  of  the  hydrographic  department, 
was  several  hundred  dollars  less  than 
the  previous  cost  for  ordinary  opera- 
tion of  this  department.  A  more  de- 
tailed description  of  the  above  and  of 
the  other  work  performed  by  the  hy- 
drographic department  is  contained  in 
the  following  excerpt  from  a  chapter 
on  Hydrography,  by  J.  G.  Bailhache, 
Salt  River  Project  History  for  1920-21. 


Hydraulic  Records. — These  are  kept 
of  (1)  water-shed  conditions;  (2)  rain- 
fall; (3)  run-off;  (4)  river  discharge, 
including  floods;  (5)  evaporation;  (6) 
seepage;  (7)  water  pumped;  (8)  wa- 
ter diverted;  (9)  water  wasted;  (10) 
water  used  for  irrigation. 

Hydraulic  Factors. — In  order  to  con- 
trol accurately  the  water  supply  the 
following  five  factors  are  requisite: 

(1)  Quantity  of  water  being  drawn 
at  any  time  from  Roosevelt. 

(2)  The  hour  at  which  a  corre- 
sponding change  in  flow  will  be  ap- 
parent at  Granite  Reef  after  travers- 
ing the  49  miles  of  river  from  reser- 
voir to  diversion  dam. 

(3)  Quantity  of  water  available  at 
all  times  in  the  Verde  River  at  the 
rating  station  (located  at  Childs,  70 
miles  above  Granite  Reef). 

(4)  Time  required  for  a  change  in 
flow  at  Childs  to  produce  a  corre- 
sponding change  at  Granite  Reef. 

(5)  Quantity  of  water  in  Salt  River 
at  Granite  Reef. 

These  facts  are  obtained  from  rec- 
ords at  five  river  stations,  as  follows: 
(1)  Tonto  Creek,  (2)  Roosevelt  Dam, 
Salt  River,  (3)  power  canal  dam,  Salt 
River,  (4)  Childs  Station  on  Verde, 
and  (5)  Granite  Reef  Dam,  Salt  River. 

Distribution  Factors. — In  connection 
with  this  work  40  main  canal  stations 
are  maintained  and  numerous  lateral 
stations,  the  latter  being  especially 
troublesome  to  maintain.  Stick-gate 
ratings  are  objected  to  on  account  of 
liability  of  error  for  any  of  the  follow- 
ing reasons: 

1.  When  moss  or  weeds  grow  in  the 
ditch. 

2.  When  ditch  gets  sand  in  it  or 
partially  fills  with  silt. 


3.  When  ditch  becomes  dirty  or 
trash  gets  in  it. 

4.  When  ditch  is  cleaned. 

5.  When  water  is  checked  for  any 
reason. 

Wherever  feasible  the  stick  ratings 
have  been  changed  to  gate  ratings  (6 
main  canal  and  125  lateral  gates  hav- 
ing been  rated  to  date),  and  the  ad- 
vantages are  as  follows: 

1.  The  rating  will  hold  good  and  not 
change  with  the  condition  of  the  canal 
and  lateral. 

2.  After  the  rating  is  once  made  for 
all  conditions  with  trash  kept  out  of 
gate,  no  operating  conditions  can  make 
the  rating  incorrect. 

3.  It  operates  correctly  with 
checked  delivery  or  without. 

4.  It  eliminates  expense  of  reratings 
after  they  are  correctly  established. 

Field  Operations. — In  order  to  uti- 
lize this  system  of  gate  ratings,  nom- 
ographs have  been  prepared  (see  il- 
lustration) which  are  furnished  to  the 
ditch  riders  or  zanjeros,  as  they  are 
called,  on  the  Salt  River  project. 

For  measuring  the  water  through 
the  gate — 

First,  read  canal  gage. 

Second,  read  lateral  gage. 

Third,  subtract  lateral-gage  reading 
from  canal-gage  reading,  giving  the 
head  or  right-hand  column  of  nomo- 
graph. 

Fourth,  read  gate  opening  on  gate 
stem,  giving  the  left-hand  column  of 
nomograph. 

Fifth,  lay  rule  or  straight  edge  on 
the  two  points  of  right  and  left-hand 
columns,  respectively,  of  nomograph 
and  the  discharge  in  second-feet  at 
gate,  regardless  of  the  condition  of 
the  lateral,  is  given  in  center  column. 

By  this  system  a  change  in  the  flow 
of  water  can  be  made  in  a  short  time 
without  leaving  the  head  gate. 

Variety  and  Character  of  Work  and 
Records. — 1.  A  water-check  system 
has  been  inaugurated  in  which  the 
water  in  lower  canals  is  figured  back 
to  upper  canals  with  proper  allow- 
ance for  losses,  and  this  computation 
is  extended  back  through  upper  canals 
to  the  Granite  Reef  diversion  dam  and 
thence  to  the  Verde  River  and  the 
Roosevelt  Reservoir  with  all  factors 
considered,  including  inflow,  rainfall, 
and  evaporation. 

2.  Pump  discharges  are  rated  and 
measured  at  intervals  to  insure  cor- 
rect data. 

3.  Daily  water  report  includes  rec- 
ords of  conditions  at  Roosevelt,  on 
the   Verde,    and   on   the    North    and 
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South  Side  Canals,  and  weather  condi- 
tions affecting  evaporation. 

4.  Automatic  regulating  devices 
have  been  installed,  and  also  several 
Venturi  meters. 

5.  Hydrograph  of  daily  flow  of  Salt 
and  Verde  Rivers  for  past  21  years 
have  been  made,  and  numerous  re- 
ports for  other  departments  of  the  as- 
sociation and  the  Government. 

6.  Over  2,500  current  meter  water 
measurements  have  been  made  during 
the  year. 

7.  Preparation  of  water  time  sched- 
ules, which  includes  utilizing  record- 
ing gages  on  rivers  and  canals  and 
plotting  results. 

8.  Preparation  of  rating  charts  or 
nomographs  for  each  gate,  prints  be- 
ing furnished  to  ditch  riders  and  su- 
perintendents. 

Results. — As  a  result  of  this  work, 
it  is  now  possible  to  send  any  desired 
quantity  of  water  from  Roosevelt  Res- 
ervoir to  Granite  Reef  Dam,  time  its 
arrival,  and  maintain  the  required 
flow  at  the  diversion  points  with  prac- 
tically the  regularity  of  a  railroad 
schedule,  and  by  the  aid  of  the  nomo- 
graphs the  quantity  of  water  can  be 
readily  and  accurately  ascertained. 

Economy  of  the  System. — 1.  Now,  ex- 
cept for  flash  floods,  there  is  practical- 
ly no  waste  of  water  at  Granite  Reef 
Dam  diversion,  as  time  schedule 
makes  it  possible  to  maintain  a  flow 
equal  to  orders  for  water. 

2.  In  one  case  the  rating  of  head- 
gates  has  saved  an  hour  of  a  pump 
operator's  time  and  12  miles  of  trans- 
portation. 

3.  Installation  of  an  electric  long- 
distance indicating  gage  at  Roosevelt 
has  effected  a  saving  of  about  $1,200 
per  year. 

4.  In  a  seven  months'  period  it  is 
estimated  that  there  has  been  a  sav- 
ing of  at  least  30,000  acre-feet  of 
water. 


Infiltration  Flow  in  Sanitary 
Sewers 


Draftsmen  Wanted  by  Government. — 
The  U.  S.  Civil  Service  Commission 
has  announced  the  following  open 
competitive  examination:  (A)  Hy- 
drographic  and  topographic  drafts- 
man. (B)  Hydrographic  and  topogra- 
phic draftsman  for  lithographic  work. 
The  receipt  of  applications  will  close 
on  March  27.  The  examination  is  to 
fill  vacancies  in  the  Coast  and  Geo- 
detic Survey,  Washington,  D.  C,  at  $1,- 
640  a  year,  and  in  positions  requir- 
ing similar  qualifications  in  other 
branches. 


Estimates    of   Various    Sanitary    Engi- 
neers and  Results  of  Study  on 
New  Jersey  Sewer 

The  difficulty  of  predicting  the  quan- 
tity of  infiltration  for  allowance  in  the 
design  of  sanitary  sewers,  due  to  the 
many  physical  factors  and  the  human 
elements  affecting  it  is  well  known. 
Some  interesting  information  on  this 
subject  is  given  by  Mr.  Alexander 
Potter,  consulting  engineer,  New  York 
City,  in  his  report  on  "Methods  of 
Providing  Additional  Sewerage  Facili- 
ties for  Certain  Municipalities  in 
Essex  and  Union  counties,  New  Jer- 
sey, submitted  recently  to  the  govern- 
ing bodies  of  the  interested  cities.  The 
matter  following  is  abstracted  from 
the  report. 

Estimates  of  Quantities  of  Infiltra- 
tion.— Below  are  given  in  abstract  the 
experience  and  estimates  of  various 
sanitary  engineers: 

H.  P.  Eddy  (Proceedings  Am.  Soc. . 
C.  E.,  Dec,  1921)— "About  30  years 
ago  a  Massachusetts  city  with  a  popu- 
lation of  approximately  20,000  built  a 
separate  system  of  sewers  with  ex- 
treme care.  The  pipe  joints  were 
made  very  tight,  and  the  system  was 
apparently  an  excellent  piece  of  work- 
manship. In  recent  times,  measure- 
ments of  the  dry-weather  flow  at  the 
treatment  plant  have  shown  less  than 
300,000  gal.  in  24  hours.  In  time  of 
storm,  the  flow  has  risen  nearly  to 
3,000,000  gal.  in  24  hours.  A  thorough 
investigation  to  ascertain  whether  it 
was  possible  to  correct  that  condition 
has  shown  that,  except  in  the  case  of 
one  or  two  sewers  which  could  be  and 
have  been  improved,  it  is  practically 
impossible  to  better  the  situation." 

Allen  Hazen  (Passaic  Valley  Sewer 
Report,  1906) — "Ground  water  infiltra- 
tion taken  as  15  gal.  per  person." 

E.  S.  Rankin  (Discussion,  Transac- 
tions Am.  Soc.  C.  E.,  1913)— "On  the 
assumption  that  Newark  contributed 
to  the  joint  sewer  a  sanitary  flow  of 
500  gal.  per  house  connection,  or  about 
100  gal.  per  person,  the  average  leak- 
age for  7  years  (see  Pig.  1)  averaged 
50,000  gal.  per  mile  per  day." 

Kenneth  Allen  (Ibid)— "The  Metro- 
politan Sewerage  Commission  used  an 
infiltration  of  450,000  gal.  per  square 
mile  for  partly  developed  districts  and 
1,000,000  gal.  per  square  mile  for  com- 
pletely built  up  territory." 
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E.  Kuichling  (Ibid)— "Mr.  Ernest 
Adam,  engineer  of  Department  of 
Streets,  Newark,  N.  J.,  gave  figures 
showing  that  an  infiltration  of  1,378,- 
400  gal.  per  square  mile  of  dry  land 
surface  occurred  in  Newark  on  old 
brick  sewers  in  very  bad  condition. 
In  a  paper  by  A.  P.  Folwell  it  is  stated 
that  in  4,000  ft.  of  brick  sewer  in  East 
Orange,  N.  J.,  the  rate  of  infiltration 
was  570,000  gal.  per  mile  per  day  and 
in  21  miles  of  8-in.  pipe,  it  was  only 
9,000  gal.  per  mile  per  day." 

John  P.  Wentworth  (Engineering 
News-Record,  June  1,  1922)  —  "In 
Louisville,  allowances  were  made  in 
designing  sanitary  sewers  for  roof- 
water.  The  computations  indicated 
that,  depending  on  the  area  sewered, 
from  \y>z  to  2y2  per  cent  of  the  roofs 
could  be  drained  into  the  sewers  with- 
out causing  surcharge.  No  roof-water 
leader  was  to  enter  the  sewer.  The 
above  allowances  were  made  to  care 
for  leaders  that  could  not  be  de- 
tected." 

Passaic  Valley  Sewer  Report,  1908. — 
Computations  for  flow  in  1940  were 
based  on  two  rates  of  infiltration:  (a) 
From     thickly     settled     communities, 


0.700  m.g.d  per  square  mile;  (b)  from 
the  less  dense  areas,  0.100  m.g.d.  per 
square  mile. 

X.  H.  Goodnough  (Engineering 
News,  Aug.  27,  1903)— On  137  miles  of 
pipe  sewers  in  Massachusetts,  varying 
in  diameter  from  8  to  30  in.,  the  in- 
filtration before  connections  were 
made,  averaged  40,000  gal.  per  day 
per  mile. 

In  designing  extensions  to  the  sew- 
ers for  the  metropolitan  district  of 
Boston,  the  infiltration  is  taken  at 
80,000  gal.  per  day  per  mile. 

In  Maiden,  Mass.,  the  infiltration  av- 
eraged 50,000  gal.  per  mile  per  day. 

C.  E.  Grunsky  (Transactions,  Am. 
Soc.  C.  E.,  1909)— "The  ground  water 
reaching  the  sewers  from  high  ground 
was  introduced  into  the  calculations 
of  sewer  capacity  at  0.001  second  feet 
per  acre  (0.413  m.g.d.  per  square  mile) 
and  that  from  the  low  parts  of  the 
city,  where  the  sewers  for  the  most 
part  will  lie  below  the  soil  water 
plane  at  0.003  second  feet  per  acre 
(1.24  m.g.d.  per  square  mile)." 

Alexander  Potter  (Joint  Outlet 
Sewer  Report,  1910)— "It  is  not  safe 
to  count  on  a  less  rate  of  infiltration 


TABLE    I.— INFILTRATION    INTO    JOINT  SEWER.     (FOR  THE  YEAR  1911.) 
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than  25,000  gal.  per  mile  per  day  with 
cement  joints.  This  can  be  reduced 
with  compound  joints." 

From  a  study  made  by  Mr.  Potter  in 
1911  of  the  conditions  of  the  joint 
sewer,  much  information  was  collected 
regarding  the  water  consumption  of 
the  various  municipalities,  the  num- 
ber of  connections  to  the  joint  sewer, 
etc.  From  such  information,  Table  I 
was  prepared.  In  this  tabulation  in- 
filtration is  taken  as  the  difference 
between  the  sewage  flow  and  the 
water  consumption.  It  will  be  ob- 
served that  the  infiltration  in  times 
of  maximum  flow,  varies  from  44,000 
gal.  per  mile  of  laterals  in  the  Sum- 
mit section  to  290,000  gal.  in  the  19th 
Ave.  section  of  Newark.  In  this  New- 
ark section,  when  these  figures  were 
compiled,  the  leaders  were  directly 
connected  with  the  sewers.  In  many 
cases  they  have  since  been  cut  off  and 
other  efforts  made  to  reduce  the  maxi- 
mum flow  discharges  (see  Fig.  1).  The 
weighted  mean  of  the  maximum  flows 
is  gathered  from  the  table  to  be  97,500 
and  for  the  average  flows,  35,600  gal. 
per  mile  of  laterals.  On  the  basis  of 
acreage,  this  infiltration  in  1911 
amounted  to  770,000  gal.  per  square 
mile. 

Infiltration,  Based  on  Joint  Sewer 
Records. — The  records  of  flow  in  the 


joint  sewer  for  1920  can  also  be  used 
to  determine  roughly  the  amount  of 
ground  water  infiltration.  Gage  1/60 
flow  through  this  gage  in  1920  was 
16.80  m.g.d.  This  is  from  a  population 
of  106,000  which  has  an  average  rate 
of  wateT  consumption  based  on  90  gal. 
per  capita  per  day  of  9.54  m.g.d. 
Therefore,  the  average  infiltration 
passing  gage  1/60  is  16.80  —  9.54  =  7.26 
m.g.d.  The  flow  in  the  maximum  week 
was  at  the  rate  in  excess  of  24.80 
m.g.d.,  whence  we  deduce  the  maxi- 
mum infiltration  to  be  in  excess  of 
24.80  —  9.54  =  15.26  m.g.d.,  inasmuch 
as  overflows,  the  volume  of  which  it 
is  difficult  to  estimate,  escape  at  sev- 
eral points  at  times  of  maximum  flow. 
These,  however,  as  they  only  occur 
for  a  short  time,  do  not  affect  the 
average  infiltration,  but  they  do  in- 
crease the  maximum. 

The  1920  population  tributary  to 
gage  1/60  was  106,000  persons;  the 
area  tributary  was  16,170  acres  or  25 
square  miles;  and  the  sewer  mileage 
about  200.  This  gives  an  average 
rate  of  flow  of  16,800,000  -r  106,000 
or  158  gal.  per  capita  and  leaves  an  av- 
erage infiltration  158  —  90  =  68  gal.  per 
capita  or  290,000  gal.  per  square  mile, 
or  36,300  gal.  per  mile  of  sewer;  and  a 
maximum  daily  rate  of  flow  in  excess 
of   24,800,000 -f- 106,000  =  234    gal.    per 
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TABLE  II. 

Maxi-  Water 
mum      con-        Infiltration. 
TRIBUTARY.  week     sump-  Total,        Gals. 

Gage.         Town.  Pop.         Area.         mgd.      tion.  m.  g.  g.  sq.  mile. 

4.100 
10,200 

14.300 

10. 200 

13,000 

4,800 

17,800 

4/4       9/10  South  Orange  Village 6,500  1,420 

%  S.  Orange  Twp.  (Maple wood)    3,500  1,030 

%    Millburn     550  350 

Orange    i 4,800  230 

West  Orange   13,000  2,120 

28,350  5,150          8.47         2.55         5.92         735,000 

5/4%     1/10   South  Orange  Village 730  160 

Irvington     25,480  .    1,870 

Newark    36,500  1,106 

Total  62,710         3,136  9.10         5.64         3.46         706,000 

of  6/16  6,300                                         5.01 

4/4  and  5,150                                         5.92 

5/4%  3,136                                         3.46  ' 

15,100  14.39         6*P  ^0 

Gage  6/16  renresents  the  flow  in  Section  6;  gage  4?4,  that  from  Section  4;  and 
gage  5/4%,  that  from  Section  5. 

The  total  in  the  last  line  checks  very  well  with  610,000,  derived  for  the  system 
from  Gage  1/60.  It  must  be  realized  that  these  figures  represent  infiltration  rates  for 
the  week  of  heaviest  flow,  and  that  there  are  hourly  rates  exceeding  these  by  a  large 
margin. 
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capita  and  a  rate  of  infiltration  for 
the  maximum  flow  of  234  —  90  =  144 
gal.  per  capita,  or  610,000  gal.  per 
square  mile,  or  76,000  gal.  per  mile  of 
sewer. 

From  other  gages,  the  data  in  Table 
II  have  been  compiled  for  the  maxi- 
mum week  on  the  basis  of  the  water 
consumption  at  90  gal.  per  day. 

Conclusions  Regarding  Infiltration. 
— Infiltration,  then,  is  no  fanciful 
quantity,  but  a  real  factor  in  the  de- 
sign of  sanitary  sewers.  It  has  been 
evaluated  between  wide  limits,  figures 
show  its  wide  variation  on  one  trunk 


Fig.    1 — Study    of    Relation    Between    An- 
nual   Rainfall    and    Estimated    Daily 
Flow,    Newark    Section,    Joint 
Outlet   Sewer. 

sewer;  some  authorities  claim  that 
it  is  independent  of  the  population. 
Mr.  Potter's  studies  lead  him  to  the 
thought  that  infiltration  is  dependent 
on  the  density  of  population,  varying 
inversely  with  it,  other  things  being 
equal.  For  instance,  the  fact  has  been 
brought  out  that  infiltration  has  dim- 
inished in  Newark  as  the  streets  have 
been  paved  and  the  storm  drains 
built.  Why  are  streets  paved  and 
storm  drains  built?  Because  the  popu- 
lation has  become  sufficiently  large  to 
support  these  improvements.  There- 
fore, it  is  not  far  from  the  truth  to 
assume  that  the  greater  the  density 
of  population,  the  less  allowance  is 
necessary  for  infiltration,  for  sewers 
laid  through  ground  of  the  same  char- 
acter. As  the  principal  contributors 
to  the  projects  studied  are  on  Sec- 
tions 4  and  5  (Table  I)  both  of  which 
were  constructed  in  trenches  50  to  70 
per  cent  wet,  they  may  be  considered 
of  like  degrees  of  wetness  for  the  pur- 
pose of  this  tabulation. 

Infiltration  also  varies  inversely 
with  the  adoption  of  proper  methods 
for  its  exclusion  and  the  honesty  of 
purpose  of  those  whose  duty  it  is  to 
see  these  rules  properly  enforced.  In- 
filtration can  be  considerably  reduced 
by  proper  rules,  honestly  enforced. 


Economic  Loading  for  a 
Hopper  Dredge 

A  careful  study  has  recently  been 
made  under  the  direction  of  Col.  Her- 
bert Deakyne,  U.  S.  Corps  of  Engi- 
neers, District  Engineer  of  the  First 
San  Francisco  District,  on  the. econo- 
mic loading  of  the  sea-going  hopper 
dredge  San  Pablo,  while  engaged  in 
dredging  the  channel  in  Mare  Island 
Strait.  The  salient  portions  of  his 
technical  paper  thereon  are  given  in 
the  January-February  issue  of  The 
Military  Engineer,  from  which  the 
matter  following  is  taken. 

The  hoppers  of  the  dredge  San 
Pablo  had  a  capacity  of  500  cu.  yd.; 
this  was  later  increased  to  525  cu.  yd. 
by  placing  flash  boards  on  the  over- 
flow coamings.  About  95  per  cent  of 
the  material  dredged  consists  of  a  fine 
black  or  yellow  silt,  a  large  part  of 
which  settles  very  slowly  after  having 
been  agitated. 

At  the  time  the  economic  loading 
studies  were  commenced  it  had  been 
the  practice  to  pump  "material  into 
the  hoppers,  until  the  appearance  of 
the  surface  mud  indicated  thick  mate- 
rial in  the  bins,  and  then  consider  the 
yardage  as  500.  The  total  yardage  for 
any  day  was  therefore  assumed  to  be 
the  number  of  loads  multiplied  by 
500.  This  assumption  appeared  fo  be 
justified  by  the  fact  that  place  meas- 
urement surveys  indicated  in  some 
cases  20  per  cent  more  material  re- 
moved than  was  indicated  by  the  bin 
measurement. 

After  about  five  minutes  of  pumping 
the  hoppers  are  filled  with  a  certain 
amount  of  solids  and  water  and  the 
mixture  begins  to  flow  overboard 
through  the  discharge  openings.  The 
pumping  time  for  a  load  has  been  as 
much  as  one  hour,  but  a  few  months 
before  the  economic  loading  test  the 
time  was  reduced  to  between  25  and 
35  minutes  and,  thus,  for  from  20  to 
30  minutes  the  water  with  solids  in 
suspension  is  flowing  overboard.  Evi- 
dently the  policy  of  estimating  with 
the  eye  as  to  about  when  the  hoppers 
are  loaded  and  calling  the  load  500 
cu.  yd.  is  neither  correct  nor  scientific. 
After  a  satisfactory  measuring  device 
was  developed  it  was  ascertained  that 
the  loads,  instead  of  being  500  cu.  yd., 
varied  between  420  and  470  cu.  yd. 
The  water  which  for  20  to  30  minutes 
flows  overboard,  carries  with  it  a 
large  amount  of  solids,  a  considerable 
part  of  which  ultimately  may  be  re- 
deposited  in  the  channel. 
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The  Problem. — The  problem  is  to 
find  out  the  minimum  time  that  the 
dredge  should  pump  for  a  load,  de- 
pending on  the  following: 

1.  The  number  of  cubic  yards  of 
settled  material  pumped  per  minute 
of.  loading  time; 

2.  The  amount  of  solids  held  in 
suspension  in  the  water  above  the 
settled  material  in  the  hoppers. 

The  sum  of  the  two  then,  theoreti- 
cally, would  be  the  yardage  dredged. 

The  procedure  to  obtain  an  econo- 
mic load  involves  several  factors,  as 
follows: 

(a)  The  measurement  of  settled 
solids; 

(b)  The  measurement  of  solids  held 
in  suspension  in  the  water; 

(c)  Time  needed  for  the  haul  to  the 
dump; 

(d)The  time  available  for  pumping. 

Measurement  of  Settled  Solids. — 
The  measurement  of  settled  solids  is 
made  about  five  minutes  after  the 
dredge  has  stopped  pumping,  and 
while  on  its  way  to  the  dump  with 
the  load.  Soundings  are  taken  in  the 
hoppers  with  a  sounding  line  to  which 
is  attached  a  U.  S.  Engineer  Depart- 
ment standard  metal  disc  about  6  in. 
in  diameter  and  1/16  in.  thick  with  a 
standard  lead  weight,  making  the 
total  weight  of  the  disc  2  lb.  2  oz. 

Three  soundings  are  taken  in  each 
hopper  and  these  are  then  averaged 
to  determine  the  average  depth  in 
each  hopper  and  then  the  latter  are 
averaged  for  the  load.  The  soundings 
are  taken  for  each  load  pumped  be- 
tween 8  a.  m.  and  4  p.  m.,  and  are 
entered  on  a  form  on  the  back  of  the 
daily  report. 

Determination  of  Percentage  of 
Solids  in  Water. — Simultaneously  with 
the  soundings  a  sample  of  water  half- 
way down  to  the  level  of  settled  solids 
and  well  mixed,  is  taken  from  each 
hopper.  A  standard  one-pint  measure, 
is  filled  with  the  mixture  and  bal- 
anced on  a  scale  having  graduations 
showing  the  percentage  of  solids  in 
suspension  in  the  water. 

The  percentages  thus  obtained  are 
also  entered  opposite  each  load 
dredged  from  8  a.  m.  to  4  p.  m.  on 
the  daily  report  mentioned  above. 
These  percentages,  together  with  the 
settled  solids  are  averaged  for  the 
number  of  loads  and  the  settled  solids 
are  reduced  to  the  amount  per  min- 
ute of  pumping  time.  These  data  are 
used  as  indices  for  estimating  the 
total  yardage  dredged  in  the  24  hours 


0 


by  using  the  proper  yardage  diagram 
with  respect  to  time  of  haul  to  dump. 
The  percentage  of  solids  in  suspen- 
sion, used  to  graduate  the  scale,  was 
obtained  by  allowing  samples  of  the 
liquid  mud  to  settle  fqr  a  week  in 
1-qt.  Mason  jars.  From  these  the  per- 
centage was  calculated.  The  settled 
solids  in  the  jars  were  considered  as 
such  when  the  jar  con- 
taining the  sample  could 
be  tilted  45  degrees  or 
more  without  disturbing 
the  original  surface  of  the 
settled  solids.  The  liquid 
above  the  solids  after  one 
week's  settlement  was  in 
every  case  clear  water. 
While  solids  so  deter- 
mined contain  a  large 
amount  of  water  and 
therefore  give  a  greater 
percentage  of  solids  than 
actually  exists,  it  may  not 
be  amiss  to  consider  that 
the  solids  at  the  bottom  of 
the  bay  are  under  the 
same  conditions,  that  is, 
covered  with  water  and 
saturated.  The  determina- 
tion of  the  percentage  of 
solids  in  the  water,  ob- 
tained by  the  method  of 
settlement  evidently  took 
too  long  to  be  of  practical 
use  and  a  method  was  de- 
veloped whereby  a  satis- 
factory result  could  be  ob- 
tained in  a  shorter  time. 
An  attempt  was  made  to 
use  hydrometers,  but  these 
were  not  sensitive  enough. 
A  method  whereby  sam- 
ples were  filtered  was 
tried  and  gave  satisfactory 
results  with  the  disadvan- 
tage of  being  too  cumber- 
some, dirty,  and  slow; 
four  hours  being  required 
for  a  test. 

The  determination  of 
the  percentage  of  solids 
was  then  made  by  means 
of  weighing.  An  ordinary 
knife  edge,  even-balance 
^Device.9  scale  was  obtained  and  a 
strip  of  paper  attached  on 
the  balance  beam.  The  scale  was 
balanced  with  a  standard  pint 
measure  of  clean  water  and  the 
point  where  the  sliding  weight 
on  the  beam  balanced  the  sam- 
ple was  marked  zero  per  cent.  A 
set  of  predetermined  samples  was 
prepared   with    percentages    of   solids 
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as  follows:  20,  40,  60,  80,  and  90  per 
cent.  The  pint  measure  was  filled  to 
the  top  with  these  predetermined 
samples,  one  at  a  time,  and  balanced. 
Where  the  sliding  weight  on  the  bal- 
ance beam  stopped,  the  particular  per- 
centage was  marked  and  in  this  way 
a  scale  was  made  showing  the  per- 
centage of  solids  in  suspension  in  the 
water.  The  scale  was  then  checked 
by  balancing  about  20  other  samples 
of  predetermined  percentages  with 
the  resulting  errors  of  from  0  to  6  per 
cent.  These  errors  were  due  to  the 
irregularity  of  the  sample  jars  in 
part,  as  well  as  to  a  slight  difference 
in  the   specific  gravity  of  the   solids 


The  Balance  Scale. 

dredged    from    various    parts    of    the 
channel. 

Check  tests  made  at  frequent  inter- 
vals during  the  two  months  that  the 
dredge  has  been  operating  under  the 
economic  loading  plan  show  that  the 
material  being  measured  in  Mare  Is- 
land Strait  varies  very  little,  and  that 
the  error  of  the  scaled  percentages  as 
compared  with  the  calculated  settled 
samples  is  still  not  greater  than  6  per 
cent,  and  as  these  errors  are  compen- 
sating, it  is  believed  that  the  determi- 
nations are  sufficiently  accurate. 
Should  the  dredge  operate  in  a  dif- 
ferent locality  where,  due  to  heavier 
or  lighter  material,  a  more  serious 
departure  from  the  scaled  percentages 
would  obtain,  it  would  be  necessary 
to  predetermine  a  new  set  of  settled 
solids  samples  from  this  material  and 
graduate  a  new  strip  of  paper  or  wood 
for  the  balance  beam  of  the  scale. 

Time  for  Haul  to  Dump. — The  time 
needed  for  the  haul  to  the  dump, 
which  includes  the  run  back  to  the 
site  of  dredging,  is  carefully  estimated 
from  data  in  the  daily  report.  It  is 
very  important  that  the  dumping 
grounds  be  so  located  that  the  shortest 
possible  haul  is  obtained. 


Time  for  Pumping.— The  time  that 
should  be  spent  pumping  is  very  im- 
portant and  depends  mainly  on  the 
time  needed  for  haul  to  dump,  the 
amount  of  settled  solids  obtained  per 
minute  of  pumping  time  and  the  per- 
centage of  solids  occurring  in  the 
liquid  mud  above  the  settled  solids. 

While  conditions  of  different  locali- 
ties  and   even   in   the    same   locality 
vary    more    or    less,    variations    are 
taken  care  of  by  reducing  the  data  to 
terms  of  cubic  yards  of  settled  mate- 
rial   pumped    per   minute   of   loading 
time,  the  percentage  of  solids  in  sus- 
pension and  the  time  needed  for  haul 
to  the  dump.    It  can  easily  be  shown 
that  the  critical  ratio  of  solids  in  sus- 
pension is  V  +  ST  where  S  is  the  num- 
ber of  cubic  yards  of  settled  material 
pumped   per  minute,    T   the   time   in 
minutes  required  for  pumping   (i.  e., 
the    time    not   pumping),   and   V   the 
total  capacity  of  bins  in  cubic  yards. 
If  the  solids  in  suspension,  expressed 
as  a  fraction  (i.  e.A  the  percentage  di- 
vided  by   100),   equal   or   exceed   the 
critical  ratio,  the  pumping  time  should 
be  reduced  to   secure  the  most  eco- 
nomical loading.  The  general  rule  then 
applies,  that  if  the  dumping  grounds 
are    suitably    located    regarding    dis- 
tance  from   the   dredging  operations, 
the  greatest  amount  of  material  can 
be  dredged  by  reducing  the  pumping 
time  to  the  utmost  in  order  to  obtain 
a  greater  number  of  loads,  providing 
the  percentage  of  solids  in  suspension 
in  the  water  is  still  greater  than  the 
critical  ratio. 

Conclusion. — While  the  theoretical 
results  based  on  the  data  are  the  re- 
sult of  logical  reasoning  and  have 
been,  to  a  large  extent,  proven  cor- 
rect in  practice,  it  must  be  remem- 
bered that  good  judgment  must  be 
used  in  carrying  out  the  principles 
involved.  The  method  may  look  com- 
plex, but  the  results  obtained  in  many 
cases  will  be  conducive  to  a  morer 
careful  planning  and  handling  of  a 
dredge. 

All  studies  for  the  economic  loading 
of  dredges  operating  in  silty  material 
must  of  necessity  be  based  on  a  cor- 
rect and  immediate  determination  of 
the  percentage  of  solids  in  suspension. 
It  is  thought  that  the  most  important 
step  in  the  economic  loading  studies 
conducted  was  the  satisfactory  devel- 
opment of  the  weighing  method  for 
this  purpose.  With  the  scale,  mud 
sampler  and  sounding  disc,  the  exact 
number  of  yards  of  solids  for  every 
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load  carried  by  a  dredge  can  be  im- 
mediately determined  if  desired. 

A  comparison  of  the  work  during 
the  economic  loading  test  period  for 
July  1,  1922,  to  September  1, 1922,  with 
that  done  during  the  fiscal  year  1922, 
under  the  former  system,  is  given  in 
the  table  below: 

Test 
Former    period 
system  July  and 
fiscal  year, August, 
1922.         1922. 
Average     amount    dredged 

monthly,  cu.  yd 169,125     250,070 

Average     amount    dredged 

per      pumping       minute, 

cu.  yd 11.01        24.18 

Total       amount       pumped 

ashore,  cu.   yd 488,140 

Average  naul,   miles    1.5  0.75 

Average    time    in    minutes 

pumping  each  load   51  15 

Average    time    in    minutes 

hauling  each  load,  includ- 
ing pumping  ashore   40  36 

Average    number    of    loads 

daily    13. S        22.13 

Average    amount    of    each 

load,  cu.  yd *500     f426.38 

Average  gross  cost  per  cu. 

yd.   in   ct 5.63  3.89 

♦Estimated.    tMeasured. 

The  above  data  show  an  increased 
average  monthly  outpost  of  dredged 
material  of  48  per  cent,  an  average 
reduction  in  gross  cost  of  $1.74  per 
cubic  yard,  an  average  increase  in 
output  per  pumping  minute  of  dredg- 
ing time  of  120  per  cent  for  the  test 
period,  as  compared  to  the  period  of 
work  under  the  former  system,  and 
**hat'97%  per  cent  of  the  material 
dredged  during  the  test  period  was 
pumped  ashore,  whereas  none  had 
been  so  disposed  of  previously. 

During  the  period  prior  to  the  test 
the  dredged  material  was  dumped 
along  the  north  shore  of  Carquinez 
Straits  behind  a  dike  at  an  average 
distance  of  iy2  miles  from  the  site  of 
the  work,  except  that  material  dredged 
from  the  entrance  channel  of  Mare 
Island  Strait  was  usually  pumped 
overboard  during  the  stronger  part  of 
the  spring  ebb  tides.  During  the  test 
period,  July  and  August,  1922,  the 
material  was  pumped  ashore  through 
the  pipe  line  shown  in  the  illustration 
at  the  head  of  this  article,  or  dumped 
at  the  old  dump  when  this  was  not 
practicable. 

In  studying  the  discussion  of  an  eco- 
nomical load  it  is  to  be  recollected 
that  the  percentage  of  solids  in  sus- 
pension in  the  hoppers  increases,  in 
general,  as  the  time  of  pumping  is 
increased.  The  following  results  were 
found  on  two  tests. 


SOLIDS  IN   SUSPENSION. 
Test    Run    No.    1 — 5-minute    interval    be- 
tween   sampling. 
Time   in  minutes..  5     10    15     20     25     30 
Per    cent    solids... 66     79     85     87     90     87.2 
Test   Run    No.    2— 3 -minute    interval    be- 
tween  sampling. 
Time  in  minutes..  6        9     12     15     18     21 
Per  cent  solids... 59%  68     76     82     86     87 

The  reduction  in  the  rate  of  in- 
crease of  solids  in  suspension  as  the 
higher  percentages  are  reached  is 
probably  due  to  the  agitation  of  the 
upper  part  of  the  hopper  material 
from  the  discharge  troughs  and  the 
intermittent  flow  of  practically  clear 
water  as  the  drags  are  temporarily 
raised  off  the  bottom. 

The  above  studies  and  experiments 
were  made  by  Captain  John  F.  Za- 
jicek,  Corps  of  Engineers,  assisted  by 
Mr.  F.  C.  Scheffauer,  assistant  engi- 
neer, in  consultation  with  Mr.  Geo.  F. 
Whittemore,  senior  assistant  engineer 
on  the  river  and  harbor  work,  all  of 
the  U.  S.  Engineer  office,  1st  District, 
San  Francisco,  California. 


Air  Compressor  Unit  Mounted  on 
Truck  Chassis 

A  complete,  compact  air  compressor 
unit  mounted  on  a  standard  Ford 
truck  chassis,  thus  admitting  of  high 
speed  transportation  and  the  conse- 
quent use  of  compressed  air  tools  at 
many  places  during  the  day,  has  been 
brought  out  by  the  Ingersoll-Rand  Co., 
11  Broadway,  New  York.  The  air  com- 
pressor plant  is  built  in  such  a  way 
that  it  can  be  mounted  on  a  standard 
Ford  chassis  with  the  least  possible 
amount  of  assembly  work.  The  plant 
is  mounted  on  a  steel  base,  and  the 
outfit  is  covered  by  means  of  a  sheet 
steel  canopy  with  removable  steel 
doors.  In  mounting  the  compressor 
on  the  truck  chassis  no  alterations 
need  be  made  in  the  standard  Ford 
construction.  The  compressor  is  held 
down  by  "U"  bolts  and  no  bolt  holes 
must  be  drilled  in  the  chassis.  The 
plant  consists  of  a  2-cylinder  vertical 
compressor  direct-connected  to  a  4- 
cylinder  4-cycle  tractor  type  gasoline 
engine;  a  radiator  and  fan  for  cool- 
ing the  water  for  compressor  and  en- 
gine; air  receiver;  fuel  tank  and  other 
accessories.  There  are  also  supplied 
several  tool  boxes  which  are  attached 
to  the  steel  compressor  frame.  These 
are  used  for  holding  the  rock  drills 
or  pneumatic  tools  driven  by  the  air 
compressor.  Lightweight  removable 
steel  doors  completely  enclose  the 
compressor   outfit    during   transit   or 
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while  idle.  A  similar  outfit  is  arranged 
for  electric  motor  drive.  This  com- 
pressor outfit  has  a  capacity  of  91  cu. 
ft.  of  free  air  per  minute  and  will 
operate  a  "Jackhamer"  rock  drill  or 
two  paving  breakers,  or  other  pneu* 
matic  tools  such  as  are  used  by  con- 
tractors and  public  service  companies 
for  roadbuilding,  tearing  up  asphalt 
for  pipe  trenches,  erecting  steel  struc- 
tures, or  for  general  maintenance 
work.     The  illustration  shows  one  of 


has  done  much  to  advance  the  use  of 
liquid  chlorine  in  the  many  industries  in 
which  it  is  now  used.  His  office  will 
continue  to  be  at  the  main  office  of  the 
company,  18  East  41st  St.,  New  York. 

L.  D.  Grisbaum,  formerly  district  man- 
ager of  the  Dravo-Doyle  Co.,  Indianap- 
olis, has  left  that  position  to  become  the 
vice-president  and  active  head  of  the 
Dravo  Equipment  Co.,  a  new  corporation 
organized  for  the  sale  of  construction  and 
road  builders'  equipment,  with  general 
offices  in  New  York,  Philadelphia,  Chicago 
and  Cleveland.  Among  others,  this  new 
selling  organization  represents  Marsh- 
Capron  Co.,  manufacturers  of  M-C  "Rail- 


Portabls    Air   Compressor   Operating    Two   Paving    Breakers. 


these  compressors  furnishing  air  for 
the  paving  breakers,  being  used  in 
ripping  up  pavements. 


City  Planning  in  the  United  States. 
■ — According  to  Landscape  Architec- 
ture, January,  1923,  150  cities  and 
towns  in  this  country  are  actively  en- 
gaged in  city  planning.  Of  43  cities 
in  the  United  States  with  a  popula- 
tion of  150,000  or  over,  40  have  adopt- 
ed planning  schemes.  Three  have  not 
reported,  but  of  these  only  one  has 
not  had  some  form  of  city  plan  report 
in  the  past. 


Industrial  Notes 

H.  G.  Horton  of  the  explosives  depart- 
ment of  the  du  Pont  Co.  has  been  named 
as  western  representative  of  the  contrac- 
tors' division  of  that  department,  with 
headquarters  in  the  McCormick  building, 
Chicago. 

The  United  States  Cast  Iron  Pipe  & 
Foundry  Co.  announces  that  its  Dallas, 
Tex.,  sales  office  has  been  changed  from 
Scollard  building  to  Magnolia  building, 
Room  617.  This  office  is  still  in  charge  of 
Thomas  W.  Hanlon,  Southwestern  sales 
agent. 

Electro  Bleaching  Gas  Co.,  manufac- 
turers of  liquid  chlorine,  announces  the 
advancement  to  general  sales  manager  of 
Mr.  S.  W.  Jacobs,  succeeding  Mr.  D.  K. 
Bartlett,  resigned.  Mr.  Jacobs  is  a  chem- 
ical   engineer    of   extensive    training   and 


track"  mixers,  and  Hotchkiss  Steel  Prod- 
ucts Co.,  manufacturers  of  Hotchkiss 
steel  forms  for  concrete  road,  sidewalk, 
curb  and  gutter  construction. 

A.  W.  Strom  berg,  formerly  in  charge 
of  advertising  for  the  Acme  Motor  Truck 
Co.,  Cadillac,  Mich.,  and  for  the  past  year 
advertising  manager  for  the  Davis-Wat- 
kins  Dairymen's  Mfg.  Co.,  Chicago,  has 
tendered  his  resignation,  effective  March 
1st.  While  with  the  Acme  Co.,  he 
launched  and  edited  for  several  years 
"Acme  Angles,"  well  known  house  organ 
for  the  above  concern.  During  the  war 
he  served  as  lieutenant  in  the  Motor 
Transport  Corps.  While  no  announcement 
of  his  plans  for  the  future  have  been 
made,  Mr.  Stromberg  will  continue  at  the 
general  offices  of  the  above  company  in 
Chicago,  710  West  Jackson  Blvd.,  until 
March  1st,  after  which  date  he  expects 
to  continue  as  advertising  counselor  with 
headquarters  in  Chicago. 

Leslie  Garlinghouse  has  been  trans- 
ferred from  the  main  office  of  the  Blaw- 
Knox  Co.  in  Pittsburgh  to  the  Birming- 
ham office,  American  Trust  Bldg.,  Bir- 
mingham, Ala.,  where  he  will  act  as  sales 
engineer  in  assisting  the  Birmingham 
manager,  Mr.  P.  V.  Kelly,  and  will  help 
Mr.  Kelly  to  extend  the  Southern  field 
and  also  co-operate  with  the  Southern 
agencies  which  are  handling  Blaw-Knox 
products.  L.  R.  Grannis,  former  Chicago 
manager  of  the  Blaw-Knox  Co.  and  later 
manager  for  Landes  &  Co.  of  Denver, 
Colo.,  has  been  appointed  as  agent  for  the 
sale  of  Blaw-Knox  products  in  the  state 
of  Colorado.  This  selling  representation 
by  Mr.  Grannis  will  cover  Blaw-Knox 
road  builders  equipment,  clamshell  buck- 
ets, Prudential  buildings  and  some  of  the 
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The  Necessity  of  Cooper- 
ative Technical  Re- 
search by  the 
Railroads 

We  refer  in  another  editorial  to 
the  article  by  Mr.  L.  C.  Coleman,  en- 
titled "Is  the  Steam  Locomotive 
Out  of  Date?"  and  printed  elsewhere 
in  this  issue.  While  the  title  cor- 
rectly indicates  the  main  thesis  of 
the  article,  Mr.  Coleman  presents  cor- 
rectively and  with  full  emphasis  the 
need  and  importance  of  technical  re 
search  in  the  railroad  field,  to  he  ear- 
ned on  systematically  and  to  a  scale 
and  scope  far  beyond  anything  that 
has  thus  far  been  done. 

Lack  of  co-operation  is  at  the  root 
of  the  evil  as  Mr.  Coleman  sees  it,  and 
if  this  be  correct  the  point  is  of  the 
class  which  furnishes  the  most  power- 
ful ammunition  to  socialists  and  other 
advocates  of  the  public  ownership  of 
railways.  That  public  ownership  may 
have  more  than  counterbalancing  dis- 


advantages is  another  matter.  The 
losses  through  non-co-operative  effort 
are  undeniable. 

Granting  that  research  is  an  activity 
in  the  support  of  which  all  the  roads 
should  co-operate,  it  may  yet  be  asked 
why  no  single  one  of  the  great  rail- 
way systems  of  America  has  under- 
taken such  work  for  its  own  benefit. 
The  answer  is  not  easy.  Of  course  re- 
search has  been  done,  and  some  of  it 
has  brought  valuable  and  important 
results,  but  the  total  accomplishment 
has  been  the  merest  trifle  of  what 
should  have  been.  Probably  one  cause 
for  the  non-undertaking  of  this  work 
has  been  the  thought  that  competitors 
would  share  equally  in  the  benefits 
without  bearing  any  part  of  the  cost; 
but  in  the  more  recent  history  of  rail- 
roading a  more  powerful  reason  has 
probably  been  the  thought  that  under 
current  and  prospective  forms  of  gov- 
ernmental regulation,  whatever  im- 
provements might  be  achieved  would 
work  mainly  to  the  benefit  of  the  pub- 
lic, while  the  possible  failures  might 
prove  costly  to  the  roads  themselves. 

While  we  cannot  agree  to  the  full 
with  Mr.  Coleman's  broad  statement 
that  the  railroads  are  not  competing 
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with  each  other  in  money-saving  de- 
vices, we  do  believe  that  no  road  has 
any  worth-while  monopoly,  and  that 
the  work  of  a  co-operative  research 
bureau  would  be  of  very  great  net 
benefit  to  every  road.  This  would  be 
true  even  if  the  resultant  economies 
were  diverted  by  regulation  chiefly  to 
the  users  of  the  roads;  for  the  threat 
of  governmental  ownership  hangs 
heavy,  and  will  hang  until  there  is  an 
increase  of  public  confidence  and 
esteem. 

Unhappy  as  has  been  their  lot  in 
recent  years,  the  railroad  interests 
still  apparently  feel  that  they  are  in 
danger  of  greater  losses  through  a 
taking-over  by  the  government  than 
by  a  continuance  of  operations  under 
present  handicaps  with  a  hope  of  bet- 
tered conditions  some  time.  For  their 
unfortunate  predicament  they  are 
neither  wholly  blameful  nor  wholly 
blameless;  but  at  the  very  least  their 
conspicuous  position  has  made  them 
the  target  of  shafts  which  other  in- 
terests have  deserved  equally  but  have 
escaped  because  they  were  within  less 
easy  range  of  public  vision. 

We  believe  that  most  Americans 
would  prefer  that  the  railroads  should 
remain  in  private  hands  and  that  they 
should  be  permitted  to  make  their 
business  profitable.  But  this  prefer- 
ence is  coupled  with  the  requirement 
that  they  make  the  public  service  at 
least  equally  as  important  as  their 
own  profits.  When  their  actions  over 
a  considerable  period  have  shown  that 
they  are  sincerely  and  vigorously  striv- 
ing for  such  an  end,  they  may  count 
upon  the  support  of  the  strongest  pub- 
lic leaders  to  an  extent  which  will  off- 
set the  demagoguic  and  misdirected 
attacks  from  which  no  great  institu- 
tion ever  can  be  wholly  free.  Then 
they  may  look  for  a  restoration  of  in- 
dependence which  will  make  efficiency 
and  progress  of  definite  and  worth 
while  benefit  to  them.  If  they  fail  to 
win  such  public  confidence  and  sup- 
port they  can  only  slip  into  a  less  and 
less  desirable  position. 

The  possibilities  of  large  scale  re- 
search may  be  found  in  the  accom- 
plishments of  Mr.  Edison's  staff,  the 
General  Electric  Company,  the  Amer- 
ican Telephone  and  Telegraph  Com- 
pany and  other  organizations.  The 
telephone  company  is  more  of  a  mon 
opoly  than  any  railroad  but  it  has 
maintained  simultaneously  an  astound- 
ing rate  of  technical  progress,  a  sat- 
isfactory public  service  and  a  profit- 
able business  for  itself.     Because  of 


the  size  of  their  field,  the  possibilities 
of  search  by  the  railroads  are  as  great 
as  the  greatest.  Mr.  Coleman  sug- 
gests a  very  few  of  them — the  appli- 
cation of  gas  and  electricity  to  various 
railroad  services,  the  co-ordination  of 
motor  trucks  and  automobiles  to  rail- 
road business,  the  development  of  a 
manufactured  tie,  automatic  train  con- 
trol. Co-operative  effort  appears  as 
the  most  practical  and  the  fairest 
means  of  attaining  these  things  with- 
in a  reasonable  time;  and  no  other 
action  is  likely  to  count  for  more  in 
the  public  mind  as  evidence  that  the 
roads  are  entitled  to  larger  measures 
of  independence  and  opportunity  than 
they  now  have. 


The  Advance  of  Rail- 
road Electrification 

Those  engineers  who  have  studied 
the  problem  of  railroad  electrification 
most  thoroughly  in  many  cases  dis- 
play the  least  surprise  at  the  slow- 
ness with  which  electrification  is  com- 
ing. Not  that  they  disbelieve  in  elec- 
trification, but  rather  that,  as  in  so 
many  other  fields  of  human  effort, 
the  problems  appear  easy  only  to  the 
superficial  observer.  In  spite  of  diffi- 
culties, however,  the  continuous  in- 
crease in  electrified  mileage  during 
the  past  decade  points  pretty  clearly 
to  the  ultimate  broad  success  of  the 
system. 

Not  all  the  obstacles  to  this  devel- 
opment have  been  physical.  There 
has  been  and  still  is  the  inertia  oi 
almost  a  century  of  thought  based 
upon  steam  operation,  and  which  is 
perhaps  most  forcibly  designated  as 
the  "hard  boiled"  attitude  of  railway 
officials.  Then  there  are  numerous 
great  industrial  interests  in  the  rail- 
way field  that  are  doing  well  undei* 
the  present  system,  and  to  whom  so 
radical  a  change  in  motive  power  can 
bring  no  very  great  good  but  may 
bring  a  tremendous  loss.  These  in- 
terests certainly  are  not  promoting 
the  development  of  electrification,  and 
although  their  attitude  is  not  a  com- 
mendable one,  it  is  very  natural,  very 
human,  and  probably  even  unavoid- 
able. 

These  matters  and  others  are 
touched  upon  in  a  paper  by  Mr.  L.  G. 
Coleman,  assistant  general  manager 
of  the  Boston  &  Maine  Railroad,  pre- 
sented on  Jan.  9,  1923,  before  the  New 
England  Railway  Club,  and  reprinted 
elsewhere  in  this  issue.     We  believe 
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that  our  readers  will  find  much  of  in- 
terest in  the  paper.  Mr.  Coleman 
treats  not  of  the  electrification  prob- 
lem primarily  but  he  touches  upon 
some  of  its  vital  phases  and  most 
difficult  sub-problems.  One  may  dis- 
agree with  much  of  what  Mr.  Cole- 
man says,  but  at  the  very  least  the 
disagreement  will  leave  valuable  food 
for  thought. 

The  popular  mind  is  very  natural- 
ly most  attracted  to  electrical  opera- 
tion by  the  suggestion  of  an  enormous 
saving  in  fuel  consumption  and  the 
implied  resultant  economy,  lowering 
of  rates,  and  conservation  of  irreplace- 
able fuel  supplies.  The  possible  fuel 
economy,  however,  is  but  a  very  small 
percentage  of  total  operating  ex- 
penses, and  by  itself  by  no  means 
proves  that  electrification  will  benefit 
the  roads.  It  is  only  by  the  summa- 
tion of  a  multitude  of  added  costs  and 
economies  in  addition  to  those  of  in- 
terest on  investment  and  savings  of 
fuel  that  the  desirability  or  undesir- 
ability  of  electrification  can  be  judged. 
As  already  intimated,  it  is  the  editor's 
belief  that  this  summation  is  favor- 
able to  electrical  power. 

It  has  tieen  said  frequently  that  the 
electrification  problem  is  one  of 
grades  and  speeds;  that  where  it  is 
sufficiently  important  to  make  good 
time  with  heavy  trains  over  steep 
grades  is  the  "natural  field"  for  elec- 
tricity, but  that  under  other  circum- 
stances it  can  hardly  be  expected  to 
compete  with  steam.  It  is  only  neces- 
sary to  add  one  thought  more  to  bring 
us  very  close  to  a  paradox.  Electricity 
is  the  accepted  motive  power  for 
street  railways — the  lightest  of  all 
rail  systems.  If,  in  addition,  it  is 
better  than  steam  for  the  heaviest 
service,  it  is  indeed  strange  that  the 
tremendous  intermediate  field  should 
lie  without  its  sphere  of  usefulness. 

There  are  some  notable  differences 
of  character  in  the  important  electri- 
fications which  have  been  made  up  to 
the  present  time.'  Some  are  operated 
with  direct  and  some  with  alternating 
current;  and  it  is  an  interesting  and 
puzzling  fact  that  two  great  manufac- 
turers of  electrical  equipment  are  at 
this  very  moment  insisting  with  equal 
vehemence  in  the  one  case  that 'only 
direct  current  is  suitable  for  railway 
use,  and  in  the  other  case  that  it  is 
by  no  means  so  desirable  as  alternat- 
ing current  and  ought  to  give  way 
wholly  to  the  latter.  It  is  time  that 
choice  between  the  two  forms  of  cur- 
rent be  made,  and  be  made  wisely,  for 


locomotives  are  made  for  one  current 
only,  and  the  use  of  two  forms  of 
current,  or  even  of  more  than  one 
voltage,  will  involve  difficulties  of  the 
same  character,  if  not  of  the  same 
degree,  as  did  the  variety  of  gauges 
in  use  in  this  country  in  the  earlier 
days  of  railroading.  Then  there  are 
the  differences  in  types  of  overhead 
conductors  and  supports  involving 
very  great  differences  in  cost.  In  some 
instances  we  have  a  comparatively 
light  structure  of  wooden  poles  and 
span  wires,  and  in  others  a  very 
heavy  and  practically  permanent  one 
composed  of  steel  frames  or  bridges 
spanning  the  tracks  and  carried  by 
steel  supports.  Granting  that  local 
conditions  account  in  part  for  the  dif- 
ferences, it  appears  that  in  some  cases 
there  has  been  downright  extrava- 
gance in  the  design  of  these  struc- 
tures. 

Electrification  of  any  sort  is  a 
tremendously  expensive  affair  so  that 
a  large  sized  problem  in  financing  is 
added  to  the  others.  However  it  ap- 
pears unnecessary,  and  probably  also 
undesirable,  that  the  cost  of  the  re 
quired  electric  generating  plants  be 
borne  by  the  railroads.  The  develop- 
ment of  the  electrical  industry  in  this 
country  is  such  that  the  present  power 
producers  may  well  undertake  the 
added  business  of  furnishing  current 
to  the  roads.  The  "super  power  sur- 
vey" on  the  Atlantic  coast  has  already 
pointed  in  this  direction;  and  it  should 
be  obvious  that  the  combination  of 
railway  and  other  loads  would  furnish 
an  economy  by  improving  the  diver- 
sity and  load  factors  on  the  total  gen- 
eration of  power  in  any  district. 

Of  course  where  service  is  infre- 
quent electrical  operation  in  its 
present  form  can  not  be  expected  to 
pay.  The  substitute  for  it  may  be 
found  in  the  traveling  power  plant 
suggested  by  Mr.  Coleman,  or  in  a 
gas  or  oil  driven  locomotive,  or  it 
may  be  that  the  steam  locomotive  will 
continue  to  hold  its  own  in  this  field; 
but,  in  any  event  the  advantages  of 
electricity  appear  sufficient  to  wTarrant 
a  forward  look  to  the  time  when  elec- 
tricity will  be  the  chief  motive  power 
of  our  railroads.  The  problem  is 
electrical,  but  not  predominantly  so. 
It  involves  almost  every  phase  »of 
railroad  operation;  and  if  its  full  pos- 
sibilities are  to  be  realized,  it  must 
be  dealt  with  by  broad  gauge  railroad 
men,  whose  previous  experience  has 
not  hardened  them  against  innovation 
and  radical  change. 
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Pre-adzing    and    Boring    of 
Ties. 

Editorial   in   Railway  Review. 

An  improvement  that  has  been  in- 
troduced into  track  maintenance  work 
within  recent  years  that  is  resulting 
in  a  good  deal  of  economy  is  the 
adzing  and  boring  of  ties  before  treat- 
ment. The  idea  was  not  entirely  a 
new  one  when  taken  up  with  tie 
preservation  work,  as  it  had,  to  a 
small  extent,  been  practiced  with  un- 
treated ties.  The  idea  in  adzing  ties 
is,  of  course,  to  make  -even  bearings 
for  the  tie  plates  or  rails.  Where  the 
practice  of  canted  rails  is  followed, 
it  is,  of  course,  necessary  to  adz  the 
seats  for  the  rails  or  tie  plates  to  the 
inclined  position.  Hewn  ties,  particu- 
larly, require  adzing  which,  for  the 
sake  of  uniformity,  is  best  done  by 
machine,  but  sawed  ties  will  some- 
times wind  a  little  in  seasoning,  so 
that  some  roads  practice  adzing  or 
dapping  of  sawed  ties,  as  well  as 
hewn  ties  before  treatment. 

While  the  advantages  of  dapping 
and  boring  the  ties  before  laying  were 
always  recognized,  little  difficulties 
arose,  so  far  as  the  boring  for  the 
spikes  was  concerned,  where  rails  of 
different  sections  were  used  on  the 
same  road  or  same  division.  The 
importance  of  dapping  and  boring 
before  treatment,  however,  so  as  to 
avoid  the  possibility  of  cutting 
through  treated  fiber  into  untreated 
wood  where  such  is  not  done,  has 
prompted  railway  engineers  to  over- 
look the  inconvenience  of  boring  ties 
to  order,  so  as  to  match  with  the 
particular  section  of  rail  where  the 
ties  are  to  be  used,  and  such  practice 
of  preparing  the  wood  before  treat- 
ment is  now  becoming  more  or  less 
general. 

Regardless  of  whether  ties  are  to 
be  treated  or  not,  it  was  early  seen 
that  a  spike  driven  in  a  bored  hole 
slightly  smaller  in  diameter  than  the 
thickness  of  the  spikes  had  better 
holding  power  through  the  life  of  the 
tie,  and  the  fiber  of  the  wood  was  not 
injured  in  driving  the  spike.  In  addi- 
tion to  this  advantage  there  is  an- 
other, perhaps  equally  as  great,  that 
boring  of  the  spike  holes  at  the  rail 
seat  permits  thorough  penetration  of 
the  preservative  into  the  timber  at 
the  point  where  the  pressure  of  the 
rail    comes    directly    upon    the    wood 


fiber,  where  the  greatest  bending 
moment  occurs,  and  where,  with  un- 
treated wood,  the  decay  is  most  rapid. 
On  the  Southern  Pacific  road,  whero 
fir  ties  are  used,  the  holes  for  th;> 
spikes  are  bored  entirely  through  the 
tie,  before  treatment,  in  order  that 
the  wood  fiber  at  this  point  may  be- 
come more  thoroughly  saturated  with 
the  preservative.  Another  advantage 
that  is  recognized  in  pre-boring  of 
spike  holes  is  that,  where  the  work 
is  properly  done,  rails  out  of  gauge 
must  be  corrected  when  the  new  ties 
are  laid,  else  there  will  not  be  a 
proper  fit  of  the  spikes  in  the  bored 
holes. 

In  addition  to  the  dapping  and  bor- 
ing it  is  the  practice  with  some  roads, 
as  the  ties  pass  to  the  dapping  and 
boring  machine,  to  make  them  uni- 
form length  by  sawing  off  the  ends. 
In  so  doing  it  is  recognized  that  the 
freshly  cut  ends  of  the  ties  are  in 
better  condition  for  inspection  than 
would  be  the  weathered  end  of  the 
wood,  and  in  this  manner  fungus 
growth  is  sometimes  detected  and  the 
tie  thrown  out  where  otherwise  it 
might  pass  on  to  be  treated  in  such 
unsatisfactory  condition.  It  is  also 
the  practice  with  some  roads  while 
doing  such  work  to  stamp  into  the 
end  of  the  tie  the  date  of  treatment, 
and  also  the  section  of  rail  with  which 
the  ties  are  to  be  laid.  The  dating  of 
ties  on  the  end  is  found  to  be  fully  as 
satisfactory  as,  if  not  more  so  than, 
the  use  of  dating  nails.  The  cost  of 
such  pre-adzing  and  boring  is,  rela- 
tively, small  and,  when  considered  in 
connection  with  the  advantages  enu- 
merated, is  well  worth  while. 


Choice    of    Explosives    in    Quarrying 
Operations 

Ammonia  dynamite  is  the  most  com- 
mon explosive  used  in  quarry  work, 
according  to  Oliver  Bowles,  mineral 
technologist  of  the  Bureau  of  Mines. 
Gelatin  dynamite  should  be  used  in 
wet  holes.  For  lime-kiln  operation, 
explosives  with  a  high  rate  of  de- 
tonation should  not  be  generally  used. 
The  high-grade  explosive  tends  to 
shatter  the  rock  into  small  pieces 
that  are  not  used*  in  lime  burning 
except  in  the  rotary  kiln.  Dynamite 
of  30  to  40  per  cent  strength  is  most- 
satisfactory,  In  seamy  rock  some 
operators  advocate  the  use  of  black 
blasting  powder  which  will  penetrate 
the  seams  and  push  out  the  rock 
masses  with  little  shattering. 
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Method   of   Handling    Rail    with 
Rail  Forks 

A  simple  device  for  handling  rail  is 
described  by  Mr.  J.  J.  Hess,  General 
Roadmaster  Great  Northern  Ry.,  in  a 
recent  issue  of  Railway  Engineering 
and  Maintenance.  The  device  consists 
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Details   of    One    of   the    Forks. 

of  two  rail  forks  so  designed  that  each 
can  be  applied  easily  and  quickly  to 

I  the  rail  and  as  easily  and  quickly  re- 
moved while  the  rail  is  on  the  ground 
and  yet  so  connected  to  a  hoisting 
cable  that  when  the  slack  in  the  cable 
is  taken  up,  the  rail  forks  engage  the 
rail  so  snugly  as  to  avoid  any  possibil- 
ity of  their  slipping.  There  is  thus  lit- 
tle or  no  chance  for  an  accident  to  oc- 
cur. 

In  addition  to  promoting  safety  in 
handling  rail,  the  device  is  also  a  de- 
cided labor  saver.  The  old  method  of 
loading  rail  by  means  of  a  rail  tong 
attached  to  a  hoisting  cable  required 
three  men  on  the  car,  three  men  on 
the  ground  and  an  additional  man  to 
straighten  up  the  rail  workways.  This 
method  also  required  the  time  of  two 
men  with  tape  lines  to  measure  and 
mark  the  center  of  the  rail  at  whicli 
to  attach  the  rail  tongs.  Compared 
with  this  method  the  new  device  elim- 
inates the  time  of  one  man  on  the  car 
in  handling  the  tongs  and  the  time  of 
one  man  on  the  ground  for  the  same 
purpose  and  appreciably  reduces  the 
time  of  the  three  men  required  in  ad- 
justing the  rail  workways  and  mark- 
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Rail   Forks  In    Position   for    Hoisting. 

ing  its  center.  The  equivalent  of  one 
man's  time  may  be  taken  as  a  con- 
servative estimate  of  the  saving  in 
labor. 

The   device   also   speeds    up    train 
service  inasmuch  as  the  rail  can  be 


handled  more  quickly  through  t\\.r-, 
ability  to  apply  the  rail  forks  regard- 
less of  the  position  of  the  rail  and 
through  the  practical  impossibility  of 
accident  occurring  through  slipping  of. 
the  rail  tongs.  At  the  present  wage 
scale  the  daily  saving  in  labor  may  be 
taken  as  $9.60  which,  added  to 
a  20  per  cent  saving  in  train 
service,  gives  $15  as  a  con- 
servative saving  afforded  by 
the  use  of  this  device  over  the 
old  method.  As  a  further  fea- 
ture of  this  device,  there  is 
also  to  be  considered  the  fact 
that  the  application  of  the  rail 
forks  at  each  end  eliminates 
the  trouble  from  swinging  en- 
countered when  hoisting  the 
rail  by  tongs  applied  at  the 
center. 


Portland  Cement  Production  in 
January 

During  January,  1923,  the  mills  ot 
the  country  apparently  operated  at 
about  65  per  cent  of  capacity  with  a 
total  estimated  production  of  7,657,000 
bbl.  of  finished  cement  which  is  the 
largest  output  for  that  month  on 
record  and  nearly  80  per  cent  greater 
than  a  year  ago. 

Shipments,  which  were  much  heav- 
ier than  in  any  preceding  January, 
amounted  to  5,550,000  bbl.,  an  in- 
crease of  89  per  cent  over  January, 
1922.  Thus  stocks  of  finished  cement 
in  manufacturers'  hands  increased  ap- 
proximately 2,100,000  bbl.  and  at  the 
end  of  January  stood  at  11,285,000  bbl. 
compared  with  an  average  of  10,725,- 
000  bbl.  for  the  five-year  period  1919- 
1923. 

Production  of  cement  in  January  is 
restricted  to  some  extent  by  reason  of 
the  fact  that  mills  in  some  sections 
using  the  wet  process  of  manufacture 
are  unable  to  operate  because  of 
weather  conditions.  Also,  numerous 
mills  close  down  for  repairs  made 
necessary  by  the  inherently  rough 
usage  to  which  equipment  is  subjected 
throughout  the  year. 

The  large  shipments  during  Jan- 
uary of  this  year  are  undoubtedly  due 
to  more  general  building  activities  as 
a  result  of  an  open  winter  in  many 
sections  than  has  been  usual  during 
winter  months.  Also  partially  to  the 
fact  that  in  some  localities  a  greater 
amount  is  being  stored  for  future  use 
when  heavy  seasonal  demands  usual- 
ly aggravate  an  already  overtaxed 
transportation   situation. 
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The  Classification  of   Engi- 
neering Positions 

A  number  of  years  ago,  the  Carnegie 
Foundation  for  the  Advancement  of 
Teaching  in  co-operation  with  the  Four 
Founder  Engineering  Societies  made 
an  investigation  of  the  engineering 
schools  of  this  country  in  order  to 
determine  what  steps  might  be  taken 
to  increase  their  efficiency  and  im- 
prove the  character  of  their  product. 
The  result  of  this  investigation,  con- 
ducted by  Dr.  C.  R.  Mann,  was  pub- 
lished in  the  Engineering  Report,  and 
recommended,  among  other  things, 
that  an  analysis  be  made  to  determine 
just  what  subjects  should  be  taught. 
Special  emphasis  was  laid  upon  the 
importance  of  ascertaining  the  sub- 
jects common  to  all  branches  of  engi- 
neering. Since  the  issuance  of  the 
Engineering  Report,  there  has  been 
much  discussion  among  educators  and 
engineers  as  to  the  proper  length  of 
courses  and  the  nature  of  the  subject 
matter  that  should  be  included  in  the 
curricula  of  our  engineering  schools. 
Various  suggestions  have  been  made 
as  to  the  relative  amount  of  general 
studies  and  technical  subjects,  and  the 
length  of  time  that  should  be  spent  in 
pursuing  the  various  combinations  of 
subjects  included.  No  unanimity  of 
opinion,  however,  has  been  reached 
and  little  progress  has  been  made  to- 
ward this  important  and  basic  analysis. 

During  the  war,  the  educators  who 
were  engaged  in  preparing  courses  for 
the  training  of  technical  men  for  the 
army  found  that  the  first  step  in  this 
training  was  the  determination  of  what 
the  men  must  be  trained  to  do.  This 
discovery  resulted  in  the  preparation 
of  brief  statements  of  descriptive 
qualifications  or  minimum  specifica- 
tions for  the  various  positions  con- 
cerned. 

Since  the  war,  the  army  has  been 
carrying  on  this  training  program  in 
its  development  of  educational  train- 
ing. Courses  of  study  and  methods 
of  training  have  been  prepared  which 
have  resulted  in  far  more  efficient 
results  than  obtained  previously 
where  basic  specifications  were  not 
available. 

About  a  year  ago,  the  American  De- 
fense Society  interested  a  number  of 
industrial  concerns  in  the  study  of 
their  personnel  along  the  lines  used 
by  the  army  in  its  training  program. 
An  analysis  of  the  various  positions 
in  several  plants  in  the  same  city 
indicated  that  it  was  possible  to  de- 


termine the  basic  requirements  and 
prepare  minimum  specifications  which 
could  be  used  by  these  concerns  in 
the  selection,  assignment  and  promo- 
tion of  employees.  These  concerns 
have  become  so  much  impressed  with 
this  method  of  personnel  analysis  that 
they  are  continuing  the  work  with 
much  enthusiasm  and  have  secured 
the  co-operation  of  the  local  chamber 
of  commerce,  the  public  school  sys- 
tem and  local  educational  institutions 
with  a  view  to  the  preparation  of  a 
training  program. 

Recently,  the  American  Association 
of  Engineers  has  appointed  a  commit- 
tee of  engineers  and  educators,  with 
Mr.  A.  B.  McDaniel,  member  of  the 
civilian  advisory  board  of  the  general 
staff  of  the  War  Department,  as  chair- 
man, to  make  a  study  of  the  engineer- 
ing field  with  a  view  to  the  classifica- 
tion of  its  various  positions.  The 
committee  has  started  it's  study  with 
the  highway  field  and  is  obtaining  in- 
formation from  several  thousand  engi- 
neers throughout  the  country.  This 
information,  is  secured  by  means  of 
occupational  study  sheets  which  in- 
volve largely  the  checking  of  items 
to  indicate  the  character  and  scope  of 
work  included  in  the  positions  con- 
cerned. Accompanying  these  study 
sheets,  the  engineers  are  sending  in 
problems  which  occur  in  their  every- 
day work.  These  problems  indicate 
specifically  the  basic  requirements  of 
the  positions.  For  example,  the  prob- 
lems furnished  by  instrument  men 
show  the  nature  and  amount  of 
mathematics,  language,  pure  and  ap- 
plied science,  business  subjects,  etc., 
as  well  as  the  supervisory,  manipula- 
tive and  technical  abilities  required. 
For  the  higher  positions  involving  a 
considerable  amount  of  administrative 
and  executive  work,  the  information 
received  indicates  the  additional  re- 
quirements covering  the  qualities  of 
leadership,  initiative,  resourcefulness, 
self  reliance,  tact,  judgment,  etc. 

The  data  obtained  in  the  study 
sheets  are  being  compiled  and  will  be 
utilized  in  the  preparation  of  the 
minimum  specifications  for  the  va- 
rious positions.  These  specifications 
will  state  the  minimum  or  basic  re- 
quirements as  to  the  things  a  man 
must  be  able  to  do,  the  things  that 
he  must  know  and  the  personal  abili 
ties  which  he  must  possess  in  order 
to  function  properly.  Local  conditions 
of  climate,  topography,  transportation, 
organization  policies  and  methods, 
etc.,  will  often  involve  special  duties 
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in  various  positions.  Past  experience 
has  indicated  that  the  basic  or  mini- 
mum requirements  are  practically  the 
same  in  various  organizations  and  in 
different  parts  of  the  country. 

Engineering  educators  and  practic- 
ing engineers  are  practically  in  accord 
that  our  technical  courses  should 
train  students  in  the  basic  or  funda- 
mental elements  of  the  profession. 
The  committee  on  the  classification 
of  engineering  positions  hopes  to 
secure  sufficient  data  from  practicing 
engineers  in  the  various  fields  of  the 
profession  to  clearly  indicate  what 
these  fundamental  elements  of  train- 
ing should  be.  Thus  it  is  to  be  hoped 
that  this  study  will  be. of  definite 
value  to  the  engineering  schools  in 
such  revision  and  modification  of 
their  curricula  as  may  be  necessary 
to  meet  the  present  day  demands  of 
the  profession. 

The  experience  of  the  army  in  the 
draft,  of  industry  in  its  personnel 
service  and  of  a  large  number  of 
employment  bureaus,  licensing  boards 
and  civil  service  commissions  indi- 
cates the  great  field  of  use  of  mini- 
mum specifications  for  the  proper 
selection,  assignment,  promotion  and 
transfer  of  men. 


Portable  Electric  Wood  Saw 
Table 

The  accompanying  illustration,  re- 
produced from  the  Railway  Review, 
shows  a  portable  electric  wood  saw 
machine  designed  and  built  in  the 
shops  of  the  Spokane  &  Eastern  Rail- 
way &  Power  Co.  of  Spokane,  Wash. 
This  machine  is  used  for  sawing  up 
various  pieces  of  timber  removed  from 
old  buildings,  bridges,  etc.,  also  old 
ties  that,  are  suitable  for  fuel,  this 
wood  being  used  for  firing  the  heating 
boilers  in  the  shops  during  the  winter 
months. 

The  equipment  is  mounted  on  a  set 
of  old  hand  car  wheels  and  axles,  and 
set  to  a  standard  gage  so  the  equip- 
ment may  be  moved  over  the  rails  to 
any  point  needed.  The  top  of  the 
frame  or  table  is  stationary;  and  all 
movement  takes  place  in  the  saw;  or 
in  other  words,  the  saw  is  moved  up 
and  down  in  a  vertical  position.  The 
timbers  to  be  sawed  are  laid  on  top 
of  the  table  and  are  held  in  position 
by  means  of  stops  which  can  be  set 
over  the  top  of  the  table.  The  saw 
is  arranged  with  a  driving  belt  and 
counterbalance,  the  counterbalance  be- 


ing arranged  in  such  a  way  that  very 
little  pressure  is  required  to  force  this 
saw  in  an  upward  movement.  A  belt 
tightener  is  used,  and  this  can  be 
handled  by  means  of  an  independent 
lever  at  any  time  the  saw  becomes 
overloaded  and  the  belt  has  a  tendency 
to  slip. 

The  motor  is  a  600-volt  shunt  type, 
and  is  direct-connected  to  a  shaft  that 
carries  the  driving  pulley,  as  shown 
in  the  illustration.  A  quantity  of  saw- 
ing can  be  accomplished  with  this 
piece  of  apparatus  at  a  very  low  cost, 
and  practically  all  of  the  old  timbers 


Portable  Electric  Wood  Saw  Table. 

that  are  removed  from  company  build- 
ing repairs,  bridge  repairs,  also  old 
ties  that  cannot  be  used  for  other  pur- 
poses, are  sawed  up  and  burned  as 
fuel. 


Snow  Melting  Pits  at  Car  Trans- 
fer Tables 

The  Canadian  Pacific  Ry.  effects  a 
considerable  saving  at  certain  of  its 
shops  by  installing  a  snow  melting 
pit  at  end  of  locomotive  and  car  trans- 
fer table  runways.  The  arrangement 
is  described  in  a  recent  issue  of  the 
Railway  Review.  The  accompanying 
illustration  is  a  view  of  the  transfer 
table  at  the  Weston  shop,  at  Winni- 
peg, Man.  The  scheme  includes  the 
use  of  a  special  snow  plow  device, 
which  is  attached  to  the  transfer  table, 
and  used  for  clearing  the  runway,  and 
crowding  the  snow  into  the  melting 
pit.  The  construction  of  the  snow 
plow  is  simple.  It  consists  of  a  series 
of  five  portable  sections.  The  sections 
are  oak  timbers  of  the  necessary 
height  and  length,  and  to  these,  on  the 
bottom,    are    bolted    flanges    of    steel 
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plates.  Each  section  has  a  wing  on 
either  end,  also  made  of  steel  plate, 
and  projecting  out  about  18  in.  Bach 
section  has  two  steel  loops,  by  which 
it  is  hung  from  the  transfer  table. 

After  a  snowstorm,  the  portable  sec- 
tions are  readily  put  into  place  on  the 
transfer  table,  and  a  single  operation 
suffices  to  clear  the  snow  from  the 
runway,  and  collect  the  snow  at  one 
end,  over  the  pits.     In  the  illustration 


Snow    Plow    Device    and    Melting    Pit    at 

Shop  Transfer  Table,  Canadian 

Pacific    Ry. 

the  melting  pit  is  shown  covered  with 
a  grating  on  which  people  can  walk. 
When  the  snow  has  been  plowed  over 
the  pit,  live  steam  is  turned  into  the 
pit,  and  the  snow  is  melted  and  car- 
ried away  by  the  sewer. 

This  operation  requires  only  one 
man  to  clear  the  transfer  table  of 
snow,  whereas  without  it,  after  a 
heavy  snowfall,  a  gang  of  men  would 
be  required  to  do  the  work.  It  is  es- 
timated that  the  saving  by  the  use  of 
the  device  will  amount  to  $1,000  to  $3,- 
000  in  a  season  of  heavy  snowfall. 


Churn    Drill    Blasting    at    Lime- 
stone Quarries 

The  churn  drill,  or  well  drill,  as  it 
is  commonly  called,  has  been  used 
very  widely  in  -quarry  work  during 
recent  years,  states  Oliver  Bowles, 
mineral  technologist  of  the  Bureau  of 
Mines.  Churn  drills  may  be  operated 
by  steam,  gasoline,  compressed  air  or 
electricity.  The  latter  is  probably  the 
most  convenient  and  requires  the 
least  labor.  Heavy  blasting  in  deep 
churn-drill  holes  is  very  commonly 
employed  in  limestone  quarries,  par- 


ticularly where  the  product  is  used 
as  crushed  stone  or  for  cement  manu 
facture.  The  method  is  less  widely 
used  at  lime-plant  quarries,  partly  on 
account  of  unfavorable  quarry  condi- 
tions, and  partly  because  quarrymen 
are  unfamiliar  with  the  advantages  or 
the  method  of  operation  of  this  type 
of  equipment.  Faulty  blasting  in 
churn-drill  holes  has  also  aroused 
prejudice  on  the  part  of  many  ob- 
servers. A  few  years  ago  a  churn 
drill  was  tried  in  a  limestone  where 
clay  pockets  were  numerous  and  con 
tinued  many  feet  below  the  surface. 
Unfortunately  the  drills  either  pene- 
trated or  came  in  close  proximity  to 
the  clay  pockets  or  cavities  with  the 
results  that  most  of  the  force  of  an 
expensive  charge  was  dissipated,  and 
the  rock  ledge  was  scarcely  shattered. 
Churn-drill  blasting  is  now  conducted 
very  successfully  in  this  same  quarry 
by  giving  special  attention  to  the 
avoidance  of  clay  seams  and  pockets, 
but  the  one  glaring  example  of  fail- 
ure and  heavy  loss  has  discouraged 
the  employment  of  such  drills  in  sur- 
rounding quarries.  The  results  of  a 
study  of  the  use  of  the  churn  drill  at 
lime-plant  quarries  is  contained  in- 
Serial  2424,  which  may  be  obtained 
from  the  Bureau  of  Mines,  Washing- 
ton, D.  C. 


December  Rail   Earnings  Show  5.15 
Per  Cent. — The  net  operating  income 
for  the  Class  One  railroads  in  Decem- 
ber totaled  $79,154,900,  which  was  at 
the  annual  rate  of  return  of  5.15  per 
cent,   compared    with    $49,656,600,  or 
3.23  per  cent  during  the  same  month 
last   year.      In   November    their    net 
operating     income     was      $78,869,500, 
which  represented  a  return  on  an  an- 
nual basis  of  4.46  per  cent  on  their 
tentative   valuation.     Operating  reve- 
nues in  December  totaled  to  $513,575,- 
800,  an  increase  of  20.8  per  cent  over 
the  same  month  last  year,  while  oper- 
ating expenses  totaled  $404,898,100,  or 
an  increase  of  15.2  per  cent  over  De- 
cember one  year  ago.     Expenditures 
for  maintenance  of  equipment  in  De- 
cember amounted  to   $116,810,500,   or 
an  increase  of  nearly  25  per  cent  over 
those  of'  one  year  ago.    As  evidence  of 
results  obtained  from  this   increased 
expenditure  for  maintenance  of  equip- 
ment, the  number  of  cars  in  need  of 
repair  was  reduced  10,277  during  the 
month  of  December,  while  the  num- 
ber of  locomotives  in  need  of  repair 
on  Jan.  1  last  was  2,460  fewer  than 
on  Dec.  1. 
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Cartridge  Diameter  and  Strength  of  High 
Explosives 

Results  of  Tests  to  Show  Effect  of  Cartridge  Diameter  in  Strength 

and  Sensitiveness  of  Certain  High  Explosives  Given  in 

Bureau  of  Mines  Report  of  Investigations 

By  SPENCER  P.  HOWELL  and  J.  E.    CREWSHAW. 

Respectively  Explosives  Engineer  and  Explosives    Testing    Engineer,    U.    S.    Bureau 

of    Mines. 


One  of  the  important  problems  in 
metal  mining,  tunneling  or  quarrying 
is  the  most  economical  method  of 
bringing  down  the  ore  or  rock.  The 
two  factors  having  great  influence  in 
determining  this  are  drilling  and 
blasting  costs. 

In  considering  the  efficiency  of  the 
explosive  used,  the  diameter  of  cart- 
ridge has  always  been  supposed  to 
play  an  important  part.  However,  the 
bureau's  attention  has  been  called  to 
the  lack  of  definite  data  on  the  effect 
of  cartridge  diameter  on  the  strength 
and  sensitiveness  of  high  explosives. 
This  information  is  especially  valua- 
ble to  the  user  of  explosives  as  it  as- 
sists him  to  determine  what  diameter 
of  borehole  is  most  economical. 

A  paper*  on  "The  Effect  of  Cart- 
ridge Diameter  on  the  Strength  and 
Quickness  of  High  Explosives"  was 
submitted  to  the  sub-committee  on 
Drills  and  Drill  Steel  of  the  24th  An- 
nual Convention  of  the  American  Min- 
ing Congress  by  Charles  S.  Hurter, 
technical  representative  of  the  E.  I. 
duPont  deNemours  &  Co.  In  this  pa- 
per Mr.  Hurter  points  out  that  the 
physical  characteristics  of  an  explo- 
sive most  affected  by  the  diameter  of 
cartridge  are  rate  of  detonation  and 
sensitiveness  to  explosion  by  influence 
and  that  both  increase  with  increase 
in  diameter. 

As  there  is  a  continuing  tendency 
to  the  use  of  smaller  diameter  drill 
holes  in  order  to  lower  drilling  costs, 
and  as  the  smaller  drill  holes  requires 
a  smaller  diameter  of  explosive  cart- 
ridge than  larger  drill  holes  do,  this 
paper  has  been  prepared  to  show  the 
effect  the  diameter  of  cartridge  will 
have  on  the  strength  and  sensitive- 
ness of  the  high  explosives  which  may 
be  used. 

Accordingly,  the   Bureau  of  Mines, 

*Report  of  the  Proceedings  of  the 
American  Mining  Congress,  24th  Annual 
Convention,  Mining  Congress  Journal, 
page  765. 

..t Seventh  International  Congress  of  Ap- 
***£>  phemistry,    Section    111b,    page    29. 

.  +Pnvate    communication. 


in  co-operation  with  the  Institute  of 
Makers  of  Explosives,  has  carried  out 
a  series  of  tests  to  show  the  effect  of 
cartridge  diameter  on  the  strength  and 
sensitiveness  of  certain  high  explo- 
sives. 

The  explosives  chosen  for  the  tests 
are  those  very  extensively  used  in 
metal  mining,  tunneling  and  quarry- 
ing, namely,  40  per  cent  strength  L.  F. 
gelatin  dynamite,  60  per  cent  strength 
L.  P.  gelatin  dynamite  and  40  per  cent 
strength  ammonia  dynamite. 

Samples  of  each  of  these  three  ex- 
plosives were  manufactured  by  each 
of  four  manufactures  (designated  in 
this  report,  A,  B,  C  and  D)  in  %  in., 
1%  in.  and  1%-in.  diameters  of  cart- 
ridge. Each  manufacturer  made  the 
three  diameters  of  cartridges  of  each 
sample  of  explosive  from  the  same 
mixing  in  order  to  furnish  the  same 
product  for  the  various  diameters. 

The  tests  carried  out  on  each  diame- 
ter of  each  sample  were  the  rate  of  de- 
tonation and  sensitiveness  to  explo- 
sion by  influence. 

Method  of  Making  Tests. — Tests  car- 
ried out  by  the  E.  I.  duPont  deNe- 
mours &  Co.  have  shown  (1)  that  gel- 
atin dynamites  de  not  develop  their 
maximum  rate  of  detonation  in  the 
open  unless  primed  with  a  cartridge 
of  high  grade  straight  nitroglycerin 
dynamitef;  (2)  that  gelatin  dynamite 
confined  in  boreholes  in  concrete 
blocks  and  fired  with  No.  6  electric 
detonator  gives  rate  of  detonation 
values  approximately  the  same  as 
when  fired  in  the  open  primed  with  a 
cartridge  of  high  grade  straight  nitro- 
glycerin dynamite  (60  per  cent)  .ft 

As  it  was  the  desire  to  carry  out 
the  tests  under  conditions  simulating 
as  nearly  as  possible  actual  conditions 
of  use,  the  rate  of  detonation  of  the 
gelatin  dynamites  was  determined, 
using  a  primer  of  one  cartridge  of  60 
per  cent  straight  nitroglycerin  dyna- 
mite of  the  same  nominal  diameter 
as  the  cartridges  under  test. 

The  rate  of  detonation  of  the  40 
per  cent  strength  L.  F.  ammonia  dy- 
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namite  was  determined,  using  a  No.  6 
electric  detonator  to  fire  the  charge. 
Rate  of  Detonation. — All  rate  of  de- 
tonation tests  were  carried  out  in  pa- 
per tubes  of  manilla  paper  .005  to  .0055 
in.  thick,  56  in.  long  and  of  such  a 
width  that  it  would  wrap  around  the 
cartridge  exactly  three  times.  T- 
headed  pins  or  flat  headed  staples  were 


fiU.6el*ctr, 
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Fig.   1. — Methods  of   Making   Tests. 

used  for  holding  the  tube  thus  formed 
in  place.  Each  cartridge  was  cut  to 
the  length  shown  in  Fig.  1  by  cutting 
off  an  equal  portion  from  each  end  of 
the  cartridge  except  for  the  end  cart- 
ridges, when  the  cut  was  made  on  the 
inner  end. 

Method  1,  Fig.  1,  using  a  7-in.  primer 
of  60  per  cent  straight  nitroglycerin 
dynamite  of  the  same  nominal  cart- 
ridge diameter  as  that  under  test  was 
used  for  all  rate  of  detonation  tests 
on  gelatin  dynamite. 

Method  II,  Fig.  1,  where  no  primer 
was  used,  but  a  No.  6  electric  detona- 
tor embedded  in  the  explosive  to  be 
tested  was  used  for  all  rate  of  detona- 
tion tests  on  the  40  per  cent  strength 
L.  F.  ammonia  dynamite. 

At  least  three  tubes  and  as  many 
as  6  tubes  from  each  of  which  three 
determinations  of  rate  of  detonation 
were  obtained,  were  tested  on  each 
sample  of  each  diameter  of  cartridge 
of  each  explosive.     The  results  given 


in  the  tables  following  show  the  aver- 
age rate  of  each  sample. 

Sensitiveness  to  Explosion  by  Influ- 
ence.— The  sensitiveness  to  explosion 
by  influence  was  measured  by  the 
halved  cartridge  gap  method  in  which 
two  halves  of  a  cartridge,  with  the 
cut  ends  facing  each  other,  are  spaced 
at  the  desired  distance  by  rolling  in 
a  piece  of  manilla  paper  .005  to  .0055 
in.  thick  and  cut  to  such  a  length  that 
each  gap  mark  is  4  in.  from  the  end 
of  the  paper  and  of  such  a  width  that 
there  is  just  three  wraps  around  the 
file  of  explosives.  T-headed  pins  or 
flat  headed  staples  were  used  for  hold- 
ing the  tube  thus  formed  in  place.  The 
whole  is  fired  on  loose  level  ground 
by  a  detonator  inserted  centrally  in 
the  outer  end  of  one  of  the  cartridges, 
which  is  termed  the  primer  cartridge. 

The  temperature  of  the  explosive  at 
the  time  test  is  made  is  75°  F.  plus 
or  minus  5°  F.  The  "gaps"  of  dis- 
tance separating  the  primer  cartridge 
from  the  secondary  cartridge  were  0, 
1,  2,  3,  4,  5,  6,  7,  8,  9,  10,  12,  15,  18,  19, 
20,  25,  30,  40,  50,  60  and  70  in.  The  dis- 
tance between  the  halves  of  the  cart- 
ridge at  which  both  detonate  in  four 
trials  is  termed  the  normal  measure- 
ment of  sensitiveness  to  explosion  by 
influence.  The  longest  gap  at  which 
both  halves  of  the  cartridge  detonate 
at  least  once  out  of  four  trials  meas- 
ures the  extreme  in  liability  to  explo- 
sion by  influence. 

The  results  of  the  tests  are  given  in 
the  tables. 

Investigation  of  Failures. — It  will  be 
noted  that  six  months  after  manufac- 
ture 3  out  of  4  samples  of  the  60  per 
cent  strength  L.F.  gelatin  dynamite  in 
the  %-in.  diameter  cartridge  failed  to 
detonate  completely  in  the  rate  of  de- 
tonation tests. 

An  investigation  of  the  cause  of  fail- 
ure of  these  samples  showed  that 
these  same  cartridges  that  failed  in 
paper  tubes,  when  confined  in  Shelby 
steel  tubes  with  walls  %  in.  thick  de- 
tonated completely,  giving  rates  of 
detonation  of  6,663,  6,562  and  6,581 
meters  per  second,  respectively,  when 
fired  with  a  primer  of  one  cartridge  of 
60  per  cent  straight  nitroglycerin  dy- 
namite. In  addition,  cartridges  of  one 
sample  that  failed  in  paper  tubes  when 
confined  in  Shelby  tubes  as  above  but 
fired  with  a  No.  6  electric  detonator 
alone  detonated  completely  in  two 
trials. 

Curves. — The  following  curves  show 
graphically  the  relation  between  di- 
ameter of  cartridge  and  rate  of  deto 
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TABLE   I— RATE   OF   DETONATION   OF  40    PER    CENT    STRENGTH    L.    F.    GEL- 
ATIN   DYNAMITE    PRIMED    WITH  1     CARTRIDGE     OF     60     PER    CENT 
STRAIGHT     NITROGLYCERIN     DYNAMITE. 
Diameter 
Age  of 
explosive, 
months. 
1 
6 
1 
6 
1 
6 

lFailed  to  detonate  completely.    2Average  of  low  rates.    3Average  of  high  rates. 
TABLE    II— RATE    OF  DETONATION    OF    60   PER  CENT    STRENGTH    D.    F.    GEL- 
ATIN  DYNAMITE   PRIMED   WITH    1     CARTRIDGE    OF    60    PER    CENT 
STRAIGHT     NITROGLYCERIN'  DYNAMITE. 


Diameter 

of 

priming 

^-Rate 

of   detonat 

ion,    meters   per 

second.-^ 

of  cart- 

cartridges, 

ridge,  in. 

in. 

A. 

B. 

C. 

D. 

Average. 

% 

% 

1904 

2019 

2794 

2378 

2274 

% 

J  .  ' 

1713 

1837 

1865 

C1) 

1805 

1$ 

5120 

4853 

4732 

5216 

4980 

IV* 

1% 

5245 

2388 

4955 

2742 

51003 
25652 

ljj 

1% 

5328 

5104 

4894 

5272 

5150 

i« 

IY2 

5507 

5313 

5040 

51253 
25462 

52463 
25462 

Diameter 

Age    of 

Diameter 

of    priming 

,— Rate 

of   detonation,    1 

second.— > 

xplosive. 

of   cart- 

cartridge, 

months. 

ridge,  in. 

in. 

A. 

B. 

C. 

D. 

Average 

1 

% 

% 

6001 

5512 

5784 

6052 

5837 

6 

% 

% 

(*) 

(x) 

5856 

C1) 

5856 

1 

IK 

1% 

5311 

6211 

5967 

6456 

5986 

6 

1% 

1% 

6364 

6645 

6157 

C1) 

6389 

1 

1% 

1% 

6413 

6319 

6140- 

6254 

6282 

6 

1% 

D/2 

6409 

6970 

6270 

65863 
20142 

65593 
201 42 

lFailed  to  detonate  completely.     2Average  of  low  rates.     3Average  of  high  rates. 
TABLE  III— RATE  OF  DETONATION   OF    40    PER    CENT    STRENGTH    L.    F.    AM- 
MONIA    DYNAMITE     WITH     A     NO.     6    ELECTRIC     DETONATOR. 


Age  of 

Diameter  of 

r-Rate 

of   detonation,    meters   per 

second.— > 

explosive, 

cartridge. 

months. 

in. 

A. 

B. 

C. 

D. 

Average. 

1 

% 

2632 

3142 

2510 

2832 

2779 

6 

% 

2280 

3122 

2358 

2736 

2K24 

1 

1V± 

3446 

3661 

3395 

3384 

3472 

6 

1% 

3414 

3754 

3181 

3453 

3450 

1 

1% 

3751 

3715 

3902 

3597 

3737 

6 

iy2 

3674 

3777 

3837 

3695 

3746 

nation  of  the  three  explosives  tested. 
These  curves  plot  the  results  in  the 
tables  and  in  addition,  other  data  not 
included  in  the  tables  grouped  and 
averaged  to  show  the  normal  high  and 
low  rates,  and  show  the  number  of 
trials  made  for  determining  each  point 
on  the  curve. 

Discussion. — It    has    been   generally 
believed  that  gelatin  dynamites  rapid- 


ly become  insensitive  to  detonation 
and  explosion  by  influence  on  aging, 
while  the  dynamites,  both  straight  and 
ammonia,  are  very  little  affected,  t 
Accordingly,  in  a  practical  considera- 
tion of  the  diameter  of  cartridge  of^ti 
explosive  to  use  for  greatest  effi- 
ciency, (1)  the  effect  of  aging  on  that 


fQuinan,  W.  R.,  High  Explosives,  p.  27. 
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TABLE    IV— SENSITIVENESS    TO    EXPLOSION  BY  INFLUENCE  OP  40  PERCENT 

STRENGTH  L.   F.   GELATIN  DYNAMITE    1    MONTH   AND    6    MONTHS 

AFTER    MANUFACTURE. 


Diam. 
of  ctg. 


— Manufacturer — 
B.    C.     C.    D.     D. 


B. 

16  1 
8       6       6 

15  15  10 
18  or 

18  more  12 


Avg.  Avg. 
1         6 


7     10       6 


15     20     35 


25     10 


Age   (months)    

Maximum  distance   of  explosion   (in.)       % 
Minimum  distance  of  no  explosion  .(in.)       % 

Maximum  distance  of  explosion   (in.).     1^4 

Minimum  distance  of  no  explosion  (in.)     1^4 

Maximum  distance  of  explosion  (in.).     1YZ 
Minimum  distance  of  no  explosion  (in.)     1% 
TABLE  V— SENSITD7ENESS   TO  EXPLOSION  BY  INFLUENCE  OF  60  PER  CENT 
STRENGTH  L.   F.   GELATIN  DYNAMITE    1    MONTH   AND    6    MONTHS 
AFTER   MANUFACTURE. 
Diam. 

of  ctg.  A.    A.    B.     B.    C.     C. 
Age   (months) 


more 
35  than 

10 
12  9 
35     35 


Maximum  distance  of  explosion   (in.). 
Minimum  distance  of  no  explosion  (in.) 


A. 
1 

G 
15 


Maximum  distance  of  explosion  (in.).     1*4       15    10 


B.  B.  C. 
16  1 
9       0       9 

15  9  15 
less 

12  than  20 


15 


Minimum  distance  of  no  explosion  (in.) 
Maximum  distance  of  explosion   (in.). 


1J4 

1% 


Minimum  distance  of  no  explosion  (in.)     1%       35     18 


12  or 

30  less  30     15 
18       6     20       9 

more 
30  than  30     18     40     18       34       19 


D. 
6 

0 

4 

less 

18  than 

7 

12  or 

35  less     31 

20     12       20 


Avg.  Avg. 

1         6 

8         1 

15         8 


10 


TABLE  VI— SENSITIVENESS  TO  EXPLOSION  BY  INFLUENCE  OF  40  PER  CENT 
STRENGTH   L.    F.    AMMONIA   DYNAMITE   1  MONTH  AND  6  MONTHS 
AFTER   MANUFACTURE. 
Diam. 
of  ctg. 
Maximum  distance  of  explosion   (in.).       % 
Minimum  distance  of  no  explosion  (in.)       % 
Maximum  distance  of  explosion   (in.).     1*4 
Minimum  distance  of  no  explosion  (in.)     1XA 
Maximum  distance  of  explosion   (in.).     iy2 
Minimum  distance  of  no  explosion  (in.)     iy2 


A. 

A. 

B. 

B. 

C. 

C. 

D. 

D. 

Avg. 

Avg 

7 

7 

30 

15 

8 

6 

12 

10 

14 

10 

18 

12 

35 

35 

15 

10 

30 

15 

24 

18 

18 

18 

35 

30 

25 

18 

25 

20 

26 

22 

25 

25 

50 

70 

40 

30 

40 

40 

39 

41 

25 

20 

40 

35 

25 

20 

30 

35 

30 

28 

50 

30 

70 

70 

60 

30 

60 

70 

60 

50 

diameter  of  cartridge  must  be  consid- 
ered at  the  same  time  as  (2)  the  ef- 
fect of  the  diameter  of  cartridge  on 
the  physical  characteristics  of  the  ex- 
plosive. In  addition,  from  a  safety 
standpoint,  the  effect  of  both  of  the 
above  must  be  considered  in  their 
bearing  on  misfires,  incomplete  detona- 


tions, and  the  quantity  and  nature  of 
poisonous  gases. 

The  tests  carried  out  have  shown 
conclusively — 

(1)  That  both  the  rate  of  detonation 
and  sensitiveness  to  explosion  by  in- 
fluence increase  with  the  increase  in 
diameter  of  cartridge. 
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Fig.  3. — Curve  Showing  Relation  Between   Rate  of   Detonation   and    Diameter  of 
Cartridge  of  60  Per  Cent  Strength     L.  F.  Gelatin   Dynamite. 
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(2)  That  gelatin  dynamites  rapidly 
decrease  in  sensitiveness  to  detona- 
tion and  explosion  by  influence  on  ag- 
ing while  the  ammonia  dynamite  was 
very  little  affected. 

(3)  That  the  insensitiveness  of  gel- 
atin dynamites  to  detonation  and  ex- 
plosion by  influence  on  aging  pro- 
ceeds more  rapidly  the  smaller  the  di- 
ameter of  cartridge. 

(4)  That  the  insensitiveness  to  de- 
tonation and  explosion  by  influence 
proceds  more  rapidly  with  60  per  cent 
strength  L.F.  gelatin  .dynamite  than 
with  40  per  cent  strength  L.F.  gelatin 
dynamite. 

As  regards  safety,  the  effect  of  cart- 
ridge diameter  is  very  important,  as 
the  more  rapid  decrease  in  sensitive- 
ness to  detonation  of  the  smaller  di- 
ameter  is   likely   to   cause  more  mis- 


smaller  diameters  of  cartridge  will 
give  the  greater  quantities  of  poison- 
ous gases  because  of  this  increased 
ratio  of  paper  wrapper. 

The  results  obtained  from  investiga- 
tion of  the  samples  which  failed  to  de- 
tonate show  the  great  importance  of 
well  tamping  gelatin  dynamite  shots 
as  this  confinement  will  insure  better 
and  more  complete  detonation. 

Accordingly,  as  the  result  of  these 
tests  which  have  shown  a  marked  in- 
crease in  rate  of  detonation  and  sensi- 
tiveness to  explosion  by  influence  for 
the  larger  diameters  of  cartridges  and 
the  very  marked  decrease  in  rate  of 
detonation  and  sensitiveness  to  explo- 
sion by  influence  on  aging  of  the 
%-in.  diameter  of  cartridge,  particu- 
larly of  the  gelatin  dynamites,  it  is 
pointed    out   that    both    economy   and 
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Fig.  4. — Curve  Showing  Relation   Between    Rate  of   Detonation   and    Diameter   of 
Cartridge  of  40   Per  cent   L.   F.   Ammonia    Dynamite. 


fires,  while  the  decrease  in  sensitive- 
ness to  explosion  by  influence  is  like- 
ly to  cause  more  partial  failures  from 
foreign  material  in  the  borehole.  Fur- 
ther, insensitive  gelatin  dynamite 
sometimes  burns  in  the  borehole  in- 
stead of  detonating,  and  on  burning, 
gives  off  large  quantities  of  oxides  of 
nitrogen  which  are  very  poisonous, 
even  in  small  percentages. $  Also. 
in  the  smaller  diameters  of  cartridge 
the  proportion  of  paper  wrapper  to  ex- 
plosive ingredient  is  greater,  and  as 
most  explosives  on  detonation  give 
greater  or  less  quantities  of  noxious 
gases   (chiefly   carbon   monoxide)    the 


safety  in  the  use  of  explosives  is  lost 
by  the  use  of  that  diameter  of  cart- 
ridges, and  therefore  every  effort 
should  be  made  to  use  drill  holes  of 
such  a  diameter  as  will  accommodate 
cartridges  of  not  less  than  1%-in.  di- 
ameter. 


^Bulletin  48,  The  Selection  of  Explo- 
sives Used  in  Engineering  and  Mining 
Operations,  Clarence  Hall  and  Spencer  P. 
Howell,  p.  17. 


Simple    Method    of    Preventing    Rust 
on   Steam  Shovels 

An  excellent  and  inexpensive 
method  of  preventing  rusting  of  work- 
ing parts  of  steam  shovels  stored  in 
the  open,  is  to  cover  these  parts  with 
ordinary  turpentine  of  the  cheaper 
grade,  states  the  Excavating  Engi- 
neer. Th'is  method  has  been  found  to 
be  particularly  effective  in  the  tropics 
where  the  metal  will  often  rust  in  24 
hours. 
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Results  of  Water  Treatment  on  a  Railway 

Effort  of  Missouri  Pacific  R.  R.  in  Reducing  Maintenance  Expense 
and  Increasing  Capacity  of  Locomotives  Discussed  in  Paper  Pre- 
sented Jan.  22  Before  Western  Society  of  Engineers 

By*W.  C.  SMITH, 
Mechanical,  Superintendent,    Missouri    Pacific  R.  R. 


The  experience  of  the  past  year  has 
proven  clearly  and  unquestionably  the 
great  advantage  to  railroads  in  giving 
careful  attention  to  the  quality  of  lo- 
comotive boiler  water  supply.  It  is 
recognized  that  the  question  of  proper 
water  supply  is  an  individual  problem 
in  each  instance.  On  the  Missouri  Pa- 
cific, after  experience  with  many  va- 
rieties of  proprietary  compounds  and 
also  soda  ash,  the  definite  policy  for  a 
constructive  program  of  improvement 
of  the  poor  quality  of  water  supply  by 
elimination  of  the  largest  possible 
amount  of  impurities  before  giving 
water  to  locomotives,  was  put  into 
effect  and  has  been  consistently  fol- 
lowed with  very  satisfactory  results. 
In  reporting  these  experiences,  it  is 
not  intended  to  offer  recommendations 
for  universal  practice,  but  the  data 
are  submitted  as  information,  and  it 
is  probable  that  they  may  prove  of 
benefit  in  suggesting  a  method  which 
has  effected  large  economy  and  ma- 
terially assisted  in  the  improvement 
of  locomotive  operation  and  mainte- 
nance. 

Water  Supply  Problems  of  Missouri 
Pacific. — The  Missouri  Pacific  system 
operates  approximately  7,500  miles  of 
railroad.  It  taps  nine  states  extend- 
ing from  the  Mississippi  west  through 
the  plains  of  Western  Kansas  to  the 
Rocky  Mountains,  and  from  the  Mis- 
souri River  south  through  the  Ozarks 
of  Arkansas  and  the  bayous  of  Louisi- 
ana. The  characteristics  of  the  water 
supplies  sources  vary  from  the  best 
to  among  the  worst  in  the  country. 
Water  supply  problems  include  the 
handling  of  the  coal  mine  waters  in 
Illinois,  the  muddy  waters  of  the  Mis- 
souri, the  gypsum  and  alkali  waters 
of  the  Kansas  plains,  the  salt  waters 
from  oil  fields,  and  the  soft  soda  wa- 
ters from  southern  deep  wells. 

With  such  variety  in  quality  of  wa- 
ter supplies  the  marked  difference  in 
effect  upon  engine  performance  and 
operation  was  early  noticed.  Trouble 
from   scale   with   consequent   leaking 
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and  short  life  of  flues  and  fire  boxes 
on  bad  water  districts  was  a  problem 
of  the  first  importance.  Various  com- 
pounds and  sofla  ash  were  tried  out 
as  internal  treatments,  but  in  most 
cases  the  increase  in  foaming  tend- 
ency was  so  aggravated  together  with 
the  expense  and  difficulty  of  a  careful 
follow  up  system,  that  it  was  decided 
by  the  management  to  place  reliance 
upon  the  development  of  more  care- 
ful and  reliable  methods. 

Water  Softening  Plants. — Complete 
water  softening  plants  were  first  in- 
stalled in  1905.  The  terminals  at  Lit- 
tle Rock,  Kansas  City,  Hoisington, 
Wichita  and  Pueblo  were  equipped 
and  a  number  of  intermediate  stations 
between  Poplar  Bluff  and  St.  Louis, 
St.  Louis  and  Bush,  111.,  also  between 
Kansas  City  and  Pueblo,  about  32 
stations  in  all.  A  summary  for  the 
year  1909  showed  the  following:  Wa- 
ter treated,  312,234,000  gal.;  scale  re- 
moved, 591,000  lb.  Compared  to  1905, 
there  was  a  44.70  per  cent  reduction 
in  engine  failures  due  to  leaky  flues, 
etc.,  and  also  a  reduction  of  33.3  per 
cent  in  boiler  maintenance  and  con- 
sequent increase  in  net  tons  handled 
per  mile. 

In  view  of  these  results  and  the 
large  return  on  the  investment,  ap- 
propriation was  made  for  18  addi- 
tional plans  to  be  installed  in  the  bad 
water  district  west  of  Kansas  City. 
Up  to  this  time,  the  entire  supervi- 
sion for  all  plants  had  been  located 
in  St.  Louis,  but  it  was  found  that  the 
distance  was  a  severe  handicap  in  se- 
curing efficient  and  regular  results, 
so  tbat  in  1910  small  laboratories  were 
established  and  a  traveling  chemist 
located  at  Kansas  City  and  Little 
Rock,  these  heing  central  and  conve- 
nient headquarters.  This  arrange- 
ment worked  out  very  well  and  excel- 
lent results  were  obtained. 

In  1917,  eight  additional  plants  were 
installed  on  the  district  between  Hois- 
ington, Kansas,  and  Pueblo,  Colo., 
which  completed  the  treating  equip- 
ment at  all  water  stations  on  this  ter- 
ritory. The  results  obtained  were  so 
definite  and  satisfactory  that  the  dis- 
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trict  from  Kansas  City  to  Omaha  was 
similarly  equipped  in  1919  and  1920. 
Since  that  year  the  development  has 
been  steadily  continuing  until  there 
are  now,  including  nine  soda  ash 
plants,  81  softening  plants  in  service, 
and  six  additional  under  construction. 

Types  of  Softening  Plants. — Of  the 
total  of  81  softening  plants  in  service, 
36  are  of  the  intermittent  type  and 
45  of  the  continuous  type.  Hydrated 
lime  and  soda  ash  were  used  for  the 
removal  of  objectionable  matter  in 
supplies,  except  at  the  nine  soda  ash 
plants  where  treatment  consists  only 
in  the  removal  of  the  incrusting  sul- 
phates. 

In  the  intermittent  type  of  soften- 
ing plants,  at  least  two  tanks  are  nec- 
essary in  order  to  furnish  a  constant 
supply  of  softened  water  for  use,  the 
treatment  being  intermittent,  one  tank 
being  in  progress  of  filling  and  treat- 
ment while  supply  is  being  used  from 
the  other.  In  the  continuous  type  of 
plant  but  one  tank  is  necessary  as 
the  chemical  solution  is  fed  propor- 
tionately with  the  raw  water,  thereby 
furnishing  a  continuous  supply  of 
softened  water.  It  is  not  the  purpose 
of  this  paper  to  give  a  lengthy  discus- 
sion of  the  various  features  and  de- 
tails of  construction  nor  the  relative 
merits  of  the  two  types  of  plants, 
either  oneof  which  when  properly  de- 
signed, constructed  and  operated  will 
furnish  a  softened  water  of  the  de- 
sired quality. 

Cost  of  Treatment  and  Results. — 
The  cost  of  chemicals  used  in  treat- 
ment varies  from  1.2  to  13.3  ct.  per 
1,000  gal.,  depending  on  the  quality 
of  the  raw  water.  An  average  cost  is 
approximately  4  ct.  The  total  aver- 
age cost  of  treatment,  including  cost 
of  chemicals,  operation  of  plant,  de- 
preciation and  supervision  is  approxi- 
mately 9  ct.  per  thousand  gallons.  In- 
stallation costs  for  plants  .will  vary 
over  a  considerable  range,  from  $75 
cost  for  conversion  of  roadside  tank 
into  soda  ash  plant,  to  $22,000,  cost  of 
some  of  the  patented  softening  plants 
now  on  the  market.  An  average  cost 
for  installation  in  use  on  this  system 
is   approximately   $4,000. 

With  the  installation  of  six  or  eight 
more  plants  at  some  of  the  points  of 
greatest  consumption,  it  is  expected 
that  the  water  supply  quality  on  the 
Missouri  Pacific  will  be  very  well  in 
hand.  Statistics  for  1922  will  show 
that  there  are  387  water  stations  in 
service.  Approximately  seven  billion 
gallons    are    supplied      per      year,    of 


which  six  billion  gallons  are  used  for 
steam  purposes.  Of  this  amount  2,- 
400,000,000  was  softened  and  approxi- 
mately 5,000,000  lbs.  of  scale  removed 
which  would  otherwise  have  gone  into 
the  toilers,  causing  scale  and  its  at- 
tendant troubles.  It  is  estimated  that 
a  saving  of  70,000  tons  of  coal  was 
effected  in  1922  by  keeping  this  insu- 
lating coating  from  forming  on  the 
tubes  and  sheets.  The  saving  in  boil- 
er maintenance,  engine  time  and  from 
engine  failures  has  also  been  very 
large.  It  is  estimated  that  a  net  sav- 
ing, after  subtracting  the  cost  of 
treatment  will  be  in  the  neighborhood 
of  $500,000,  although  the  investment 
in  treating  facilities  does  not  exceed 
$300,000.  The  intangible  benefits  such 
as  the  improved  morale  of  the  forces 
and  the  greater  reliability  of  the 
power  are  factors  which  have  also 
benefited  greatly  by  these  facilities 
but  cannot  be  reduced  to  dollars  and 
cents. 

Results  of  Water  Treatment  in  Re- 
ducing Maintenance  Expense. — An  in- 
teresting feature  was  brought  out  on 
the  Colorado  Division  which  runs 
from  Hoisington,  Kansas  to  Pueblo, 
Colo.,  338  miles  and  is  divided  into 
two  engine  districts  at  Horace.  Be- 
fore water  treatment  it  was  neces- 
sary to  take  out  a  "V"  of  flues  every 
four  to  six  months  and  clean  out  the 
.scale,  and  then  renew  the  entire  set 
after  10  or  12  months'  service.  The 
flues  in  locomotive  boilers  are  now 
run  from  30  to  42  months.'  Instead  of 
i/i-in.  scale  when  they  are  removed 
there  is  less  than  1/16-in.  scale.  An 
engine  running  on  one  district  could 
not  work  on  the  other  without  several 
weeks  of  bad  leaky  troubles,  while  the 
engines  are  now  operated  through 
from  Hoisington  to  Pueblo,  stopping 
at  Horace  only  to  clean  fires  and 
change  crews. 

On  the  district  between  Kansas  City 
and  Omaha,  we  formerly  experienced 
considerable  trouble  with  leaky  stay- 
bolts,  making  it  necessary  to  hold  en- 
gine in  for  staybolt  inspection  and  re- 
pairs about  three  days  per  month. 
Since  complete  treatment  of  water 
supplies  w7as  put  into  effect  we  prac- 
tically eliminated  the  leaky  staybolts, 
and  engines  can  be  returned  to  serv- 
ice in  much  less  time. 

There  are  among  other  classes  13 
Santa  Fe  type  locomotives  operating 
on  this  division.  By  this  one  feature 
of  improving  water  conditions  so  that 
delays  from  staybolt  repairs  were 
practically  eliminated,  it  had  the  same 
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effect  as  giving  the  division  one  addi- 
tional Santa  Fe  type  locomotive. 

As  an  example  of  water  treating 
results  for  stationary  boilers  at  our 
Sedalia,  Mo.,  power  plant  where  wa- 
ter is  treated  for  five  Babcock  &  Wil- 
cox double-deck  water  tube  boilers 
of  275  HP.  each,  about  650  of  the  840 
4-in.  tubes  were  in  service  12  years, 
using  treated  water.  The  raw  water- 
here  contains  about  20  grains  per  gal- 
lon of  incrusting  matter  or  nearly 
3  lb.  per  1,000  gal.,  and  with  its  use 
untreated,  tube  failures  were  frequent 
and  the  scale  heavy  and  very  hard. 

Many  such  individual  instances  can 
be  cited  but  it  is  very  probable  that 
any  other  railroad,  which  has  giveu 
careful  attention  to  its  water  prob- 
lems can  do  likewise.  In  fact,  al- 
though we  cannot  say  our  scale  trou- 
bles have  been  eliminated,  they  have 
been  very  materially  reduced.  Al- 
though engine  failures  from  leaking 
have  not  been  entirely  eliminated,  it 
is  a  fact  that  they  are  becoming  very 
rare. 

Organization  and  Supervision  for 
Water  Treatment. — A  factor  which 
must  be  given  attention  in  the  correc- 
tion of  water  supplies  is  the  matter 
of  organization  and  supervision.  The 
best  and  most  expensive  apparatus 
will  not  give  results  unless  correctly 
and  regularly  operated.  If  a  water 
treating  plant  is  not  properly  run  it 
is  worse  than  useless,  as  it  is  mis- 
leading. Not  only  is  the  investment  a 
loss,  but  expected  results  are  not  se- 
cured and  the  entire  plan  is  discred- 
ited. Only  by  careful  and  systematic 
organization  and  by  placing  definite 
responsibility,  can  good  results  be  se- 
cured. The  methods  which  have  been 
established  and  worked  out  for  tak- 
ing care  of  these  facilities  on  the  Mis- 
souri Pacific  are  as  follows: 

The  water  supply  supervision  is 
centered  in  the  engineering  depart- 
ment, and  engineer  of  water  service 
being  placed  in  direct  charge.  Small 
laboratories  in  charge  of  traveling 
chemists  have  been  installed  at  Little 
Rock,  Kansas  City  and  Osawatomie, 
Kan.  Samples  of  both  raw  and  treat- 
ed water  are  sent  from  each  treating 
plant  to  the  designated  laboratory  on 
each  Wednesday  and  Saturday  where 
tests  are  made  promptly  and  reports 
are  furnished  to  all  concerned.  Any 
indication  of  unfavorable  tests  results 
in  an  inspection  of  the  plant  on  the 
ground.  The  treatments  are  governed 
largely  by  the  inspection  of  condi- 
tions in  boilers  and  the  chemical  tests 


are  made  to  assure  water  being  main- 
tained in  a  condition  found  to  be  most 
favorable.  The  traveling  chemists  in 
the  course  of  their  inspection,  consult 
freely  with  operating  officers,  general 
and  division  master  mechanics,  round- 
house and  boiler  foremen  and  others 
interested  and  any  complaint  is  taken 
care  of  without  delay.  The  engineer  of 
water  service  and  general  boiler  in- 
spector co-operate  with  each  other  and 
all  concerned.  In  this  manner  water 
troubles  are  adjusted  and  minimized. 

The  Question  of  Foaming. — A  point 
whicli  is  always  brought  up  in  a  dis- 
cussion of  water  treatment  is  the 
question  of  foaming.  It  is  a  fact  that 
as  a  general  rule  when  a  water  soften- 
ing plant  is  put  in  service  consider- 
able foaming  complaint  results.  This 
is  also  more  or  less  true  when  an  en- 
gine is  transferred  from  one  district 
with  one  quality  of  water  to  another 
with  different  water.  In  most  cases, 
this  trouble  stops  after  a  few  weeks. 
We  have  had  some  foaming  trouble  on 
the  Missouri  Pacific  but  with  the  use 
of  an  anti-foaming  preparation,  which 
is  essentially  a  weak  acid  emulsion 
of  castor  oil  made  up  by  our  chemical 
department,  this  trouble  has  been  kept 
at  a  minimum. 

The  chief  difficulty  encountered 
with  boiler  waters  at  present  is  pit- 
ting and  corrosion.  The  solution  of 
this  problem  is  still  under  study  to 
determine  the  cause  more  exactly,  but 
in  this  connection  it  can  be  said  that 
while  our  present  system  of  treatment 
has  not  eliminated  this  trouble,  the 
improvement  in  conditions  has  been 
very  marked. 

In  summarizing,  permit  me  to  em- 
phasize again  the  importance  of  care- 
ful and  conscientious  study  of  water 
supply  problems  by  a  specially  trained 
organization.  This,  together  with 
close  co-operation  between  the  water 
service,  operating  and  mechanical  de 
partments,  will  insure  remarkable  and 
satisfactory  results  and  economies. 
Our  experiences  on  the  Missouri  Pa- 
cific, where  treating  plants  have  been 
installed  and  properly  supervised, 
have  proven  conclusively  that  these 
results  can  be  accomplished. 


Railway  Reconstruction  in  France. 
— The  Supreme  Railroad  Council  has 
approved  of  reconstruction  work  on 
the  important  French  railways  total- 
ing 1,045,000,000  francs;  of  this  270, 
000,000  francs  are  for  electrification, 
and  775,000,000  francs  for  general 
construction  work. 
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Location  of  Street  Railway  Track  in  Streets 

A  Paper  Presented  at  a  Conference  of  City  and  Railway  Engineers 

Held  Oct.  9  Under  the  Auspices  of  the  Engineers 

Cub  of  Philadelphia 

By  R.   C.   CRAM, 

Engineer,    Surface   Roadway,    Brooklyn    Rapid    Transit    Co.,    Brooklyn,    N.    Y. 


The  location  of  the  various  utilities 
in  the  public  streets  is  becoming  more 
and  more  a  serious  problem  for  the 
municipal  engineer.  However,  the  en- 
gineers of  the  various  utilities  have  to 
face  the  same  problem,  particularly  in 
our  large  cities,  where  public  conve- 
nience requires  that  all  such  utilities 
be  placed  underground.  The  street 
railway,  as  one  of  the  utilities,  is  the 
only  one  which  occupies  the  surface 
of  the  street.  In  addition  to  the  street 
railway,  there  are  no  less  than  six 
other  utilities  which  may  occupy  the 
streets  in  some  manner. 

We  have  sewers,  water,  electric 
light,  gas,  telephone,  steam  mains,  and 
sometimes  mail  tubes;  all  of  which 
occupy  more  or  less  space  and  require 
frequent  service  connections  to  the 
adjacent  structures  along  the  street. 
Some  streets  also  carry  exceedingly 
large  trunk  sewers  and  water  mains 
which  are  frequently  independent  of 
the  regular  local  mains. 

Practically  all  of  these  utilities  have 
manholes  and  valve  boxes  which  ex- 
tend to  the  surface  at  frequent  inter- 
vals and  these  often  form  quite  a  col- 
lection at  street  intersections.  The 
speaker  has  noted  no  less  than  11 
manhole  heads  at  one  intersection  in 
Brooklyn,  N.  Y.,  within  the  confines 
of  the  lines  of  two  50-ft.  streets. 

When  there  are  many  manhole  heads 
in  the  vicinity  of  car  tracks,  curves 
and  special  trackwork,  it  becomes  a 
nice  problem  to  design  tracks  to  dodge 
them,  and  their  presence  usually 
causes  great  difficulty  in  properly  con- 
structing and  maintaining  the  tracks 
and  track  pavements. 

Closer  Co-operation  Needed  Between 
City  and  Company  Engineers. — There 
is  a  need  for  closer  co-operation 
among  municipal  and  utility  engineers 
in  relation  to  matters  of  location  and 
many  cities  are  finding  it  very  desira- 
ble to  set  up  special  bureaus  charged 
with  the  design  and  location  of  sub- 
surface structures. 

The  central  location  of  sewers  has 


been  a  time-honored  custom  and  other 
utilities  usually  avoid  location  near 
them.  This  makes  it  convenient  later, 
when  street  railway  tracks  may  be 
needed,  but  the  construction  of  a 
sewer  centrally  located  after  tracks 
are  built  is  not  a  joyful  matter  for 
either  the  railway,  the  sewer  contrac- 
tor, or  the  general  public.  It  has 
seemed  to  me  that  more  consideration 
might  be  given  to  the  possibility  of 
constructing  normal  sized  sanitary 
and  storm  water  sewers  in  two  lines, 
one  at  each  side  of  the  street.  The 
first  cost  may  be  greater  but  the  costs 
for  connections  made  years  later 
when  the  streets  are  paved  would 
probably  be  much  less  than  it  is  now 
when  connections  are  made  through 
pavements  to  a  centrally  located 
sewer  main. 

Water  service  and  gas  mains  might 
well  be  considered  along  the  same 
lines  and  it  has  been  noted  that  the 
telephone  and  electric  light  utilities 
seem  to  desire  side  locations  near 
curbs  and  in  some  cases  have  con- 
structed service  lines  on  each  side  of 
the  street. 

The  construction  of  all  such  utilities 
prior  to  the  construction  of  street  rail- 
way tracks  of  a  permanent  character 
is  greatly  to  be  desired,  and  until  the 
streets  are  properly  graded,  curbed, 
paved,  and  have  all  their  normal  un- 
derground service  mains  in  place,  it 
is  not  desirable  to  attempt  to  con- 
struct tracks  of  a  permanent  nature. 

Use  of  Sidewalk  Spaces  for  Utilities. 
— The  sidewalk  spaces  might  be  more 
generally  used  for  locating  various 
utilities,  although  there  may  be  some 
objections  from  a  legal  viewpoint,  re- 
lating to  use  and  occupancy  of  such 
spaces,  and,  of  course,  vaults  under 
the  walks  occasionally  cause  some 
trouble.  On  new  streets  these  objec- 
tions would  not  obtain  to  a  very  great 
extent.  No  attempt  has  been  made 
to  consider  what  may  be  the  best  lo- 
cation for  all  of  the  subsurface  utili- 
ties. They"  are  mentioned  because  the 
subject  seems  to  call  for  their  dis- 
cussion, and  when  we  see  some  of  the 
tangled  messes  of  pipes  and  conduits 
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in  some  of  the  streets  of  our  large  cit- 
ies, we  are  forced  to  conclude  that 
much  of  the  confusion  could  have  been 
avoided  if  early  attention  had  been 
given  to  their  proper  location. 

Location  of  Tracks  in  Streets. — The 
central  location  of  tracks  in  streets  is 
considered  by  all  competent  authori- 
ties to  be  the  best  for  cities.  Such  a 
location  is  the  most  logical,  convenient 
and  safest  for  the  public.  Where  pos- 
sible, on  wide  thoroughfares,  there  are 
good  reasons  for  considering  the  use 
of  parked  spaces  for  the  tracks.  Such 
spaces  or  areas  are  safer  for  all  other 
forms  of  street  traffic  and  for  car  pas- 
sengers. Better  car  schedules  can  be 
maintained  due  to  less  interference 
from  vehicular  trafllc,  and  parked 
areas  are  more  quiet,  as  there  are  no 
pavements  acting  as  sounding  boards, 
and  the  tracks  are  cleaner,  thus  les- 
sening noise  due  to  wheels  passing 
over  grit  on  the  rails.  The  railways 
can  more  conveniently  maintain  the 
parks  and  the  tendency  to  neglect 
them  in  .times  of  stress  is  much  less 
than  where  pavements  must  be  opened 
for  the  track  repairs.  Probably  four 
times  as  much  effective  work  can  be 
done  in  parked  areas,  as  compared 
with  paved  areas,  for  an  equal  ex- 
pense. 

Side  Location  of  Track. — Side  loca- 
tions of  tracks  in  cities,  with  one 
track  near  each  curb,  are  quite  rare. 
Side  locations  of  both  tracks  on  the 
same  side  of  the  street  are  sometimes 
found  and  there  are  several  such  in 
New  York  City,  but  in  one  case  at 
least  the  city  has  long  been  anxious 
to  have  the  tracks  relocated  as  a  mat- 
ter of  better  accommodation  for  traffic. 
It  is  certain  that  side  locations  for 
tracks,  excepting  possibly  in  suburban 
territory  adjacent  to  state  highways, 
are  not  desirable  from  any  viewpoint. 
Even  here  suburban  railways  are  find- 
ing objections  to  such  locations  as  the 
tracks  are  liable  to  become  ditches 
for  the  drainage  of  the  roadway.  One 
large  railway  in  the  East  has  been 
spending  large  sums  for  raising  tracks 
so  located,  in  an  attempt  to  get  up  out 
of  the  mud  and  lessen  maintenance 
expense. 

Side  locations  for  tracks  do  not 
meet  good  designing  principles,  sinca 
it  cannot  be  considered  a  good  feature 
of  street  design  to  have  two  lines  of 
traffic  opposing  each  other  on  the 
same  side  of  the  street.  Besides,  the 
American  rule  of  the  road,  "Keep  to 
the  right,"  is  flagrantly  violated. 

Central   locations   in    parked    areas 


may  well  be  given  attention  by  those 
interested  in  city  planning.  Where 
wide  through  streets  are  desirable  but 
not  at  first  considered  necessary  from 
a  traffic  viewpoint,  the  parking  scheme 
saves  in  first  cost  of  actual  paved 
areas  and  still  provides  a  means  for 
increased  paved  areas  later  by  pav- 
ing in  the  parked  spaces. 

Problems  in  Double  Track  Layout 
in  Center  of  Street. — The  location  of 
two  lines  of  track  in  the  center  of  the 
street  presents  a  problem  in  the  mat- 
ter of  providing  drainage,  since  the 
same  crown  or  cross  section  as  used 
for  streets  without  tracks  cannot,  or 
should  not,  be  used.  Sometimes  the 
attempt  is  made  to  facilitate  cross 
drainage  by  trying  to  conform  the 
rails  to  the  crown  by  dropping  the  rail 
nearest  the  curb  slightly.  Single 
tracks,  of  course,  do  not  cause  any 
trouble  as  each  rail  is  close  to  the 
center  of  the  crown.  When  the  outer 
rails  of  double  tracks  are  dropped,  the 
chances  for  trouble  are  increased  and 
this  practice  does  not  gain  enough 
from  a  municipal  point  of  view  to  off- 
set the  troubles  of  the  railway  in  in- 
creased side  and  top  wear  of  the  outer 
or  low  rail;  increased  disturbance  of 
pavement  adjacent  to  the  low  rail 
caused  by  side  thrust  and  added 
weight;  increased  flange  wear  on  one 
set  of  wheels,  tending  to  cause  sharp 
flanges  and  derailments;  and  in- 
creased wear  on  journals  and  track 
parts  on  one  side  where  cars  are  loop 
operated.  It  is  believed  that  the  low- 
ering of  the  outer  rail  is  not  neces- 
sary, provided  proper  attention  be 
given  to  the  longitudinal  grades  With 
provision  for  carrying  surface  water 
rapidly  away  through  track  catch 
basins. 

One  of  the  most  frequent  sources  of 
trouble  with  tracks  in  central  locations 
comes  from  disturbances  of  the  sub- 
grade  which  are  due  to  settlements 
over  cross  trenches  made  for  service 
connections  or  for  additional  mains  of 
one  kind  or  another.  The  railway  has 
had  little  or  no  control  over  such 
trenches  and  up  to  now  it  has  been 
difficult  to  convince  municipal  high- 
way engineers  of  the  importance  of 
special  inspection  of  all  such  openings, 
not  only  during  the  work  but  also  dur- 
ing the  restoration  of  back  fill  and  to 
prevent  undue  haste  in  repaving.  This 
matter,  of  course,  is  not  directly  con- 
cerned with  the  location  of  the  utili- 
ties as  a  part  of  original  design,  but 
it  is  to  be  considered  in  respect  to  the 
street    railway    as    a    located    utility, 
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upon  which,  at  present,  is  placed  the 
burden  of  care  and  maintenance  not 
only  of  tracks  but  also  for  the  pav- 
ing, wherein  this  utility  distinctly  dif- 
fers from  all  others  occupying  our 
streets.  No  other  utility  is  obliged  to 
install  and  maintain  pavements  for 
others  to  use.  Any  undue  influence 
causing  unwarranted  expense  to  the 
railway  in  such  circumstances  should 
have  our  attention,  and  the  co-opera- 
tion of  municipal  and  utility  engineers 
is  of  vital  importance  in  lessening  the 
troubles  incidental  to  poor  track  and 
pavement  conditions  which  are  all  too 
frequently  caused  by  outside  influ 
ences,  entirely  beyond  the  control  of 
the  railway. 

Street  Widths  and  Location  of  Utili- 
ties.— The  influence  of  street  widths 
upon  the  location  of  all  of  the  utilities 
is  very  marked.  In  these  days  of  ever 
increasing  street  traffic,  largely  due  to 
the  automobile,  the  central  location  of 
the  car  tracks  requires  consideration 
in  respect  to  the  influence  upon  the 
question  of  proper  or  adequate  road- 
way width.  My  observation  of  traffic 
conditions  tends  to  confirm  the  mini- 
mum width  of  42  ft.  as  desirable.  This 
width  was  suggested  by  P.  E.  Green 
in  his  paper  on  "Chicago  Paving  Prac- 
tice," read  before  the  American  So- 
ciety of  Civil  Engineers  on  Oct.  6, 
1909.  Mr.  Green  also  stated  that  48 
ft.  would  be  even  better  as  a  minimum 
and  there  is  reason  for  agreement  on 
that  also.  An  80-ft.  street  having  16- 
ft.  sidewalks  leaves  a  48-ft.  roadway. 
Much  of  the  busy  "loop"  district  in 
Chicago  has  roadways  of  this  width 
and  a  vast  traffic  is  carried.  Mean- 
while, the  average  width  between 
curbs  on  100  streets  each  having  two 
car  tracks  in  Brooklyn,  N.  Y.,  is  39% 
ft.,  and  a  great  deal  of  traffic  is  found 
there  a*lso.  But  streets  can  be  too 
wide,  and  when  roadways  reach  widths 
of  60  ft.,  it  has  been  observed  that 
trucks,  backed  up  at  curbs,  are  liable 
to  "hog"  the  available  roadway  to 
such  an  extent  that  other  traffic  is 
forced  to  the  track  space. 

Car  Tracks  Need  Not  Form  Obstruc- 
tion.— Whatever  the  width,  the  tracks 
need  not  form  an  obstruction  and  it  is 
only  when  street  car  traffic  is  very 
heavy,  on  narow  streets,  that  the  rail- 
way use  of  the  street  can  be  said  to 
restrict  its  use  to  the  fullest  extent. 
Even  on  narrow  streets,  the  parked 
automobile  is  much  more  of  a  nuisance 
than  the  street  car,  as  other  vehicles 
are  forced  to  trail  behind  the  cars. 

Our   own   observation   in    Brooklyn 


shows  that  our  streets  average  39% 
ft.  between  curbs.  We  have  streets 
with  curbs  as  wide  as  100  ft.  apart. 
We  have  them  down  to  29%  ft.  They 
operate  cars  in  all  of  them,  and  op- 
erate some  very  heavy  lines  on  streets 
having  curbs  only  30  ft.  apart.  Our 
greatest  trouble  comes  from  the  con- 
gestion caused  by  the  parking  of  the 
automobiles. 

Whatever  the  width  of  the  street, 
the  tracks  need  not  form  an  obstruc- 
tion, they  can  be  built  so  that  they 
do  not  form  an  obstruction.  In  the 
past,  there  has  been  a  lot  of  contro- 
versy about  the  rails  forming  an  ob- 
struction in  the  street — we  cannot  get 
over  and  around  and  cross  them.  Well, 
we  have  very  few  steel-tired  steam 
tracks  in  comparison  now,  and  I  think 
a  gre'at  many  times  nearly  all  those 
lines  of  obstruction  were  made  in  the 
earlier  days  when  they  did  not  know 
as  much  about  building  tracks  as  they 
do  now,  but  today  tracks  can  be  built 
and  pavements  can  be  laid  in  them 
and  the  tracks  can  have  any  kind  of 
rail— the  T-rail  which  used  to  be  such 
an  objection  or  any  other — and  they 
can  all  be  paved  and  the  pavement 
can  be  maintained  equally  as  well,  and 
I  say  it  looking  you  all  in  the  face, 
equally  as  cheap  as  in  any  other  part 
of  your  city,  and  it  can  be  proved. 


Use  of  Wire  Saw  in  Quarries 

The  wire  saw  has  been  used  with 
success  in  marble  quarries,  both  in 
America  and  abroad,  states  the  Bu- 
reau of  Mines  in  Bulletin  218,  "The 
Technology  of  Slate."  It  usually  con- 
sists of  a  three-strand  endless  wire 
rope  about  XA  in.  in  diameter.  The 
wire  passes  around  a  driving  wheel 
and  is  carried  on  pulleys  to  the  place 
in  the  rock  where  a  cut  is  desired. 
An  abrasive,  such  as  steel  shot,  with 
water,  is  fed  to  the  rope  at  the  point 
where  it  enters  the  rock.  To  prevent 
too  rapid  abrasion  of  the  wire,  a 
length,  sometimes  exceeding  a  mile, 
of  wire  rope  is  used.  The  wire  saw 
may  be  used  for  making  cuts  in  the 
quarry  or  to  saw  blocks  on  the  bank. 
This  type  of  equipment  has  never 
been  used  in  slate  quarries  in  the 
United  States,  nor,  from  information 
available,  does  it  appear  to  have  been 
used  in  slate  quarries  abroad.  One 
slate  producer  in  the  Slatington  dis 
trict  of  Pennsylvania  contemplates  its 
introduction,  and  the  results  obtained 
will  certainly  interest  all  slat'? 
workers. 
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Fuel    Economy    and    Firing 
with   Coal  or  Wood  in 
Steam  Shovel  or 
Dragline  Oper- 
ation 

Useful  suggestions  on  the  above 
for  the  man  on  the  job  are  given  in 
a  recent  issue  of  The  Excavation  En- 
gineer, from  which  the  matter  follow- 
ing is  taken. 

The  operator  should  be  in  charge 
of  the  machine,  and  his  instructions 
should  be  followed  by  the  crew.  Both 
he  and  the  fireman,  as  well  as  the 
other  members  of  the  crew,  must 
work  together  to  bring  about  the  best 
results. 

The  Fireman  Important  Factor. — 
The  fireman  is  a  very  important  fac- 
tor in  the  saving  of  fuel  and  water, 
and  can  bring  about  this  saving  by 
burning  the  minimum  of  fuel  neces- 
sary, and  by  taking  an  intelligent 
interest  in  the  condition  and  opera- 
tion of  the  machine. 

Explaining  to  a  new  fireman  the 
reasons  why  certain  methods  should 
be  pursued  in  handling  his  work  to 
bring  about  the  best  results  and  di- 
recting his  attention  to  improper 
methods  of  firing  will  result  in  a  sav- 
ing of  fuel. 

When  filling  the  boiler  before  a  fire 
it  started,  care  should  be  taken  that 
it  is  filled  only  so  that  the  water  glass 
shows  half  full  or  water  runs  from 
the  second  gauge  cocks.  This  will 
leave  space  for  expansion  of  water, 
and  so  that  the  injector  can  be  worked 
to  prevent  the  safety  valve  from 
popping. 

Keep  Grates  Clean. — The  grates 
should  be  kept  clean  and  free  from 
dead  ashes  and  clinkers.  The  grates 
should  be  kept  in  a  level  position  to 
prevent  the  fingers  or  edges  of  the 
bars  being  burned  off.  The  ash  pan 
must  be  cleaned  as  often  as  the  work 
of  the  machine  permits  and  at  regu- 
lar periods. 

When  coal  or  wood  is  applied  to 
the  fire,  the  volatile  or  gaseous  mat- 
ter is  expelled,  and  if  properly  mixed 
with  air  and  heated  to  a  sufficient 
temperature  in  the  fire  box,  the  mix- 
ture will  ignite,  be  consumed  and 
pass  from  the  fire  box  through  the 
tubes  and  stack  as  a  colorless  vapor, 
leaving  the  solid  matter  on  the  grates 
in  the  form  of  coke,  which  burns 
more    slowly.     If   the    gases   are   un- 


consumed,  they  will  produce  smoke. 
In  order  to  keep  sufficient  tempera- 
ture and  air  to  ignite  the  gases,  the 
fuel  should  be  applied  in  thin  layers 
thus  allowing  space  for  live  fire.  Green 
wood  contains  a  large  amount  of 
water  which  must  be  evaporated. 
This  vapor  cools  the  temperature  of 
the  burning  gases,  therefore  the  wood 
must  be  burned  in  a  deep  fire. 

Use  of  Blower. — As  soon  as  a  few 
pounds  of  steam  are  available,  the 
blower  may  be  used  to  create  addi- 
tional draft  when  building  up  a  new 
fire.  The  fire  door  should  be  placed 
against  the  latch  and  not  left  open 
during  the  intervals  when  the  fireman 
obtains  his  second,  third,  or  more 
shovelfuls  of  coal  or  other  fuel;  thus 
giving  an  opening  for  the  entrance  of 
air  to  mix  with  the  volatile  gases  and 
insure  their  consumption,  eliminating 
black  smoke.  Experimentation  alone 
will  determine  how  long  after  the  last 
shovelful  the  door  should  be  left  this 
way.     Generally  only  a  few  seconds. 

No  hard  and  fast  rule  covering  the 
depth  of  the  fuel  in  the  fuel  box  can 
be  made.  Good  judgment  must  be 
used  as  conditions  under  which  the 
machine  is  operated  and  the  kind  of 
fuel  burned  largely  determine  this. 
Large  pieces  of  fuel  do  not  make  a 
satisfactory  fire  but  fuel  should  be 
broken  up  before  it  is  thrown  into  the 
fire  box. 

Always  fire  as  light  and  as  level  as 
possible  consistent  with  steam  re- 
quirements, scattering  the  fuel  over 
parts  where  the  bed  is  thinnest  and 
the  fire  brightest,  to  prevent  it  from 
becoming  dead  in  spots.  Large  quan- 
tities of  fuel  placed  in  the  fire  box  at 
one  time  cools  down  the  fire,  causes 
smoke  and  wastes  fuel.  Small  quan- 
tities at  regular  intervals  keep  the 
fire  bright,  reduces  smoke  alid  takes 
less  fuel  to  keep  up  steam  pressure, 
resulting  in  a  reduction  in  the  work 
of  firing. 

Results  of  Uneven  Firing. — Heavy 
or  uneven  firing  is  apt  to  cause  the 
boiler  tube's  flue  sheets  to  leak,  and 
may  cause  the  fire  box  sheets  to 
crack.  As  air  cannot  pass  readily 
through  a  heavy  fire,  cold  air  will  be 
drawn  through  the  thinnest  places  in 
the  fire  and  possibly  the  fire  door,  re- 
sulting in  chilling  the  flues  and 
sheets,  the  formation  of  smoke,  and  a 
reduction  in  steam  pressure. 

The  smoke  box,  its  door  and  the 
stack  should  fit  tight.  Care  should  be 
taken  to  prevent  holes  rusting  through 
the    smoke    box    and    stack,     If   the 
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smoke  box  or  stack  have  holes  in 
them  so  that  air  leaks,  it  will  allow 
the  gases  to  cool  and  thereby  de- 
crease the  draft.  This  condition  often 
causes  a  poor  steaming  boiler,  and  is 
one  which  should  and  can  easily  be 
remedied. 

The  fire  should  be  shaken  or  cleaned 
only  when  necessary  to  clear  it  of 
ash  and  clinker  in  order  to  admit 
sufficient  air  for  proper  combustion. 
Shaking  or  cleaning  should  be  done 
carefully  to  avoid  the  loss  of  a  good 
fire.  The  grates  should  be  placed 
after  each  shaking  or  cleaning  in  a 
level  position,  to  avoid  burning  the 
lingers,  which  will  occur  if  the  grates 
are  allowed  to  remain  at  an  angle 
with  the  fingers  projecting  into  the 
fire. 

The  exhaust  nozzle  in  the  stack  of 
forced  draft  boiler  should  be  located 
in  the  center  of  the  stack  so  that  the 
exhaust  strikes  evenly  the  sides  of 
the  round  part  of  the  stack,  other- 
wise the  boiler  will  not  steam  prop- 
erly. 

Waste  of  steam  through  safety 
valves  should  be  avoided.  Frequent 
blowing  off  of  safety  valves  indicates 
poor  firing,  and  economy  is  not  being 
practiced. 

Proper  Use  of  Injector  Saves  Fuel. 
— Fuel  can  be  saved  by  the  proper 
use  of  the  injector  by  feeding  the 
boiler  regularly  at  a  rate  governed 
by  the  demand,  and  by  taking  advant- 
age of  every  opportunity  to  increase 
the  height  of  water  level  when  not 
working  the  machine  to  full  capacity. 

The  water  level  should  never  be 
high  enough  to  allow  water  or  any 
moist  steam  to  be  carried  through  the 
steam  pipes,  the  valve  chambers  and 
cylinders,  because  it  will  carry  off  the 
lubricant  for  these  parts,  and  may 
result  in  serious  damage,  due  to 
knocking  out  cylinder  heads,  break- 
ing pistons  or  bending  the  connecting 
rods  of  the  engine. 

When  banking  or  cleaning  fires,  the 
blower  should  be  used  as  little  as 
possible,  to  avoid  rapid  cooling  of 
the  fire  box  and  flues,  which  may 
cause  leaks. 

Cleaning  Fi res.  —  When  cleaning 
fires,  or  with  a  banked  fire,  the  exces- 
sive use  of  the  injectors  must  be 
avoided,  as  the  introduction  of  an 
excessive  amount  of  water  at  such 
times  will  result  in  injury  to  the  flues 
because  of  rapid  reduction  of  tempera- 
tures of  the  water  in  the  boiler  pro- 
ducing  contraction   without   sufficient 


heat  in  the  fire  box  to  counteract  this 
effect. 

After  the  fire  has  been  cleaned  of 
ash  and  clinker,  the  clean  fire  should 
be  placed  at  the  flue  end  of  the  fire 
box,  and  maintained  in  good  condition 
by  applying  small  quantities  of  fuel 
as  may  be  required  to  prevent  cold 
air  from  passing  through  the  flue  end 
of  grates  and  injuring  the  flues. 

Do  not  open  the  fire  door  too  soon 
after  banking  a  fire  as  the  cold  draft 
will  damage  the  tubes.  Twenty  min- 
utes at  least  should  pass  after  bank- 
ing the  fire  before  opening  the  door. 
Always  close  the  draft  doors  when 
you  want  a  banked  fire  to  last  over 
night. 

Almost  any  fire  can  be  clinkered 
by  stirring  it  up  with  a  hook  so  that 
green  coal  gets  down  on  the  grates. 
A  fire  can  also  be  clinkered  by  shak- 
ing the  grates  so  hard  that  green  coal 
wx>rks  its  way  down  through  the  fire 
With  certain  classes  of  coal,  heavy 
firing  which  causes  banks  to  form  in 
some  portions  of  the  fire  will  start 
clinkers.  When  a  clinker  has  formed 
in  a  fire  box  it  can  sometimes  be 
broken  by  shaking  the  grates  with 
short,  quick  jerks,  but  as  a  general 
rule  the  fire  must  be  cleaned  to  get 
rid  of  it.  Trouble  due  to  clinkered 
fires  can  be  materially  reduced  by 
not  shaking  the  grates  so  hard,  not 
using  the  hook  or  slice  bar  so  often, 
and  by  careful  firing  to  prevent  the 
formation  of  banks  in  the  fire. 

Don'ts. — Listed  below  are  a  few 
"don'ts"  which  have  come  to  our  at- 
tention: 

Don't  forget  the  rules  attached  to 
the  steam  gauge. 

Don't  forget  to  look  at  the  water 
gauge  or  try  the  gauge  cocks  when 
first  starting  to  work. 

Don't  fail  to  regulate  the  running 
speed  of  the  boiler  pump  or  injector 
to  suit  the  requirement  of  an  even 
water  level.  A  constant  feed  is  best 
if  it  can  be  so  regulated. 

Don't  forget  your  regular  times  for 
firing  and  for  cleaning  fires.  Don't 
allow  holes  to  burn  in  the  fire  bed. 

Don't  forget  to  try  the  safety  valve 
every  day. 

Don't  let  ashes  accumulate  under 
the  grate — choking  burns  the  bars; 
have  stated  times  for  cleaning. 

Don't  forget  to  regulate  the  damp- 
ers and  doors  to  produce  an  even 
rate  of  combustion;  if  automatic 
dampers  are  in  use  they  should  be 
examined  often. 

Don't  neglect  to  blow  out  the  steam 
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or  water  gauge  connection  and  the 
pressure  gauge  connection  as  often 
as  needed  to  keep  them  free  from  ob- 
struction. 

Don't  forget  to  see  that  the  blow-off 
valve  is  clear  of  obstruction  after 
cleaning  boiler  by  drawing  water 
through  it. 

Don't  neglect  to  pump  up  your 
boiler  to  the  upper  gauge  line  when 
stopping  the  machine  at  night.  Start 
the  pump  before  closing  the  throttle. 

Don't  forget  to  anticipate  stopping 
the  machine  at  night  by  partly  clos- 
ing the  draught  doors,  opening  the 
dampers,  and  spreading  a  little  coal 
over  the  fire  to  prevent  the  sudden 
rising  of  the  steam  pressure  after 
stopping  the  work.  Then  clean  and 
bank  the  fires. 


How   the  Shovel   Operator   Can 
Check  Grades 

A  quick  and  simple  method  in 
steam  shovel  operation  of  checking 
the  grade  given  by  the  engineer  is 
described  as  follows  in  The  Excavat- 
ing Engineer: 

When  you  start  in  on  a  cut  you  are 
ordinarily  sure  of  your  grade.  It  is 
only  later  that  you  might  begin  to 
be  doubtful  as  to  how  you  are  holding 
it.  When  you  have  obtained  your 
grade,  therefore,  thrust  the  dipper  of 
your  shovel  out  to  the  stops  and  drop 
it  to  the  ground,  then  have  someone 
measure  with  a  string  the  length  of 
rope  you  have  out  between  the  pin 
of  your  padlock  and  the  center  of 
your  point  sheave  on  the  boom.  Make 
note  of  this  figure.  It  is  obvious  that 
if  you  are  not  keeping  to  this  grade 
you  can  tell  by  measuring  your  rope 
again  and  comparing  it  with  your 
first  figure,  providing  you  do  it  before 
you  have  moved  up.  If  this  figure  is 
greater  you  are  taking  too  much  of 
a  cut;  if  it  is  less  you  are  taking  too 
thin  a  cut. 

It  is  not  difficut  for  a  shovel  runner 
to  work  up  a  table  of  such  figures  for 
the  usual  grades,  which  will  prove  of 
great  assistance  to  him  in  the  future. 

Another  variation  of  this  method  is 
to  tie  a  piece  of  string  around  the 
hoisting  rope  where  it  touches  the 
sheave  on  the  point  of  the  boom.  Any 
variation  from  your  grade  may  be 
noted  by  watching  this  string  and 
noticing  its  position  relative  to  the 
sheave.  These  methods  are  both 
rough,  but  they  are  good. 


Motor    Vehicle    Transporta- 
tion in  Its  Relation  to 
the   Railroad 


Abstract  of  an  Address  Presented  Jan. 
11   Before   Society  of  Automo- 
tive  Engineers 

By  ELISHA  LEE, 
Vice   President  Pennsylvania  R.   K. 

Within  two  decades  the  American 
automotive  industry  has  risen  from 
practically  nothing  until  today,  with 
all  its  operating  vehicles,  its  manu- 
facturing plants,  its  selling  establish 
ments,  its  fuel,  storage,  service  and 
repair  stations,  it  represents,  accord- 
ing to  the  estimates  of  your  organiza- 
tions, a  substantially  greater  invest- 
ment of  capital  than  do  the  railroads, 
and  employs  more  hands;  in  these  re- 
spects outstripping  the  growth  of  the 
railroads  over  nine  decades. 

Co-ordination  of  Rail  and  Motor 
Transport. — Those  are  facts  to  which 
none  of  us  should  shut  our  eyes,  least 
of  all  railroad  managers.  They  are 
also  facts  from  which  we  should  be 
very  careful  to  avoid  drawing  danger- 
ously wrong  conclusions.  One  of  these 
conclusions,  which  from  its  novelty 
and  spectacular  appeal  commends  it- 
self only  too  easily  to  a  good  many 
people,  is  that  motor  vehicles  and 
concrete  highways  are  destined  to 
erase  the  railroads  from  the  map.  The 
truth,  I  believe,  is  that  they  are  des- 
tined to  add  very  greatly  to  the 
utility  and  efficiency  of  the  railroads 
by  rounding  out  and  completing  the 
rail  service,  and  relieving  the  rail- 
roads of  certain  forms  of  service 
which  are  burdensome  and  costly 
when  performed  over  fixed  tracks  and 
with  the  necessarily  heavy  equipment 
of  the  steam  lines,  but  can  be  made 
attractively  profitable  to  the  loose- 
footed,  free-moving  motor  car.  This 
is  the  aspect  of  the  matter  toward 
which,  in  my  opinion,  both  the  motor 
industry  and  the  railroads,  in  their 
own  interests  and  in  the  interests  of 
transportation  progress,  should  en- 
deavor to  guide  public  thought  and 
discussion. 

The  part  of  the  motor  vehicle  in 
rendering  transportation  for  fire  is 
not  to  do  what  the  railroad  is  already 
fitted  and  equipped  to  do  with  full 
success  and  satisfaction;  it  is  tc  do 
what  the  railroad  is  not  able  to  do 
at  all,  or  else  does  only  with  difficulty 
and  imperfect  success.    Events  to  the 


(78) 


1923 


Engineering  and  Contracting 


430 


present   time   certainly  bear  out  that 
view. 

The  Rise  of  a  New  Transportation 
Agency. — There  are  now  stated  to  be 
nearly  12,000,000  motor  vehicles  in 
the  United  States,  all  busily  engaged 
in  producing  transportation  in  enor- 
mous volume.  Yet,  since  1900,  when 
the  motor  industry  may  be  regarded 
as  having  its  rise,  the  freight  traffic 
on  our  railroads,  measured  in  tons 
and  passengers  carried  one  mile,  near- 
ly tripled.  In  the  last  three  years 
the  demands  for  transportation  made 
upon  our  railroads  have  exceeded 
those  of  any  previous  era,  and  it  is 
common  knowledge  that  the  question 
how  to  increase  the  carrying  capacity 
of  the  railroads  is  the  nation's  most 
pressing  economic  problem  at  the 
present  time. 

We  thus  have  what  superficially 
seems  to  be  an  anomaly  in  the  rise  of 
an  immense  new  transportation 
agency  coming  simultaneously  with 
unprecedented  demands  upon  the 
services  of  the  older  agency.  The 
explanation,  of  course,  is  the  quite 
obvious  fact  that  the  vast  bulk  of  the 
transportation  rendered  by  motor  vehi- 
cles is  in  entirely  new  fields.  It  con- 
stitutes additions  to,  rather  than 
substitutions  for,  that  previously  ren- 
dered by  the  railroads.  For  that  rea- 
son, when  the  new  business  booms 
developed,  the  railroads  felt  the  pres- 
sure almost  as  though  commercial 
motor  transport  did  not  assist.  Indeed, 
the  vast,  impetus  to  motor  car  build- 
ing in  the  last  few  years  was  one  of 
the  most  notable  causes  of  the  in- 
creased demand  upon  the  railroads 
for  service.  So  we  have  another  in- 
teresting situation  in  the  fact  that  the 
expansion  of  a  new  agency  of  trans- 
portation has  actually  added  greatly 
to  the  demands  upon  the  old. 

Relationship  of  Motor  Transport  to 
Railroads. — In  discussing  the  relation- 
ship of  motor  transport  to  the  rail- 
roads, we  necessarily  have  in  mind 
the  future  possibilities  for  the  further 
development  of  motor  vehicles  in  the 
field  of  transportation  for  hire.  I,  o? 
course,  share  the  realization  of  rail- 
road officers,  generally,  that  this  ac- 
tivity, although  already  of  important 
scope,  is  still  in  a  state  of  compara- 
tive infancy  and  is  entering  upon 
what  should  be  a  period  of  lusty  and 
vigorous  growth.  Nevertheless,  I  have 
already  indicated  the  opinion  that  the 
resulting  problems,  as  relating  to  the 
railroads,  will  not,  except  in  second- 


ary degree,  be  those  of  competition, 
but  will  chiefly  be  those  of  co-ordi- 
nation. 

For  holding  those  views  I  have  a 
very  simple  reason.  Such  profits  as 
the  railroads  are  able  to  make  at  all 
come  practically  altogether  from  the 
mass  transportation  of  freight  and 
passengers  over  at  least  considerable 
distance — in  other  words,  from  what 
we  may  term  the  "wholesale"  depart- 
ments of  transportation.  This  is  just 
the  form  of  service  in  which  expe- 
rience shows  that^  trucks  cannot  con- 
sistently earn  real  profits.  On  the 
other  hand,  those  forms  in  which 
trucks  can  and  do  make  money  are 
almost  invariably  the  strictly  "retail" 
forms  in  the  rendering  of  which  rail- 
road operation  practically  always  in- 
volves losses,  and  sometimes  very 
heavy  ones. 

It  is  very  important  to  note,  in  this 
connection,  that  the  demands  of  mod- 
ern large-scale  industry  for  a  con- 
stantly increasing  volume  of  mass 
transportation  are  irresistibly  com- 
pelling the  railroads  to  adapt  their 
motive  power,  cars,  structures,  termi- 
nals and  operating  methods  more  and 
more  to  the  "wholesale"  forms  of 
service  and,  inevitably,  less  and  less 
to  the  "retail"  forms.  That  thought 
supplies  the  key-note  for  any  sound 
consideration  of  the  economic  co- 
ordination of  rail  and  motor  transport. 

The  question  of  competition  in 
reality  seems  seriously  important 
from  only  one  point  of  view,  and  that 
is  to  enlist  the  assistance  of  the 
leaders  in  the  automotive  industries 
in  discouraging  futile  attempts  at  los- 
ing forms  of  competition.  Such  ex- 
periments are  harmful  in  two  ways. 
They  reduce  railroad  earnings  while 
they  last,  and  waste  and  dissipate  the 
energies  of  truck  operators  which 
might  be  utilized  in  productive  chan- 
nels. I  am  satisfied  that  the  railroads 
and  their  patrons  urgently  need  the 
co-operative  services  of  both  motor 
trucks  and  motor  passenger  lines,  and 
can  therefore  ill  afford  to  see  these 
forms  of  enterprise  go  to  waste  in 
fruitless  and  needless  efforts  at  com- 
petition with  transportation  agencies 
which  are  already  functioning  suc- 
cessfully. 

Ways  for  Co-ordinating  Motor  and 
Rail  Service. — I  am  going  to  endeavor 
to  lay  before  you  some  of  the  specific 
ways  in  which  it  seems  to  me  promis- 
ing opportunities  lie  for  bringing 
about  a  co-ordination  of  motor  and 
rail    servic  e  s,    with    resulting    ad- 
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vantages  to  both,  as  well  as  to  the 
using  public.  Please  consider  my 
views  broadly,  as  being  personal  con- 
clusions and  not  as  necessarily  repre- 
senting formally  adopted  policies  of 
the  railroad  system  with  which  I  am 
associated  or  of  the  railroads  in  gen- 
eral. 

Presumably,  we  all  agree  that,  as 
a  fundamental  to  any  constructive 
approach,  there  must  be  open  blind- 
edness  on  both  sides.  Automotive  in- 
terests must  cease  to  defend  or  en- 
courage cut-throat  sporadic  forms  of 
competition,  while  the  railroads  must 
be  ready  to  relinquish  to  the  motor 
trucks  and  passenger  busses  those 
forms  of  service  in  which  the  lattei 
can  clearly  demonstrate  superiority. 
There  are  truck  dealers  who  will  sell 
almost  any  one  a  truck  on  install- 
ments, to  operate  almost  anywhere, 
regardless  of  whether  the  venture  is 
sound  or  not.  Such  a  policy,  which 
is  certainly  within  the  power  of  the 
manufacturing  interests  to  curb  or 
corect,  is  neither  more  nor  less  short- 
sighted than  that  of  the  unprogres- 
sive  railroad  official  who  blindly  re- 
fuses to  surrender  a  dollar  of  gross 
revenue,  regardless  of  net  results,  on 
the  principle  that  a  railroad  can  never 
afford  to  give  up  anything  or  recede 
from  any  field. 

It  sems  to  me  that  one  of  the  most 
important  opportunities  for  useful  and 
successful  co-ordination  of  motor  and 
rail  facilities  may  be  expected  to  lie 
in  organizing  smooth-working  freight 
pick-Up  delivery  motor  services  in 
the  larger  cities,  for  the  less-than-car- 
load  traffic,  to  be  operated  in  connec 
tion  with  inter-city  hauls  by  rail.  Such 
an  arrangement  would  extend  the 
scope  of  rail  transportation  by  making 
it  a  really  complete  service  from  the 
premises  of  the  shipper  to  the  prem- 
ises of  the  consignee.  It  would  allot 
to  each  transportation  agency  em- 
ployed the  portion  of  the  service 
which  each  is  pre-eminently  fitted  to 
perform — to  the  truck  the  terminal 
work,  and  to  the  railroad  the  line 
haul. 

This  subject  is  of  vital  importance 
to  the  railroads,  their  patrons  and  the 
makers  of  motor  vehicles  alike.  If 
such  a  service  could  be  worked  out 
for  the  larger  centers  of  the  country 
generally  it  would  constitute  one  of 
the  most  momentous  advances  ever 
made  in  the  handling  of  railroai 
traffic,  and  would  create  an  economi- 
cally sound  market  for  the  product  of 
motor  truck  makers. 


Tn  convenience  and  speed  such  a 
service  would  lie  midway  between  the 
present  ordinary  freight  and  the  ex- 
press. It  would  be  substantially  a 
semi-express  service,  affording  com- 
plete through  transportation,  rendered 
by  a  combination  of  motor  truck  and 
freight  instead  of  by  a  combination 
of  truck  and  passenger  train.  The 
aggregate  charges  would  of  necessity 
have  to  be  adjusted  in  proper  recog- 
nition of  its  character,  always  bearing 
in  mind  that  new  capital  must  be 
attracted  if  trucks  are  to  be  purchased 
and  operated.  There  would  be  many 
very  real  economies  and  savings  out- 
side of  the  rates  themselves.  Among 
them  may  be  enumerated  the  greater 
certainty  and  dependability  of  service, 
the  reduction  in  losses  in  transit, 
lower  insurance  rates,  greater  ease  in 
making  shipping  arangements  and 
paying  bills,  and  a  reduction  in  the 
time  goods  are  on  the  way,  which 
would  amount  to  a  saving  of  interest 
on  idle  capital. 


January    Construction    31%   Ahead    of 
Last    Year 

January  construction  activity  was 
31  per  cent  greater  than  it  was  in  the 
corresponding  month  of  last  year,  ac- 
cording to  the  F.  W.  Dodge  Company. 
Total  contracts  awarded  last  month 
in  the  36  eastern  states  of  the  coun- 
try (including  about  seven-eighths  of 
the  total  construction  volume) 
amounted  to  $342,755,000.  The  record 
on  27  of  these  states  shows  increases 
of  1  per  cent  over  December,  and  of 
31  per  cent  over  January,  1922.  Resi- 
dential construction  constituted  51  per 
cent  of  the  January  total,  amounting 
to  $122,695,000,  an  unusually  high 
figure  for  this  time  of  the  year. 
Second  in  importance  were  business 
buildings,  amounting  to  $36,332,000, 
which  was  15  per  cent  of  the  total. 
Other  important  items  were  $28,642,- 
000,  or  12  per  cent,  for  public  works 
and  utilities;  $23,152,000,  or  10  per 
cent,  for  industrial  buildings;  and 
$16,862,000,  or  7  per  cent  for  educa- 
tional buildings.  Contemplated  new 
work  reported  in  January  amounted 
to  $813,280,000,  which  was  more  than 
three  times  the  amount  of  work 
started  during  the  month.  The  enor- 
mous volume  of  contemplated  work 
reported  in  December  and  January 
seems  to  indicate  a  heavy  volume  of 
activity  in  the  coming  spring  months. 
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How    Labor    Saving    Equipment 

Reduced  Cost  of  Track 

Construction 

The  results  of  the  use  of  labor- 
saving  machinery,  devices  and  meth- 
ods in  track  construction  by  the  Cleve- 
land Railway  are  shown  in  the  ac- 
companying charts,  reproduced  from 
the  Electric  Railway  Journal.  One 
graph  is  based  on  the  actual  cost  per 
foot  of  track  construction,  and  the 
other    shows    the    percentage    change 
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Actual  Labor  and   Material  Cost  of  Track 

in  the  Wage  scale  and  material  and 
labor  costs  by  years  since  1914.  The 
latter  curve  indicates  that  the  em- 
ployment of  labor-saving  methods  and 
machinery  helped  materially  to  hold 
the  labor  costs  within  reason  in  spite 
of  a  rapidly  mounting  wage  scale. 
The  curve  also  indicates  that  the 
labor  costs  as  an  average  over  the 
entire  period  were  held  down  to  about 


the  same  increases  as  took  place  with 
materials.  While  little  could  be  done 
to  reduce  materials  expense,  it  is 
seen  that  the  utilization  of  new 
devices  as  they  were  developed  was 
effective  in  smoothing  the  wage  scale 
peaks  from  the  labor  cost. 

Present-day  Cleveland  track  recon- 
struction tactics  include  the  use  of 
plows  for  tearing  up  paving.  This 
method  has  eliminated  the  necessity 
of  employing  a  large  gang  of  men  and 
as  a  result  has  reduced  that  item  of 
cost  from  a  considerable  to  a  negligi- 
ble proportion  of  the  total.  Cutting 
out  old  rail  with  gas  torches  has  like- 
wise been  a  great  aid  in  saving  labor 
and  time.  The  further  economies  are 
largely  the  benefit  derived   from  the 
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use  of  larger  and  better  equipped 
work  trains,  steam  shovels,  concrete 
mixers,  gravel  conveyors,  etc. 


M.  I.  T.  Student  to  Get  Practical 
Experience  with  Traction  Companies. 
— Recognizing  that  the  man  who  has 
worked  his  way  up  through  all  the 
branches  of  a  transportation  company, 
who  knows  the  practice  as  well  as  the 
theory,  makes  the  best  executive,  Mas- 
sachusetts Institute  of  Technology  has 
worked  out  a"  plan  for  placing  students 
of  electrical  engineering  with  traction 
companies  up  to  a  range  of  500  miles 
from  Cambridge. 
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Quarry  Problems  from  Engi- 
neer's Viewpoint 

Abstract    of    a    Paper    Presented    Jan. 

16  at  the  Convention  of  National 

Crushed    Stone   Association 

By  OLIVER  BOWLES, 

Mineral   Technologist,   U.    S.    Bureau 
of    Mines. 

The  United  States  Bureau  of  Mines 
has  within  its  ranks  a  group  of  engi- 
neers who  are  engaged  in  working  out 
quarry  problems,  the  solution  of 
which  will  be  of  general  benefit  to  the 
industries  involved.  The  problems  un- 
dertaken are  approached  in  a  syste- 
matic and  thorough  manner,  all  the 
evidence  for  and  against  any  proposed 
change  or  new  development  being  col- 
lected as  carefully  as  an  attorney 
would  prepare  his  data  on  an  impor- 
tant case.  Unlike  the  attorney,  how- 
ever, the  bureau  engineer  does  not 
take  sides;  his  judgment  is  based  en- 
tirely and  impartially  on  the  array  of 
facts  presented.  In  order  to  gain  the 
desired  information  he  visits  many 
plants,  consults  with  the  leaders  in 
the  industry,  works  out  experiments  in 
his  laboratory,  and  supplements  this 
information  with  a  study  of  all  avail- 
able literature  already  published  on 
the  subject  in  any  part  of  the  world. 
As  an  engineer  who  has  for  eight 
years  conducted  such  inquiries  in  the 
stone  industry,  I  propose  to  discuss 
the  Bureau  of  Mines  viewpoint;  and 
it  may  be  of  interest  to  consider  with 
me  in  a  brief  and  general  way  the  en- 
gineer's method  of  looking  at  quarry 
problems,  and  some  of  the  results  at- 
tained through  past  and  present  la- 
bors. 

While  the  bureau  has  conducted  no 
investigation  directly  for  the  crushed- 
stone  industries,  two  years  of  investi- 
gative work  at  cement-plant  quarries, 
and  work  now  being  conducted  at 
lime-plant  quarries,  has  a  very  direct 
bearing  on  the  problem  of  the  crushed- 
stone  industry,  since  stripping,  drill- 
ing, blasting,  loading,  and  transporta 


Bowles,  Oliver,  "Rock  Quarrying  for 
Cement  Manufacture,"  obtainable  from 
the  Superintendent  of  Documents,  Wash- 
ington,  D.   C,  for  25  cents. 

2Bowles,  O.,  "Stripping  Problems  in 
Limestone  Quarries  of  the  Shenandoah 
Valley,"  Reports  of  Investigations,  Bu- 
reau   of  Mines,    October,    1922. 

3Bowles,  O.,  "Use  of  the  Churn  Drill 
at  Limestone  Quarries,"  Serial  2424,  Re- 
ports of  Investigations,  Bureau  of  Mines, 
December.  1922.  These  serials  are  ob- 
tainable free  on  request  from  the  Di- 
rector, Bureau  of  Mines,  Washington,  D. 
C. 


tion  are  similar  in  many  respects  in 
all  stone  quarries.  The  results  of  ce- 
ment-plant quarry  investigations  are 
to  be  found  in  Bureau  of  Mines  Bulle- 
tin No.  160  (1).  Two  short  papers  on 
lime-plant  quarry  problems  have  been 
issued  in  mimeographed  form  as  Se- 
rial No.  2401   (2)  and  Serial  2424   (3). 

The  Nature  of  Quarry  Problems  — 
What  are  some  of  the  problems  in 
stone  quarries  that  the  engineer  may 
successfully  undertake?  The  stone 
trades  are  peculiar  in  this  respect  that 
at  the  present  stage  of  development 
the  main  problems  are  not  of  a  type 
that  may  be  solved  in  a  laboratory. 
My  early  training  led  me  to  believe 
that  microscopes,  test  tubes,  and 
chemicals  were  the  necessary  equip- 
ment for  research,  but  a  few  years' 
work  around  quarries  has  taught  mo 
that  steam  shovels,  scrapers  and  drills 
are  the  tools  that  must  be  used.  By 
this  I  mean  that  the  stone  quarry  it- 
self is  the  laboratory,  for  most  of  the 
problems  are  of  such  a  character  that 
they  can  be  worked  out  only  in  actual 
practice.  1  believe,  however,  that  as 
time  goes  on  and  greater  refinements 
are  developed  in  quarry  work,  the  use 
of  precision  machines  in  well  equipped 
laboratories  will  play  a  greater  part 
in  quarry  research. 

Examples  of  Bureau  Problems. — 
Some  problems  in  the  nonmetallic 
mineral  industries  that  we  have  ap- 
proached in  the  Bureau  of  Mines  and 
solved  with  some  degree  of  success 
are  as  follows: 

(1)  A  determination  of  the  relative 
efficiency  of  steam-shovel  and  hand- 
loading  methods. 

(2)  A  comparison  of  the  relative 
merits  of  cordeau  and  electric  detona- 
tors for  firing  heavy  blasts,  indicating 
that  the  former  is  the  more  efficient. 

(3)  A  method  of  overcoming  a  con- 
dition of  "strain"  in  marble  quarries 
by  drilling  closely  spaced  holes,  thus 
permitting  slow  expansion  of  the  mar- 
ble and  avoiding  heavy  losses  through 
strain  fractures. 

(4)  The  development  of  improved 
grinding  methods  for  talc  and  feld- 
spar; mill3  recently  built  in  accord- 
ance with  bureau  plans  have  from  the 
start  demonstrated  their  superiority 
over  other  types. 

(5)  The  determination  by  experi- 
ment that  pulverized  waste  slate  is  an 
excellent  filler  for  road  asphalt  and 
certain  other  products,  thus  opening  a 
way  for  developing  a  market  for  a 
product  otherwise  wasted. 

The  Engineer's  Mode  of  Attack  — 
Now  what  is   the   engineer's   method 
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of  approach  to  a  stone-quarry  prob- 
lem, and  what  are  the  successive  steps 
that  must  be  followed  in  arriving  at  a 
proper  solution?  They  may  be  enu- 
merated as  follows: 

(1)  A  clear  idea  of  the  exact  nature 
of  the  problem. 

(2)  Compilation  of  data  from  many 
plants  where  the  processes  under  con- 
sideration are  actually  employed. 

(3)  Review  of  all  data  already  pub- 
lished. 

(4)  Laboratory  or  industrial  plant 
experiments  if  such  are  possible. 

(5)  An  analysis  of  all  the  facts  pre- 
sented. 

(6)  A  conclusion  based  on  this  an- 
alysis. 

(7)  A  verification  of  the  conclusion. 

The  Slate  Waste  Problem  as  an  Ex- 
ample.— A  mere  enumeration  of  the 
steps  followed  may  seem  very  abstract 
and  indefinite,  but  I  can  make  it 
clearer  by  referring  to  an  actual  prob- 
lem. During  the  past  three  years  the 
bureau  has  devoted  much  attention 
to  the  slate  industry,  the  results  of 
such  studies  having  recently  appeared 
as  Bureau  of  Mines  Bulletin  218,  "The 
Technology  of  Slate."  The  outstand- 
ing problem  in  this  industry  is  that  of 
waste,  tor  various  published  reports 
have  stated  that  waste  varies  from  70 
to  95  per  cent  of  total  production. 
Visits  to  the  slate  regions  corroborat- 
ed these  reports,  for  veritable  moun- 
tains of  waste  were  found.  A  study 
of  the  problem  indicated  that  two  lines 
of  investigation  were  open:  (1) 
Profitable  utilization  of  waste,  and  (2) 
reduction  in  the  proportion  of  waste. 

In  order  to  determine  methods  of 
utilization  all  literature  on  the  sub- 
ject was  reviewed  and  co-operation 
was  obtained  from  over  40  manufac- 
tures to  whom  samples  of  pulverized 
slate  were  sent  to  be  tested  as  filler 
in  such  products  as  asphalt  and  rub- 
ber. The  information  obtained  from 
these  tests  were  tabulated.  The  con- 
clusion was  reached  that  slate  flour 
could  be  used  successfully  as  a  filler 
in  rubber,  linoleum,  window  shades, 
roofing  mastic  and  particularly  in  road 
asphalt  surface  mixtures.  It  was  es- 
timated, however,  that  even  if  all  uses 
were  developed  widely  the  actual  ton- 
nage consumed  would  probably  utilize 
only  a  part  of  the  available  slate 
waste.  Thus  owing  to  the  somewhat 
restricted  uses  for  waste  slate  at  the 
present  time  a  second  conclusion  was 
reached,  a  conclusion  of  very  great 
importance  to  slate  producers,  name- 
ly, that  greater  efforts  should  be  ex- 


pended in  finding  means  of  reducing 
waste  than  in  developing  ways  of  uti- 
lizing it. 

With  this  conclusion  in  mind  the 
second  line  of  inquiry  was  followed, 
that  of  determining  ways  of  reducing 
waste.  A  careful  study  was  made  of 
operating  methods  in  nearly  all  active 
slate  quarries  in  the  United  States.  It 
was  found  that  the  proportion  of 
waste  could  be  materially  reduced  by 
using  drills  and  channeling  machines 
instead  of  heavy  blasting,  by  cutting 
parallel  with  joints  and  ribbons,  by 
manufacturing  a  greater  variety  of 
products,  by  making  novelties  from 
small  pieces,  and  in  other  ways.  By 
such  studies  at  least  a  partial  solution 
of  the  problem  has  been  found,  and  a 
pathway  has  been  opened  for  further 
inquiry. 

The  Operator  Should  Apply  Engi- 
neering Principles.  —  During  recent 
years  I  have  visited  about  600  stone 
quarries.  Many  of  them  are  highly 
efficient  operations,  but  on  the  other 
hand  I  find  some  processes  in  use  that 
are  as  crude  as  those  employed  in 
Egypt  when  the  pyramids  were  built. 
The  employment  of  inefficient  meth- 
ods is  due  partly  to  lack  of  capital, 
partly  to  tradition  or  to  the  influence 
of  methods  used  in  surrounding  op- 
erations, and  partly  to  unusual  quarry 
conditions,  but  one  great  outstanding 
lack  is  the  failure  to  apply  the  princi- 
ples of  engineering  to  the  problems 
encountered.  Seme  problems  may  re- 
quire the  experience  and  knowledge 
of  a  trained  engineer,  and  he  should 
be  called  in  consultation.  In  many  in- 
stances, however,  the  operator  is 
quite  capable  of  solving  his  own  prob- 
lems by  applying  to  them  two  impor- 
tant engineering  principles.  The  first 
principle  is  the  ability  to  see  both 
sides  of  a  question,  to  weigh  the  evi- 
dence impartially,  and  to  dismiss  from 
consideration  any  preconceived  opin- 
ion as  to  the  most  desirable  solution  of 
the  problem.  The  second  important 
principle  is  the  establishment  of  con- 
clusions on  a  sound  basis  of  fact.  Thus 
the  preparation  of  positive  data  is  a 
ncessary  function  of  any  investigator, 
and  this  can  be  done  only  by  keeping 
exact  records  of  tonnage  and  costs. 
Few  economic  problems  can  be  solved 
without  using  figures,  and  no  quarry- 
man  can  hope  to  solve  his  problems 
without  the  aid  of  systematic  records. 
Many  processes  now  in  use  would  be 
abandoned  tomorrow  if  the  operator 
had  before  him  on  a  sheet  of  paper  a 
set  of  figures  indicating  their  exces- 
sive cost. 
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Against    Cantonment 

Contractors 


Report  of  Associated  General  Con- 
tractors' Committee  Appointed  to 
Investigate  and  Report  Upon  the 
Recent  Suits  and  Indictments 
Brought  Against  Certain  General 
Contractors  and  Government  Offi- 
cials in  Connection  with  War  Con- 
struction Work,  Adopted  Jan.  29  by 
the  Executive  Board  of  the  Associ- 
ated General  Contractors. 

The  Department  of  Justice  in  No- 
vember, December  and  January  se- 
cured indictments  against  seven  form- 
er government  administrative  officials 
and  agents  for  conspiracy  in  connec- 
tion with  construction  work  performed 
during  the  late  World  War,  and  also 
has  instituted  civil  action  against 
eleven  of  the  leading  contracting  com- 
panies of  the  country  for  restitution 
of  moneys  alleged  to  have  been  waste- 
fully  and  fraudulently  expended  on 
cantonment  construction  to  the  extent 
of  $55,000,000.  Table  I  shows  the 
scope  of  the  civil  suits. 

Your  Committee  has  no  desire  to 
protect  any  persons  who  may  have 
been  guilty  of  profiteering  or  fraud 
against  the  Government  during  the 
war  from  exposure  and  punishment. 
However,  the  utter  recklessness  of 
this  wholesale  action  of  the  Depart- 
ment of  Justice  against  construction 
contractors  and  construction  general- 
ly, which  points  the  finger  of  suspi- 
cion at  the  entire  industry,  should  and 
does  cause  resentment  to  well  up  in 
the  hearts  and  minds  of  every  man 
connected  in  any  capacity  with  the 
construction  industry. 

A  careful  reading  of  the  eighteen 
actions  above  quoted,  which  have  been 
consecutively  started,  all  against 
those  having  to  do  with  war  construc- 
tion, leads  inevitably  to  the  conclu- 
sions that  those  charges  cannot  be 
sustained  unless  they  were  done  at 
the  time  with  the  knowledge  and  con- 
nivance of  the  army  officers,  engi- 
neers, architects,  construction  men, 
material  manufacturers  and  dealers, 
labor,  in  short,  all  those  having  to  do 
with  war  construction  work. 

A  careful  analysis  of  the  indictment 
as  well  as  the  complaints  by  your 
Committee  warrants,  in  the  opinion 
of  the  Committee,  the  statement  that 
the  principal  allegations  in  the  in- 
dictment  rests   primarily   and    essen- 


tially on  the  form  of  contract  adopted 
and  used  by  the  Government  for  war 
construction  work,  coupled  with  a 
charge  of  criminal  conspiracy  to  de- 
fraud the  Government  in  the  inter- 
ests of  those  so  charged  and  their 
friends. 

Usual  Form  of  Contract  Not  Applic- 
able.— With  reference  to  the  form  of 
contract  used.  Your  Committee  is  of 
the  unanimous  opinion  that  the  usual 
form  of  contract  of.  the  Government 
during  peace  times  was  not  applicable 
to  the  emergency  of  the  war.  During 
the  war  the  Government  called  to 
Washington  engineers,  architects,  con- 
tractors and  business  men  to  advise 
as  to  the  proper  form  of  contract  to 
use  in  emergency,  who  recommended 
the  adoption  and  use  of  a  contract 
based  on  "Cost  of  the  work  plus  a 
sliding  scale  percentage  with  a  maxi- 
mum upset  fee."  Such  a  contract 
was  used  and  was  not  a  percentage 
contract  as  it  is  generally  supposed 
to  have  been,  in  which  the  greater 
the  cost,  the  more  the  contractor  got. 

The  Talbot  Committee. — In  March, 
1918,  the  War  Department  appointed 
a  Committee  known  as  the  Talbot 
Committee,  to  review  the  method  of 
conducting  the  construction  work  dur- 
ing the  war  and  to  advise  with  respect 
thereto.  The  personnel  of  the  Talbot 
Committee  was:  A.  N.  Talbot,  Presi- 
dent American  Society  Civil  Engi- 
neers; Jno.  Lawrence  Mauran,  Presi- 
dent American  Institute  Architects; 
Jno.  R.  Alpine,  representing  American 
Federation  Labor;  Frederick  L.  Cran- 
ford,  President  New  York  General 
Contractors  Association;  Chas.  T. 
Main,  President  American  Society 
Mechanical  Engineers;  Oscar  A. 
Reum,  Building  Employees  Associa- 
tion, Chicago;  R.  G.  Rhett,  President 
United  States  Chamber  of  Commerce; 
E.  W.  Rice,  President  American  Insti- 
tute Electrical  Engineers,  President 
General  Electric  Company. 

At  the  time  the  cantonment  con- 
tracts were  let,  June,  1917,  their  pre- 
liminary estimated  costs  were  at  least 
$6,000,000  each.  The  original  require- 
ments were  later  greatly  enlarged  by 
the  Secretary  of  War.  The  maximum 
fee  of  $250,000  was  earned  upon  an 
expenditure  of  $4,667,000.  Under  the 
terms  of  the  contract  no  additional 
fee  was  paid  even  for  additional  facili- 
ties. The  gross  fee  paid  on  these 
contracts  was  less  than  3  per  cent  and 
the  net  fee  less  than  1  per  cent  of 
the  cost.  These  construction  con- 
tracts carried  a  smaller  fee  than  was 
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lBLE  i— scope  op  the  civil  suits  on  the  cantonment  contracts. 

Per  cent 
of  fee  to 

Amount  Cost  of  Cost  of         gross 

Camp  and  Contractor.  of  suit.         Gross  cost,    material.  labor.  cost. 

aster,   Porter  Bros $  5,000,000       $8,861,249       $4,920,651  $3,940,651 

or  55:53%  or  44.47%         2.82 

)evens,  F.  T.  Ley 5,000,000         9,727,145         5,270,000  4,457,145 

or  54.17%  or  45.83%         2.57 

)ix    Irwin  &  Leighton    6,500,000         9,611,105         3,610,892  6,000,213 

or  37.57%  or  62.43%         2.60 

jdge,  Chas.  Weitz  Sons  4,000,000         6,802,572        3,112,857  3,689,715 

or  45.76%.  or  54.24%         3.67 

inston,  Geo.  A.  Fuller   4,000,000  9,735,519         5,395,424  4,340,494 

or  '55.42%  or  44.58%         2.56 

Tackson,    Hardaway   Const.    Co.     6,500,000         9,016,252        4,834,514  4,181,737 

or  53.62%  or  46.38%         2.77 

Rhinehart  &  Dennis    7,000,000       11,747,748         6,488,281  5,259,466 

or  55.23%  or  44.77%         2.13 

>ike,  Jas.   Stewart  &  Co 3,000,000         8,777,937        3,822,791  4,955,145 

or  43.55%.  or  56.45%         2.84 

Sherman,   A.   Bentley  &   Sons..     5,000,000         9,442,017        5,306,413  4,135,603 

or  56.20%  or  43.80%         2.64 

Travis,   Stone  &   Webster   3,000,000         6,523,384         3,313,879  3,209,505 

or  50.80%  or  49.20%         3.83 
Upton,   Thompson   &   Starrett..     6,000,000       10,624,646         6,052,860        4,571,785 

or  56.97%  or  43.03%         2.35 

Total     $55,000,000    $100,869,578     $52,128,568     $48,741,010 

or  51.68%       or  48.32%         2.73 

paid   in   connection   with   any     other  Army  states  that  there  were  for  each 

contracts    for    war    purposes    by    any  1,000  men  per  year  53  killed  in  battle 

other  branch  of  the  Government.  to  19  deaths  from  sickness  as  against, 

The  materials  in  the  main  were  in  the  Spanish-American  War,  5  killed 
brought  from  manufacturers  and  deal-  in  battle  to  26  deaths  from  sickness 
ers  named  by  the  Government  and  the  and  in  the  Civil  War,  33  killed  in  bat- 
prices  and  specifications  were  fixed  by  tie  to  65  deaths  from  sickness.  These 
the  Government.  Government  checkers  figures  include  the  deaths  from  the 
checked  in  the  material  and  Govern-  influenza  epidemic  in  the  Winter  of 
ment  auditors  audited  the  bills  before  1918-1919,  which  multiplied  by  four, 
the  Government  paid  for  the  material.  the  death  rate  due  to  sickness. 

The  amount  of  wages  paid  to  labor,  Report   of   Blossom    Committee. — In 

as  well  as  hours  worked,  and  working  July,  1918,  the  Secretary  of  War  ap- 

conditions,  were  fixed  by  the  Govern-  pointed   a    Committee   to   review   the 

ment;     in  many   instances    if   not   in  construction  work  rendered  necessary 

most  instances,  were  contrary  to  the  by  the  war  emergency.    The  report  of 

judgment  of  the  contractor  on  the  job.  this  Committee  is  called  the  Blossom 

Cantonments  Completed  In  Time. —  report.    The  membership  of  the  Com- 

The  sixteen  contracts  for  cantonment  mittee  was: 

construction  (these  are  the  contracts  Francis   Blossom,   engineering   firm 

being  criticised)  were  started  between  of    Sanderson    &    Porter,    New    York 

June  13th  and  July  6th,  1917.     Each  City. 

and  every  one  of  them  were  ready  S.  Sanders  Davies,  member  of  the 
for  their  quota  of  the  draft  on  Sept.  firm  of  Davies  &  Nield,  public  ac- 
5th,  1917,  and  for  all  other  quota  at  countants.  The  then  president  of  the 
the  time  originally  specified  by  the  American  Institute  of  Accountants. 
General  Staff  of  the  Army.  This  per-  Chas.  A.  Morse,  Chief  Engineer 
formance  as  to  time  was  true  as  to  Chicago,  Rock  Island  &  Pacific  Rail- 
all  other  contracts  executed  under  way,  the  then  president  of  the  Ameri- 
this  form,  and  there  were  nearly  600  can  Railway  Engineering  Association, 
of  them.  This  Committee  worked  for  over  one 

The  completion  of  these  canton-  year,  employed  their  own  engineers 
ments  in  the  early  Fall  of  1917  was  and  assistants,  had  access  to  all 
considered  in  June,  1917,  as  impera-  records  of  the  Government  and  the 
tive,  and  as  a  fact  permitted  the  train-  contractors,  and  personally  visited 
ing  of  troops  so  as  to  make  them  avail-  over  fifty  jobs  in  the  process  of  con- 
able  in  the  Spring  of  1918.  A  fact  struction.  Their  report  is  contained 
now  plainly  known  to  be  essential  to  in  a  volume  of  381  printed  pages,  and 
the  winning  of  the  war  in  November,  the  following  quotations  are  from  the 
1918.  conclusion  of  the  report  and  the  letter 

The  official  report  of  the  Statistical  of  transmittal: 

Division  of  the  General  Staff  of  the  "The  Board  finds  that  the  use  of  this 
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form  of  contract,  as  finally  developed, 
was  well  justified  and  contributed  to 
the  success  of  the  emergency  pro- 
gram; that  by  its  use  speed  was  ob- 
tained in  war  construction  projects, 
and  that  it  is  probable  that  such  work 
could  not  have  been  performed  in  the 
time  available  without  it  or  its  equiva- 
lent. 

Also:  "The  Board  of  Review  en- 
dorses and  commends  the  action  of 
the  War  Department  in  placing  its 
construction  work  under  one  Bureau 
entirely  separated  from  the  combat- 
ant units  of  the  Army,  conducted  with 
a  minimum  of  military  control  accord- 
ing to  modern  business  methods.  The 
Board  is  of  the  opinion  that  such  con- 
struction so  placed  was  done  with  a 
remarkable  speed,  was  superior  in 
quality,  was  characterized  by  econ- 
omy of  design,  and  was  as  economic- 
ally performed  as  the  requirements 
for  speed  and  other  war  conditions 
permitted.  The  facts  ascertained  and 
given  in  the  accompanying  report  in- 
dicate that  such  construction  per- 
formance contributed  materially  to 
the  success  of  the  army  operations." 

The  Graham  Committee  Investiga- 
tion.— This  was  followed  by  a  con- 
gressional investigation  called  the 
"Graham  Committee."  A  sub-com- 
mittee consisting  of  Congressman  Mc- 
Kenzie  of  Illinois,  Congressman  Mc- 
Cullough  of  Ohio,  Republicans;  Con- 
gressman Doremus,  Democrat,  of 
Michigan,  were  charged  with  the  con- 
duct of  the  investigation  of  camp  con- 
struction work.  This  sub-committee 
took  over  3,000  pages  of  printed 
testimony,  700  pages  of  which  were 
from  soldiers  complaining  of  treat- 
ment in  hospitals  and  had  nothing  to 
do  with  construction.  This  committee 
decided  upon  strictly  party  lines, 
making  a  Republican  majority  report 
and  a  Democratic  minority  report. 

In  the  majority  report  they  find 
excess  costs  of  cantonment  construc- 
tion based  upon  estimate  made  on  one 
camp  by  one,  J.  P.  O'Connor,  an  Illi- 
nois contractor.  The  committee  states 
"We  have  caused  to  be  prepared  simi- 
lar comparisons  for  the  15  other  can- 
tonments— resulting  from  the  use  of 
the  wide  open  contracting  system  em- 
ployed in  such  construction."  Thereby 
arriving  at  an  excess  cash  cost  of 
$78,531,521  on  the  sixteen  canton- 
ment contracts. 

The  Minority  Report. — The  minority 
report  of  the  Congressional  sub-com- 
mittee concludes  as  follows: 

1.  The   minority   is   of   the   opinion 


that  in  view  of  the  emergency  that  ex- 
isted in  1917,  the  Secretary  of  War 
was  amply  justified  under  the  power 
granted  him  by  Section  3709  of  the 
Revised  Statutes,  in  abandoning  the 
usual  peace  time  method  of  awarding 
contracts  on  competitive  bidding  and 
in  substituting  for  it  the  so-called 
"Cost-plus"  system  of  cantonment 
construction. 

2.  The  minority  is  of  the  opinion 
that  if  the  views  of  the  majority,  as 
set  forth  in  their  report,  had  been 
adopted  at  the  beginning  of  the  war, 
the  whole  building  program  would 
have  been  in  a  state  of  chaos,  many 
of  our  troops  would  have  perished 
with  cold  or  died  of  diseases  in  the 
winter  nights  of  1917,  and  the  German 
army  would  have  been  in  Paris  before 
our  soldiers  could  have  entered  the 
battle  line. 

The  Western  Society  of  Engineers 
Investigation. — The  Western  Society 
of  Engineers  appointed  a  committee 
to  examine  and  report  upon  this  con- 
gressional investigation.  They  brought 
attention  to  the  partisan  character  of 
that  report  and  in  conclusion  and 
after  full  consideration  of  the  above 
mentioned  report  that  state  the  form 
of  contract  was  proper  and  "that  a 
cost-plus  contract  in  some  form  was 
the  only  possible  way  in  which  this 
work  could  have  been  done." 

Mr.  McCullough,  formerly  a  major- 
ity member  of  the  Graham  Congres- 
sional Investigating  Committee,  and 
Mr.  Chantland,  counsel  to  the  Graham 
Committee,  are  now  the  special  as- 
sistants to  the  Attorney  General  con- 
ducting the  suits  and  prosecuting  the 
indictments  herein!  referred  to.  A 
comparison  of  the  amounts  of  these 
suits  with  the  excess  costs  estimated 
by  the  Graham  Committee  lead  to  the 
conclusion  that  the  basis  of  these  ac- 
tions are  the  findings  of  the  Graham 
Committee  and  compel  a  comparison 
of  the  values  of  the  partisan  majority 
report  of  the  Graham  Committee  with 
the  minority  report  of  the  Graham 
Committee  and  the  opinion  of  such 
men  who  comprised  the  Talbot  Com- 
mittee, the  Blossom  Committee  and 
the  Committee  of  the  Western  Society 
of  Engineers. 

Your  committee  concurs  in  the  find- 
ings of  the  Talbot  Committee  and  in 
the  event  of  another  majority  emerg- 
ency where  the  life  of  the  nation  is 
in  jeopardy  as  it  was  in  1917,  your 
committee  representing  the  contrac- 
tors of  the  United  States,  speaking 
with  knowledge  and  authority,  asserts 


(M) 


1923 


Engineering  and  Contracting 


447 


that  this  general  form  of  contract 
should  be  used  as  it  is  the  only  method 
of  procedure  applicable  to  such  a 
situation  unless  the  Government  con- 
scripts labor  and  capital. 

Your  committee  has  carefully  ex- 
amined  all  available  sources  of  infor- 
mation at  its  command  and  invites 
particular  attention  to  an  editorial 
appearing  in  the  Jan.  18,  1923,  issue 
of  the  Engineering  News-Record,  en- 
titled, "Indicting  a  Whole  Industry," 
recommends  that  the  Committee  on 
Resolutions  be  directed  to  report  to 
the  Convention  for  adoption,  a  resolu- 
tion expressing  the  sentiment  of  this 
Association. 


The  Engineer  on  the  Witness 
Stand* 


A  Statement   of  Various   Observations 

and    Happenings    During    a 

Period  of  30  Years. 

By  WILLIAM  D.  SELL, 

Civil  Engineer,   Charleston,  W.  Va. 

The  first  and  prime  essential,  and 
one  which  I  place  above  everything 
else,  is  the  absolute  and  imperative 
necessity  of  veracity.  Every  other 
rule  might  be  ignored  and  every  other 
precaution  neglected,  yet,  with  this 
first  point  obeyed  to  the  letter,  a  man 
will  have  the  opportunity  to  get  by 
unscathed  in  his  reputation.  There 
is  no  possibility  of  an  intelligent  wit- 
ness getting  involved,  rattled  and 
placed  in  a  self-contradictory  position 
if  the  absolute  acts  be  adhered  to. 

Refuse  positively  to  be  made  a 
party  to  any  attempt  to  so  color  the 
facts  that  a  different  interpretation 
may  the  applied  to  them  other  than 
the  true  and  correct  interpretation.  It 
may  lose  you  an  engagement,  but 
take  it  from  me,  the  next  time  the 
party  so  turned  down  has  a  real  case 
in  which  this  is  not  necessary  (from 
his  point  of  view)  you  will  be  called 
on. 

Loyalty. — The  second  point  is  that 
of  loyalty.  You  must  understand  that 
you  did  not  have  to  go  into  the  case, 
but  having  gone  in  (and  I  assume 
that  you  went  in  with  your  eyes  open, 
too,  and  after  such  an  investigation 
as  led  you  to  believe  that  the  points 
desired  to  be  made  were  in  accord 
with  your  experience)  you  are  the 
"man"  of  the  party  who  so  employed 
you.     You  make   nothing  by   way   of 
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hob-nobbing  with  the  opposing  side, 
and  you  have  no  business  whatever 
in  giving  them  "pointers,"  or  curry- 
ing favor  with  them.  I  refer  to  this 
later  on  when  I  discuss  the  cross  ex- 
amination. 

Preparation. — Then  I  attach  much 
importance  to  the  necessity  of  the 
most  thorough  and  painstaking  study 
of  the  entire  situation  from  all  angles 
and  points.  If  your  client  declines  to 
incur  such  expense,  you  should  drop 
out  of  the  case  right  at  the  beginning. 
This  not  only  involves  investigation 
of  physical  conditions,  but  a  study  of 
the  paper  situation  from  all  view- 
points. It  is  well  to  reduce  all  of  your 
work  in  this  connection  to  writing, 
and  to  use  a  somewhat  argumentative 
form  of  consecutive  statements,  con- 
cisely drawn,  weighing  every  word. 
You  may  put  in  three  or  four  days  or 
longer  on  such  a  statement,  and  then 
be  on  the  stand  but  10  minutes,  but  it 
is  well  worth  while.  You  ought  to 
have  also  at  your  command  in  a  more 
than  general  way,  all  evidence  either 
supporting  your  own,  or  upon  which 
your  evidence  will  be  based,  and  this 
should  also  be  in  writing.  It  may  hap- 
pen frequently  that  you  will  be  called 
upon  to  secure  the  pre-trial  state- 
ments of  such  witnesses  yourself,  and 
great  care  should  be  used  when  doing 
this  special  form  of  preparatory  work. 

Co-operation. — Fourth,  it  is  neces- 
sary that  you  should  be  on  the  most 
intimate  and  confidential  terms  with 
your  counsel,  fully  consulting  him  as 
to  all  possible  questions  which  may 
be  affected  by  your  evidence.  He  will 
in  all  probability  disclose  to  you  the 
"theory"  upon  which  he  is  proceed- 
ing, and  he  ought  to  show  you  the 
precedents  upon  which  he  intends  to 
rely.  You  ought  to  read  the  syllabus 
of  every  such  case,  and  it  will  not 
hurt  to  read  the  reported  case  in  full 
including  the  opinion  of  the  judge. 

You  should  supply  him  with  a  copy 
of  the  notes  that  you  have  made  in 
your  study  of  the  case.  It  is  well  to 
draw  up  the  same  in  the  actual  se- 
quence of  the  examination  you  will  be 
subjected  to  when  on  the  stand.  Not 
necessarily  in  the  form  of  question 
and  answer,  but  in  the  form  of  state- 
ments, and  in  the  manner  you  have 
decided  will  appeal  most  strongly  to 
the  jury  or  the  trial  judge  and  fit 
the  precedents  he  has  given  you.  Very 
likely  when  you  go  over  this  with. 
him,  he  will  make  modifications,  and 
you  will  take  notes  of  the  same  and 
doubtless    recast    the    entire    matter. 
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Make  certain,  before  you  go  into  the 
court  room,  that  your  counsel  is  as 
familiar  as  you  are  with  the  maps 
and  other  exhibits  and  statements 
which  will  be  filed  while  you  are  be- 
ing examined.  Contrariwise:  that  you 
are  fully  informed  by  him  of  all  simi- 
lar matter  he  will  use  with  your  evi- 
dence so  that  you  will  not  be  caught 
unaware  with  a  new  surprising  some- 
thing you  knew  nothing  about. 

In  short,  you  must  be  of  one  mind 
with  the  attorney.  I  interject  here 
another  observation:  do  not  get  into 
your  head  and  disclose  such  an  idea 
that  you  know  more  about  the  case 
than  your  attorney  who  is  trying  it. 
Remember  that  the  legal  end  is  some- 
thing out  of  your  ken  and  province — - 
that  he  wants  to  win  the  case  and  is 
preparing  to  do  so  with  all  the  legal 
resources  at  his  command.  He  will 
not  turn  down  any  good  suggestion  but 
will  welcome  it.  If  he  decides  that 
it  cannot  be  used,  that  is  his  busi- 
ness; he  may  tell  you  why  he  does 
turn  it  down,  but  if  he  does  not,  you 
must  bow  to  his  decision — he  knows 
more  about  the  end  of  it  than  you  do. 

The  above  are  the  four  main  essen- 
tials— veracity,  loyalty,  preparation 
and  co-operation.  But  there  are  some 
other  matters,  one  of  which  I  want 
to  refer  to  as  the  other  side. 

The  Other  Side's  Viewpoint. — In 
your  study  of  the  situation  try  and 
do  the  very  best  you  can  to  see  how 
the  other  side  might  look  at  the  sev- 
eral points.  Say — what  would  I  do, 
could  I  sever  my  personality  into  two 
sections,  when  the  one  'T'  gives  this 
certain  evidence?  How  would  my 
other  "I"  go  about  to  break  it  down? 
What  questions  could  be  asked? 
Is  there  any  existing  evidence  to  dis- 
pute it? 

If  you  will  do  this,  you  will  be  sur- 
prised at  the  number  of  attacks  you 
can  make  on  yourself  and  you  will 
see  how  to  guard  against  them.  You 
will  be  more  than  surprised  during 
the  actual  conduct  of  the  case  that 
the  fellow  on  the  other  side  has  over- 
looked them,  and  has  failed  to  see  the 
things  you  saw.  But  should  he  do  so, 
you  will  be  prepared.  You  will  in  your 
study  find  out  how  such  holes  can 
be  stopped  by  the  discovery  of  sup- 
porting facts  to  your  evidence,  by  the 
revision  of  the  sequence  of  your  state- 
ments, and  even  at  times  by  the 
changing  of  the  verbiage  of  the  same. 
This  is  one  reason  why  your  counsel 
should  have  a  typewritten  resume  of 
your  evidence  before  him  when  he  is 


examining  you.  Of  course  you  will 
give  him  all  information  as  to  these 
tender  spots.  Sometimes  such  criti- 
cal study  leads  to  the  discovery  of 
facts  that  knock  the  foundation  from 
under  your  client's  case.  This  goes 
mighty  hard  the  first  time  it  happens 
in  a  professional  experience  but  if 
your  association  is  with  clean  and 
reputable  members  of  the  bar,  such 
a  happening  will  not  hurt  your  pro- 
fessional standing — it  will  4ielp  it.  It 
makes  it  a  trifle  harder,  for  you  will 
be  handed  more  "desperate"  cases  in 
the  future:  the  average  client  and 
the  reputable  lawyer  want  to  know,  if 
they  can  find  out,  whether  they  had 
a  real  case,  and  if  they  have  not,  and 
you  can  show  them,  they  appreciate 
such  information. 

The  Cross  Examination. — You  have 
given  an  absolutely  truthful  and  con- 
sistent statement.  If  opposing  coun- 
sel thoroughly  appreciates  and  re- 
alizes this,  he  may  dismiss  you  with- 
out a  single  question.  However,  few 
attorneys  seem  able  to-  resist  the 
temptation  *to  measure  their  wits 
against  yours. 

Now  just  remember.  You  have  your 
facts  correct.  You  have  nothing  to  fear 
on  that  score.  No  matter  how  often 
nor  in  how  many  different  forms  you 
tell  such  basic  story,  the  facts  remain, 
though  the  language  be  changed.  Re- 
member, too — you  know  more  about 
the  case,  if  you  have  properly  pre- 
pared yourself,  than  the  lawyer  on  the 
other  side,  but  for  goodness  sake,  do 
not  exhibit  visibly  any  indication  of 
such  a  frame  of  mind.  Assume  an  at- 
titude of  polite  patience.  He  has  no 
personal  feelings  against  you;  he  only 
wants  to  win  his  case.  Keep  your 
upper  lip  stiff — repeat  mentally— I 
know  more  about  this  case  than  the 
opposing  counsel.  You  do:  you  have 
studied  it,  and  the  first  thing  you  will 
find  yourself  with  a  feeling  of  pity 
for  him,  because  you  know  he  is  over- 
looking so  many  things. 

And  the  court  will  stand  in  with  a 
respectable  and  evidently  truth  tell- 
ing witness,  and  your  own  counsel 
will  take  care  of  you  with  his  ob- 
jections and  other  legal  obstacles,  and 
you  will  have  time  to  get  your  breath. 
Do  not  appeal  to  the  court  for  pro- 
tection against  an  ugly  attorney  ex- 
cept under  the  most  exceptional  cir- 
cumstances: the  fellow  who  squeals 
is  usually  hurt.  Do  not  ordinarily  ar- 
gue with  opposing  counsel;  should  he 
put  his  questions  in  such  a  shape  that 
it  is  inevitable  and  the  judge  permits 
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it,  go  slow,  but  hit  back  from  the 
shoulder.  You  will  have  ample  time 
to  consider  your  answer,  for  your  side 
will  "object"  and  give  you  time,  and 
then  you  can  always  misunderstand 
the,  question,  and  have  the  reporter 
read  it  over,  and  gain  time  for  delib- 
eration. Do  not  do  this  latter  too 
often,  for  the  jury  might  figure  that 
you  are  stupid. 

Do  not  straddle  the  fence  out  of 
an  idea  of  politeness .  or  because  of 
mental  laziness.  You  utterly  destroy 
the  weight  of  your  former  evidence 
by  so  doing.  A  thing  is  so.  Or  it  is 
not  so.  You  said  it  was  so.  Stick  to 
it.  Do  not  agree  that  it  might  be 
modified,  unless  the  full  modification 
clause  be  fully  stated  in  the  question, 
and  when  you  answer,  embody  that 
same  modifying  clause  in  your  answer 
and  make  it  stronger,  if  possible.  Do 
not  think  that  by  softly  and  politely 
acquiescing  with  the  opposing  coun- 
sel you  are  making  yourself  solid 
with  him.  You  are  not.  He  will  see 
how  easy  you  are.  He  will  not  risk 
the  same  thing  happening.  I  have 
had  verbal  encounters  with  opposing 
attorneys  that  seemingly  stopped  only 
short  of  physical  violence,  and  got 
mighty  close  to  personalities,  and  have 
been  retained  by  them  in  other  cases 
before  I  left  the  courtroom. 

And,  never,  never,  never — answer 
by  Yes  or  No,  that  old  stock  catch 
question — have  you  quit  beating  your 
wife?  Watch  out  for  it — it  has  a  hun- 
dred different  forms. 

Some  trifles  that  count.  Take  y/our 
note  books  with  you.  No  matter  how 
certain  you  are  as  to  your  facts,  if 
they  appear  in  your  notebooks,  turn 
to  them  every  now  and  then.  It  im- 
presses a  jury  when  a  witness  shows 
such  an  evident  desire  to  be  pains- 
taking and  careful. 

Have  a  scratch  pad.  If  there  is  a 
ghost  of  a  show  to  do  some  "figger- 
ing,"  do  it,  and  then  announce  your 
results.  Do  not  answer  any  ques- 
tions relating  to  maps,  tables  or  dia- 
grams without  referring  to  them,  al- 
ways being  a  little  deliberate;  the 
jury  likes  it — they  want  to  follow  you. 

If  you  do  not  know,  learn  to  calcu- 
late at  least  one  function  of  any 
mathematical  table  you  are  using.  If 
you  do  not,  make  a  bluff  at  it,  any- 
way. This  is  useful  when  counsel  on 
the  other  side  protests  their  use  on 
the  ground  that  you  did  not  prepare 
them.  You  can  say  you  know  how  to 
prepare  them,  and  used  the  printed 
forms  because  they  were  more  conve- 


nient. After  consuming,  say,  five 
minutes,  on  one  function,  you  can  an- 
nounce how  many  years  it  would  take 
you  to  prepare  a  complete  table. 

If  it  is  a  question,  say,  as  to  how 
many  annualation  there  are  in  a  cor- 
ner block,  feo  matter  how  often  you 
have  privately  counted  them,  count 
them  in  the  presence  of  the  jury 
when  asked  the  question.  Of  course 
you  will  have  pencilled  them,  every 
fifth  or  tenth  heavier,  so  that  they 
will  come  out  the  same  way  every 
time. 

You  say  that  a  certain  tract  of  land 
does  not  have  enough  standing  timber 
to  properly  recover  the  coal  lying 
thereunder.  You  may  have  plenty  of 
experience,  and  may  be  such  an  au- 
thority on  the  subject  that  what  you 
say  about  such  matters  is  the  "law 
and  the  gospel."  But  the  jury  is  hu- 
man— they  like  to  be  let  into  things 
and  see  how  it  is  done.  Say,  instead: 
I  went  on  the  land  and  picked  a  fair- 
ly representative  acre:  I  counted  and 
estimated  the  timber  thereon;  there 
were  so  many  black  oaks  of  such  and 
such  a  diameter,  and  so  on,  and  so 
on;  that  made  so  many  feet  board 
measure;  to  recover  an  acre  of  coal 
will  take  so  many  ties  of  such  and 
such  sizes,  and  posts  and  head  frames, 
and  so  on:  that  makes  so  many  feet 
board  measure.  The  jury  actually  vis- 
ualizes this  calculation  and  believes 
it.  Besides  you  are  making  a  nasty 
wall  for  the  other  side  to  break  down 
or  crawl  over.  Your  first  statement 
might  be  disputed  by  a  counter  state- 
ment from  an  authority  as  expert  as 
you  are,  but  when  you  gave  the  me- 
chanics of  the  calculation,  each  sep- 
arate factor  must  be  disputed. 

For  years,  I  made  it  a  practice, 
when  having  blue  prints  made  com- 
mercially for  use  in  a  trial,  of  plac- 
ing the  tracing  over  the  print  and 
"checking"  it.  And  likewise  for  years, 
I  never  used  this  information  until 
about  a  year  ago,  when  objection  was 
made  to  the  introduction  of  a  print, 
on  the  ground  that  I  had  not  person- 
ally made  it.  I  did  not,  but  I  had  veri- 
fied it  after  it  was  made,  and  it 
went  in. 

And  on  this  last  line — you  want  to 
discuss  thoroughly  with  your  counsel 
evidence  that  you  will  give  when  the 
actual  field  work  was  not  done  per- 
sonally by  you,  but  by  your  transit- 
man  and  other  employes.  This  is  a 
mighty  delicate  matter,  and  you  are 
treading  on  awfully  thin  ice — in  West 
Virginia,  anyway.  You  will  likely  find 
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that  it  will  be  better  to  "qualify"  your- 
self in  some  manner.  The  same  ap- 
plies to  the  use  of  the  topographic 
maps  of  the  United  States  Geological 
Survey.  Simply  because  they  are 
"government  publication"  gives  them 
no  standing  in  the  law  courts,  unless 
both  sides  agree.  It  may  be  that  you 
will  have  to  "check"  them  in  some 
manner  before  you  go  on  the  stand. 

Another  trick  of  inquiry  from  op- 
posing counsel  you  want  to  watch  out 
for.  Counsel  usually  inform  their  own 
witnesses  about  this  catch  question. 
Has  not  the  witness  discussed  his 
evidence  with  his  counsel?  If  the 
case  is  a  second  trial,  and  a  printed 
record  exists  of  the  first  trial — has 
not  the  witness  read  over  his  former 
evidence?  Why,  of  course  he  has. 
Why  not?  .  How  foolish  he  would  be 
not  to  do  either.  There  is  nothing 
wrong  with  his  doing  it  in  either  case. 
Admit  it.  If  the  latter,  tell  how  you 
sat  up  all  the  preceding  night  read- 
ing it,  so  as  to  make  sure  that  the 
evidence  you  then  gave  was,  in  the 
light  of  more  recent  knowledge  as  to 
the  same,  a  proper  statement  of  the 
facts.  The  jury  likes  this.  It  does 
not  prejudice  the  case  in  the  slight- 
est degree. 

Your  Fees. — Now  the  ordinary  jury 
does  not  like  the  idea  of  these  hired 
witnesses— these  fellows  who  are  paid 
a  higher  fee  for  their  evidence  than 
the  usual  pittance  allowed  by  the 
statute.  Opposing  counsel,  especial- 
ly when  he  has  none  of  them  himself, 
always  wants  to  know  "how  much" 
you  are  paid  for  your  testimony? 

All  I  can  say  is  that  I  have  been 
particularly  fortunate  in  my  associa- 
tion with  lawyers,  and  I  have  never 
been  able  to  answer  the  question.  I 
have  never  made  any  formal  con- 
tracts stipulating  a  fee,  although,  to 
be  sure  it  is  tacitly  understood.  I  got 
stung  once,  in  30  years,  by  having  no 
such  contract. 


Railways  to  Spend  $16,000,000  at  St. 
Louis- — The  terminal  committee  of 
the  Chamber  of  Commerce  of  St. 
Louis  has  reported  that  twenty- 
six  trunk  lines  entering  St.  Louis 
had  -  $lM,000,000  for  use  in  reorganizing 
the  local ..  terminals.  The  object 
would.be  to  expedite  freight  and  pas- 
senger service  in  and  out  of  the  St. 
Louis  district,  it  was  explained.  The 
projects  include  construction  of  six 
eastern  approaches  to  the  municipal 
free  bridge  and  construction  of  a  new 
union  depot  in  East  St,  Louis,  111. 


The  40  Year  Old  21.6  Mile 

Railway     Trestle     Over 

Lake  Pontchartrain 


Abstract   of    a    Paper    Presented    Jan. 
23  at   19th  Annual   Convention   of 
the    American    Wood    Pre- 
servers' Asociation 

By  W.  J.  KELLEHER, 

General    Manager,     Southern    Creosoting 
Co. 

The  selection  of  a  practical  route 
for  the  New  Orleans  &  North  Eastern 
R.  R.  from  Slidell,  La.,  to  New  Or- 
leans, presented  a  difficult  problem 
because  of  the*  necessity  for  crossing 
Lake  Pontchartrain  and  the  wide 
marsh  surrounding  it,  the  surface  of 
which  is  only  about  a  foot  above  the 
normal  level  of  the  lake.  Lake  Pont- 
chartrain is  a  brackish  shallow  body 
of  water  varying  in  depth  from  5  to 
16  ft.  and  having  a  length  of  about 
35  miles  and  maximum  width  of  22 
miles. 

From  the  high  ground  to  the  north 
shore  of  the  lake,  a  distance  of  2.34 
miles,  a  trestle  of  untreated  timber 
was  constructed.  Across  the  lake 
proper  a  distance  of  5.82  miles,  a 
trestle  of  creosoted  yellow  pine  tim- 
ber was  constructed  containing  two 
steel  draw  spans  each  250  ft.  long. 
Along  the  shore  south  of  the  lake,  a 
distance  of  13.48  miles,  a  trestle  of 
untreated  timber  was  constructed. 
The  bents  were  spaced  15  ft.  center 
to  center  throughout  the  21.64  miles 
of  trestle.  The  driving  of  this  trestle 
was  commenced  in  February,  1882, 
and  was  completed  in  September, 
1883.  An  average  of  seven  piledrivers 
was  used. 

Length  of  Piles. — In  the  north  ap- 
proach,   untreated    piles    from    20    to 

45  ft.  in  length,  below  cutoff,  were 
driven.  The  total  penetration  varied 
from  15  to  30  ft.  On  the  trestle  over 
the  lake  proper,  creosoted  piles  from 
50  to  68  ft.  in  length,  below  cutoff, 
were  driven.  The  total  penetration 
varied  from  40  to  48  ft.,  according  to 
the  length  of  the  piles  and  the  depth 
of  water  which  is  from  8  to  10  ft.  In 
the  south  approach  untreated  piles 
from  35  to  50  ft.  in  length,  below  cut- 
off, were  driven  except  at  waterways 
entering  the  lake  where  spliced  piles 
up  to  100  ft.  in  length  were  used.  The 
total   penetration    varied   from   31    to 

46  ft.  except  at  the  waterways  where 
85  to  90  ft.  was  obtained. 

The   filling   of   the    north   approach 
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was  undertaken  in  1887  and  completed 
in  1891.  The  filling  of  the  south  ap- 
proach was  undertaken  in  1890  and 
completed  in  1896.  After  the  ap- 
proaches had  been  filled,  there  re- 
mained the  present  trestle  constructed 
of  creosoted  yellow  pine  5.82  miles 
long.  About  ly^  miles  from  each  shore 
a  draw  span  250  ft.  long  is  located 
to  provide  for  traffic  on  the  lake.  The 
deck  of  the  trestle  is  protected  by  a 
covering  of  gravel,  the  use  of  which 
was  commenced  in  1885  after  fire  had 
seriously  damaged  or  destroyed  about 
325  panels  to  the  water  line. 

The  Treatment  of  the  Timber. — The 
specifications  under  which  the  timber 
for  this  structure  was  treated  stipu- 
lated that  the  timber  and  piles,  after 
having  been  cut  and  trimmed  to  the 
proper  length,  size  and  shape,  should 
be  submitted  to  a  "contact  steaming" 
inside  the  injection  cylinder,  for  two 
or  three  hours,  according  to  the  size 
of  the  timbers,  then  to  a  heat  not  to 
exceed  230°  F.,  in  a  vacuum  of  24  in. 
of  mercury,  for  a  period  of  from  20 
to  30  hours,  according  to  the  size  of 
the  timbers.  The  creosote  oil,  heated 
to  a  temperature  of  about  175°,  shall 
then  be  let  in  the  injection  vessel  and 
forced  into  the  wood  under  a  pressure 
of  150  lbs.  per  square  inch,  until  not 
less  than  15  lbs.  of  oil  to  the  cubic 
foot  of  wood  has  been  absorbed.  The 
oil  used  must  contain  not  less  than  5 
per  cent  of  phenic  acid,  and  not  more 
than  30  per  cent  of  naphthaline. 

No  notching  or  trimming  will  be 
allowed  on  creosoted  piles  under 
water.  The  heads  of  all  creosoted 
piles,  after  the  necessary  cutting  and 
trimming  has  been  done  to  receive 
the  cap,  must  be  saturated  with  hot 
creosote  oil  before  putting  the  caps 
in  place.  Uncreosoted  piles  must  have 
not  less  than  12  in.  of  heartwood  at 
the  head. 

The  late  Colonel  Nicholson,  chief 
engineer,  stated  that  while  the  specifi- 
cations require  15  lb.  of  oil  per  cubic 
foot,  this  could  not  always  be  at- 
tained owing  to  the  timber  being 
largely  all  heart,  and  that  some  of  the 
treatment  was  not  over  10  lb.  to  12  lb. 
per  cubic  foot. 

The  office  copy  of  the  specifications 
bears  a  note  by  Colonel  George  B. 
Nicholson,  referring  to  the  oil  specifi- 
cation, "Not  commercially  obtainable 
and  not  insisted  upon."  Victor  Blag- 
den,  Sr.,  London,  England,  who  sup- 
plied the  oil  used,  states  it  was  "ordi- 
nary London  oil,"  as  then  produced. 

Results  of   Inspection   of  Trestle. — 


An  inspection  made  in  May,  1918,  by 
a  diving  inspection  corps  maintained 
by  the  Southern  Ry.,  in  connection 
with  the  Government  valuation  of 
railroads,  showed  the  following: 

North  trestle — length  5,823  ft.,  con- 
tains 389  bents,  in  May,  1918,  196  of 
the  bents  had  all  piles  intact,  in  23 
bents  1  pile  had  been  cut  off  at  the 
water  line  and  a  short  post  framed 
upon  this,  in  33  bents  two  piles  had 
been  cut  off  at  the  water  line  and 
two  short  posts  put  on,  136  bents  had 
been  cut  off  at  water  line  and  a  frame 
bent  put  on.  There  is  one  pony  bent 
on  the  bridge  masonry. 

South  trestle— length  6,902  ft.,  con- 
tains 462  bents,  in  May,  1918,  182  of 
the  bents  had  all  piles  intact,  in  80 
bents  1  pile  had  been  cut  off  at  the 
water  line  and  a  short  post  framed 
upon  this,  in  9  bents,  two  piles  had 
been  cut  off  at  the  water  line  and  two 
short  posts  put  on,  192  bents  had 
been  cut  off  at  water  line  and  a  frame 
bent  put  on.  There  is  one  pony  bent 
on  the  bridge  masonry. 

Middle  trestle— length  17,507  ft, 
contains  1,171  bents,  in  May,  1918,  386 
of  the  bents  had  all  piles  intact,  in 
162  bents  1  pile  had  been  cut  off  at 
the  water  line  and  a  short  post  framed 
upon  this,  in  8  bents  two  piles  had 
been  cut  off  at  the  water  line  and 
two  short  posts  put  on,  613  bents  had 
been  cut  off  at  the  water  line  and 
a  frame  bent  put  on.  There  are  two 
ponies  on  the  bridge  masonry.  About 
350  bents  were  burned  in  a  fire  which 
occurred  during  the  construction  of 
the  trestle,  and  a  number  of  the  piles 
were  cut  off  at  this  time. 

Only  about  50  caps  had  been  re- 
newed since  the  original  construction. 
Seven  stringers  were  removed  in  1909 
for  test.  The  remaining  stringers  are 
the  original  ones. 

A  report  of  the  Interstate  Com- 
merce Commission,  valuation  division, 
made  by  the  structural  engineer  of 
an  inspection  made  May  6,  1918,  con- 
tains the  following  statement:  "A 
very  remarkable  state  of  preserva- 
tion. The  original  timber  in  good 
condition  and  apparently  carefully 
selected  and  well  creosoted.  Esti- 
mated remaining  service  life  of  trestle 
35  years."  According  to  this  estimate, 
the  total  life  of  the  trestle  is  expected 
to  be  70  years. 

Action  of  Borers. — While  data  as 
to  the  action  of  the  sphaeroma  was 
not  available  until  recent  years,  these 
borers  were  in  evidence  along  the 
south  end  of  the  trestle  as  early  as 
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1896.  The  action  of  the  sphaeroma 
was  confined  to  the  extreme  south 
end  of  the  trestle  where  the  fresh 
water  from  the  canal  mixed  with  the 
more  brackish  water  of  the  lake. 
While  no  doubt  the  creosote  oil  re- 
tarded the  action  of  the  sphaeroma, 
some  of  these  piles  were  eaten  away 
until  the  diameter  was  reduced  to  at 
least  one-half.  There  were  only  a 
few  piles  so  badly  eaten,  but  prac- 
tically all  the  piles  showed  action  of 
the  sphaeroma. 

When  the  operation  of  the  N.  O.  & 
N.  E.  was  taken  over  by  the  Southern 
Ry.  System  in  January,  1917,  an  in- 
crease in  the  weight  of  power  was 
made  from  the  axle  loads  of  about 
40,000  to  loads  of  45,000  lb.  On  ac- 
count of  this  increase  in  loading  and 
the  need  of  extra  strength  at  the  end 
of  the  trestle  to  withstand  the  effects 
of  breaks  and  increase  of  traction  due 
to  reduced  speed  of  trains  over  the 
trestle,  it  was  considered  advisable  to 
drive  intermediate  creosote  pile  bents 
in  each  panel  for  a  distance  of  ap- 
proximately 1,400  ft.  from  the  south 
end  of  the  trestle.  As  a  matter  of 
fact,  possibly  the  replacement  of  30 
piles  would  have  restored  that  por- 
tion of  the  trestle  to  a  strength  com- 
parable with  that  which  existed  four 
or  five  years  before. 

Main  Deterioration  of  Piles  Due  to 
Interior  Rot. — Aside  from  the  limited 
portion  of  trestle  where  piles  have 
been  attacked  by  the  sphaeroma,  the 
main  deterioration  of  piles  which  has 
been  noticed  is  due  to  the  interior  rot, 
which  has  extended  from  just  under 
the  caps,  down  generally  from  18  in. 
to  30  in.  Many  of  these  piles  were 
20  in.  to  24  in.  in  diameter  under  the 
caps,  the  parts  projecting  beyond  the 
caps  being  adzed  off.  Quite  a  per- 
centage of  the  piles  showed  a  solid 
ring  of  wood  of  the  creosoted  portion, 
with  the  interior  of  the  pile  in  various 
stages  of  decay.  When  this  condition 
develops  beyond  a  proper  limit,  the 
bents  are  re-driven  or  cut  off  nearly 
to  the  water  level.  During  the  last 
few  years  more  caps  have  been  re- 
moved than  were  removed  for  many 
years  before.  In  fact,  the  tops  of 
some  of  the  piles  and  a  few  of  the 
caps  are  the  only  parts  which  have 
actually  showed  decay.  In  this  con- 
nection, it  should  be  borne  in  mind 
that  the  original  construction  of  the 
trestle  placed  plumb  piles  and  batter 
piles  so  as  to  give  a  wide  space  at 
the  cap.  Thus  the  stringer  bearings 
do  not  directly  load  piles  without 
severely  straining  caps.    For  this  rea- 


son, and  in  view  of  the  fact  that  the 
load  on  this  trestle  as  far  as  unit 
bending  stresses  and  bearing  are  con- 
cerned, is  greater  than  for  standard 
trestles  of  the  Southern  Ry.,  it  has 
been  necessary  to  replace  a  number 
of  caps  which  otherwise  might  have 
been  left  in  service.  A  few  stringers 
are  removed  from  time  to  time,  gen- 
erally due  to  some  sort  of  a  split  con- 
dition rather  than  to  decay.  The  panel 
length  in  use  at  this  trestle  is  15  ft., 
so  that  there  is  considerable  deflec- 
tion and  movement  in  the  timber 
under  locomotive  loads. 

A  considerable  part  of  the  renewal 
work  which  has  been  done  the  last 
two  or  three  years  and  which  will  be 
continued  for  the  next  few  years  is 
demanded  not  so  much  by  decay  in 
the  old  timber  as  it  is  by  need  of  ad- 
ditional stiffness  longitudinally  of  the 
trestle  and  by  a  decision  to  increase 
the  protection  against  the  possibility 
of  batter  posts  being  knocked  out  of 
place  from  blows  by  logs  or  boats 
during  storms. 

The  decay  of  the  few  piles  which 
have  been  removed,  as  mentioned 
above,  was  undoubtedly  caused  by  ex- 
posure of  untreated  wood  due  to  pile 
cutoff. 

A  Method  of  Preventing  Sliding  Road 
Bed 

In  a  discussion  before  the  Engi- 
neers' Society  of  Western  Pennsyl- 
vania (December  Proceedings  of  the 
Society),  Mr.  R  P.  Forsberg,  principal 
assistant  engineer,  Pittsburgh  &  Lake 
Erie  R.  R.,  Pittsburgh,  contributed  the 
following : 

In  the  construction  of  the  Browns- 
ville branch  of  the  Pennsylvania  & 
Lake  Erie  R.  R.  between  Fayette  City 
and  Brownsville,  the  major  part  of  the 
grading  was  side-hill  work.  We,  of 
course,  had  local  settlements  and 
slides  that  are  always  incident  to  the 
construction  of  a  road-bed;  but  none 
of  any  consequence.  A  few  years  later, 
however,  when  we  double  tracked  the 
road-bed  by  filling  out  on  the  side-hall 
towards  the  river  with  slag,  we  en- 
countered quite  a  little  difficulty  at 
one  point  in  retaining  it.  Our  trouble 
was  finally  successfully  overcome  by 
drilling  a  line  of  2-in.  holes  spaced 
10  ft.  apart  near  the  edge  of  the  river, 
for  a  length  of  about  80  ft.  These 
holes  were  drilled  5  ft.  into  the  rock, 
charged  with  dynamite,  and  electri- 
cally exploded.  An  artificial  toe  was 
thus  thrown  up  of  sufficient  height  to 
arrest  and  prevent  any  further  move- 
ment of  that  slide. 
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Water  Service  for  Railway  Locomotives 

Experiences  with  Water  Treatment  on  Chicago,  Milwaukee  &  St. 

Paul  Ry.  and  Other  Railroads  Outlined  in  Paper  Presented 

Jan.  22  Before  Western  Society  of  Engineers 

By  C.  H.  KOYL, 

Engineer  Water  Service,  Chicago,  Milwaukee  &  St.  Paul  Ry. 

The    average     freight     train     costs  all  railroads  there  are  points,  mostly 

about   $1    per   minute    to    operate,    of  on   branch   lines,   where   a  supply  of 

which  the  coal  and  the  wages  of  the  20,000  to  25,000  gal.  of  water  per  day 

train  and   engine  crew   comprises   20  is  necessary  because  of  the  distance 

ct.,  the  maintenance  of  the  roadway,  to  the  next  station  on  each  side,  but 

track  and  buildings  20  ct.,  the  mainte-  where  water  is  so  difficult  to  get  that 

nance  of  locomotives  and  cars  40  ct.,  an   equipment  to   supply    even  20,000 

and  the  men  employed  along  the  line  gal.  per  day  would  cost  as  much  as  a 

20  ct.     Knowing  that  the  delay  of  a  large  main  line  water  station.    No  one 

train  cannot  cost  less  than  20  ct.  per  feels  like  authorizing  such  an  expendi- 

minute,  let  us  consider  the  case  of  a  ture  on  a  branch  line  with  only  one 

regular  water  station  out  of  water  for  passenger  train  and  one  freight  train 

one  day,  due  to  the  breakdown  of  a  each  way  per  day,  and  it  is  customary 

pump  or  a  pumping  engine,  the  freez-  to  run  a  water   car  on   each   freight 

ing  of  a  river  suction,  the  bursting  of  and  sometimes  an  extra  engine  tender 

a  pipe,  or  any  other  cause.  on  each  passenger  train  between  the 

The    damage   is   principally    in   the  two   nearest  water   stations    on   each 

delay  to  trains,  and  it  grows  with  the  side,  say,  50  miles  apart, 

density  of  traffic.    It  varies  from  place  Cost  of  Maintaining  and   Operating 

to  place  according  to  conditions,  but  Water   Cars. — The    cost   of   operating 

if  the  lack  of  water  necessitates  one  these  water  cars  is  usually  considered 

engine  cutting  loose  and  running  for  a  small  matter,  because  at  worst  each 

water  and   thus   causes   one  train   to  of  them  merely  displaces  one  car  on 

lose  one  hour,  the"  immediate  loss  is  each  train,  but  in  such  a  computation 

$12.     If  the  trouble  occurs   where  it  many     items     are     omitted.     I  have 

delays  ten  trains  one  hour  each,  the  found  the  cost  of  such  a  water   car 

immediate  loss  is  $120,  and  if  it  hap-  equipment  for  such  a  branch  line  to 

pens  on  a  busy   line   with   30   trains  be  as  high  as  $800  per  month  in  win- 

per  day,  the  immediate  loss     is   not  ter  in  the  northern  half  of  the  coun- 

merely  $360,  but  probably  three  times  try.     In  two  cases  I  have  had  careful 

that  much  from  the  tying  up  of  traffic.  accounts  kept  of  the  cost  of  maintain- 

The  prevention  of  such  losses  depends  ing  and  operating  such  a  set  of  water 

on  the  eternal  vigilance  of  competent  cars,  one  of  which  is  as  follows: 

attendants  and,  at  specially  important  COST    OF    running    water    cars 

places,  on  duplication  of  equipment.  FOR  ONE  YEAR. 

The   location    of    Water  Tanks.-A  »™  %$™*yfct£  YA?**Z  Ad" 

study  of  the  probable  delays  in  case  Branch  Line, 

of   a   breakdown    will    determine    the  Cost  of  hauling  water  cars  at  10 

justifiable  expenditure  for  extra  equip-  c<&  P«J  <%»>**  sV,iChi„g  " ' at5  "^ M 

ment  for  any  water  station.  terminals    390.00 

In    the    matter    Of    the    location    Of       Maintenance  of  water  cars   892.80 

thpqp    wafpr    tankq     thp      midtnkp      iq  Equipping     engines     with     steam 

tnese   water   tanks,    tne     mistake     is  heat  and  connections  300.56 

sometimes  made   of  placing  the  tank  Delays     from     filling    cars     and 

in  a  sag  because  the  creek  is  there.  switching  en  route  972.90 

It  costs  a  little  more  to  run  the  dis-  ^t^^illrVTeat,^ 

charge  pipe  up  the  hill   and   a  little         ter  cars  667.80 

more  to  pump  the  water  up  the  hill,  Delays  to  rotary  snow  plow  ac- 

but  the  extra   cost  is   so   small   com-  count  running  for  water  . . .            348.81 

pared    to    the    continuous      waste    of  Total  cost   $9,794.56 

money  in  starting  heavy  trains  from  3,110,800  ton  miles  used  in  haul- 

the  sag  that  there  is  no  justification  j£g  watei^  cars  for  which  rev- 

fnr,  +v,  °  ^„„^+«  enue  freight   might   have   been 

lor  the   practice.  hauled,     had    water    cars    not 

Occasionally  the  use  of  water  cars  been    necessary    (at    $2.50    per 

is  urged  as  a  substitute  for  an  expen-         100°  G-  T-  M->  •  •  •    7.777.50 

sive  water  plant,   because   on   nearly  Grand  total  $17,572.06 
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These  figures  show  a  cost  of  $800 
per  month,  or  16  ct.  per  water  car 
mile,  if  the  water  car  does  not  dis- 
place a  revenue  car,  and  nearly  $1,500 
per  month,  or  28  ct.  per  water  car 
mile,  if  the  water  car  does  displace  a 
revenue  car.  In  either  case  it  costs 
more  than  the  interest,  depreciation 
and  expense  of  operating  two  $20,000 
water  plants.  This  is  sufficient  to 
show  something  of  the  value  of  a  con- 
tinuous supply  of  locomotive  water  at 
convenient  points. 

Effect  of  Quality  of  the  Water  Sup- 
ply on  Operating  Costs. — But  on  the 
subject  of  water  quality  less  is 
known,  although  our  experience  is 
growing  rapidly.  The  impurities  in 
water  which  trouble  boilers  are  prin- 
cipally three.  In  the  coal  mine 
country  many  of  the  streams  '  are 
polluted  with  sulphuric  acid,  which 
destroys  the  metal  of  the  boiler;  in 
the  great  central  plain  between  the 
mountain  ranges  the  waters  of  most 
rivers  and  practically  all  wells  contain 
limestone  in  solution,  which  makes 
water  hard  and  deposits  scale  in  the 
boiler;  in  the  country  for  a  few  hun- 
dred miles  east  of  the  Rockies,  where 
rainfall  is  light  and  rivers  are  scarce, 
all  well  water  is  heavily  charged 
with  sodium  salts  and  the  sluggish 
streams  and  stagnant  ponds  are  full 
of  the  products  of  decaying  vegeta- 
tion, sometimes  acid  and  destructive 
of  iron,  and  sometimes  mere  slimes 
which  prevent  the  escape  of  steam  in 
the  boiler  and  cause  foaming. 

In  1870,  long  before  there  was  a 
water  treating  plant  in  this  country, 
the  American  Railway  Master  Mechan- 
ics' Association  began  a  careful  study 
of  the  greater  cost  of  operating  loco- 
motives in  a  hard  water  district  than 
in  a  soft  water  district,  and  in  1873 
published  the  results.  They  found 
that  between  the  average  boiler  of  the 
soft  water  districts  of  New  England 
and  the  average  boiler  of  the  plains 
there  was  an  actual  difference  in  the 
coal  bill  (at  $2.50  per  ton)  of  $340  per 
locomotive;  in  boiler  repairs,  of  $360, 
and  in  boiler  cleaning,  of  $50,  or  a 
total  difference  of  $750  per  locomotive 
per  year.  The  locomotive  of  today 
evaporates  about  four  times  as  much 
water  as  the  locomotive  of  1870,  so 
that  these  figures  applied  today  would 
amount  to  $3,000  per  locomotive  per 
year  for  extra  washing,  repairs  and 
coal  due  to  the  use  of  average  bad 
water.  But  the  prices  of  coal  and 
labor  are  higher  now,  and  it  is  prob- 
able  that   the   average   figures   today 


are  not  less  than  $4,500  per  engine 
per  year. 

A  fairly  accurate  comparison  which 
was  made  four  years  ago  between  en- 
gines on  the  west  coast  and  on  the 
plains  showed  an  average  difference 
slightly  above  $4,000;  so  that  it  is  rea- 
sonably safe  to  say  that  on  any  rail- 
road the  number  of  engines  working 
in  average  hard  water,  multiplied  by 
4,000,  will  give  the  approximate  num- 
ber of  dollars  lost  yearly  in  the  items 
mentioned  for  the  want  of  suitable 
boiler  water. 

It  is  the  experience  also  that,  in  ad- 
dition to  savings  in  coal  and  boiler 
repairs,  there  is  marked  improvement 
in  economy  of  operation  when  boilers 
no  longer  leak  on  the  road.  A  loco- 
motive served  with  first-class  water 
can  do  almost  twice  as  much  work 
per  hour  as  when  served  with  ordi- 
nary water  because,  with  a  boiler 
which  is  likely  to  start  leaking  any 
moment,  it  is  not  wise  to  take  a  ton- 
nage train  nor  to  take  chances  on  a 
close  meet;  while  with  a  reliable 
boiler  the  chances  vanish,  and  the 
engineman  takes  the  load  and  makes 
the  time. 

Results  Due  to  Water  Treating 
Plant  on  Great  Northern  Ry. — On  the 
Great  Northern  Ry.  in  1914,  a  water 
treating  plant  was  built  at  every  water 
station  on  the  main  line  in  Montana 
for  a  distance  of  420  miles.  Because 
February  is  the  hardest  month  for 
railroading  in  that  part  of  the  country, 
a  careful  comparison  was  made  be- 
tween the  month  of  February,  1915, 
and  the  same  month  of  1914.  It  hap- 
pened that  the  two  months  were  much 
alike  in  weather.  In  February,  1914, 
the  average  load  per  train  was  1,364 
gross  tons,  and  in  February  1915,  1,881 
tons,  an  increase  of  38  per  cent;  and 
the  average  running  time  over  a  divi- 
sion (including  delays)  had  been  cut 
down  from  14  hours  to  10  hours. 
When  that  is  calculated,  it  shows  that 
against  100  ton-miles  in  1914,  the  same 
engines  hauled  193  ton-miles  in  1915, 
or  nearly  double  the  work. 

I  was  never  able  to  compute  the 
exact  value  of  the  improvement  in 
service,  but  my  best  estimate  was  a 
saving  of  $1,000  per  mile  of  road  per 
year  where  there  was  an  average  of 
10  trains  per  day. 

Results  on  El  Paso  &  Southwestern 
Ry. — That  this  is  not  too  high  an  esti- 
mate is  indicated  by  the  following 
report  from  another  road:  In  1908, 
the  El  Paso  &  Southwestern  R.  R. 
abandoned  deep  well  waters  along  128 
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miles  of  track  and  supplied  mountain 
water  through  a  pipe  line  180  miles 
long,  built  at  a  cost  of  $700,000.  The 
report  of  the  chief  engineer  states 
that  in  less  than  two  years  the  pipe 
line  was  paid  for  by  the  savings  on 
the  128  miles  of  railroad,  which  means 
a  saving  of  $2,700  per  mile  per  year. 
The  average  of  the  original  waters 
along  that  128  miles  was  worse  than 
the  average  in  use  by  the  railroads  of 
the  country  and  the  mountain  water 
which  was  substituted  was  better  than 
the  average  treated  water.  But  the 
illustration  proves  that  the  estimate 
of  $1,000  per  mile  per  year  is  easily 
within  bounds. 

Some  years  ago  the  American  Rail- 
way Engineering  Association  meas- 
ured the  damage  done  to  locomotive 
boilers  per  pound  of  scale  deposited 
from  hard  waters.  It  considered  only 
repairs  and  fuel,  taking  no  account 
of  the  time  saved  in  washing  or  in 
turning  engines  in  the  roundhouse,  or 
of  the  saving  of  time  on  the  road.  It 
measured  the  repairs  and  fuel  of  two 
similar  engines,  one  fed  with  water 
seven  grains  per  gal.  hard  and  the 
other  with  water  21  grains  hard,  and 
the  difference  between  them  was  con- 
sidered to  be  the  damage  done  by  a 
water  14  grains  hard.  When  this  was 
divided  by  the  number  of  pounds  of 
scale  deposited,  it  gave  seven  cents 
per  pound  of  scale  as  the  damage 
done  in  repairs  and  extra  fuel.  This 
was  in  1912,  when  coal  was  taken  at 
$2  per  ton  and  labor  rates  were  low. 
At  the  prices  of  today  the  correspond- 
ing cost  is  13c  per  pound  of  scale. 

Results  of  Water  Treating  on  Chi- 
cago, Milwaukee  &  St.  Paul  Ry. — In 
1920,  the  Chicago,  Milwaukee  &  St. 
Paul  Ry.  began  the  installation  of 
water  treating  plants  on  the  tracks 
east,  west  and  south  of  Mitchell,  S. 
Dak.,  where  the  water  is  very  bad. 
We  had  had  for  some  years  a  water 
treating  plant  at  Mitchell  and  one  at 
Sioux  City,  and  on  the  road  had  used 
all  the  anti-scale  compound  the  boilers 
could  carry;  but  in  spite  of  all  that 
had  been  done,  the  service  was  poor 
and  expensive.  On  eaCli  engine  dis- 
trict there  were  continuous  boiler 
leaking  and  failures  on  the  road  every 
week;  every  boiler  spent  about  two 
months  in  the  shop  every  year,  and 
averaged  about  $2,000  per  year  in 
heavy  boiler  repairs. 

It  is  now  two  years  since  the  first 
of  the  new  plants  were  put  in  opera- 
tion. Since  then  not  one  of  the  boilers 
using   treated    water   exclusively   has 


gone  to  the  shop  for  boiler  repairs. 
Because  a  successful  effort  was  made 
to  reduce  the  careless  use  of  coal  on 
the  road  not  all  the  coal  saving  can 
be  attributed  to  the  treated  water,  and 
my  only  means  of  determining  this 
amount  is  to  deduct  from  the  total 
saving  a  percentage  equal  to  that  on 
adjoining  divisions. 

It  was  noted  quite  early  that,  where- 
as the  division  of  678  miles  was  saving 
4,000  tons  of  coal  per  month,  the  130 
miles  which  was  completely  treated 
was  saving  three-quarters  of  the  total, 
and  the  548  miles  of  untreated  water 
only  one-quarter  of  the  total.  It  was 
remarked  also  that  about  half  the 
water  treated  on  this  130  miles  of 
east-and-west  line  was  taken  by  en- 
gines of  north-and-south  lines  crossing 
it;  so  that  the  good  accomplished  by 
the  treated  water  did  not  all  show  on 
the  record  of  the  130  miles,  nor  even 
on  this  division,  but  on  adjoining  divi- 
sions. And  since  the  north-and-south 
engines  which  took  water  also  took 
coal,  our  record  of  coal  saved  on  this 
section  of  road  was  probably  not  more 
than  half  of  the  coal  saved  by  the 
water  treated  there. 

As  the  months  went  by,  we  found 
that  the  winter  savings  were  far  in 
excess  6f  the  summer  savings,  evi- 
dently because,  with  untreated  water, 
the  boiler  failures  and  delays  along 
the  road  were  much  worse  in  cold 
weather  than  in  warm.  As  against 
the  previous  year,  the  freight  trains 
carried  100  tons  more  load  each,  and 
there  was  saved  an  average  of  60  lb. 
of  coal  per  thousand  gross  ton-miles, 
which  was  about  25  per  cent.  More 
than  half  of  this  was  saved  during  the 
winter,  and  out  of  it  an  allowance 
must  be  made  for  the  general  saving 
along  the  line. 

There  was  a  marked  improvement 
in  the  service  and  in  its  cost;  but  the 
strike  disturbances  of  last  summer  de- 
stroyed the  continuity  of  the  record, 
so  that  only  a  rough  approximation 
can  be  made.  On  the  400  miles  of 
treated  water  line  the  results  were 
approximately  uniform  and  the  130 
miles  referred  to,  running  east  from 
Mitchell  to  Sanborn,  was  selected  for 
close  study.  The  figures  given  are 
what  remain  after  making  all  reason- 
able deductions  mentioned  above  for 
the  general  improvement  in  service 
which  followed  the  return  of  the  roads 
to  individual  control,  and  after  separ- 
ating the  accounts  of  this  130  miles 
from  the  accounts  of  the  division  as  a 
whole. 
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On  the  14  engines  operating  on  this  and,  in  most  cases,  given  a  6  or  8-lb. 
line,  at  least  $28,000  per  year  is  being  treatment  with  creosote, 
saved  in  heavy  repairs  and  at  least  That  creosoted  yellow  pine  posts 
$l2^S°Jn  running  repairs,  or  a  total  can  be  used  advantageously  in  terri- 
of  $40,000  per  year  in  repair  bills  On  tories  where  the  fire  hazard  is  t 
the  same  14  engines,  600  tons  of  coal  is  proven  by  reCords  which  have  been 
per  month  is  being  saved  which,  at  kept  on  the  Missouri,  Kansas  &  Texas 
$4  Per  ton,  amounts  to  $29  000  per  R  of  the  number  0f  treated  and  un- 
year.  This  is  a  total  of  $69,000  per  treated  ts  destroyed  by  fire  dur- 
year  saved  m  repairs  and  fuel  The  ing  the  burning  o£  the  right  of  way 
other  savings  due  entirely  to  treated  in  ]920  and  1921  The  following  data 
water  amount  to  at  least  $5,000  per  tUrnished  by  the  engineering  depart- 
ment^ or  $60,000  per  year,  an  esti-  ment  of  that  road  covers  the  iod 
mate  which  is  very  conservative.  Jan    1?  1920)  to  Dec.  31>  1921>  for  th{. 

This  makes  a  yearly  minimum  saved  states  of  Missouri,  Kansas,  Oklahoma 

of    $129,000    due    to    the  change  from  and  Texas: 

bad  boiler  water  to  good   on  a  strip  PftC!T„  Tlsr  ^^^^ 

of   road    130    miles    long,    where    the  rosTb  in  bERViCE. 

water  treating  plants   which   effected      untreated  1S33       8U 

the    change    cost  $90,000  for  construe-      Creosoted    378,578        18.7 

tion  and  where  the  cost  of  treating  .               — 

the   water  is   12   cents   per   thousand  lotal    Aoso.m      100.0 

gallons,    or    $7,200    per    year   for    the  POSTS  destroyed  BY  FIRE, 

amount  used  on  this  part  of  the  line.  untreated                         Nun5b795  Per986?  *' 

In  addition  to  improved  service  on  creosoted    ..............         '  76         1.3 

that    130    miles,    and    a    reduction    of  — — 

$129,000  in  operating  expense,  we  have         Total  5>871      10°  ° 

also    released    3    of    the    14    engines,  per  cent  op  total  posts  in  ser- 

whose    construction    cost    was    more  VICE  WHIC^^EgE  DESTROYED 

than  that  of  the  water  treating  plants.      untreated    .' 3.51 

And  what  is  true  on  the  130  miles  is      Treated  ...'.'.'.'.'.'..'.'.'.'.'.'.'.'.'.'.'. 0.0020 

true   all   over  the  treated   water   dis-  Total                                                ^>~S9 

trict.      Water    treating    plants    repay  direct  pomnari'son  of' the  relative 

more  than  their  construction  costs  in  *  resisting  mmHties  of  treated  an  1 

a  few  weeks  by  the  release  of  engines  nie  re?lstinS  qualities  ot  treated  an. t 

a  u  C!n„;„„  **-  ««««,!  „„a  Li110  untreated  posts  cannot  be  made  from 

and  by  increasing  the  speed  and  value  .         ,         y,                             f     . 

of  cars,  and  thereafter  continue  their  Jhf*5     *?! >tj*    ™!hI,,!  /ji!  "5 

„    -,      ' v  i , ,•„+„, -^i^  +v.^   ^ffs^i  treated  nosts  were  partially  decayed. 

good  work  by 'maintaining   the  efflci-  makin    -the          d   r^adil     s\iscep4le 

ency  of  the  rolling  stock  that  is  left  tQ  the°flames      But  the  /act  thg»  lGga 

in  ser\ice^ than  10Q  treated  posts  burned  out  of 

a  total  of  more  than  378,000  in  service 

Treated  Fence  Posts  in  Railway  is  evidence  that  they  are  not  easily 

Service  ignited  and  therefore  are  desirable  in 

T                                            .         v_-+4.^i  territories   where   there   is   danger  of 

..In    a    committee    report    submitted  fi                                                          & 

Jan.  24  at  the  19th  annual  convention  *                     . 

of    the    American    Wood     Preservers'  Creosoted   pine  posts  are  generally 

Association  some  interesting  informa-  uniform  in  size  and  present  a  notice- 

tion  on  the   use  of  treated   posts   by  able  contrast  to  the   cedar  and   Bois 

the  railways  was  given.  D'Arc  commonly  seen  in  right  of  way 

Many  of  the  larger  railroads  have  fences.      There    was    some    objection 

been  using  creosoted  or  zinc  treated  at  first  to   the  use  of  pine  for  fence 

fence  posts  in  more  or  less  varying  P°ses  on   account  of  the   softness   of 

quantities  for  the  past  8  or  10  years,  the  wood,  the  thought  being  that  the 

One     eastern     line     used     creosoted  ^aple  would  not  be  firmly  embedded 

beech,  birch  and  maple  posts  as  far  Jn  the  wood      This  was  overcome  by 

back  as  1911,  ffiit  most  of  the  pressure  increasing  the  length  of  the  staple, 
treated    posts    in    service    today    are 

creosoted    yellow    pine,      several    mil-  Santa   Fe  Spent  $48,000,000  for  Im- 

lion    of   which    are    on    roads    in    the  provements. — Up  to  Sent.  1  the  Atchi- 

southwest.     These   are   for   the    most  son,  Toneka  &  Santa  Fe  System  had 

part  round  pine  saplings  cut  into  9  ft.  spent    $48,351,000    for    improvements 

h-ip-ihs  with  a  4-in.  minimum  top  di-  in  1922.     It  is  expected  the  1923  im- 

ameter.     They  are  thoroughly  peeled  provement  program  will    cost     about 

and    air    seasoned    before    treatment  the  same. 
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Is   the   Steam    Locomotive   Out   of  Date? 


Questions  for  a  Co-operative  Railway  Research  Bureau  Presented  in 

a  Paper  Before  the  New  England  Railway  Club, 

January  9,  1923. 


By  L.  G.  COLEMAN, 

Assistant    General    Manager,    Boston    &    Maine  R.  R. 


For  the  past  25  years  American  rail- 
roads have  been  under  severe  crit- 
icism from  many  quarters  and  have 
suffered  much  regulation.  The  criti- 
cism in  the  past  has  been  largely  un- 
intelligent, the  result  of  more  or  less 
well-founded  resentment  of  railroad 
practices,  but  producing  legislation  of 
not  very  constructive  nature.  One 
does  not  have  to  be  a  prophet  to  say 
the  probabilities  are  that  during  the 
next  two  or  three  years  criticism  and 
regulation  will  be  more  severe  than  in 
the  past,  with,  however,  this  differ- 
ence—it will  be  more  intelligent  and 
probably  more  unfair.  It  would  ap- 
pear necessary  for  the  railroads  to 
clean  house,,  to  make  every  effort  to 
take  advantage  of  modern  ideas  and 
methods,  made  possible  by  the  rapid 
industrial  development  occasioned  by 
the  war.  We  have  been  disposed  to 
be  very  conservative,  to  hesitate  to 
adopt  new  methods.  Criticism  of  this 
failure,  while  frequently  not  taking 
into  account  financial  impossibilities, 
nevertheless  has  stuck,  and  it  is  one 
that  we  must  combat,  preferably 
where  possible  by  deeds  rather  than 
by  argument.  It  is  time  to  do — not  to 
talk. 

An  Abortive  Start. — Two  or  three 
years  ago  the  mechanical  officers  of 
the  American  Railway  Association 
were  asked  to  make  a  recommendation 
as  to  the  advisability  or  desirability 
of  establishing  a  research  bureau.  A 
committee  was  appointed  to  consider 
the  matter,  and  after  much  discussion 
an  inconclusive  report  was  handed 
down,  not  because  a  majority  did  not 
think  such  a  bureau  was  desirable, 
but,  I  am  informed,  because  they 
doubted  the  possibility  of  obtaining 
necessary  funds.  So  far  as  I  know, 
the  matter  has  never  again  been  con- 
sidered. 

Difficulties  in  the  Situation. — The 
railroad  business  is  the  largest  single 
homogeneous  industry  in  the  United 
States.  All  of  our  major  problems  are 
common  ones.  Yet,  any  investigation 
along  new  lines,  where  any  money  ex- 
penditure is  involved,  whether  it  con- 
cerns    mechanical,     maintenance     of 


way,  or  operating  methods,  must  be 
made  by  individual  railroads,  or  com- 
panies that  supply  their  physical 
wants.  Any  real  developments  usual- 
ly require  a  combination  of  products  of 
companies  manufacturing  widely  dif- 
ferent articles.  It  is  not  reasonable  to 
expect  them  to  spend  a  great  deal  of 
money  in  experiments  which  may  or 
may  not  lead  to  any  direct  gain  to 
them.  They  would  naturally  wish  to 
guide  any  development  along  lines  re- 
quiring the  least  possible  departure 
from  the  use  of  existing  products, 
when  the  best  result  might  require  a 
complete  new  design. 

Some  of  the  Possibilities. — There 
are  many  applications  of  modern  me- 
chanical methods  used  in  other  indus- 
tries which  if  assembled  will  develop 
a  machine  or  process  producing  a  sav- 
ing in  operating  costs  to  the  railroads. 
To  apply  these,  however,  much  money 
must  be  spent  in  redesigning  and  ex- 
perimenting, money  running  into  mil- 
lions of  dollars.  The  only  reasonable 
source  of  such  funds  is  the  railroads 
themselves.  A  central  research  bu- 
reau with  sufficient  income  to  obtain 
as  needed  the  services  of  the  foremost 
men  in  the  country,  and  to  finance  the 
necessary  experiments,  would  be  of 
invaluable  aid.  The  expense  pro-rated 
would  be  small  to  each  individual.  The 
railroads  are  not  competing  with  each 
other  in  money-saving  devices,  and  as 
a  body  could  experiment  more  effi- 
ciently and  cheaply  than  independent- 
ly. For  instance,  the  application  of 
gas  and  electricity  to  various  railroad 
services,  the  co-ordination  of  motor 
trucks  and  automobiles  to  railroad 
business,  the  development  of  a  manu- 
factured tie,  automatic  train  control, 
are  all  questions  which  such  a  bureau 
could  efficiently  and  economically  han- 
dle. A  real  service  will  be  rendered 
if  the  mechanical  and  maintenance  of 
way  officers  will  push  this  matter  to 
a  conclusion. 

Why  Steam  Locomotives  Are  Ineffi- 
cient.—  There  is  another  question 
which  in  my  opinion  is  the  largest  of 
any  that  such  a  bureau  alone  can  prac- 
tically solve.    I  think  there  will  be  no 
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dissent  to  the  statement  that  the 
steam  locomotive  today  is  probably  the 
most  uneconomical  and  unsatisfactory 
machine  in  industry.  We  have  made 
enormous  improvements  that,  granting 
its  inherent  original  weakness,  have 
very  much  increased  its  efficiency  as 
far  as  a  power  producer  is  concerned, 
but  these  same  improvements  have  so 
increased  the  cost  and  difficulty  of 
maintenance  that  the  time  lost  in  ter- 
minals practically  wipes  out  the  sav- 
ings due  to  fuel  economy  obtained  by 
modern  devices,  and  increased  unit 
power. 

The  inherent  weakness  of  the  steam 
locomotive  is  its  boiler.  In  stationary 
and  marine  service  the  steam  boiler  is 
handled  in  batteries;  there  are  always 
more  boilers  than  required  for  the  nor- 
mal load.  When  it  is  necessary  to  cut 
a  boiler  out  for  repairs  there  are 
enough  in  the  battery  to  keep  the 
plant  at  peak  load  until  repairs  to  the 
one  disabled  are  completed.  In  the 
locomotive,  when  the  boiler  is  out  of 
commission,  all  the  machinery  is  out 
of  commission.  It  is  fairly  safe  to  as- 
sume, with  proper  design  and  con- 
struction, with  efficient  and  thorough 
maintenance,  the  machinery  of  a  loco- 
motive can  be  kept  in  running 
from  shopping  to  shopping  without  any 
serious  interruption  to  its  use.  The 
most  efficient  possible  construction 
and  maintenance  of  a  steam  boiler, 
however,  cannot  overcome  the  abso- 
lutely necessary  delays  such  as  caused 
by  washouts,  hydrostatic  tests,  re- 
newals of  arches,  cleaning  of  flues,  ex- 
amination of  and  repairs  to  grates, 
front  ends,  etc.  No  boiler  has  yet  been 
designed  and  probably  will  not  be  that 
can  stand  the  varying  temperatures 
and  excessive  strains  of  railroad  oper- 
ation without  more  or  less  leaks  de- 
veloping which  require  repairs,  partic- 
ularly when  the  boiler  is  a  few  years 
old. 

The  limiting  factor  of  long  engine 
divisions  is  usually  the  boiler,  not  the 
machinery.  Therefore,  regardless  of 
the  most  efficient  possible  mainte- 
nance there  will,  due  to  this  weakness, 
always  be  lost  time  in  terminals  by  a 
machine  that  is  otherwise  ready  for 
service,  which  can  be  conservatively 
put  down  at  50  days  each  year.  For 
some  years  the  railroads  have  been 
striving  to  overcome  this  difficulty. 
The  remedy  that  has  been  generally 
grasped  is  electrification.  Its  principal 
weakness  is  the  large  first  cost  and 
the  necessity  for  more  or  less  con- 
stant load  to  get  a  high  efficiency  fac- 


tor. We  all  know  that  except  in  very 
few  instances  an  approximately  uni- 
form volume  of  freight  is  unknown  to 
railroads,  nor  can  it  be  expected  in  the 
future.  When  a  division  is  fully  elec- 
trified, unless  the  entire  system  is 
brought  to  the  same  condition,  flexi- 
bility is  decreased.  The  electric  loco- 
motives cannot  be  used  off  the  elec- 
tric division.  If  the  full  efficiency  of 
electrical  operation  has  been  ob- 
tained, by  doing  away  with  coaling 
plants,  ashpits,  and  other  necessary 
adjuncts  to  steam  operation,  con- 
versely steam  power  cannot  be  used 
on  an  electric  division.  This  means, 
to  take  care  of  emergencies,  an  ex- 
cess of  electric  power  on  the  electric 
division  and  an  excess  of  steam  power 
on  the  steam  divisions,  whereas  a 
smaller  surplus  of  power  that  can  be 
used  interchangeably  will  take  care  of 
two  or  three  more  divisions.  To  ob- 
tain full  benefit  from  electrical  oper- 
ation requires  complete  electrification, 
and  the  first  cost  is  frequently  pro- 
hibitive. 

There  is  little  doubt  that  we  will  be 
unable  to  get  much  further  economies 
as  long  as  we  continue  to  carry  a  port- 
able steam  boiler  on  each  of  our  power 
plants,  many  of  the  economies  in 
power  production  being  lost  by  the  in- 
creased terminal  delay  due  to  mainte- 
nance. To  summarize  briefly,  the 
delays  incidental  to  use  of  the  steam 
boiler  than  can  be  avoided  in  toto  by 
its  abolition  —  washouts,  hydrostatic 
tests,  repairs  due  to  leakage,  fire  box 
and  front  end  maintenance,  delay  on 
ashpits  and  at  coaling  plants,  water 
stations,  and  the  delay  incidental  to 
taking  water  en  route.  Do  away  with 
the  steam  boiler  and  we  do  away  with 
these  delays  and  the  ensuing  costs. 

Owing  to  complications  of  modern 
train  service  schedules,  many  railroads 
are  put  to  considerable,  expense  if 
train  and  engine  crews  are  delayed 
away  from  home  terminal.  Excessive 
repairs  to  locomotives  not  only  mean 
loss  of  revenue  upon  the  investment 
as  well  as  increased  facilities  to  take 
care  of  them  while  lying  idle  excessive 
time,  but  also  the  overtime  expense 
due  to  crews  held  away  from  home, 
which  often  is  a  large  item.  We  can 
all  remember  not  so  many  years  ago 
when  it  was  a  common  thing  to  be 
able  to  double  engine  crews.  (The 
only  reason  it  was  not  more  generally 
done  usually  was  in  order  to  obtain 
better  interest  on  the  part  of  the  en- 
gineer in  the  upkeep  of  his  engine.  At 
that  time  the  engineers  did  consider- 
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able  work  on  their  engines.  It  was 
often  thought  desirable  to  have  regu- 
lar engines  on  regular  runs.)  It  is 
fast  approaching  a  state  where  we  not 
only  cannot  double  crew  engines,  but 
require  more  engines  than  crews  in 
order  to  keep  crews  moving.  This  is 
inefficient  operation.  The  modern 
locomotive  has  become  a  very  expen- 
sive machine  and  it  should  be  in  reve- 
nue-producing service  at  least  seventy- 
five  per  cent  of  the  time  instead  of  the 
very  small  percentage  it  now  is.  I  am 
not  going  to  start  an  argument  by 
quoting  variously  estimated  percent- 
ages, but  it  is,  as  we  all  know,  exceed- 
ingly small. 

There  are  many  things  that  we  can 
do  and  many  improvements  we  can 
make  that  will  whittle  this  down,  but 
as  long  as  we  use  the  steam  boiler,  the 
main  delay  will  remain,  and  the  more 
complicated  we  make  the  locomotive, 
the  greater  this  delay  is  going  to  be 
and  the  greater  the  resulting  expense. 
Most  of  the  devices  for  improvement 
to  the  steam  locomotive  have  aimed  at 
increased  boiler  efficiency — superheat- 
er, feed  water  heater,  stoker,  flue 
blower,  etc.  Isn't  it  time  to  forget  the 
steam  boiler  and  start  out  with  a  clean 
slate  to  see  if  there  is  not  some  other 
modern  method  to  meet  our  problem? 

The  Diesel-Electric  Possibility. —  I 
am  going  to  ask  you,  in  considering 
what  follows,  to  listen  with  an  open 
mind.  Do  not  apply  what  I  am  going 
to  say  to  existing  conditions,  but  build 
from  the  ground  up,  starting  if  pos- 
sible from  the  sub-cellar. 

There  has  been  a  great  development 
of  the  Diesel  engine  in  the  past  five 
years,  but  only  the  surface  has  been 
scratched.  Such  engines  have  been 
projected  for  stationary  service  that 
will  weigh  in  the  vicinity  of  ninety 
pounds  per  horse-power,  in  which  de- 
sign the  question  of  weight  has  not 
been  a  primary  factor.  Competent 
Diesel  engine  designers  say  that  there 
is  no  reason  why  such  engines  may 
not  be  built  at  least  as  light  as  sixty 
pounds  per  horse-power. 

A  modern  2-10-2  type  locomotive 
with  fully  loaded  tender  weighs  ap- 
proximately 283  tons.  An  electric  loco- 
motive of  similar  tractive  effort  can 
be  built  at  about  130  tons,  and  will 
require  available  at  its  maximum  point 
of  consumption  1800  kilowatts.  Under 
accepted  practice  this  power  is  gener- 
ated in  a  central  stationary  power 
plant  and  distributed  by  means  of  a 
trolley  or  third  rail.  If  we  can  pro- 
duce  the   current   required    for    each 


electric  locomotive  in  a  movable 
powerplant  which  may  be  attached  to 
that  locomotive,  we  can  obtain  the  ad- 
vantages of  the  electric  locomotive 
and  dispense  with  the  disadvantages 
of  the  steam  boiler. 

To  produce  1800  kilowatts  requires 
a  brake  horsepower  of  about  2,600.  At 
60  pounds  per  horsepower,  this  would 
require  one  or  more  Diesel  engines  of 
an  aggregate  weight  of  78  tons,  one 
or  more  generators  not  over  12  tons, 
a  chassis  to  carry  this  load,  say  40 
tons,  leaving  20  tons  for  radiation  and  ' 
auxiliaries.  To  recapitulate,  for  280 
tons,  the  same  approximate  weight  as 
a  2-10-2  type  locomotive,  we  may  as- 
semble a  flexible,  movable,  fully  self- 
contained  power  plant  and  locomotive, 
driven  by  Diesel  engines  using  low- 
grade  fuel,  that  will  be  at  least  as 
economical  as  coal,  with  none  of  the 
disadvantages  of  the  steam  boiler. 

The  possibilities  in  design  are  so 
varied  as  to  offer  many  opportunities 
for  economies.  Great  flexibility  is  pos- 
sible. The  locomotive  can  be  in  one 
unit;  the  power  plant  in  another.  The 
power  plant  itself  can  be  subdivided. 
For  example,  the  unit  I  have  proposed 
would  probably  be  made  up  of  three 
or  four  Diesel  engine  generator  sets 
mounted  on  a  single  chassis.  This 
assembly  could  be  so  arranged  that  in 
case  of  failure  of  one  of  the  power 
sets  it  could  be  replaced  quickly  by  a 
spare  unit  and  the  whole  restored  to 
service  in  a  few  hours.  By  building 
the  motor  and  power  units  separately 
they  could  be  interchanged  in  case  of 
heavy  repairs  being  required  by 
either.  There  are  several  advantages 
to  be  gained  by  having  the  power 
plant  composed  of  a  group  of  small 
units  rather  than  one  large  one.  The 
peak  load  could  be  carried  by  all  the 
units,  and  one  or  more  cut  out  as  the 
power  demand  decreased,  resulting  in 
economy  of  fuel  and  wear  and  tear. 
One  of  the  serious  problems  will  be 
radiation;  it  should  be  a  comparative- 
ly simple  matter  to  use  the  cooling 
water  of  all  units  in  common,  thus 
simplifying  this  difficulty. 

In  case  of  failure  of  one  generator 
set  the  remaining  ones  would  still  be 
able  to  handle  a  considerable  train 
instead  of  causing  the  complete  fail- 
ure that  would  follow  a  similar  oc- 
currence with  one  large  power  plant. 

The  electrical  combinations  as  to 
voltage  and  amperage  are  increased 
by  the  possibility  of  hooking  the  units 
up  in  series  or  parallel  as  volts  or 
amperes  are  required.    The  machinery 


(99) 


460 


Railways  Monthly  Issue  of 


February, 


of  the  power  plant  can  be  under  con- 
stant observation  as  in  any  stationary 
plant,  and  when  one  unit  is  cut  out 
by  reason  of  reduced  power  demand, 
it  can  receive  minor  adjustments  with- 
out delay  to  the  train. 

It  will  be  possible  so  to  design  these 
two  units  that  the  locomotive  can  be 
used  with  equal  efficiency,  either  re- 
ceiving its  current  from  a  trolley  or 
from  the  generator  unit;  so,  when 
there  is  sufficient  traffic  to  warrant  a 
complete  overhead  electric  installa- 
tion on  one  division,  locomotive  units 
can  be  used  on  non-electric  divisions 
coupled  with  power  units  or  alone  on 
electric  divisions,  adding  to  their  flexi- 
bility both  during  electrification  and 
after.  When  such  a  locomotive  is  de- 
signed, it  will  be  possible  to  run  it 
much  longer  mileage  between  repair 
plants  than  the  most  efficient  steam 
engine. 

Possibilities  With  Gas  and  Alcohol. 
■ — I  have  in  this  brief  discussion  used 
the  Diesel  engine  as  the  foundation  of 
the  scheme,  because  up  to  date  it  has 
been  the  most  economical  power  pro- 
ducer available  for  the  use  I  propose. 

I  am  not  at  all  sure,  however,  after 
full  investigation  and  study,  that  the 
gas  engine  as  used  in  automobiles  and 
airplanes  may  not  work  out  more  suc- 
cessfully than  the  Diesel  engine.  Air- 
plane motors  are  built  successfully  as 
light  as  three  pounds  per  horsepower, 
such  machines  of  course  having  a  very 
short  life.  Automobile  engines  from 
twenty  to  fifty  pounds  per  horsepower 
are  cr  non.  It  would  apear  there  is 
no  r  q  why  a  perfectly  trustworthy 
ana  reliable  engine  to  develop  the 
power  required  could  not  oe  built  for 
around  fifteen  or  twenty  pounds  per 
brake  horsepower,  resulting  in  very 
considerable  lightening  and  cheapen- 
ing of  the  generator  unit.  The  main 
obstacle  to  its  use  at  the  present  time 
is  the  cost  of  fuel  for  such  an  assem- 
bly. It  does  not  necessarily  follow 
even  at  the  present  wholesale  price  of 
such  fuels  that  the  decreased  weight, 
and  first  cost,  and  the  greater  flexibil- 
ity gained,  will  not  very  nearly  coun- 
terbalance the  fuel  saving  of  the 
heavier  Diesel  type. 

There  is  another  to  me  very  inter- 
esting possibility  which  such  a  devel- 
opment would  bring  forth,  namely,  the 
use  of  fuel  alcohol.  There  seems  to  be 
a  general  agreement  that  if  the  need 
arises  and  time  and  thought  is  given 
to  it,  there  is  no  known  reason  why 
an  internal  combustion  engine  using 
alcohol  cannot  be  successfully  devel- 


oped. The  possible  power  in  a  gallon 
of  alcohol  is  greater  than  that  in  ordi- 
nary good  gasoline,  and  the  source  of 
vegetable  alcohol  is  practically  unlim- 
ited, whereas  the  source  of  gasoline 
is  thought  to  be  diminishing  and  un- 
doubtedly the  demand  for  it  is  on  the 
increase. 

If  an  engine  should  be  developed 
using  alcohol  and  there  was  any  pros- 
pect of  its  being  used  in  quantities, 
the  next  step,  namely,  a  cheap  sup- 
ply, is  a  comparatively  simple  matter 
and  need  not  be  a  stumbling  block. 

There  is  a  third  possibility,  namely, 
the  use  of  the  Diesel  engine  direct 
without  any  other  mechanical  means 
of  transmission  of  power.  It,  as  you 
all  know,  has  received  some  attention 
in  Europe.  This  does  not  appear  to 
me  to  hold  forth  the  same  promise  as 
the  use  of  electric  transmission  with 
its  very  much  greater  flexibility,  and, 
as  stated  before,  the  possibility  of 
using  electric  locomotives  interchange- 
ably with  overhead  transmission  and 
individual  power  units. 

Conclusions. — I  have  for  obvious 
reasons  only  outlined  this  scheme  in 
its  broadest  aspects.  I  have  used  only 
approximate  weights  and  general  de- 
scription, but  they  are  all  within  lim- 
its of  known  practice.  To  bring  it  to 
a  successful  issue  will  require  the 
most  painstaking  work  of  experts  in 
Diesel  engine  and  electric  design  and 
many  experiments. 

The  cost  of  locomotive  operation 
and  maintenance  is  so  great  today, 
and  so  much  greater  than  in  the  past, 
that  it  is  the  most  serious  problem 
facing  all  railroad  officers  and  needs 
heroic  treatment. 

To  make  such  an  investigation  is 
out  of  the  question  for  any  road.  It 
will  be  a  light  burden,  if  borne  by  all. 

I  believe  the  steam  locomotive  is 
out  of  date.  I  believe  that  it  is  per- 
fectly feasible  to  develop  an  equally 
powerful  and  more  economical  gas- 
driven  locomotive. 

I  believe  the  railways  of  the  coun- 
try should  establish  a  research  bu- 
reau to  investigate  this  and  other  mat- 
ters of  supreme  mutual  advantage. 

I  believe  that  such  a  bureau  should 
be  controlled  by  a  very  small  com- 
mittee to  take  complete  responsibility 
for  investigations  entrusted  to  them, 
at  least  one  and  not  more  than  three 
members  giving  their  exclusive  time 
to  this  work,  having  sufficient  funds  to 
employ  temporarily,  when  needed,  the 
best  known  experts  in  the  world,  and 
to  finance  the  necessary  experirnCQtS. 
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Street  railway  engineers  are  con- 
fronted with  a  very  large  and  impor- 
tant problem  in  the  determination  of 
the  type  of  track  construction  most 
suitable  for  the  conditions  on  their 
property.  Several  factors  enter  large- 
ly into  this  question.  Probably  the 
first  is  maximum  weight  of  equipment 
and  volume  of  traffic  to  be  carried. 

The  next  factor  is  that  of  the  condi- 
tion of  the  soil  on  which  the  track 
must  be  placed,  and  its  ability  to  sup- 
port the  loads.  This  subject,  together 
with  that  of  actual  stresses  existing 
in  the  track,  is  one  which,  unfortu- 
nately too  little  attention  has  been 
paid  in  many  cases  in  the  past,  and 
has  undoubtedly  been  responsible  for 
many  cases  of  failure  of  the  track 
structure  and  consequently  of  the  pav- 
ing. Soil  which  under  ordinary  or  nat- 
ural conditions  would  be  entirely  un- 
suitable for  supporting  any  kind  of 
track  structure  may  be  made  entirely 
satisfactory  in  several  different  ways. 
It  may  be  accomplished  by  the  use  of 
cinders  or  other  light,  porous  material 
rolled  into  the  soil  so  as  to  form  a 
binder.  Sometimes  crushed  stone  or 
slag  will  best  answer  the  purpose,  and 
in  the  latter  case  it  may  be  that  the 
m  of  the  crusher  will  accomplish  the 
best  results  rather  than  the  use  of  a 
uniform  sized  ballast.  Then  again, 
conditions  may  be  such  that  drainage 
of  some  kind  or  another  should  be  re- 
sorted to.  The  existence  of  storm 
water  sewers  in  the  streets  has  a  very 
large  effect  on  the  condition  of  the 
sub-surface  soil  in  many  cases. 

The  Matter  of  Ballast. — The  last  im- 
portant factor  is  that  of  economy,  and 
it  is  in  meeting  this  requirement  that 
the  engineer  is  called  upon  to  exercfse 
his  greatest  ingenuity,  and  is  largely 
responsible  for  the  many  different  de- 
tails of  track  construction  in  use  by 
electric  railway  companies  in  this 
country  today.  One  engineer  will  ad- 
vocate stone  ballast.  According  to  his 
ideas  6  in.  of  such  ballast  should  be 
placed  under  each  tie.  Another  engi- 
neer, while  agreeing  that  stone  ballast 
is  the  proper  material  to  use,  will  say 
that  4  in.  under  the  tie  is  sufficient. 


Still  another  engineer  will  say  that 
just  as  satisfactory  results  are  ob- 
tained by  the  use  of  gravel,  crushed 
slag,  or  perhaps  cinders  for  this  pur- 
pose. Probably  all  three  are  obtain- 
ing satisfactory  results  and  it  is  here 
that  local  conditions  play  a  very  im- 
portant part.  In  one  locality  crushed 
stone  may  be  scarce,  it  may  have  to 
be  hauled  a  long  distance,  while 
gravel  is  obtainable  locally  at  a  low 
cost.  In  the  other  case  it  may  be 
that  good  cinders  are  obtainable 
whereas  neither  stone  nor  gravel  are 
to  be  had  at  a  reasonable  cost.  Or 
it  may  be  that  the  natural  soil  condi- 
tion is  such  as  to  make  it  unnecessary 
to  use  any  other  than  the  natural  soil 
for  ballast. 

The  Matter  of  Ties. — In  the  matter 
of  ties,  some  engineers  specify  white 
oak  ties  because  they  can  still  obtain 
them  locally  or  within  a  reasonable 
distance  of  their  property.  But  it  would 
be  out  of  the  question  to  require  every 
property  to  use  white  oak  for  this  pur- 
pose, for  it  could  not  be  obtained  in 
sufficient  quantities  at  any  price. 
There  are  plenty  of  other  woods  which 
would  answer  the  purpose  for  electric 
railway  track  conditions  equally  as 
well  at  considerably  less  cost.  Many 
otherwise  inferior  classes  of  woods 
are  made  entirely  suitable  for  railway 
ties  by  the  use  of  a  proper  preserva- 
tive treatment. 

Tie  Plate. — The  use  of  tie  plates 
may  or  may  not  be  necessary  or  desir- 
able. This  depends  entirely  -  on  the 
weight  to  be  carried  by  each  tie,  and 
the  compressive  strength  of  the  wood 
at  right  angles  to  the  fibre.  If  the  rail 
base  and  the  tie  at  the  rail  bearing 
point  are  wide  enough  to  provide  a 
bearing  area  sufficient  to  kep  the  unit 
compressive  strength  within  the  prop- 
er working  limits  and  prevent  exces- 
sive cutting  during  the  life  of  the  tie, 
then  tie  plates  are  not  necessary  and 
their  use  adds  nothing  to  the  life  of 
the  track  and  only  serves  to  increase 
its  cost.        # 

The  Question  of  Rails  and  Joints. — 
As  to  the  question  of  rails  and  joints, 
we  are  again  confronted  with  a  large 
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assortment  from  which  to  choose. 
Heinz  with  his  "57  varieties"  has  noth- 
ing on  us  when  it  comes  to  selecting  a 
rail.  And  the  worst  of  all  is  the  fact 
that  the  rail  manufacturers  are  ap- 
parently willing  to  continue  to  make 
new  sections  as  fast  as  a  railway  com- 
pany with  sufficient  influence  makes  a 
request  for  one,  sometimes  making 
that  company  pay  for  the  cost  of  the 
new  rolls,  and  sometimes  absorbing 
this  cost  in  its  general  manufacturing 
overhead.  In  many  cases  the  differ- 
ences between  rails  are  so  slight  as  to 
be  hardly  noticeable.  Here  again 
weight  of  equipment,  volume  of  traffic, 
design  of  wheel  treads  and  flanges,  as 
well  as  details  of  the  rest  of  the  track 
structure  must  enter  into  the  discus- 
sion. I  will  not  attempt  to  evpress  an 
opinion  of  the  relative  merits  of  the 
various  rails,  either  as  to  details  of 
design  or  on  what  is  ordinarily  re- 
ferred to  as  T-rail  (either  high  tee  or 
standard  section)  versus  girder  rail 
(either  grooved  or  tram),  as  this  is  a 
field  which  would  start  an  argument 
that  would  in  itself  take  up  more  time 
than  is  available  at  this  conference. 

It  is  generally  admitted  that  street 
railway  engineers  are  divided  into  two 
camps,  one  of  which  advocates  a  rigid 
track  structure,  that  is  either  steel 
ties  encased  in  concrete  or  some  form 
of  concrete  beam  support,  while  the 
other  advocates  an  elastic  or  resilient 
supporting  structure  for  their  rails. 
While  I  have  some  very  decided  views 
on  this  subject,  I  do  not  intend  to  say 
on  which  side  of  the  fence  my  camp 
is  located,  for  this  would  again  open 
up  a  field  for  discussion  which  has  no 
place  at  a  conference  of  this  kind. 

A  concrete  pavement  in  a  track 
space  can  be  put  down  at  a  very  rea- 
sonable figure,  and  when  it  is  laid  it 
looks  fine.  But  rails  have  a  peculiar 
habit  of  breaking  every  once  in  a 
while  and  the  joints  go  bad  and  that 
concrete  has  to  be  taken  up,  and  it 
is  almost  impossible  to  make  a  satis- 
factory repair  job  on  the  concrete 
work,  and  if  you  are  trying  to  rebuild, 
your  salvage  value  is  practically 
nothing. 

Impracticability  of  Preparing  Def- 
inite Specification.  —  The  point  to 
which  I  have  been  endeavoring  to  lead 
throughout  this  discussion  is  the  im- 
practicability of  preparing  a  definite 
specification  for  street  railway  track 
construction  which  is  the  best  for  all 
conditions.     Neither  is  it  desirable  to 


set  up  two  or  three  types  as  standard 
and  say  to  the  railway  industry,  "Us< 
this  type  here,  or  that  type  there. 
Such  a  specification  or  standard  design 
would  work  an  unnecessary  financial 
hardship  on  the  largest  percentage  of 
street  railway  companies  and  would 
probably  not  give  the  best  results  to 
a  great  many  others  who  were  finan- 
cially able  to  build  in  accordance  with 
it.  And  not  only  must  economy  in 
first  cost  be  considered,  but  economy 
in  subsequent  maintenance  as  well. 
And  last,  there  is  still  the  fact  to  face 
that  track  wears  out  and  must  be  re- 
placed and  it  should  be  so  designed 
as  to  permit  the  maximum  salvage  at 
the  time  of  reconstruction.  This  is 
equally  desirable  in  the  case  of  pave- 
ment. This  is  an  item  that  is  apt  to 
be  frequently  disturbed  and  the  cheap- 
est in  first  cost  is  often  the  most  ex- 
pensive in  the  long  run. 

Standard  specifications  for  the  mis- 
cellaneous materials  entering  into  a 
track  can  and  should  be  prepared,  but 
to  say  that  any  given  combination  will 
result  in  the  best  track  for  all  condi- 
tions would  be  about  as  ridiculous  as 
to  say  that  there  is  one  best  automo- 
bile or  one  best  of  everything  else  that 
is  manufactured  by  assembling  a  num- 
ber of  different  units  together.  The 
experience  of  others  is  a  good  guide  as 
to  what  may  be  expected  from  any 
particular  type  of  construction  but  this 
experience  should  be  determined  from 
careful  personal  observation  and  not 
from  camouflaged  reports.  Efforts 
along  this  line  shoud  be  directed  to- 
wards laying  down  the  principles 
which  should  preferably  be  followed 
by  various  given  conditions  in  order 
that  the  best  results  may  be  expected. 


$2,000  Lumber  Improvement  Con- 
test.— The  National  Lumber  Manufac- 
turers' Association  has  announced  that 
entries  in  its  $3,000-prize  contest  will 
close  on  March  15,  in  order  that  they 
may  be  ready  for  submission  to  the 
annual  meeting  in  New  Orleans  March 
21.  Any  person  in  or  out  of  the  in- 
dustry who  has  a  method,  machine  or 
device  which  will  in  practical  appli- 
cation result  in  a  material  saving  of 
labor,  time,  material  or  expense  in  the 
lumber  manufacturing  industry  is  in- 
vited to  enter  the  competition.  The 
purse  is  divided  into  a  first  prize  of 
$1,000,  a  second  prize  of  $500,  three 
prizes  of  $100  and  four  of  $50,  so  that 
there  are  nine  chances  than  an  entrant 
will  "be  in  the  money,' 
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Portable  Camp  on  Logging 
Railroad  Construction 

A  portable  camp,  having  a  number 
of  interesting  features,  was  used  by 
W.  A.  Bechtel,  contractor,  San  Fran- 
cisco, Calif.,  for  housing  his  men 
while  constructing  a  logging  railroad 
near  Oroville,  Calif.,  for  the  Hutchin- 
son Lumber  Co.  We  are  indebted  to 
American  Ditcher  Scoopings  for  the 
following  details. 

The  camp  was  composed  of  old  pas- 
senger cars  remodeled  to  fill  the  re- 
quirements of  a  boarding  train.  The 
cars  were  passenger  equipment  se- 
cured from  a  short  line  railway  which 
had    discontinued     operation.     These 


denim  ticking  over  genunie  felt  mat- 
tresses. 

The  large  dining  car  was  refinished 
in  the  same  way,  and  fitted  with  a 
long  table  built  in  sections. 

The  car  used  for  the  kitchen  and 
dining  room  for  foremen  and  train- 
men was  formerly  a  combination  bag- 
gage car,  the  baggage  end  Was  made 
over  into  a  cabinet  kitchen,  capable 
of  caring  for  125  men,  with  hot  water 
storage  tanks  specially  constructed  in 
the  top  of  the  car  with  check  valves 
between  tanks.  A  regulation  steam 
water  glass  was  installed  in  order 
that  kitchen  help  may  know  when  to 
turn  on  the  water,  if  running  water  is 
supplied,  or  call  the  "Bull  Cook,"  who 


The    Dining    Car    for    the    Laborers. 


were  skillfully  remodeled  into  sleep- 
ing, dining  and  office  cars.  The  ac- 
companying pictures  give  some  idea 
of  how  these  cars  look  inside. 

The  seats  and  toilets  were  all  re- 
moved from  the  dining  and  sleeping 
cars.  Any  recesses  in  the  walls  left 
by  the  removal  of  these  fittings  were 
carefully  refilled  by  expert  carpenters 
and  the  whole  interior  was  painted 
and  refinished,  giving  the  appearance 
of  new  construction  throughout.  The 
sleeping  cars  are  equipped  with 
double-deck   steel    bunks   with    heavy 


looks  after  fuel  and  water,  if  water 
has  to  be  pumped.  The  aim  in  con- 
structing the  kitchen  was  to  provide 
every  convenience  possible  for  the 
cook  and  kitchen  help,  thereby  mak- 
ing their  work  easier  and?  enabling 
them  to  take  care  of  a  greater  num- 
ber of  men.  Naturally  it  was  neces- 
sary to  use  every  foot  of  space  to 
the  best  possible  advantage  in  a 
kitchen  having  only  160  sq.  ft.  of  floor 
space. 

In  the  dining  car  arrangement  for 
foremen,   trainmen,   etc.,    the   passen 
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The   Kitchen   Car. 


The  Sleeping   Car. 
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ger  coach  end  of  a  combination  bag- 
gage car  was  used,  the  seats  being 
rearranged  by  placing  them  about  1 
ft.  farther  apart  than  regulation, 
using  one  back  for  two  seats  and 
single-tables  for  both  main  and  side 
tables.  When  the  outfit  is  moved  these 
tables  can  be  hooked  to  the  wall 
leaving  seating  capacity  for  employes. 
Sleeping  quarters  for  kitchen  help 
were  provided  in  this  car. 

At  first  steam  was  used  for  heat- 
ing, but  it  is  not  practicable  to  have 
steam  for  heating  purposes  when 
train  is  disconnected  from  the  loco- 
motive, so  it  was  necessary  to  resort 
to  stoves,  which  ordinarily  were 
found  to  be  impracticable  especially 
for  moving  trains.  However,  the  con- 
ictor  found  some  old-fashioned  pas- 
senger car  heating  stoves  in  railroad 
companies'  scrap  piles.  These  stoves 
lave  been  obsolete  for  many  years, 
mt  for  the  camp  purpose  these  stoves 
ire  quite  satisfactory. 

The  lighting  at  present  is  supplied 
by  Baker-Rochester  oil  lamps.  How- 
ever, consideration  is  being  given  to 
the  installation  of  electricity  with  a 
generator  propelled  by  a  gas  engine 
which  will  also  furnish  power  for  a 
refrigeration  plant.  This  equipment 
would  be  installed  in  a  large  box  at 
one  end  of  the  train  to  serve  also  as 
a  storage  room  for  supplies. 

The  general  caretaker  of  this  train 
is  known  as  a  "Bull  Cook."  It  is  his 
duty  to  see  that  the  cars  are  thor- 
oughly swept  and  cleaned  daily;  to 
look  after  the  fires  in  the  cars,  and 
see  that  all  rubbish  and  unsightly  ma- 
terials that  accumulate  about  a  camp 
are  disposed  of.  These  efforts  to 
keep  things  ship-shape  have  spurred 
the  men  toward  doing  more  laundry 
work  for  themselves  and  taking  baths 
at  frequent  intervals — in  fact,  Mr.  W. 
A.  Bechtel  states  that  his  efforts  to 
provide  better  living  conditions  for 
his  men  have  resulted  in  the  men  do- 
ing their  share,  and  he  states  that 
he  is  satisfied  that  men  will  respond 
and  help  to  make  a  better  camp  if  a 
lead  is  taken  in  this  respect,  notwith- 
standing the  contrary  opinion  of  most 
employers.  Some  men,  of  course,  did 
not  appreciate  the  efforts  made  to 
give  them  clean  and  comfortable  liv- 
ing quarters,  while  others  were  grate- 
ful. On  the  whole,  Mr.  Bechtel  be- 
lieves that  the  majority  of  the  men 
appreciated  it  and  his  belief  is  backed 
by  the  fact  that  his  labor  turn-over 
was  considerably  less  than  that  of 
other  contractors  doing  similar  work 


Gage    for   Determining   Space 
Available  for  Angle  Bars 

The  lines  of  the  Municipal  Railway 
of  St.  Petersburg,  Fla.,  have  a  large 
variety  of  makes  of  rail,  varying  from 
50  lb.  to  80  lb.  in  nearly  all  sizes  and 
shapes.  One  line  in  particular  that 
was  built  of  relaying  rails  that  were 
never  properly  graded  before  laying 
has  all  varities.  Very  often  it  is  de- 
sirable to  know  the  approximate  size 
of  the  angle  bars  that  are  needed  at 
various  points.    In  order  to  determine 


Gage   for    Rail    Angle    Bars. 

this  readily  a  gage  has  been  devised 
by  J.  S.  Wilder,  engineer  mainte- 
nance of  way  department,  as  shown 
in  the  accompanying  illustration,  re- 
produced from  the  Electric  Railway 
Journal. 

The  gage  is  made  of  two  copper 
strips.  One  edge  of  the  lower  one, 
shown  at  B,  is  bent  around  a  stiff 
steel  wire  in  a  vise.  A  corresponding 
edge  at  A  is  also  bent,  but  to  a  slight- 
ly larger  diameter  than  that  of  B,  so 
that  the  bent  portion  of  A  can  be 
slipped  over  that  of  B.  A  reasonably 
close  fit  should  be  secured  between 
the  round  parts.  It  will  thus  be  seen 
that  the  two  parts  can  slide  over  each 
other  and  form  a  gage  to  indicate  the 
space  available  for  an  angle  bar.  The 
part  marked  A  has  a  scale  of  gage 
marks  on  it.  The  line  marked  at  8 
was  first  located,  that  being  the  size 
of  an  angle  bar  for  a  60-lb.  A.S.C.E. 
rail.  Divisions  were  drawn  each  side 
of  the  8  mark  every  sixteenth  inch. 
By  placing  this  gage  in  position  and 
noting  the  readings  on  the  gage,  the 
proper  size  bar  can  be  readily  deter- 
mined. It  should  be  noted  that  the 
rounded  corners  which  fit  against  the 


(105) 


466 


Railways  Monthly  Issue  of 


February, 


rail  should  have  a  larger  radius  than 
that  of  the  rail  section  to  overcome 
any  variations  in  the  shape  of  the  va- 
rious rails.  If  several  gages  are  made 
exactly  alike,  the  track  foreman  can 
send  in  for  an  angle  bar  of  a  certain 
size  and  boring  as  required.  He  also 
can  indicate  when  one  end  of  the  bar 
should  be  ground  off  to  some  other 
size. 


Cause  and   Prevention 
Land  Slides 


of 


A    Discussion    in    the    December    Pro- 
ceedings    of     the     Engineers'     So- 
ciety of  Western  Pennsylvania 

By  H.  R.  THAYER, 

Of  Markhart -Thayer  Engraving  Co.  Pitts- 
burgh. 

Western  Pennsylvania  was  formerly 
a  bed  of  shale  and  silt  lying  at  the 
edge  of  a  vast  inland  sea  occupying 
what  is  now  the  basin  of  the  Missis- 
sippi. Then  some  convulsion  of  nature 
elevated  it,  and  the  drainage  systems 
began  to  cut  out  channels.  The  result- 
ing topography  in  the  vicinity  of 
Pittsburgh  has  been  a  series  of  ridges 
and  valleys.  The  surface  of  the  shale 
has  disintegrated  into  clay,  and  every 
engineer  in  the  district  realizes  the 
problem  thereby  created.  Every  cut 
in  these  slippery  slopes  brings  with  it 
its  risk.  They  speak  about  "putting 
money  in  a  hole"  but  those  who  have 
to  contend  with  a  slide  do  not  even 
get  this  satisfaction,  for  the  ooze  soon 
fills  up  every  last  semblance  of  any 
excavation. 

I  do  not  know  of  any  better  exam- 
ple, however,  of  the  useful  application 
of  the  truths  of  science  to  everyday 
affairs. 

Classification  of  Earth  Movements. 
— We  may  classify  earth  movements 
as  of  five  different  types: 

The  first  occurs  where  the  earth  is 
deposited  or  cut  into  at  a  slope  ex- 
ceeding the  angle  of  repose,  usually 
assumed  for  earth  at  about  34  degrees. 
The  usual  and  proper  remedy  is  to 
flatten  the  slope  or  to  build  a  retain- 
ing-wall  if.  the  former  course  is  im- 
practicable. 

The  second  case  is  where  a  heavy 
load  is  placed  upon  the  earth.  This  is 
really  a  special  case  of  the  first  va- 
riety and  has  the  same  remedies. 

The  third  case  is  that  caused  by 
the  disintegration  of  the  material.  It 
gives  trouble  where  too  high  an  angle 
of  repose  has  been  assumed.    This  is 


an  error  likely  to  occur  when  excavat- 
ing in  friable  rock. 

The  fourth  case,  fortunately  rare  in 
this  district,  is  caused  by  earthquakes. 
There  is  no  remedy;  at  least,  none  at 
present.  One  has  to  take  what  is 
sent  hiim 

The  fifth  case,  common  in  this 
vicinity,  is  what  is  called  a  "slide."  In 
a  hillside,  apparently  solid,  an  irregu- 
lar mass  breaks  loose.  The  top  cracks 
and  heaves  in  an  irregular  manner, 
while  a  clayey  mass  pushes  out  as  a 
toe  at  the  bottom.  The  motion  may 
be  very  slow,  say  a  few  inches  per 
year  to  a  few  inches  per  day.  The 
force  developed  is  very  large  and  con- 
struction to  hold  it  must  be  corre- 
spondingly massive. 

So  far  as  the  writer  knows,  slides 
occur  only  in  a  clay  coil.  Keep  clay 
perfectly  dry  and  it  is  a  most  depend- 
able material.  Under  these  circum- 
stances it  will  remain  vertical  for  .i 
long  time  if  not  indefinitely;  but  water 
changes  its  character  entirely,  render- 
ing it  a  most  treacherous  material. 
Its  angle  of  repose  becomes  very  low, 
possibly  something  like  10  degrees. 
As  we  should  expect,  the  angle  at 
which  the  clay  will  stand  depends 
largely  upon  the  moisture  present 
therein;  and  if  anything  happens  to 
increase  its  moisture  content  its  sta- 
bility is  decreased  and  if  this  goes  far 
enough  movement  begins  and  we  have 
a  slide.  So  far  as  the  writer  knows, 
water  is  the  only  cause  of  slides.  If 
ground  which  has  been  stable  for  a 
long  time  starts  to  move,  it  will  be 
because  the  slope  has  been  changed 
or  unusual  amounts  of  water  have 
been  introduced. 

Methods  of  Treating  Slides. — There 
are  four  methods  of  treating  a  slide: 

The  first  is  to  restrain  it  by  means 
of  piles  or  a  retaining  wall.  Great 
strength  is  often  needed  to  make  this 
effective  and  these  methods  are  al- 
ways expensive.  The  next  idea  is  to 
"dig  it  out."  This  is  archaic,  expen- 
sive, and  generally  unsatisfactory. 
There  are  cases,  however,  where  it  is 
the  only  thing  to  be  done,  although 
often  involving  very  large  amounts  of 
material. 

The  third  method  is  to  drain  the 
affected  area,  thereby  removing  the 
water,  which  is  always  the  cause  of 
the  trouble.  This  is  likely  to  be  ex- 
pensive but  has  proven  quite  satis- 
factory. 

The  last  method  is  one  of  preven- 
tion. It  is  usually  available  and  will 
be  in  every  way  the  most  satisfactory. 
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The  first  step  is  a  careful  and  thorough 
investigation.  There  should  be  a  topo- 
graphical survey  with  borings,  also 
a  history  of  the  slide  with  rainfall 
records  and  progress  chart.  The 
amount  of  water  flowing  from  the  foot 
of  the  slide  and  its  variation  and 
nature  should  be  carefully  observed. 
The  water  may  be  from  springs,  from 
the  surface,  sewage,  or  water-supply. 
From  the  above  data  it  should  be  easy 
to  determine  the  source. 

The  next  step — locating  the  definite 
place  from  which  the  trouble  comes — 
will  not  give  engineers  very  much 
trouble  as  these  methods  are  too  well 
known  to  need  elaboration  here.  If 
it  be  a  leaky  waterp'ipe  it  is  resoldered 
or  better  still  moved  to  a  more  favor- 
able location.  Sewer-pipe  we  may  like- 
wise mend  or  move,  while  surface 
drainage  may  be  ditched  off  the  slope. 
The  treatment  of  spring  water  will 
give  the  most  trouble,  but,  since  this 
has  always  been  present,  the  chances 
are  that  it  is  not  the  cause,  unless 
someone  has  been  careless  enough  to 
fill  directly  over  a  spring. 

To  prevent  a  slide: 

If  possible,  avoid  digging  into  a  clay 
slope  carrying  water  in  greater  or 
less  quantities.  If  it  must  be  done, 
drain  thoroughly  and  keep  out  all  the 
water  you  can.  Locate  water  and 
sewer-pipes  as  far  away  as  you  can. 
Turf  the  slopes. 

If  water  can  be  excluded,  and  you 
can  be  sure  that  external  water  will 
always  be  kept  out,  a  slope  of  34 
degres  (iy2  to  1)  can  be  used  with 
confidence. 


Class  I  Railroads  in  1922  Earned  Net 
Operating  Income  of  4.14  Per  Cent. — 
The  Class  One  railroads  of  the  United 
States  in  1922  had  a  net  operaing  in- 
come of  $776,421,400,  which  represent- 
ed a  return  of  4.14  per  cent  on  their 
tentative  valuation,  according  to  tabu- 
lations cased  on  complete  reports  just 
filed  by  the  carriers  with  the  Inter- 
state Commerce  Commission.  The  net 
operating  income  for  those  carriers  in 
1921  amounted  to  $615,945,600,  which 
was  equivalent  to  a  return  of  3.29  per 
cent.  These  figures  are  based  on  re- 
ports from  193  Class  One  railroads 
representing  a  total  mileage  of  235,078 
miles.  Operating  revenues  of  the 
Class  One  carriers  for  the  year  totaled 
$5,616,284,800,  an  increase  of  8-10  of 
1  per  cent  over  the  calendar  year  1921, 
while  operating  expenses  totaled  $4,- 
454,939,700,  or  a  reduction  of  3.2  per 
cent  under  the  year  before. 


English    Literature    for    the 
Engineer 

By   P.  B.   McDONALD, 

Assistant    Professor    of    English,    College 
of  Engineering,  New  York  University. 

Occasionally  an  engineering  ac- 
quaintance of  mine  who  is  leaving 
for  some  lonesome  post  in  South 
America,  or  the  Rocky  Mountains,  or 
Mexico,  asks:  "What  is  a  good  intro- 
ductory book  on  English  literature?" 
He  explains  that  he  has  always  meant 
to  become  better  acquainted  with  gen- 
eral literature  but  has  never  had  the 
time.  Now,  since  he  is  to  be  away 
from  the  distractions  of  towns,  he 
wants  to  make  up  for  neglected  op- 
portunities and  obtain  a  better  knowl- 
edge of  the  books  that  engineers  are 
usually  too  busy  or  too  "practical"  to 
read. 

A  good  introductory  account  of  Eng- 
lish literature  is  contained  in  two 
volumes  compiled  from  the  notes  of 
Japanese  students  in  the  classes  of 
Lafcadio  Hearn,  "the  interpreter  of 
the  Japanese  genius  to  the  western 
world."  Hearn  was  professor  of  Eng- 
lish literature  in  the  University  of 
Tokyo  from  1896  to  1902,  in  which 
position  he  served  as  the  interpreter 
of  the  western  world  to  Japan.  These 
two  volumes,  called  "Interpretations 
of  Literature,"  have  been  edited  by 
Professor  John  Erskine  of  Columbia 
University  and  published  by  Dodd, 
Mead  &  Co. 

Professor  Erskine  explains  in  the 
introduction  that  Hearn  was  broader 
minded  than  the  conventional  lectur- 
er in  English  literature  to  whom 
American  students  are  accustomed; 
that  he  wasted  no  time  on  the  analysis 
of  technique  (usually  an  interest- 
killing  process  in  the  ordinary  course 
in  English  literature),  "knowing  that 
the  emotional  substance  of  literature 
must  become  a  personal  and  conscious 
possession  of  the  reader  before  the 
discussion  of  technique  can  be  profit 
able";  and  that  he  included  in  his 
conception  of  literature,  besides  the 
belles  lettres  that  constitute  the  sole 
stock  in  trade  of  the  typical  professor 
of  English,  the  masterpieces  of  his- 
t  o  r  i  c  a  1,  of  philosophical,  and  of 
scientific  writing.  In  lecturing  to  for- 
eign students,  he  made  himself  ex- 
ceptionally clear  both  in  word  and 
idea;  he  appealed  to  their  imagina- 
tion while  avoiding  scholastic  word- 
spinning.  It  is  interesting  to  think  of 
this  man  of  Irish  and  Greek  descent, 
who  had  lived  as  a  journalist  in  the 
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United  States,  and  who  became  a 
naturalized  Japanese,  lecturing  in 
English  to  Japanese  students  on  a 
subject  in  which  most  American  uni- 
versities would  consider  him  unquali- 
fied because  he  was  self-taught  from 
wide  reading.  It  is  interesting  to  note 
what  things  he  found  important  to 
tell  his  class  about  the  literature  of 
the  great  English-speaking  world  from 
which  they  were  so  different. 

One  of  the  best  lectures,  and  one 
that  well  shows  Hearn's  ability  to 
make  difficult  matters  clear  is  that 
on  Caryle's  "Sartor  Resartus."  Says 
Hearn:  "As  a  young  man  less  than 
twenty  years  of  age,  I  repeatedly  tried 
to  read  the  books  and  could  not.  I 
could  not  understand  a  single  page  of 
it.  There  were  indeed  sentences 
which  dazzled  and  charmed  my  im- 
agination, but  I  was  not  very  sure 
what  they  meant.  .  .  .  But  after 
reaching  middle  life,  I  opened  the 
book  again,  and  every  page  was  full 
not  only  of  light  but  of  lightning. 
.  .  .  The  name  of  the  book  means 
'the  tailor  repatched,'  an  extraordi- 
nary title,  but  not  out  of  keeping 
with  the  extraordinary  subject,  which 
is  the  philosophy  of  clothes.  .  .  . 
The  meaning  is  that  the  phenomenal 
universe  is  only  the  visible  garment 
of  the  invisible  infinite." 

Hearn  then  proceeds  to  show  that 
Carlyle  looked  upon  the  body  as  the 
garment  of  the  soul.  In  the  dour 
Scotsman's  words:  "that  living  flood, 
holding  the  whole  street,  of  all  quali- 
ties and  ages,  knowest  thou  whence 
it  is  coming,  whither  it  is  going?"  And 
Hearn  explains:  "The  ordinary  man 
would  answer,  'Oh,  those  people  are 
going  home,  or  going  to  their  busi- 
ness'; but  the  thinker's  question  re- 
quires a  much  larger  answer.  The 
true  answer  is  that  they  come  out  of 
an  absolute  mystery,  out  of  eternity, 
like  the  world  itself.  .  .  .  They  are 
spirits  made  visible  by  a  garment  or 
dress  of  flesh  which  they  wear.  .  .  . 
Thus  the  mere  sight  of  a  man  walk- 
ing down  the  street  is  really  one  of 
the  most  extraordinary,  one  of  the 
most  mysterious,  and  one  of  the  most 
unexplainable  things  in  the  world.  Yet 
very  few  people  ever  think  about  the 
matter." 

As  these  suggestions  indicate,  Car- 
lyle taught  how  to  be  deeply  religious 
without  depending  upon  conventional 
theology,  which  he  termed  "Hebrew 
old  clothes."  Farther  along  in  the 
same  lecture,  Hearn  says:  "A  shallow 
thinker  is  very  apt  to  imagine   that 


the  value  of  truth  is  altogether  abso- 
lute and  unquestionable.  But,  as  a 
matter  of  fact,  we  can  not  live  in 
human  society  by  truth — I  mean  we 
can  not  live  and  act  according  to  our 
own  feelings  and  opinions.  Every  one 
of  us  must  sacrifice  his  feelings  occa- 
sionally for  the  sake  of  other  people; 
and  you  can  not  do  this,  you  can  not 
perform  the  ordinary  duties  of  life, 
without  pretending  a  little  to  be  what 
you  are  not.  .  .  .  Every  one  of  us 
must  act  a  little,  and  must  recognize 
that  the  world  is  indeed  a  great 
theater,  in  which  everybody  must  play 
a  part,  and  must  wear  the  mask  of 
an  actor,  all  for  the  good  of  the  world 
and  for  the  happiness  of  mankind. 
Relatively  speaking,  nothing  is  so  nec- 
essary to  man  as  illusion,  as  the 
beautifully  untruthful.  Human  ideals, 
human  aspirations,  have  all  bee*.i 
more  or  less  based  upon  the  impos- 
sible, the  untrue.  But  how  much  good 
has  been  thus  accomplished."  This 
phase  of  "Sartor  Resartus"  is  an  argu- 
ment for  clothes  as  a  means  of  hiding, 
as  a  convention  and  pretension.  "And 
finally,  just  as  he  [the  young  man] 
has  discovered  that  pain  and  evil  are 
necessary,  so  he  discovers  that  many 
things  which  at  one  time  seemed  to 
him  falsehoods,  defections,  follies,  are 
of  incalculable  value,  and  really  form 
the  outer  husks  or  masks,  or  visible 
garments,  of  invisible  truth." 

Referring  to  Carlyle's  own  bitter 
experiences  in  life,  Hearn  summarizes 
an  important  paragraph  of  the  book: 
"Many  people  think  that  success  in 
life,  for  a  man  of  talent  and  energy, 
chiefly  depends  upon  working  patient- 
ly and  steadily,  acting  honestly  in  all 
things,  doing  one's  very  best  in  what- 
ever one  undertakes,  and  always 
performing  one's  duty,  when  duty  re- 
quired. .  .  .  But  a  man  who  believes 
that  this  is  enough,  is  under  a  very 
great  and  very  sad  mistake.  .  .  .  For 
the  obstacles  [in  life]  are  the  wicked- 
ness and  the  folly  and  the  ignorance 
and  the  envy  and  the  malice  of  other 
men." 

These  extracts  suggest  Hearn's 
treatment  of  a  difficult  book  like 
"Sartor  Resartus."  In  the  interpreta- 
tion of  a  still  more  difficult  subject, 
that  of  philosophy,  he  is  likewise  sur- 
prisingly clear  and  stimulating.  Phil- 
osophy is  so  abstract  and  formal  in 
its  phraseology  that  the  beginner  is 
ordinarily  bewildered.  Note  for  com- 
parison this  extract  from  a  well- 
known  text-book,  Professor  Thilly's 
"History  of  Philosophy";  "But  how  is 
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this  possible?  asks  Parmenides ;  how 
can  a  thing  both  be  and  not  be?  How 
can  any  one  think  such  a  contradic- 
tion; how  can  a  thing  change  its 
qualities,  how  can  one  quality  be- 
come another  quality?  To  say  that 
it  can,  is  to  say  that  something  is  and 
something  is  not,  that  something  can 
come  from  nothing,  and  that  some- 
thing can  become  nothing.  Or,  to  em- 
ploy another  line  of  argument:  If 
being  has  become,  it  must  either  have 
come  from  not-being  or  from  being. 
If  from  not-being,  it  has  come  from 
nothing,  which  is  impossible;  if  from 
being,  then  it  has  come  from  itself, 
which  is  equivalent  to  saying  that  it 
is  identical  with  itself  or  always 
was." 

Books  on  philosophy  are  full  of  such 

I  arguments  as  that.  But  Hearn  ex- 
plains Bishop  Berkeley's  idealism  in 
a  lucid  manner  too  rarely  found  in 
writings  on  philosophy.  He  says: 
'Eighteenth  century  scepticism  rested 
upon  the  assumption  that  everything 
must  be  explained  by  the  matter  and 
the  forces  inherent  in  matter.  But 
it  was  rather  startling  to  be  asked  all 
of  a  sudden,  'What  is  matter?  What 
do  you  know  about  it?'  .  .  .To  quote 
Huxley's  words,  the  great  discovery 
of  Berkeley  was  'that  the  honest  and 
rigorous  following  up  of  the  argument 
which  leads  us  to  materialism,  invari- 
ably carries  us  beyond  it.'  "  Locke  had 
argued  that  matter  has  primary  and 
secondary  qualities.  The  secondary 
qualities,  such  as  color,  sound,  smell, 
taste,  warmth,  and  cold,  he  said,  had 
no  existence  outside  of  the  mind;  the 
primary  qualities,  such  as  extension, 
figure,  solidity,  motion,  rest,  and 
number,  do  have  existence  outside  of 
the  mind.  But  Berkeley  said  that 
even  these  primary  qualities  have  no 
existence  outside  of  the  mind;  that 
nothing  exists  except  mind.  "All  that 
we  imagine  we  perceive  by  the  senses, 
we  perceive  really  within  the  brain 
only;  and  we  have  no  proof  of  any 
reality  outside  of  ourselves  in  the 
material  sense." 

This  singular  theory,  which  requires 
Hearn's  entire  chapter  to  explain 
fully,  has  had  a  tremendous  effect 
upon  thought  and  conduct,  since 
Berkeley's  time.  Bluff  Samuel  John- 
son, when  asked  his  opinion  of  it, 
kicked  a  boulder  in  his  path  to  prove 
that  something  exists  except  mind. 
Hearn  adds:  "Even  Byron,  liberal  as 
he  was  in  other  matters,  proved  too 
shallow  to   appreciate    the   greatness 


of  Berkeley,  as  he  shows  by  the  jest- 
ing lines: 
"When    Bishop    Berkeley    said    there 

was  no  matter, 
It  was  no  matter  what  he  said." 

Many  of  Hearn's  lectures  are  on 
poetry,  since  that  form  of  expression 
has  proved  especially  suited  to  the 
brooding  genius  of  the  Anglo-Celtic 
race,  for  many  ideas  and  fancies  are 
better  adapted  to  such  a  form  than  to 
prose.  Some  engineers  do  not  care 
for  poetry,  of  course,  and  many  others 
consider  it  to  be  only  a  clever  ag- 
glomeration of  jingles.  Perhaps  the 
best  way  of  thinking  of  poetry  is  as 
a  point  of  view.  For  example,  when 
the  word  "water"  is  pronounced  to 
the  ordinary  man  in  the  street,  he 
thinks  of  rain,  a  river,  or  the  ocean; 
when  "water"  is  mentioned  to  a 
chemist,  he  thinks  of  H20  in  a  test- 
tube;  when  a  person  in  a  poetical 
frame  of  mind  hears  the  word  "water" 
he  forms  mental  pictures  of  an 
enchanted  pool  in  the  forest  or  of  a 
brook  glimmering  in  sunlight  and 
shadow. 

The  lecture  "Poems  on  Night,  the 
Moon  and  the  Stars"  shows  Hearn's 
method  of  explaining  English  poetry 
to  his  Japanese  students.  He  says: 
"The  subject  of  night  is  necessarily 
the  most  sublime  of  all  possible 
poetry;  for  the  most  sublime  of  all 
sights  is  the  sight  of  the  night  sky. 
.  .  .  The  sight  of  the  sea  in  a  great 
storm,  or  the  sight  of  a  tremendous 
range  of  mountains  covered  with  eter- 
nal snow,  may  be  called  a  sublime 
aspect.  But  how  much  more  sublime 
is  the  sight  of  the  sky  at  night,  when 
there  are  no  clouds,  and  all  the  stars 
appear  sparkling  before  you.  .  .  . 
We  know  that  in  looking  at  the  starry 
sky  we  are  looking  into  the  infinite, 
and  we  know  that  each  of  those  dis- 
tant myriads  of  tiny  points  of  light 
is  really  a  far-off  sun,  probably  sur- 
rounded by  many  worlds,  more  or  less 
like  our  own.  Then  the  thought  of 
our  relation  to  the  monstrous  and 
endless  universe  fills  us  with  that  pro- 
found emotion  which  is  called  sub- 
lime ...  a  very  deep  pleasure  and 
wonder,  mingled  with  a  sense  of  fear." 

Farther  along  in  the  lecture  Hearn 
says:  "You  remember  Tennyson's  de- 
lightful lines: 

'Silver  sails  all  out  of  the  west 
Under,,  the  silver  moon.' 
So  we  speak  of  the  moon  making  a 
silver  sea,  silver  rivers,  silver  waves. 
We  speak  of  her  as  flooding  the  world 
with  silver   light.     We   speak  of  her 
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as  a  great  witch,  who  transforms  all 
things  by  touching  them.  So  the  poet 
here  tells  us  how  at  night  even  the 
street  reaching  to  his  house  becomes 
enchanted  under  the  light  of  the 
moon.  The  common  clay  is  turned 
to  silver  dust;  the  common  pavement 
is  changed  into  white  marble.  .  .  . 
Now  listen  to  the  moral  of  the  poem: 

Illusion!  underneath  there  lies 
The  common  life  of  every  day; 

Only  the  spirit  glorifies 
With  its  own  tints  the  sober  grey. 

In  vain  we  look,  in  vain  uplift 
Our  eyes  to  heaven,  if  we  are  blind; 

We  see  but  what  we  have  the  gift 
Of  seeing;    what  we  bring  we  find. 

''This  is  as  true  as  it  is  fine.  The 
beautiful  moonlight  does  not  really 
change  anything;  it  only  seems  to 
change  the  world;  it  is  an  illusion. 
The  truth  is  that  the  beauty  of  the 
silver  scenery  exists  only  in  our 
minds.  But  that  is  true  of  everything 
in  our  lives.  ...  A  person  without 
imagination  is  very  much  like  a  man 
without  eyes;  he  can  not  see  the 
charming  illusions  which  nature 
everywhere  prepares  for  him." 

These  extracts  indicate  Hearn's 
method  of  interpretation.  The  two 
volumes  do.  not  contain  the  entire 
course  of  lectures,  but  are  enough  to 
constitute  a  very  readable  introduc- 
tion to  English  literature.  Some  of 
the  chapters  are:  "On  Romantic  and 
Classic  Literature,  hi  Relation  to 
Style";  "English  Fiction  in  the  First 
Half  of  the  Nineteenth  Century"; 
"English  Fiction  in  the  Second  Half 
of  the  Nineteenth  Century";  "The 
Bible  in  English  Literature";  "On 
Birds  in  English  Poetry";  besides 
chapters  on  Coleridge,  Shelley,  Keats, 
Poe,  Shakespeare,  Longfellow,  etc. 

An  engineer  stationed  at  some  lone- 
some post  in  the  hills  or  woods  should 
find  these  volumes  interesting.  They 
furnish  a  course  in  English  literature 
from  an  exceptionally  able  teacher. 


Personals. 

Floyd  M.  Chapman  has  become  affiliated 
with  Dwight  P.  Robinson  &  Company,  In- 
corporated, as  Consulting  Materials  En- 
gineer. 

William  H.  Connell  of  Philadelphia,  re- 
cently named  by  State  Highway  Commis- 
sioner Paul  D.  Wright  to  be  Assistant 
Highway  Commissioner  of  Pennsylvania, 
has  assumed  his  temporary  duties  as  chief 
engineer.  He  will  continue  as  chief  en- 
gineer of  the  department  until  March  1. 


Carl  M.  Stevens,  Chief  of  the  Timber 
Section  of  the  Bureau  of  Internal  Rev- 
enue, has  resigned  his  position,  effective 
March  1.  Mr.  Stevens  will  hereafter  make 
his  home  in  Portland,  Ore.,  where  he  will 
enter  into  partnership  with  David  T.  Ma- 
son. The  new  firm  of  Mason  and  Stevens 
will  continue  the  forest  engineering  work 
with  which  Mr.  Mason  has  been  engaged, 
with  Portland  as  headquarters,  during  the 
past  two  years. 

Cornelius  C.  Vermeule,  Consulting  En- 
gineer, 38  Park  Row,  New  York  City,  an- 
nounces that  H.  Burdett  Cleveland,  Con- 
sulting Sanitary  Engineer,  who  was  from 
1905  to  1919  principal  assistant  engineer 
of  the  New  York  State  Department  of 
Health,  has  become  associated  with  him. 
Mr.  Cleveland  will  specialize  in  sanitary 
investigations  and  engineering  litigation, 
design  and  supervision  of  water  supply 
and  purification,  sewerage  and  sewage 
disposal,  the  study  of  typhoid  fever  epi- 
demics and  stream  pollution. 

J.  Rowland  Bibbins,  Engineer,  has  re- 
cently resigned  as  manager,  Transporta- 
tion Department,  United  States  Chamber 
of  Commerce,  and  will  engage  in  a  con- 
sulting engineering  practice  in  transpor- 
tation and  its  related  accounts  and  civic 
problems,  including  district  and  traffic 
surveys,  railway  terminal  and  transit  de- 
velopment, rapid  transit  service,  routing 
and  improvements,  valuation  and  fran- 
chise arbitrations,  and  transportation  as- 
pects of  the  city  plan.  During  his  two 
years  in  Washington,  Mr.  Bibbins  devoted 
special  study  to  the  whole  group  of  trans- 
port agencies— railway,  traction,  highway, 
waterway,  airway  and  marine — and  their 
relative  status  and  possibilities  of  co- 
ordinated development,  all  in  connection 
with  legislation  and  public  policy.  Mr. 
Bibbins  was  previously  associated  with 
the  Bion  J.  Arnold  engineering  organiza- 
tion of  Chicago,  as  supervising  engineer, 
and  in  this  consulting  work  studied  in- 
tensively the  transportation  problems  of 
some  20  cities  of  the  United  States  and 
Canada,  not  only  in  rapid  transit,  but  also 
in  railroad  and  port  terminals,  civic  de- 
velopment, valuation,  and  the  economic 
policies  involved  therein. 

A.  B.  Barker,  Portland,  Ore.,  has  been 
appointed  manager,  Transportation  De- 
partment, United  States  Chamber  of 
Commerce,  succeeding  J.  Rowland  Bib- 
bins, who  resigned  to  take  up  private  en- 
gineering practice.  For  the  past  three 
years  Mr.  Barber  served  as  technical  ad- 
viser to  the  Republic  of  Poland,  having 
been  nominated  for  that  work  in  1919  by 
Secretary  Hoover,  on  request  of  the  Polish 
government  to  designate  an  American  en- 
gineer to  assist  in  the  organization  of  the 
railways,  coal  industry  and  other  tech- 
nical services.  Mr.  Barber  is  a  graduate 
of  West  Point.  Prior  to  his  resignation 
from  the  army  three  years  ago  to  become 
head  of  the  American  technical  staff  for 
Poland,  he  had  wide  experience  with  the 
United  States  Army  Engineers.  Soon  after 
the  entry  of  the  United  States  into  the 
war,  he  was  sent  to  France  with  a  rail- 
way commission  to  report  on  the  needs  of 
the  French  railways  supplying  the  Allied 
troops.  Later  he  was  assigned  to  General 
Pershing's  staff,  in  connection  with  or- 
ganization, transportation  and  overseas 
shipping.  From  June  to  November.  1918, 
he  Was  at  the  front  with  the  First  Corps, 
the  First  and  Second  Armies.  After  the 
armistice,  he  was  assigned  to  the  Amer- 
ican Relief  Administration,  handling  the 
transportation  of  relief  supplies  to  the 
various  countries  of  Central  Europe. 
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Honesty  in  Architecture; 
a  Tribute  and  a  Plea 

American  architecture  of  this  gen- 
eration and  the  past  has  lacked  some- 
thing vital.  So,  too,  has  much  of  the 
architecture  of  Europe.  Every  ob- 
server of  even  moderate  discrimina- 
tion has  sensed  it;  yet  neither  the 
deepest  student  nor  the  most  able 
worker  has  wholly  succeeded  in  sup- 
plying the  lack.  Probably  we  are  too 
impatient.  It  is  easy  to  forget  that 
neither  classical  nor  Gothic  architec- 
ture grew  to  perfection  in  one  or  in 
two  generations. 

Likewise  it  is  easy  to  forget  the 
completness  of  the  change  in  the 
basic  materials  of  architecture — that 
steel  has  succeeded  stone  and  brick 
as  the  supporting  medium,  and  that 
while  these  two  latter  materials  are 
actually  useful  in  walls  and  as  wall 
coverings,  the  attempt  to  make  them 
look  like  supporting  elements  is  both 
falsehood  and  foolishness.  Here,  prob- 
ably,   is    our    greatest    architectural 


lack — the  lack  of  truth.  Progress  and 
business  economics  have  required  that 
we  use  structural  steel,  but  among 
our  architects  there  was  no  genius 
who  knew  at  once  how  to  treat  the 
new  material.  Not  knowing  what  else 
to  do  they  began  by  clothing  it  in 
the  external  garb  of  its  predecessors 
— a  garb  which  became  worse  as  the 
structural  design  improved. 

Slowly  and  somewhat  painfully 
there  has  grown  the  understanding 
that  architecture  should  express  facts, 
not  falsehoods,  an  enlightenment  now 
attested  by  more  than  one  fine  build- 
ing but  not  yet  spread  throughout 
the  whole  of  the  profession.  Neither 
have  we  reason  to  think  that  we  have 
yet  attained  a  fully  developed  style. 
Improvements  there  will  be  certainly; 
radical  changes  there  may  be. 

Mr.  Henry  S.  Churchill,  writing  in 
The  New  Republic,  of  January  17, 
under  the  title  ''Architecture:  A  Neg- 
lected Art,"  strikes  so  at  the  heart 
of  certain  of  the  problems  of  this  sub- 
ject that  we  reprint  below  a  con- 
densation of  his  article.  Mr.  Churchill 
treats  primarily  of  architecture,  art 
critics,  and  the  daily  and  periodical 
press,  but  he  does  not  limit  his  dis- 
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cussion  to  these  subjects  and  their 
inter-relation.  He  expresses  himself 
vigorously  and  sometimes  extremely, 
but  we  believe  with  fidelity  to  the 
spirit  of  the  case. 

We  are  born  in  buildings,  eat,  sleep, 
work,  and  sometimes  die  in  them.  They 
are  difficult  for  even  the  most  anaes- 
thetic men  to  eliminate  from  their  vision. 
Yet  in  spite  of  all  this  no  one  sees  them. 

Architecture,  the  most  important  of  all 
the  arts  to  the  Man  in  the  Street,  has 
been  so  long  pronounced  "dead"'  by  the 
critics  of  its  more  volatile  sisters,  and 
so  ignored  by  them,  that  it  is  brought 
even  less  to  the  attention  of  the  public 
than  are  the  latest  designs  in  Greenwich 
Village,  hand-painted  shower  baths.  In 
fact  the  public,  which  only  knows  what 
it  is  told,  probably  does  not  realize  that 
architecture  is  what  cities  are  composed 
of. 

Why  is  not  a  newly  constructed  sky- 
scraper as  good  material  for  a  review  or 
comment  as  the  latest  book  or  the  oldest 
music? 

It  is  a  singular  fact  that  in  all  the 
columns  expended  on  the  controversy 
over  the  technical  methods  employed  in 
the  Cimard  building  frescoes,  not  a  line 
was  given  to  the  building  itself.  No 
voice  is  raised  in  condemnation  or  de- 
rision when  Greek  temples  are  piled  one 
upon  another  like  a  layer-cake.  No  voice 
praises  when  a  cloud-gathering  tower 
flings  a  fair  head  above  the  purple  city; 
no  prophecy  is  made  when  honest  con- 
crete undisguised  climbs  eighteen  stories 
above  the  pavement. 

Good  and  bad  alike  go  unnoticed,  and 
the  architect  works  out  his  own  salva- 
tion, uncriticized  except  by  his  fellow 
practitioners,  unaware  of  the  judgment 
of  his   contemporaries. 

Not  that  contemporary  judgments  are 
of  any  construvtive  value  to  the  artist; 
his  achievement  must  come  from  inner 
conviction,  not  outside  forces.  It  is  in 
confirming  the  worth-whileness  of  hav- 
ing any  conviction  at  all  that  such  judg- 
ments are  valuable;  as  a  demonstration 
that  effort  spent  on  some  endeavor  is 
recognizable  by  others;  as  an  assurance 
of  that  public  interest  without  which  ar- 
tistic striving  falls  to  the  level  of  the 
work  of  the  bookkeeper  who  labors  over 
his  calligraphy.  Such,  unfortunately,  is 
the  position  of  the  architects. 

The  reason  for  this  state  of  affairs  is 
often  ascribed  to  the  architects  them- 
selves. Time  and  again  it  is  said  that  no 
press  representative  can  worm  any  infor- 
mation from  them.  This  is  in  part  true; 
but  it  must  be  remembered  that  the 
architect  is  a  hybrid  being,  an  anomalous 


species  on  the  borderland  between  a 
"practical  business  man"  and  a  creative 
artist;  moreover,  that  he  is  torn  between 
a  curiously  self-effacing  code  of  ethics  on 
the  one  hand,  and  ruthless  business  grab- 
bing on  the  other. 

However,  while  a  consideration  of  the 
business  side  of  architecture  is  very  in- 
teresting in  its  bearing  on  the  art,  it 
need  not  detain  us  here.  It  is  enough  to* 
say  that  unless  an  architect  is  highly  ef- 
ficient, his  office  highly  organized,  he  is 
never  able  to  command  that  confidence 
of  capital  which  is  a  sine  qua  non  of 
scope  for  this  art.  The  art  of  architec- 
ture requirs  money  for  its  execution. 

A  seventeen-story  apartment  house 
ought  to  provoke  at  least  as  intellectual- 
ly honest  critical  writing  as  a  bedroom 
farce  which  never  outlasts  one  season. 

The  truth  is,  the  public  "cares  fDr  none 
of  these  things."  It  does  not  want  crit- 
icism of  architecture  as  it  does  of  music 
and  books  and  batiks;  architecture  does 
not  interest  it.  There  are  several  rea- 
sons for  this.  Our  cultural  education 
rarely  concerns  itself  with  architecture; 
when  it  does,  it  is  to  completely  mis- 
interpret. Understanding  of  this  art  does 
not  lie  in  studying  the  superficial  changes 
of  ornament  termed  "style"  by  the  pro- 
fessors. It  does  not  lie  in  eggs-and- 
darts,  acanthus  leaves,  or  grotesque,  but 
in  the  study  of  the  structural  system  of 
which  these  are  only  an  efflorescence.  It 
lies  in  the  difference  between  the  post- 
and-lintel  of  the  Greeks,  +he  arch  of  the 
Romans,  the  steel  of  today.  It  lies  in 
the  study  of  the  influence  and  adaptation 
of  materials:  marble,  concrete,  terra- 
cotta; and  in  the  resulting  expression  of 
structural  function:  for,  as  has  been  said, 
"form  follows  function,"  and  Doric  col- 
umn, Roman  vault,  Gothic  buttress,  Bar- 
oque contortions  even,  are  inevitable,  not 
fortuitous.  Nor  in  relation  to  all  these 
must  the  plan  be  forgotten,  as  it  :-o  gen- 
erally  is   forgotten. 

Architecture,  it  is  true,  merely  is:  but 
it  is  here,  there,  and  everywhere,  and  by 
that  fact  has  a  greater  influence  on  the 
cultural  life  of  the  nation  than  all  the 
concerts  and  exhibitions  combined.  Nor 
is  it  as  dead  as  some  would  have  us  be- 
lieve. Out  of  the  conditions  imposed  by 
constricted  space,  zoning  laws,  steel,  con- 
crete, glass,  a  febrile  art,  vital  and 
nervous  as  is  our  civilization,  is  gather- 
ing form  and  independence.  Slowly  the 
old,  encumbering  dead  forms  are  being 
pushed  off  by  new  necessitous  growth,  as 
the  dead  leaves  of  an  oak  are  pushed  off 
by  the  new.  Gone  is  the  time  when  a 
Venetian  palace  can  be  stranded  high 
and   dry   to   do    duty   as   a    jewely    store; 
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The  editor  of  Forbes  Magazine  be-  widespread  belief  that  lawyers  are 
lieves  that  the  acknowledged  super-  the  best  men  for  the  work, 
iority  of  British  over  United  States  The  second  suggestion  is  that  the 
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istration  is  traceable  directly  to  the  to  being  a  cross-section  of  the  people 
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Senate  contains  96  members  of  whom  motion  and  unwieldiness,  but  on  the 
60  are  lawyers  and  only  7  or  8  are  other  hand  it  affords  a  maximum  of  as- 
classed  as  business  men.  The  lawyers  surance  of  working  in  the  best  inter- 
thus  constitute  62%  per  cent  of  the  ests  of  all  parts  of  the  body  politic, 
whole  Senate.  The  House  of  Com-  The  editor  of  Forbes  Magazine  be- 
mons  is  very  different.  Of  its  576  lieves  that  we  are  on  the  eve  of  a 
members  only  80,  or  14  per  cent,  are  much  larger  representation  of  business 
lawyers,  while  trade  union  officials,  men  in  our  national  legislature.  We 
comprising   the   largest    single   classi-  hope  that  he  is  right. 
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Will  Architects  Grasp  Pres- 
ent Opportunity? 

Editorial  in  The  Architectural  Forum. 

Statistics  of  the  building  industry 
indicate  that  1923  will  see  a  greater 
volume  of  building  construction  than 
any  year  previously  recorded.  The 
unusual  program  of  building  offers  a 
singular  opportunity  for  architects  be- 
cause statistics  also  indicate  that  a 
large  proportion  of  contemplated 
building  will  be  of  important  struc- 
tures ordinarily  involving  due  archi- 
tectural consideration.  The  opportu- 
nity exists  to  increase  greatly  the 
number  of  worthy  architectural  build- 
ings in  this  country  and  to  make  this 
period  of  large  building  one  of  steady 
advancement  in  the  standards  of 
architectural  design.  The  fulfillment 
of  this  depends  upon  the  architectural 
profession,  and  while  there  are  great 
numbers  of  talented  men  in  the  pro- 
fession and  new  lights  always  coming 
forward — an  ample  group  to  meet  the 
demands  for  architects — there  is  rea- 
son to  ask  if  the  profession  will  ac- 
complish all  that  is  possible. 

The  architectural  profession  of  all 
the  professions  can  generally  be  said 
to  represent  the  most  highly  de- 
veloped professional  viewpoint;  archi- 
tects individually  and  collectively  are 
first  and  always  interested  in  the  ad- 
vancement of  architecture — an  art; 
the  advancement  of  their  profession 
as  an  economic  factor  and  a  means 
of  livelihood  is  entirely  secondary. 
This  is  most  praiseworthy,  yet  as 
modern  civilization  is  constituted  the 
progress  of  architecture  cannot  be  se- 
cured without  first  developing  the 
profession  so  that  opportunities  can 
be  fully  grasped.  It  is  because  of  our 
conviction  that  the  profession  fails  in 
this  latter  respect  we  question  its 
ability  to  accomplish  all  possible  in 
the  era  just  ahead. 

The  public  that  builds  is  not  learned 
in  architecture;  it  is  not  able  to  ap- 
preciate the  sometimes  rather  fine  dis- 
tinctions that  separate  good  from 
bad;  it  distinguishes  one  architect 
from  another  solely  by  reputation,  not 
by  means  of  a  critical  appraisal  of 
their  respective  work.  Architecture 
to  the  public  is  building  (when  it  is 
not  thought  of  as  mere  decoration  and 
an  extravagant  luxury) ;  the  archi- 
tect is  a  man  to  whom  the  planning 
and  execution  of  building  is  entrusted. 
Unfortunately  for  the  profession  and 
for  architecture  too,  architects  often 


fail  to  realize  the  manner  in  which 
the  public  views .  them.  They  have 
thus  made  an  opportunity  for  the 
functioning  of  another  group  which 
in  the  main  offers  to  perform  all  that 
the  architect  does,  yet  which  for 
definite  business  reasons  elects  to  call 
its  work  engineering  and  not  archi- 
tecture. Is  it  not  understandable, 
therefore,  that  in  many  instances 
there  should  be  confusion  in  the 
minds  of  those  projecting  a  building 
over  the  terms  "architect"  and  "engi- 
neer," and  that  often  the  engineer  is 
selected  for  the  work  particularly  be- 
cause he  has  dwelt  on  the  things  he 
won't  do — the  very  things  that  tradi- 
tion says  the  architect  will  do? 

Some  view  this  incursion  of  the 
engineer  into  the  field  of  building  as  a 
factor  undermining  the  practice  of 
architecture;  we  have  ourselves 
called  attention  to  it  more  than  once 
in  the  pages,  yet  we  are  inclined  to 
see  some  good  in  it  for  the  profes- 
sion, if  the  presence  of  the  engineer 
will  serve  to  emphasize  the  need  of 
architects'  stressing  jand  improving 
those  points  of  their  service  that  are 
economic  in  nature.  The  engineer 
will  never  be  able  to  display  the  cre- 
ative ability  of  the  architect,  but  he 
has  sensed  the  architect's  weak  points 
and  has  unquestionably  won  a  place 
for  himself  in  the  business  world  be- 
cause he  has  supplied  service  where 
the  architect  is  deficient.  Let  this 
be  considered  a  service  to  the  archi- 
tectural profession  as  well;  the  weak 
points  have  been  singled  out,  and 
there  remains  nothing  to  do  but 
correct  them  and  profit  by  the  ex- 
ample the  engineers  have  set. 

The  engineer  has  developed  another 
feature  in  his  service  to  the  building 
public — that  of  salesmanship.  This  is 
a  very  important  factor  in  modern 
business,  and  from  its  rather  crude 
beginning  it  has  acquired  a  certain 
unwritten  code  of  ethics  which  places 
it  now  in  a  near-professional  light. 
Architects  have  held  aloof  from  it  be- 
cause they  view  it  largely  as  self- 
advertising,  yet  in  order  to  execute 
their  commissions  they  often  uncon- 
sciously employ  salesmanship  which 
is  nothing  more  than  the  ability  to 
persuade  others  to  accept  one's 
views. 

In  the  sense  of  an  aid  to  securing 
commissions  it  should  be  only  digni- 
fied publicity.  There  is  nothing  un- 
ethical in  bringing  one's  work  and 
one's  ability  to  give  service  to  the  at- 
tention   of   one    contemplating   build- 
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ing  and  asking  consideration  on  its 
merit.  It  is  not  incumbent  on  the 
architect  to  point  out  the  merit  of  his 
work;  a  suggestion  that  inquiries  be 
made  of  past  clients  is  entirely  suf- 
ficient. In  commercial  and  invest- 
ment building,  and  this  constitutes  a 
very  large  portion  of  the  architect's 
sphere  of  operation,  such  a  direct  pro- 
cedure is  understood  and  respected, 
whereas  the  theory  that  the  buyer 
will  search  out  the  seller,  which  is 
entertained  by  many  architects,  is 
given  little  credence. 

Group  effort  of  architects  through 
well  studied  publicity  should  be  made 
to  counteract. the  prejudice  that  many 
people  hold  in  regard  to  extravagance, 
inefficiency  and  lack  of  appreciation  of 
business  problems  on  the  part  of  arch- 
itects. Similarly,  the  functions  of 
the  architect  should  be  properly  ex- 
plained to  the  public.  It  should  al- 
ways be  kept  in  mind  that  publicity 
is  not  sought  for  the  profession  but 
for  the  utilization  of  architects  in 
meeting  the  needs  of  the  building 
public. 

Some  Tendencies  in  Bridge 
Design 

Editorial  in   The   Canadian  Engineer. 

Methods  of  taking  advantage  of  the 
capacities  of  structural  materials  to 
a  greater  extent  in  the  design  of 
bridges  are  being  carefully  considered 
by  thoughtful  bridge  engineers  the 
world  over.  The  loss  that  has  come 
to  railways,  in  particular,  through  the 
necessity  of  having  to  replace  by  rea- 
son of  increased  loadings,  structures 
still  in  good  condition  will  not  likely 
be  repeated.  It  is  probable  that  live 
loads  have  nearly  reached  their  maxi- 
mum and  that  provision  is  being  made 
in  present-day  structures  for  all  prob- 
able increases  in  loading  for  very 
many  years  to  come.  The  expense  of 
replacing  steel  highway  bridges  has 
largely  arisen  through  the  policy  of 
supplanting  wooden  bridge  floors  by 
floors  of  concrete.  Since  the  struc- 
tures with  wooden  floors  are  rarely 
able  to  accommodate  a  floor  of  heavier 
construction,  it  becomes  niecessary 
to  rebuild  the  whole  bridge  although 
the  metal  of  the  structure  may  be 
capable  of  performing  further  service 
for  many  years. 

It  is  by  no  means  true  that  replace- 
ment of  bridges  is  always  occasioned 
through  a  necessity  for  providing  for 
increased  live  load.  In  many  cases, 
particularly   in   those    where   bridges 


cross  over  railway  tracks,  the  metal 
has  been  so  badly  corroded  that  con- 
siderations of  safety  make  it  neces- 
sary to  replace  the  bridge  by  a  new 
one.  One  of  the  problems  of  bridge 
designers  is  to  build  structures  that 
will  not  be  eaten  out  in  a  few  years 
by  corrosive  gases  or  liquids.  Adop- 
tion of  a  non-corrosive  material  for 
parts  most  subject  to  attack,  such  as 
concrete,  gunite,  or  perhaps  stainless 
steel  is  a  necessity.  Great  care  must 
be  taken  in  railway  structures  to  pre- 
vent the  drippings  from  refrigerator 
or  other  cars  coming  in  contact  with 
the  metal.  A  notable  instance  of  care- 
ful provision  for  this  is  found  in  the 
reconstruction  of  the  G.  T.  R.  railway 
arch  bridge  at  Niagara  Falls. 

Strong  tendencies  exist  at  the  pres- 
ent time  to  calculate  stresses  in 
bridge  structures  with  greater  care 
than  heretofore  and  to  utilize  a  high- 
er percentage  of  the  known  strength 
of  the  material  in  design.  While  com- 
putation of  stresses  in  bridge  struc- 
tures will  always  be  attended  with 
some  uncertainties,  these  should  not 
be  large  in  statically-determinate 
structures.  Having  made  adequate 
provision  for  secondary  stresses,  there 
is  no  reason  why  structural  steel 
should  not  be  utilized  up  to  at  least 
two-thirds  of  its  yield  point.  The 
time  is  coming,  too,  when  a  more  care- 
ful consideration  of  questions  of  con- 
tinuity in  bridge  floors  will  be  given. 
While  floor  beams  and  stringers  are 
commonly  calculated  as  if  they  were 
simply  supported,  there  is  undoubted- 
ly a  substantial  reduction  in  the  maxi- 
mum moment  created  by  the  end  re- 
straint. It  certain  instances  it  may 
even  be  permissible  to  give  some 
chord  value  to  the  floor  system.  Justi- 
fication for  this  may  be  found  in  the 
notable  Swiss  experiments  on  a  full- 
size  bridge  structure. 

According  to  Conrad  Gribble,  writ- 
ing in  a  recent  number  of  "Engineer- 
ing," investigation  of  steel  railway 
bridges  in  service  in  Great  Britain 
has  shown  that,  in  general,  rivets 
have  not  been  accorded  their  full 
value  in  design.  In  many  instances 
theoretical  calculations  have  shown 
that  rivets  in  such  bridges  have  been 
stressed  well  beyond  the  elastic  limit 
under  existing  loads,  but  still  they 
continue  to  perform  adequate  service. 
In  view  of  this  fact,  which  is  sup- 
ported by  observations  on  existing 
structures  in  America,  it  is  possible 
that  even  further  revision  of  allow- 
able stresses  on  rivets  may  be  made. 
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Treatment  of  Exterior  Surfaces  of  Industrial 
Reinforced  Concrete  Buildings 

Proposed  Standard  Recommended  Practice  as  Given  in  Committee 

Report*  Presented  January  24  at  19th  Annual  Convention 

of  American  Concrete  Institute 


1.  This  recommended  practice  is  de- 
signed to  outline  approved  methods  of 
treating  the  surfaces  of  concrete  fac- 
tories, warehouses  and  other  indus- 
trial buildings,  in  such  manner  as  to 
produce  pleasing  and  durable  sur- 
faces at  costs  which  are  not  incon- 
sistent with  the  occupancy  and  sur- 
roundings of  such  buildings. 

General  Requirements. — 2.  Good  exte- 
rior appearance  of  concrete  buildings 
depends  fundamentally  on  care  in  the 
building  of  forms  for  the  outside 
beams  and  columns.  Boards  used  in 
column  forms  should  always  run  ver- 
tically, »and  in  beams  horizontally, 
and  should  preferably  be  of  even 
width  in  order  that  the  board  marks 
be  continuous  throughout  the  length 
of  the  column  or  beam.  Sound,  clean 
lumber  of  sufficient  strength  should 
be  used,  and  the  forms  properly 
braced  in  order  to  preserve  the 
straightness  and  trueness  of  the  gen- 
eral lines.  The  concrete  should  be 
carefully  proportioned,  mixed  and 
placed  in  order  to  reduce  to  a  mini- 
mum the  need  for  pointing,  patching 
and   other  corrective   treatments. 

Note. — Industrial  buildings,  as  a  rule* 
are  located  in  districts  where  appearance 
is  a  matter  of  secondary  importance.  The 
cost  of  any  surface  treatment,  is  there- 
fore, of  prime  importance,  and  circum- 
stances are  usually  the  governing  factor 
in  the  selection  of  the  type  of  finish.  It 
is  a  fact,  however,  that  a  reasonable  ex- 
penditure is  justified  in  making  the  ex- 
terior of  a  building  attractive  to  the  pub- 
lic as  an  advertising  feature,  if  for  no 
other  reason.  Under  any  consideration 
all  concrete  structures  should  at  least 
have  all  voids  pointed,  and  exposed 
wires,  nails  and  bolts  removed  or  cut  off 
so  as  to  guard  against  disintegration  from 
the  action  of  the  elements.  From  this 
required  minimum  one  may  go  to  the 
costly  extremes  of  inlaid  tiles  or  brick 
and  stone  veneers,  but  such  treatments 
are  to  be  considered  from  the  archi- 
tectural view  point,  and  are  beyond  the 
scope  of  this  practice,  which  is  limited 
to  the  treatment  of  the  concrete  itself  as 
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it  comes  from  the  forms.  Due  to  the 
very  nature  of  concrete,  the  forms  are 
subject  to  a  certain  amount  of  movement 
while  being  filled,  no  matter  how  careful 
the  supervision  or  workmanship.  No 
amount  of  work  will  correct  the  faulty 
appearance  of  a  building  unless  the  gen- 
eral lines  are  good,  and  it  is,  therefore, 
essential  to  guard  in  so  far  as  possible 
against  bulging  and  distortion  of  forms. 
It  is  also  obvious  that  care  in  concreting 
will  eliminate  unnecessary  expense  in 
finishing,  and  at  the  same  time  give  bet- 
ter results.  A  reasonable  amount  of  pre- 
caution to  prevent  the  occurrence  of  con- 
spicuous defects  is  better  than  the  cure 
of  such  defects  afterwards. 

Classification  of  Surface  Treat- 
ments.— 3.  The  surface  treatments  de- 
scribed herein  are  divided  into  the 
following  five  general  classes: 

a.  Pointing  and  Patching  (minimum 
requirements). 

b.  Correction  of  Column  and  Beam 
Lines,  Fill  Joints,  etc. 

c.  Cement  Washes  and  Proprietary 
Paints. 

d.  Rubbed  Finishes. 

e.  Tooled  Finishes. 

The  recommended  methods  for  pro- 
ducing these  finishes  are  given .  in 
detail  in  the  following  sections: 

A.  Pointing  and  Patching  (Minimum 
Requirements).  —  4.  All  nails,  wires 
and  bolts  should  first  be  removed  or 
cut  back  to  a  depth  of  at  least  1 
in.  from  the  surface  of  the  concrete, 
to  provide  sufficient  key  for  the  point- 
ing mortar,  and  to  insure  against 
water  reaching  any  pieces  of  iron  or 
steel  and  causing  rust  spots  or  spall- 
ing. 

5.  Bolt  holes  should  be  filled  with 
corks  of  y8  in.  greater  diameter  than 
the  holes.  The  corks  should  be  driv- 
en into  the  holes  until  the  head  is  1 
in.  back  from  the  surface. 

6.  Before  pointing,  all  defective 
places  should  be  thoroughly  cleaned 
of  dust,  loose  pieces,  laitance  and  for- 
eign particles  (such  as  saw  dust). 
The  spot  to  be  patched  and  the  con- 
crete immediately  around  it  should 
then  be  saturated  with  water.  A  mor- 
tar of  one  part  cement  and  two  parts 
of    clean    building    sand    should    then 
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be  forced  into  all  parts  of  the  cavity 
or  defective  spot,  and  the  surface 
rubbed  with  a  cork  or  wood  float. 
Any  mortar  that  may  work  out  and 
lap  over  on  the  sound  concrete  should 
be  removed  with  a  clean  dry  brush 
or  a  piece  of  bagging. 

7.  If  large  patches  of  considerable 
depth  and  area  occur,  the  mortar 
should  be  applied  in  two  or  more 
coats.  Each  undercoat  should  be 
scored  as  in  plaster  work,  but  it  is 
not  necessary  or  desirable  for  each 
coat  to  become  entirely  dry  before 
applying  the  next. 

8.  Patching  should  be  avoided  in  hot 
sunshine  or  quick  drying  wind,  unless 
it  is  feasible  to  protect  the  fresh  mor- 
tar with  wet  burlap  or  canvas. 

.  Note. — The  pointing  and  patching  treat- 
ment outlined  above  naturally  leaves  a 
somewhat  spotty  appearance,  but  after 
weathering  for  several  months  the  entire 
surface  will  begin  to  assume  a  fairly  uni- 
form color.  A  pointed  place  will  usually 
show  up  as  a  dark  spot  on  the  body  of 
the  building  unless  the  mortar  used  is 
somewhat  lighter  in  color  than  the  mor- 
tar used  in  the  concrete.  This  can  be 
corrected  by  using  a  little  white  cement 
or  a  light  colored  sand  in  the  pointing 
mortar.  It  has  become  quite  common 
practice  to  use  white  beach  sand,  but  the 
committee  would  recommend  a  bank  or 
dredged  sand  which  has  been  screened 
through  a  No.  10  sieve.  Final  rubbing  of 
patches  should  be  parallel  to  board  marks 
of  surrounding  area  so  as  to  make  patch 
as  inconspicuous  as  possible. 

It  is  to  be  noted  that  the  treatment 
prescribed  in  this  section  is  that  which  is 
warranted  entirely  from  the  standpoint" 
of  utility,  rather  than  from  that  of  ap- 
pearance. 

B.  Correction  of  Column  and  Beam 
Lines,  Fill  Joints,  Etc. — 9.  This  sec- 
tion is  supplementary  to  Section  A 
and  prescribes  additional  corrective 
treatment,  but  not  to  the  extent  of 
eliminating  board  marks  or  bringing 
the  surface  to  uniform  color. 

10.  The  building  should  first  re- 
ceive the  pointing  and  patching  treat- 
ment where  required,  as  described  in 
the  paragraphs  4  to  8  inclusive. 

11.  Workmen  should  be  instructed 
to  watch  for  steel  reinforcement  near 
the  surface,  and  if  this  condition 
should  be  found  special  precautions 
should  be  taken  to  protect  such  steel 
from  rust. 

Note.. — When  reinforcing  steel  in  ex- 
terior members  is  not  back  at  least  one 
full  in.  from  the  outside  face  of  the  con- 
crete, moisture  works  its  way  in  causing 


it  to  rust.  Eventually  this  rusting  if  con- 
tinued will  spall  off  the  concrete  and 
cause  an  unsightly  appearance  and  may 
even  in  severe  cases  affect  the  strength 
of  the  structure.  Good  design  should 
never  call  for  such  sizes  of  hoops,  spirals, 
stirrups,  etc.,  as  will  necessitate  steel 
within  one  in.  of  the  surface,  but  some- 
times due  to  careless  placing  the  steel 
will  be  at  or  near  the  surface. 

To  correct  this  condition  cut  out  the 
concrete  around  the  steel  on  all  sides  and 
if  the  bar  is  of  minor  importance  cut  it 
off  well  back  from  the  surface.  When  it 
is  not  advisable  to  cut  out  the  steel  the 
recess  should  be  cut  large  enough  so  as 
to  bend  the  steel  back  from  the  surface. 

If  important  and  large  bars  should  be 
encountered  where  it  is  not  desirable  or 
feasible  to  either  bend  back  or  cut  off 
the  steel  the  bar  should  be  painted  with 
red  lead  and  then  wrapped  loosely  with 
No.  16  iron  wire  to  insure  a  bond  and  the 
recess  carefully  pointed. 

12.  Beams  with  sag  or  bulge,  and 
columns  which  are  out  of  plumb 
should  be  cut  to  line. 

13.  Nail  head  marks,  fins  and  other 
small  projections  should  be  removed. 

Note. — It  has  been  found  that  pound- 
ing with  a  flat  headed  hammer  will  cause 
the  projection  to  crumble  down  to  the 
general  level  of  the  surrounding  surface. 
This  method  gives  better,  quicker  and 
cheaper  results  than  cutting  with  a  chisel, 
which  may  have  to  be  used  on  projec- 
tions  of  considerable   size. 

14.  Fill  lines  should  be  dressed  by 
thoroughly  cleaning  the  joint  and  then 
applying  mortar  and  finishing  with 
cork  or  wood  float,  as  described  in 
paragraph   6. 

Note. — Good  judgment  must  be  used  in 
deciding  how  far  the  more  expensive 
work  of  truing  up  bad  lines  should  be 
carried,  as  considerable  money  may  easily 
be  spent  without  materially  improving 
the    general   appearance. 

When  cleaning  up  and  pointing  ai'ound 
windows  and  miscellaneous  iron  par- 
ticular care  should  be  taken  to  cut  clean 
sharp  edges,  and  not  allow  a  film  of  mor- 
tar to  lap  over  the  steel,  for  this  film 
will  in  time  break  away  and  leave  a 
ragged  edge,  and  may,  in  the  case  of 
windows,  cause  a  leak. 

If  a  prominent  board  mark  has  been 
erased  by  the  pointing,  the  patch  will  not 
be  so  noticeable  in  contrast  to  the  body 
of  the  building  if  the  mark  is  ruled  in 
again. 

It  is  estimated  that  the  treatment  pre- 
scribed in  sections  A  and  B  will  require 
about  one  and  one-half  bags  of  cement 
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per  1,000  sq.  ft.  of  surface.  The  cost  will 
average  between  2  and  3  ct.  per  sq.  ft. 
with  cement  masons  at  75  ct.  per  hour 
and  labor  at  40  ct.  per  hour.  The  actual 
cost  in  specific  cases  may  vary  consider- 
ably from  this  estimate,  according  to  the 
quality  of  the  form  work  and  the  con- 
creting. 

C.  Cement  Washes  and  Proprietary 
Paints. — 15.  Cement  washes  of  prac- 
tically any  color  from  white  or  cream 
to  cement  gray  can  be  prepared  by 
varying  the  proportions  used  of  white 
or  gray  cement  and  light  or  dark  sand. 
A  mixture  of  1  part  white  cement  and 
1  part  finely  screened  yellow  bank 
sand,  with  5  per  cent  of  hydrated  lime 
(by  volume  of  cement)  will  give  a 
serviceable  color  just  off  the  white, 
and  will  serve  as  an  example  of  a 
typical  dry  mixture. 

16.  After  the  cement,  sand  and  lime 
in  the  desired  proportions  are  thor- 
oughly mixed  in  the  dry  state,  the 
mixture  should  be  added  slowly  to 
water,  stirring  vigorously  until  the 
consistency  is  that  of  a  stiff  oil  paint. 
The  dry  batch  should  be  large  enough 
for  a  full  day's  work,  but  only  enough 
of  the  wash  should  be  prepared  to  last 
one  hour..  The  wash  should  be  fully 
stirred  in  the  container  before  each 
application  to  the  concrete  surface, 
and  when  refilling  the  container  all 
the  old  wash  should  be  cleaned  out 
and  discarded. 

17.  Before  applying  the  wash,  all 
pointing  and  patching  should  be  com- 
pleted as  indicated  in  Sections  A  and 
B.  The  area  to  be  coated  should  first 
be  thoroughly  wet,  and  then  a  full 
brush  coat  of  the  wash  applied.  This 
coat  should  be  rubbed  in  with  a  cork 
float,  the  surface  being  sprinkled  with 
a  little  additional  water  if  necessary. 
Finally,  the  surface  should  be  gone 
over  with  a  clean  damp  brush,  brush- 
ing in  the  direction  of  the  board 
marks.  In  this  process  all  excess  ma- 
terial should  be  removed,  and  the 
remaining  coat  should  be  as  thin  as 
will  permit  the  surface  to  be  entirely 
covered. 

18.  In  coating  adjacent  areas  the 
brush  marks  should  be  carefully 
blended  to  avoid  a  line  between  the 
two  areas.  The  work  should  be  so 
planned  that  joinings  occur  at  nat- 
ural breaks  in  the  surface. 

19.  In  warm  or  drying  weather  the 
finished  surface  should  be  sprinkled 
with  water  once  a  day  for  three  days, 
and  in  cool,  damp  weather  should  be 
sprinkled  at  least  once  within  24  hours 
after  finishing. 


Note. — The  sand  must  be  dry  b«  (on- 
screening  not  only  to  facilitat.  |  in- 
screening  but  also  to  avoid  the  possibility 
of  moisture  in  the  sand  causing  a  .set  in 
the  dry  mix.  Best  results  seem  to  be  ob- 
tained with  a  No.  18  sieve. 

Whenever  a  cement  wash  is  to  be  used, 
less  attention  need  be  given  to  the  cclor 
and  finish  of  patches  as  described  in  thf; 
note  under  Section  A,  since  it  is  ap- 
parent that  the  applied  coating  will  give 
the  desired  uniformity  to  the  concrete 
surface.  This  coating  should,  however, 
be  as  thin  as  possible,  for  a  thick  coat 
will  eventually  craze  and  peel  off. 

A  very  fine  appearance  is  obtained  if 
the  wash  is  rubbed  in  with  a  carborun- 
dum stone.  This  not  only  insures  a  bet- 
ter bond,  by  more  positively  forcing  the 
material  into  the  pores  of  the  concrete, 
but  at  the  same  time  grinds  down  any 
slight  projection,  leaving  a  semi-rubbed 
surface. 

Sprinkling  of  the  freshly  coated  surface 
is  necessary,  for  if  the  wash  dries  before 
it  has  attained  its  set,  it  will  dust  off.  A 
very  practical  way  to  sprinkle  the  sur- 
face is  to  make  up  two  perforated  pieces 
of  pipe  about  four  feet  long,  on  a  "T" 
and  plug  the  ends.  Then  connect  a  hose 
to  the  leg  of  the  "T"  and  lower  the  pipe 
down  from  the  roof  over  the  face  of  the 
columns  and  walls.  Spray  nozzles  can 
also  be  used  to  advantage.  The  sprink- 
ling must  be  gentle  so  as  not  to  wash 
off  the  fresh  coating. 

The  committee  has  been  informed  that 
a  very  effective  way  of  insuring  the  bond 
of  the  wash  coat  is  to  use  a  4  per  cent- 
solution  of  commercial  calcium  chloride 
as  the  gaging  liquid  instead  of  plain  wa- 
ter. This  solution  is  made  up  by  dissolv- 
ing 1  lb.  of  the  chloride  in  three  gal- 
lons of  water.  The  calcium  chloride  at- 
tracts moisture  from  the  air  and  keeps 
the  wash  coat  damp  for  several  days, 
thus  insuring  that  the  cement  sets  before 
it  dries  out. 

The  cement  wash  will  cost  about  2  ct. 
.per  cq.  ft.,  and  will  require  about  one 
bag  of  cement  per  1,000  sq.  ft.  Adding 
the  cost  of  the  work  specified  under  Sec- 
tions A  and  B  the  total  cost  of  this 
method  of  surface  treatment  would  be 
about  5  ct.  per  sq.  ft.  with  cement  ma- 
sons at  75  ct.  per  hour,  and  labor  at  40 
ct.  per  hour,  and  the  total  material  1% 
bags  of  gray  cement  and  1  bag  of  white 
cement  per  1,000  sq.   ft. 

(b)  Cement  Paints. — 20.  Whenever 
proprietary  cement  paints  or  coatings 
are  to  be  used,  the  manufacturer's  di- 
rections should  be  followed  in  their 
application. 

Note. — The    committee    recognizes    that 
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there  are  many  paints  and  coatings  for 
concrete  on  the  market  which  have  been 
widely  used,  and  have  given  satisfaction. 
It  cannot,  however,  give  its  endorsement 
to  particular  proprietary  materials, 
owing  to  its  own  limited  facilities  for 
conducting  the  exposure  tests  and  field 
inspections  on  which  ratings  should  he 
based. 

D.  Rubbed  F  i  n  i  s  h  e  s.  —  21.  The 
rubbed  finishes  are  obtained  with  car- 
borundum stones.  The  first  rub 
should  be  completed  as  soon  as  the 
forms  can  be  removed.  Faces  and 
sides  of  columns  should  be  stripped 
in  24  hours,  if  possible,  and  the  soffits 
of  beams  should  be  treated  within 
three  or  four  days. 

22.  As  soon  as  the  forms  are  re- 
moved the  surface  should  be  thorough- 
ly wetted  and  then  rubbed  with  a  No. 
20  carborundum  stone.  The  rubbing 
will  remove  fins,  board  marks,  nail- 
head  marks,  and  to  a  certain  extent 
the  irregularities  between  boards. 

23.  The  cement  paste  which  works 
up  in  the  rubbing  process  should  be 
removed  by  washing  and  brushing. 
Small  voids  in  the  concrete  should 
be  filled  with  a  mortar  (usually  1:2) 
composed  of  finely  screened  aggre- 
gate of  the  same  general  description 
as  that  used  in  the  concrete.  This 
mortar  should  be  worked  into  the  face 
with  the  carborundum  stone  and  left 
even  and  regular. 

Note. — The  best  and  most  economical 
results  are  obtained  by  applying  the  first 
rub  to  the  concrete  while  it  is  "green." 
Filling  of  the  small  voids  with  mortar  as 
described  in  paragraph  23  offers  no  dif- 
ficulties, but  the  operator  should  be 
warned  against  leaving  an  appreciable 
thickness  of  mortar  on  the  face  of  the 
concrete  to  take  up  irregularities  in  the 
surface,  unless  special  precautions  are 
taken  to  insure  the  bond.  Such  precau- 
tions are  particularly  necessary  when  the 
surfacing  is  delayed  until  the  concrete 
has  hardened  and  dried  out. 

24.  If  the  concrete  cannot  be  given 
the  first  rub  when  it  is  still  "green," 
board  marks,  nailhead  marks,  and 
small  projections  must  first  be  re- 
moved as  indicated  in  paragraph  13. 
After  thorough  wetting,  the  surface 
should  receive  the  cement  wash  appli- 
cation as  described  in  the  first  part  of 
paragraph  17,  in  order  to  help  the 
grinding  action.  (See  also  the  sec- 
ond paragraph  in  the  note  following 
paragraph  19).  The  carborundum 
rub  should  then  be  given  as  pre- 
scribed above,  being  sure  to  remove 


all  the  cement  wash  by  washing  and 
brushing. 

25.  The  second  rub  should  be  ap- 
plied near  the  end  of  the  work,  when 
the  building  is  ready  to  clean  down 
and  danger  of  staining  from  other 
work  is  past.  The  surface  should  be 
thoroughly  wet  and  then  gone  over 
with  a  No.  24  carborundum  stone. 
The  paste  which  is  worked  up  should 
be  removed  with  a  wet  brush  or  clean 
bagging.  When  dry  the  finished  sur- 
face will  resemble  limestone  in  color 
and  texture. 

Note. — When  using  the  rubbing  method 
described  in  this  section  it  is  essential 
that  all  patching,  correction  of  lines,  etc., 
be  done  before  or  during  the  first  rub. 
When  the  second  rub  is  performed  noth- 
ing but  the  stone  and  plenty  of  water 
should  be  used.  The  irregularities  of 
color  or  texture  which  are  noticeable 
after  the  first  rub  need  not  be  considered 
as  the  second  rub  brings  the  surface  to 
an  almost  uniform  color. 

The  cost  of  this  process  including  mis- 
cellaneous pointing  and  first  and  second 
rub  should  cost  about  6  ct.  sq.  ft. 
with  masons  at  75  ct.  per  hour  and  labor 
at  40  ct.  per  hour. 

E.  Tooled  Finishes.  —  26.  As  here 
.  used,  tooled  finishes  include  all  fin- 
ishes in  which  the  surface  of  the  con- 
crete is  mechanically  roughened,  or 
removed  to  expose  the  aggregate. 
Wire  brushes,  stone  dressing  tools, 
and  rotary  cutters  are  used  for  this 
purpose. 

27.  When  coarse  aggregate  is  to  be 
exposed  by  wire  brushing,  the  con- 
crete should  be  as  green  as  possible, 
usually  not  over  48  hours  old.  Gen- 
erally speaking,  this  process  is  not 
practicable  on  large  buildings,  unless 
special  effects  are  to  be  obtained,  in 
which  case  the  treatment,  if  it  is  to 
be  successful,  requires  careful  prep- 
aration and  selection  of  aggregates, 
as  well  as  extreme  care  in  concreting. 

28.  When  bush  hammering,  crandal- 
ling  or  other  tooling  treatment  is  to 
be  used,  considerable  thought  should 
be  given  to  the  proper  layout  of  con- 
struction joints  and  fill  lines,  and  plans 
showing  the  treated  areas  should  be 
issued  before  any  concrete  is  placed. 
The  work  should  be  planned  to  elim- 
inate as  many  joints  as  possible,  par- 
ticularly horizontal  fill  lines.  If  the 
latter  are  unavoidable  they  should  be 
absolutely  level. 

29.  Where  coarse  aggregate  is  to  be 
exposed  by  picking  or  hammering,  it 
should  be  of  uniform  size  or  uniform- 
ly   graded.     The    distribution    of   the 
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aggregate  should  also  be  uniform  for 
satisfactory  results,  and  the  consis- 
tency of  the  mix  should,  therefore,  be- 
carefully  controlled  in  order  to  pre- 
vent the  settling  or  segregation  of 
aggregate. 

30.  When  patching  or  filling  of  bolt 
holes  is  required  on  an  area  which  is 
to  receive  a  tooled  finish,  the  tooling 
should  precede  the  patching.  The 
latter  should  then  be  done  by  a 
skilled  workman  who  should  match 
the  texture  of  the  surrounding  area 
by  imbedding  selected  pieces  of  large 
aggregate  in  a  mortar  bed. 

31.  Surfaces  to  be  finished  with  a 
rough  texture,  should  be  at  least  two 
weeks  old  before  finishing.  The  work 
may  be  executed  by  mechanical  de- 
vices operated  by  air  or  electricity,  or 
by  hand  hammering.  In  general  the 
work  on  any  one  panel  or  area  should 
be  done  by  the  same  operator  in  order 
to  avoid  differences  in  texture. 

32.  As  the  tooled  finishes  are  usu- 
ally carried  out  in  panel  effects,  great 
care  should  be  taken  to  lay  out  exact 
lines  and  to  cut  clean  and  sharp  at 
the  edges.  The  borders  of  the  panels 
and  such  other  parts  of  the  surface 
as  are  not  roughened  must  receive 
the  usual  pointing  as  described  in 
Sections  A  and  B,  and  also  one  of  the 
wash  or  rubbed  finishes,  to  balance 
with  the  tooled  areas. 

Note. — In  the  committee's  opinion  the* 
effects  that  are  possible  under  the  various 
tooling  treatments  are  the  most  pleasing 
of  any,  but  at  the  same  time  are  the" 
most  costly  and  difficult  to  do.  They  must 
also  be  considered  entirely  from  an 
aesthetic  view  point  as  they  do  not  add 
to  the  weather  resisting  qualities  of  the 
concrete,  and  in  fact  tend  to  its  disin- 
tegration, if  the  concrete  is  not  of  the 
best. 

The  success  of  tooling  depends  upon 
uniformity  in  the  results  obtained,  and, 
therefore,  special  attention  is  called  to 
the  importance  of  avoiding  joints,  fill 
lines,  laitance  and  segregation.  Careful 
selection  of  aggregate  helps  in  attaining 
the  desired  uniformity,  and  if  the  aggre- 
gate be  selected  for  color,  its  exposure 
by  tooling  will  introduce  effects  in  color 
variation,  as  well  as  in  texture. 


$100,000,000 Construction  Program  in 
Colombia.— U.  S.  Consul  S.  H.  Piles, 
Bogota,  reports  that  authorization  has 
been  given  the  government  by  a  law 
passed  December  14,  1922,  to  contract 
loans  up  to  $100,000,000  for  the  con- 
struction of  railways,  port  works,  and 
for  waterway  improvement.  Loans 
under  this  law  must  have  the  sanction 
of  the  National  Loan  Board,  which  has 
supervision  also  of  the  expenditure  of 
the  money. 


Zoning  Progress  in  the  United 
States 

According  to  a  recently  issued  state- 
ment of  the  Division  of  Building  and 
Housing  of  the  U.  S.  Bureau  of  Stand- 
ards, zoning  ordinances  have  been 
adopted  in  109  municipalities  through- 
out the  country  with  a  population  of 
15,000,000  people.  This  shows  the 
rapid  progress  of  zoning  since  Jan.  1, 
1922,  when  only  55  municipalities  had 
such  ordinances  in  effect.  The  state- 
ment gives  the  division's  complete 
list  of  zoned  municipalities  with  de- 
tails as  to  the  date  and  character  of 
the  ordinances,  as  well  as  references 
to  the  legislation  in  different  states 
under  which  zoning  is  authorized. 

This  investigation  shows  that  in 
1922  zoning  spread  especially  rapidly 
in  smaller  places.  Fourteen  towns 
with  5,000  to  10,000  inhabitants  were 
zoned  during  the  year,  bringing  zoned 
towns  in  this  class  to  23;  12  places 
with  5,000  inhabitants  or  less  were 
added  to  the  list  in  1922,  bringing  the 
total  in  that  class  to  17;  the  percent- 
age of  large  cities  which  have  already 
adopted  zoning  remains  much  greater, 
of  course,  and  of  the  50  larger  cities 
in  the  country,  22  have  zoning  ordi- 
nances in  effect.  New  York,  the 
largest  city  in  the  country,  has  been 
zoned  since  1916,  and  in  contrast  the 
smallest  zoned  community  had  only 
131  inhabitants,  according  to  the  1920 
census.  Eighty-one  per  cent  of  the 
urban  population  of  New  York  state 
lives  in  zoned  municipalities;  while 
California  ranks  second  among  the 
states  with  71  per  cent  of  her  urban 
population  zoned;  Minnesota,  third, 
with  58  per  cent;  New  Jersey,  fourth, 
with  57  per  cent;  and  Utah,  fifth,  with 
55  per  cent.  The  entire  District  of 
Columbia  is  zoned. 


National  Exposition  of  Building 
Ideas.  —  An  exposition  of  building 
ideas  is  being  planned  as  a  feature 
to  the  sixteenth  annual  convention  of 
the  National  Association  of  Real 
Estate  Boards,  to  be  held  in  Cleve- 
land June  25  to  30.  The  Cleveland 
Real  Estate  Board,  hosts  to  the  na- 
tional convention  for  1923,  has  ap- 
proved and  completed  the  final  plans 
for  thft  national  exposition  of  building 
ideas.  All  classes  of  building  mate- 
rial used  in  the  construction  of  both 
domestic  and  commercial  buildings 
will  be  on  display.  Tom  Convey,  Swet- 
land  building,  Cleveland,  O.,  is  exposi- 
tion manager. 
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Method  Employed  for  First  National  Bank,  Boston,  Mass.,  Described 

in   Paper  Presented  Oct.   11   Before  Boston 

Society  of  Civil  Engineers 

By  HOWARD,   K.   ALDEN, 

Construction    Engineer,    Stone    &   Webster,  Boston. 


The  new  bank  and  office  building 
which  Stone  &  Webster  are  con- 
structing for  the  First  National  Bank 
of  Boston  is  being  designed  by  York 
&  Sawyer,  architects,  of  New  York 
City,  who  have  retained  Mr.  H.  G. 
Balcom,  also  of  New  York  City,  as 
their  structural  engineer. 

The  building  is  shaped  like  a  blunt 
wedge,  107  ft.  to  160  ft.  wide,  260  ft. 
long  and  125  ft.  high.  There  will  be 
ten  stories  above  the  street  and  two 
below.  The  bank  will  occupy  the  two 
basememts,  the  ground  floor  and  four 
floors  directly  above.  The  five  upper 
stories  will  be  rented  for  office  use. 

The  lowest  basement  floor  varies  in 
depth  from  33  ft.  to  49  ft.  below  the 
curb.  This  is  the  deepest  basement 
of  any  size  that  has  been  constructed 
in  Boston,  and  the  foundations  which 
are  of  necessity  deeper  still,  present 
many  interesting  problems. 

The  Soil  Borings.— During  1920,  be- 
fore wrecking  operations  were 
started,  soil  borings  were  made  under 
the  Equitable  Bldg.  to  determine  the 
nature  of  the  material  that  would  be 
encountered  in  the  foundation  work. 
These  borings  (Fig.  1)  were  carried 
down  through  the  clay  by  means  of  a 
soil  augur  with  an  extension  pipe  han- 
dle. The  augur  was  operated  inside 
of  a  2-in.  steel  pipe  driven  into  the 
ground  as  the  boring  progressed.  No 
water  whatever  was  used  in  making 
these  borings,  and  no  difficulty  was 
experienced  in  bringing  up  samples  of 
the  soil  until  the  over-burden  of  clay 
had  been  penetrated  and  the  point  of 
the  augur  entered  sand.  From  this 
point  down  to  a  hard  stratum  of 
boulder  clay  samples  were  obtained 
by  driving  a  length  of  1-in.  pipe  ahead 
of  the  casing  and  pulling  this  up 
when  it  was  full  of  new  material. 

The  borings  taken  showed  uniform 
material  overlying  the  boulder  clay 
which  occurred  at  approximately 
grade  — 35  or  about  55  ft.  below  the 
sidewalk  surrounding  the  property. 

The  boulder  clay  encountered  at 
this  grade  resisted  further  driving  of 
the  boring  pipe  almost  as  effectively 
as  ledge  rock,  and  was  within  such  a 


reasonable  distance  of  the  bank's  low- 
er basement  that  it  seemed  wise  to 
carry  the  foundations  for  so  important 
a  building  to  this  stratum. 

All  borings  showed  a  layer  of  fine 
sand  from  5  ft.  to  11  ft.  in  thickness 
a  short  distance  above  the  boulder 
clay,  but  there  were  no  indications  in 
the  borings  that  any  excessive  amount 
of  water  existed  in  this  sand  and  for 
this  reason  no  difficulty  was  antici- 
pated in  establishing  concrete  foun- 
dations on  hard  material. 

Underpinning  Party  Wall. — On  ac- 
count of  some  uncertainty  in  the 
dates  for  terminating  the  tenants' 
leases  in  the  old  John  Hancock  Bldg., 
it  was  deemed  advisable  to  start  un- 
derpinning the  party  wall  between 
the  Massachusetts  Trust  Bldg.  and 
the  new  bank  before  the  wrecking 
of  the  old  John  Hancock  Bldg.  could 
be  commenced,  so  that  a  good  por- 
tion of  this  underpinning  work  might 
be  finished  ahead  of  the  general  ex- 
cavation and  foundations  for  the  main 
building. 

Two  methods  were  considered  for 
this  work;  one  for  driving  pre-cast 
piles  under  the  party  wall  and  cap- 
ping them  with  a  continuous  concrete 
girder  directly  underneath  the  exist- 
ing grillage.  The  other  proposal  con- 
templated constructing  independent 
piers,  or  caissons,  forming  practically 
a  solid  concrete  wall  resting  on  boul- 
der clay  from  Federal  St.  to  Devon- 
shire St. 

The  contract  for  this  underpinning 
work  was  awarded  to  the  Chas.  R. 
Gow  Co.,  and  the  preliminary  work 
of  excavating  for  this  underpinning 
was  started  during  May. 

The  working  trench  was  made  10  ft. 
wide  and  opened  up  for  nearly  the 
entire  length  of  the  party  wall.  It 
was  started  in  the  basement  of  the 
old  John  Hancock  Bldg.  and  carried 
to  the  top 'of  the  existing  grillage  at 
grade  — 14. 

While  excavating  this  trench  the 
projecting  granite  blocks  of  the  orig- 
inal wall  footings  at  grade  +  5  had  to 
be  split  off  from  the  John  Hancock 
side.  A  similar  projection  was  re* 
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moved  10  or  12  years  ago  on  the 
Massachusetts  Trust  side  of  the  wall 
when  it  was  previously  underpinned 
during  the  construction  of  the  Massa- 
chusetts Trust  Bldg.  An  8-in.  course 
of  brick,  protecting  a  layer  of  tar  and 
felt  waterproofing,  was  removed  from 
the  bank  side  of  the  party  wall  below 
the  granite  block  foundation. 

Below    these   granite    blocks    there 


that   grillage    into    boulder    clay    at 
grade  — 37.     (Fig.  2.) 

The  Caissons. — The  first  caisson  7 
ft.  long  and  6  ft.  wide  was  started  by 
excavating  a  sheeted  pit  7  ft.  long, 
9  ft.  wide  and  5  ft.  deep,  so  located 
that  a  section  7  ft.  long  and  4%  ft. 
wide  came  under  the  wall  with  the 
balance  in  the  open.  The  section  of 
chamber  under  the  wall  was  carefully 
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Fig...  1-— Test    Borings- Location    Diagram     and   Section?. 


were  brick  and  masonry  walls  resting 
on  a  grillage  approximately  2  ft.  thick 
and  10  ft.  to  15  ft.  wide  of  concrete 
in  which  12  in.  and  15  in:  structural 
"I",  beams  were  bedded. 

The  subcontract  included  the  re- 
moval of  all  projecting  portions  of  the 
existing  grillage  and  the  construction 
of  underpinning  piers  or  caissons  from 


sheeted  so  that  no  slippage  of  earth 
could  take  place.  In  this  working 
chamber  a  concrete  shell  7  ft.  long, 
6  ft.  wide,  4  ft.  high  and  1  ft.  thick 
was  constructed  with  a  4  in.  x  4  in. 
x  %  in.  angle  iron  cutting  edge  around 
the  outside  perimeter.  After  this 
shell  had  set  up  sufficiently,  the  inner 
forms  were  removed  and  mucking  was 
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started  inside.  Four  15-ton  jacks  were 
installed  on  the  top  edge  of  the  shell 
and  arranged  to  operate  against  the 
concrete  grillage  above  in  order  to 
force  the  shell  down  as  rapidly  as  the 
earth  was  removed  from  the  inside 
and  from  under  the  cutting  edge. 

After  this  hollow  caisson  had  been 
jacked  down  4  ft.,  excavation  was 
discontinued  and  4  ft.  more  of  shell 
was  built  in  place.  This  process  was 
repeated  three  or  four  times  until  the 
water  bearing  stratum  of  sand  was 
reached  where  pumping  was  required 

New  First  Nat.  Bank  Cols.—.^ 


the  diver  removed  all  soft  or  loose 
material,  leveled  the  area  within  the 
cutting  edge,  wherever  this  was  pos- 
sible without  removing  large  boul- 
ders, and  left  a  reasonably  smooth 
surface  for  concreting. 

The  caisson  was  then  filled  by  low- 
ering bags  of  concrete  into  the  water 
which  the  diver  emptied  and  distrib- 
uted inside  the  shell,  filling  a  section 
about  4  ft.  in  height.  This  acted  as 
a  seal,  permitting  the  balance  of  the 
caisson  to  be  pumped  out  and  filled 
by  chuting  on  the  following  day,  to  a 


/ 


yf   ..    v- 


Present  Mass.  Trust  Col. 


/   :?  J 


Typical  Location  of  Jacks  and 
Columns  for  preloading  Caisson  .  u 


Diver  dids   out  under  toe  as  caisson 
is  jacked  down . 


Elevation 


Boulder  Clay. 


Cross    Section  . 


0  5  10ft 

Fig.     2.— Typical     Underpinning     Caisson. 


at  such  a  rate  it  was  considered  haz- 
ardous to  the  Trust  Bldg.  foundations. 

The  caisson  was  then  allowed  to  fill 
with  water  to  approximately  grade 
— 18,  and  a  diver  employed  to  continue 
the  excavation  through  the  remaining  8 
ft.  or  10  ft.  of  sand  to  boulder  clay. 
This  method  was  necessarily  slow 
and  expensive,  but  unquestionably 
safe. 

When  hard  boulder  clay  was  reached 


point  approximately  2  ft.  below  the 
under  side  of  the  grillage.  After  al- 
lowing the  concrete  in  the  caisson  to 
set  3  or  4  days,  hydraulic  jacks  were 
applied  to  produce  an  initial  load  25 
per  cent  in  excess  of  the  designed 
load.  An  attempt  was  made  to  main- 
tain this  overload  by  means  of  jacks 
12  to  16  hours,  but  it  proved  unsuc- 
cessful on  account  of  a  slight  though 
constant    leakage    to    which    all    hy- 
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draulic  jacks  invariably  seem  sus- 
ceptible. 

Instead  of  using  jacks  for  an  in- 
definite period,  it  was  decided  to  hold 
the  jack  load  only  until  it  could  be 
transferred,  by  slim  wedges,  to  struc- 
tural steel  struts  with  top  and  bot- 
tom bearing  plates. 

When  these  struts  got  their  load, 
there  was  no  possibility  of  leaking 
or  slippage.  As  a  precaution,  how- 
ever, the  jack  load  was  again  applied 
after  a  few  hours'  time  and  the 
wedges  once  more  driven  home.  The 
results   obtained   by   this    method   on 


Fig.    3. — Concrete    Caisson    Showing    Air 
Lock   in    Place. 

caisson  No  6,  about  6  ft.  wide  and  7 
ft.  long,  having  an  area  of  43.5  sq.  ft., 
are  shown  in  Table  I. 

Prior  to  starting  any  one  caisson, 
cantalever  shores  were  installed  each 
side  to  relieve  the  area  being  under- 
mined of  a  portion  of  its  load,  thus 
reducing  the  danger  of  settlement 
during  construction. 

To  date  seven  of  these  caissons,  or 
nearly  40  per  cent,  of  the  total  work, 
have  been  completed.  Check  levels 
taken  at  frequent  intervals  along  the 
north  side  of  the  party  wall  show  no 


settlement  for  half  its  length  and  a 
maximum  settlement  of  3/16  in.  in 
the  other  half. 

The  Foundations.— The  foundations 
for  the  new  building  were  first  de- 
signed as  typical  Gow  piles  with 
bases  belled  out  at  an  angle  of  60° 
with  the  vertical.  This  type  of  con 
struction  seemed  best  adapted  to  the 
conditions;  but  after  encountering  so 
much  water  in  the  underpinning  work, 
a  test  caisson  was  driven  near  the 
center  of  the  bank  before  definitely 
deciding  on  the  method  to  be  adopted. 
This  caisson  was  carried  down  by  the 
open  method  to  grade  —  25,  where 
water-bearing  sand  was  encountered 
which  showed  a  decided  tendency  to 
boil  and  required  excessive  pumping. 

When  this  stage  was  leached  the 
work  was  temporarily  discontinued 
and  an  air  lock  installed.  The  cais- 
son was  then  carried  down  without 
further  difficulty  to  boulder  clay  at 
grade  —  35,  using  air  pressures  from 
10  to  12  lb.  in  excess  of  normal  at- 
mospheric pressure. 

This  test  proved  conclusively  that 
the  open  cylinder  method  generally 
used  in  the  vicinity  for  sinking  Gow 
piles  was  impracticable  on  this  par- 
ticular job. 

It  was  then  decided  to  install  all 
the  remaining  caissons  'in  a  manner 
similar  to  that  employed  for  the  test 
caissons.     (Fig.  3  and  Fig.  4). 

Four  other  methods  of  constructing 
foundations  for  the  bank  were  con- 
sidered but  careful  analysis  showed 
them  to  be  either  more  expensive  or 
more  hazardous  than  the  air  caissons 
selected.  These  methods  were  namely: 
selected. 

The  caisson  work  progressed  rap- 
idly and  twelve  foundations  were  in 
various  stages  of  completion  with  four 
or  five  down  to  grade  when  unex- 
pected soil  conditions  required  tests 
that  somewhat  delayed  work. 

From  information  which  could  be 
obtained,  no  soil  tests  had  ever  been 
made  on  this  boulder  clay  as  it  is 
called  by  the  Building  Department. 
While  it  was  generaly  assumed  that 
such  material  was  good  for  a  unit 
load    of    7    to    8    tons    per    sq.    ft.    no 


TABLE    I— CAISSON    NO.    6— BEARING    AREA,   43.5   SQ.   FT 

Total  set- 
Time.  Load.  Dement. 

10:00  a.  m.     326  tons  by  3  hydraulic  jacks 045  ft. 

10:05  a.  m.     Entire  load  transferred  to  four  12-in.  H  cols.  24 

in.  long  by  steel  wedges  and  jacks  released..        .037  ft. 

1:15  p.  m.     326   tons   by   jacks 048  ft. 

1:30  p.  m.     Wedges  redriven  and  jacks  removed 042  ft. 

Design    load    =  261  tons. 

Jack  load   imposed  =  326  tons,  or  25  per  cent  overload. 
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reliable  data  could  be  found.  It  was, 
therefore,  considered  important  to 
establish  a  satisfactory  bearing  value 
for  this  soil. 

Soil  Tests.— The  first  soil  test  was 
made  on  an  unconflned  area  12  in. 
sq.  at  grade  —  36.5  under  one  of  the 
large  vault  caissons  with  air  pressure 
removed  and  relatively  little  water 
over  the  area  being  tested.  The  test 
showed  a  settlement  of  3  in.  in  24 
hours  under  a  load  of  5  tons  per  sq. 
ft.,  4  in.  in  48  hours  under  a  7^-ton 
load,  and  5  in.  in  84  hours  with  the 
same  load  maintained.  This  result 
was  highly  unsatisfactory  and  very 
disturbing  to  all  parties  concerned. 

A  second  test  was  made  on  an  area 
2  ft.  sq.  at  grade  —  36.5  in  the  bottom 
of  one  of  the  other  large  vault  cais- 
sons. Around  the  area  being  tested 
there  was  a  space  approximately  6  in. 
wide  of  unconflned  soil.  The  balance 
of  the  caisson  was  sealed  with  a  2-ft. 
mat  of  concrete.  The  2-ft.  square  area 
was  subjected  to  a  test  load  of  5  tons 
per  sq.  ft.  Settlement  of  2%  in.  oc- 
curred before  75  per  cent  of  the  total 
load    had    been    applied.      Settlement 
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Fig.   4.— Typical    Interior   Caisson. 

continued  gradually  to  a  maximum  of 
3  in.  when  the  test  apparently  came 
to  rest.  The  result  of  this  test  was 
no  more  encouraging  than  the  pre- 
vious test  had  been. 
An  inspection  of  the  material  in  the 


6-in.  space  outside  the  area  being 
tested  showed  a  soft  yielding  mass 
into  which  a  man's  foot  would  sink 
several  inches  and  a  %-in.  rod  would 
penetrate  two  or  three  feet,  of  its 
own  weight.  The  material  bore  no 
resemblance    to    the    hard    unyielding 


Fig.    5. — Interior    Caissons    in    Various 
Stages    of   Construction. 

boulder  clay  in  which  the  caisson  ex- 
cavation had  stopped  while  the  air 
pressure  held  the  ground  water  back. 
Under  those  conditions  the  boulder 
clay  flaked  off  under  a  sharp  miner's 
pick  with  difficulty,  and  a  %-in.  rod 
driven  with  a  man's  full  strength 
made  very  little  impression  on  the 
surface. 

Arrangements  were  made  to  run  a 
third  test  under  conditions  approxi- 
mating the  natural  load  conditions  to 
which  the  soil  under  the  building 
foundations  would  be  subjected. 

The  third  test  was  applied  on  a 
plate  liy2  in.  square,  or  2  sq.  ft.  in 
area,  carefully  bedded  on  boulder  clay 
in  the  bottom  of  the  caisson  under 
column  24.  A  concrete  sealing  mat 
3  ft.  in  thickness  was  placed  in  this 
caisson  with  a  rectangular  opening 
16  in.  square  centered  on  the  steel 
bearing  plate,  into  which  the  post 
carrying  the  loading  platform  could 
later  be  set.  The  test  plate  and  con- 
crete seal  were  both  installed  under 
air  pressure.  As  soon  as  the  con- 
crete had  hardened,  the  air  lock  was 
removed,  the  loading  platform  set  in 
position,  and  the  caisson  completely 
filled  with  water  to  restore  in  every 
way  possible  normal  soil  conditions  at 
the  bottom  of  the  test  plate. 

A  loading  of  20  tons  equivalent  to 
10  tons  per  sq.  ft.  was  applied  gradu- 
ally to  this  steel  plate  and  resulted 
in  a  maxftnum  settlement  of  less  than 
1  in. 

This  test  was  felt  to  be  very  satis- 
factory and  it  seemed  fair  to  assume 
that   the    settlement   to    be   expected 
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under  the  large  caissons  would  be 
materially  less  than  that  developed 
under  this  small  test  plate. 

While  these  tests  proved  that  the 
soil  was  capable  of  supporting  7  to 
8  tons  per  sq.  ft.  without  excessive 
settlement,  the  importance  of  the 
banking  structure  and  its  intimate  re- 
lation to  the  Massachusetts  Trust 
Bldg.  seemed  to  warrant  adopting  a 
more  conservative  soil  loading  in  or- 
der to  reduce  settlement  to  a  mini- 
mum. Consequently,  a  unit  loading 
of  5y2  tons  per  sq.  ft.  for  the  interior 
columns  and  5  tons  per  sq.  ft.  for  the 
exterior  was  established. 

After  reaching  this  decision,  the 
caissons  already  excavated  were  filled 
and  the  remaining  caissons  in  the  in- 
terior of  the  Milk  St.  end  were  opened 
up.     (Fig.  5.) 

The  Caisson  Method. — The  caisson 
work  is  started  by  constructing  the 
bell  ends  in  pits  excavated  approxi- 
mately 6  ft.  into  the  clay  below  the 
basement  floor.  The  bells  are  con- 
creted and  a  section  of  the  shaft  con- 
structed above  the  bell  before  the  ex- 
cavation is  carried  further.  When 
the  bell  concrete  has  set  up  sufficient- 
ly, the  inside  forms  are  stripped  and 
muckers  commence  removing  earth 
from  under  the  bell  and  its  cutting 
edge.  A  portion  of  this  excavated 
material  is  carried  away,  but  a  large 
percentage  is  deposited  on  the  bell 
to  increase  its  weight. 

As  the  excavation  proceeds,  the 
caisson  sinks  of  its  own  weight.  It  is 
kept  plumb  by  wedging  against  the 
sides  of  the  original  pit  and  by  under- 
cutting more  rapidly  at  the  points 
which  show  a  tendency  to  lag. 

The  excavation  is  carried  down  in 
the  open  until  the  water  bearing 
stratum  of  sand  is  reached.  Here  the 
work  is  stopped  temporarily  until  air 
locks  can  be  installed  in  the  shaft 
and  air  connections  made  to  the  com- 
pressed air  lines. 

The  excavation  is  then  continued  in 
a  similar  manner  except  that  the 
muckers  work  under  air  pressure  of 
10  to  18  lb.  and  elevate  their  material 
in  heavy  canvas  bags  instead  of 
buckets. 

The  caissons  under  air  are  lowered 
by  releasing  the  air  pressure  momen- 
tarily and  permitting  the  huge  mass 
to  slip  down  on  account  of  its  tremen- 
dous weight.  When  boulder  clay  is 
reached,  the  caisson  is  plumbed,  the 
bottom  carefully  leveled  off,  inspected 
by  the  resident  engineer  and  a  sealing 


mat  of  concrete  approximately  2  ft. 
thick  deposited  over  the  caisson  bot- 
tom by  passing  the  concrete  into  the 
air  lock  and  then  discharging  the  con- 
tents of  the  air  lock  into  the  caisson. 

The  sealing  mat  is  allowed  to  set 
up  24  hours  under  air  pressure,  at 
a  temperature  of  approximately  80° 
Fahr.  The  air  lock  is  then  removed 
and  the  balance  of  the  caisson  con- 
creted. 

To  date  practically  all  the  interior 
caissons  for  the  north  end  of  the  bank 
have  been  finished  and  work  on  sev- 
eral wall  caissons  is  in  progress. 

It  requires  about  ten  working  days 
to  complete  one  caisson,  but  several 
caissons  are,  of  course,  operated  sim- 
ultaneously. 

Air  for  caisson  work  is  furnished 
by  three  motor  driven,  heavy  duty  In- 
gersoll  Rand  air  compressor,  so  con- 
nected that  one  machine  is  a  spare  or 
emergency  machine  for  replacing 
either  of  the  other  two  when  repairs 
must  be  made,  or  for  supplementing 
the  other  two  in  case  of  unusual  de- 
mand. 

With  average  weather  conditions,  it 
is  expected  that  all  foundations  and 
a  large  portion  of  the  basement  walls 
for  the  bank  will  be  finished  before 
the  end  of  the  present  year. 


Plans  Approved   for  $3,000,000   High- 
way Bridge 

Plans  for  the  new  Perth  Amboy 
bridge,  one  of  the  most  important 
highway  bridges  in  the  United  States, 
have  been  approved  by  the  Bureau  of 
Public  Roads  of  the  United  States  De- 
partment of  Agriculture.  This  bridge, 
to  be  constructed  with  federal  aid  by 
the  state  of  New  Jersey  at  an  esti- 
mated cost  of  approximately  $3,000,- 
000,  is  one  of  the  most  heavily  traveled 
in  the  world,  carrying  the  traffic  from 
the  metropolitan  district  of  New  York 
to  the  south,  a  large  part  of  which  is 
bound  for  Philadelphia  and  New  Jer- 
sey coast  resorts.  The  structure  is 
to  replace  one  constructed  in  1906 
which  is  no  longer  adequate  in  width 
of  roadway  or  strength  to  carry  mod- 
ern traffic.  The  new  bridge  project 
will  consist  of  1,089  ft.  of  concrete 
viaduct,  1,538  ft.  of  steel  plate  girders, 
a  360-ft.  swing  draw,  and  5,490  ft.  of 
earth  fill  on  approaches.  The  road- 
way will  be  38  ft.  wide  to  accommo- 
date four  lines  of  traffic  with  side- 
walks on  each  side.  Construction 
will  be  commenced  during  the  coming 
season. 
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The  subject  dealt  with  in  this  paper 
is  one  of  the  most  important  questions 
facing  our  industry.  It  has  been  forced 
to  the  front  in  all  parts  of  Amer- 
ica owing  to  serious  periods  of  unem- 
ployment occurring  each  year,  and 
also  owing  to  the  equally  serious 
periods,  which  we  may  call  the  "Peak 
Loads"  in  our  industry,  which  recur 
annually  from  shortage  of  labor 
caused  by  the  Fall  rush  of  construc- 
tion. 

These  two  extremes,  which  vary 
from  unemployment  at  one  period  to 
over-employment  at  another  period  in 
the  same  year,  recurring  as  they  do 
practically  every  year  under  present 
conditions,  have  forced  all  thoughtful 
men  in  our  industry,  as  well  as  those 
in  other  lines  affected  by  the  con- 
struction industry,  to  ask  the  ques- 
tion, "Can  nothing  be  done  towards 
spreading  the  volume  of  construction 
carried  out  in  any  one  year,  equally 
over  the  entire  year,  and  so  reduce 
unemployment,  as  well  as  avoid  the 
peak   load  of   labor  scarcity?" 

High  Costs  Due  to  Labor  Shortage. 
— From  the  statement  of  building 
costs,  we  are  forced  to  realize  that 
there  are  two  great  needs  in  our  in- 
dustry if  we  are  to  prevent  a  serious 
increase  in  costs  of  building  and  con- 
struction during  the  days  that  are  im- 
mediately ahead  of  us:  — 

1.  We  must  endeavor  to  adopt 
ways  and  means  to  keep  all  building 
mechanics  as  steadily  employed  as 
possible. 

2.  We  must,  at  the  same  time,  put 
into  action  an  aggressive  apprentice- 
ship plan. 

The  big  question  before  us  is:  "How 
can  we  bring  about  regulation  or 
equalization  of  the  volume  of  con- 
struction business  carried  on  through- 
out the  various  seasons  of  the  year? 
In  other  words  what  can  we  do  to 
reduce  seasonal  unemployment  and 
avoid  peak  load  shortages?" 

We,  of  course,  appreciate  the  fact 
that  this  is  no  new  question,  and 
many  of  us  have  been  making  state- 


ments both  in  public  and  private  for 
several  years  that  some  study  of  the 
problem  leading  to  action  to  control 
and  regulate  construction  would  have 
to  be  adopted  sooner  or  later.  It  is 
only  since  the  war,  however,  that  a 
serious  scientific  study  has  begun. 
Students  of  the  question  everywhere 
realize  that  high  costs  are  often  due 
to  the  acute  period  of  shortage  of  me- 
chanics and  labor  in  the  construction 
industry  which  recurs  annually.  This 
shortage  is  the  cause  of  abnormally 
high  wages  in  many  trades  in  the  big 
centers  of  America.  Owners  and  build- 
ers having  rush  work  on  hand  com- 
pete with  each  other  in  open  market 
for  labor  as  well  as  materials;  wages 
often  soar  to  three  and  four  times  the 
standard  rate.  No  industry  can  stand 
this  condition  and  continue  to  flourish. 

The  Cause  of  Peak  Load  Conditions. 
— From  the  most  superficial  study  of 
the  question  one  is  soon  lead  to  ap- 
preciate the  fact  that  this  peak  load 
condition  in  our  industry  cannot  be 
laid  at  the  door  of  the  engineer,  the 
contractor  or  of  labor.  It  is  the  na- 
tural result  of  a  great  number  of 
causes  which  have  been  overlooked 
in  the  past,  and  which  concern  own- 
ers of  property,  manufacturers  of 
building  material,  financing  and  loan- 
ing companies,  manufacturers  in  gen- 
eral, and  in  fact  the  entire  community 
just  as  much  as  those  directly  en- 
gaged in  the  industry. 

In  days  gone  by  when  costs  were 
comparatively  low,  we  neglected  to 
study  this  question  because  it  did  not 
assume  such  a  serious  aspect,  but  un- 
der present  conditions  when  cost  of 
living  is  high,  when  mechanics  are 
forced  to  consider  their  annual  income 
and  when  building  costs  again  threat- 
en to  increase, '  we  are  compelled  in 
self-defense  to  apply  ourselves  to  this 
question .  vigorously.  If  we  fail  to 
work  out  some  improvement  in  this 
condition  we  will  not  be  doing  our 
duty  by  the  community,  or  by  the 
particular  business  of  our  choice. 

What  Has  Been  Done.— Fortunately 
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for  us  a  great  deal  of  study  has  been 
given  to  this  question  throughout 
America,  and  we  have  the  benefit  of 
the  study  of  others  to  guide  us  in  the 
consideration  of  this  question.  Boards 
have  been  formed  in  many  large  cen- 
ters, and  more  are  being  formed  in 
other  places  to  investigate  conditions 
and  suggest  remedies.  These  boards 
in  various  centres  are  usually  known 
by  the  name  "Building  Congress,"  and 
already  we  have  available  the  results 
of  considerable  study  on  the  part  of 
the  New  York  Building  Congress, 
Philadelphia  Building  Congress  and 
the  Boston  Building  Congress.  These 
building  congresses  in  various  centers, 
are  composed  of  representatives  from 
the  various  allied  interests,  as  well 
as  from  the  construction  industry. 
Naturally,  to  cover  the  ground  thor- 
oughly, the  congress  should  be  com- 
posed of  representatives  of  local 
chambers  of  commerce,  boards  of 
trade,  of  manufacturers'  associations, 
building  material  men,  of  real  estate 
boards,  of  financial  interests  con- 
cerned, as  well  as  of  labor,  contractor, 
architectural  and  engineering  bodies. 

The  general  reason  for  having  such 
a  widely  representative  body  compose 
the  local  building  congress  is  because 
it  is  realized  that  the  whole  commun- 
ity it  interested  and  would  be  bene- 
fited by  any  improvements  adopted, 
and  also  because  one  of  the  first 
requisites  in  order  to  have  any  gen- 
eral plan  adopted,  is  that  public  opin- 
ion should  be  influenced,  and  it  is 
only  by  such  a  widely  representative 
body  giving  its  mark  of  approval  to 
suggested  remedies,  that  any  real 
change  can  be  brought  about.  A  board 
composed  along  these  lines  also  takes 
the  question  out  of  the  realm  of 
purely  selfish  interests,  and  guaran- 
tees to  the  public  that  the  interests 
of  the  whole  community  are  being 
considered  and  not  simply  the  benefit 
of  a  single  group. 

No  doubt  it  will  very  shortly  be 
felt  also  that  no  one  community  even 
can  adopt  methods  without  consulta- 
tion with  other  communities,  as  so 
much  construction  work  is  carried  on 
outside  of  the  big  centers  and  very 
frequently  influences  the  situation.  If 
real  effective  means  are  to  be  adopted, 
they  must  include  all  of  the  construc- 
tion work  of  the  country  and  not  sim- 
ply the  work  carried  on  in  each  of 
the  large  centers. 

The  Purpose  of  the  American  Con- 
struction Council.— It  Is  unfortunate 
that  in  Canada,  where  we  have  the 


greatest  need  for  a  study  of  this 
question  owing  to  the  great  length  of 
our  winters,  no  concerted,  effort  has 
yet  been  made  to  reduce  the  great 
loss  which  the  seasonal  nature  of 
our  work  involves. 

In  the  United  States  the  various 
boards  head  up  in  an  American  Con- 
struction Council  with  headquarters 
in  Washington.  Of  course  this  con- 
struction council  deals  with  all  big 
questions  affecting  the  construction 
industry  as  a  whole  throughout  the 
United  States.  Their  purpose  is 
briefly  stated  as  follows: 

"With  the  desire  to  place  the  con- 
struction industry  on  a  high  plane  of 
integrity  and  efficiency  and  to  corre- 
late the  efforts  towards  betterment 
made  by  the  existing  organizations, 
all  the  component  parts  of  the  indus- 
try are  joining  in  the  formation  of  the 
American  Construction  Council,  a  con- 
ference association  representative  of 
the  whole  industry  and  dedicated  to 
the  improvement  of  the  service  which 
the  Construction  Industry  renders  to 
the  Community,  the  State,  and  the 
Nation." 

They  claim  that  the  Construction 
Industry  in  the  United  States  employs 
about  2,000,000  people  and  one  of  their 
slogans  is  "A  single  industry  which 
absorbs  over  50  per  cent  of  our  na- 
tional savings."  Two  of  the  impor- 
tant problems  receiving  the  immediate 
attention  of  this  Construction  Council 
are: 

1.  A  stablization  of  the  Con- 
struction Industry  to  mitigate  the 
evils  of  seasonal  employment  and  the 
trade  migration  of  labor. 

2.  A  reduction  of  the  national 
shortage  of  building  mechanics  and 
the  establishment  of  the  necessary  ap- 
prenticeship system. 

I  believe  that  our  Association  of 
Canadian  Building  &  Construction  In- 
dustry should  take  the  initiative  in 
arranging  the  formation  of  a  Canadi- 
an Construction  Council  along  similar 
lines  to  that  of  the  American  Con- 
struction Council,  because  it  is  only 
by  some  such  means  that  the  great 
problems  of  our  industry  can  be 
solved. 

Average  Employee  Works  Third  of 
Time. — It  is  commonly  stated  that  the 
average  number  of  working  days  of 
the  construction  employee  during  the 
year  does  not  exceed  100  out  of 
a  possible  300.  Engineering  and  con- 
struction, therefore,  is  only  about  30 
per  cent  efficient  in  its  utilization  of 
time.     So   completely   widespread    is 
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the  short  season  practice  in  construc- 
tion, that  it  is  the  accepted  custom 
in  every  locality,  and  we  are  forced 
to  believe  that  a  reform  in  this  direc- 
tion, to  be  effective,  must  be  under- 
taken by  all  large  organizations  in 
addition  to  the  Associations  of  Engi- 
neers and  Contractors. 

Cessation  of  construction  in  winter 
is  prompted  by  the  fact  that  cold 
weather  hinders  certain  processes  and 
makes  much  of  the  work  uncomfort- 
able, and  in  some  instances  adds  to 
the  cost  of  construction.  Both  engi- 
neers and  contractors  have  come  to 
believe  that  physical  difficulties,  as 
well  as  increased  costs  stand  in  the 
way.  Habit  has  developed  out  of  prac- 
tice, and  most  owners,  engineers  and 
builders  are  not  inclined  to  work  in 
winter  because  it  requires  an  upset  of 
habit.  The  custom  of  not  carrying  on 
construction  in  winter  has  led  the  in- 
dustries which  supply  construction  ma- 
terials, brick,  crushed  stone,  gravel, 
etc.,  also  to  discontinue  or  curtail  pro- 
duction during  the  idle  season. 

Owners  are  led  to  believe  that  con- 
struction is  discontinued  in  winter  be- 
cause it  is  physically  impracticable. 
Wherever  the  value  of  winter  con- 
struction is  certain,  however,  means 
of  carrying  it  on  are  found  without 
especial  difficulty.  Readjustment  of 
practice  for  the  industry  as  a  whole 
can  be  accomplished  by  showing  that 
it  pays  generally  to  continue  work  in 
winter  instead  of  letting  plant  and 
capital  remain  idle  and  the  owners  be 
delayed  in  getting  the  use  of  the  im- 
provement. To  obtain  this  result,  con- 
certed action  is  required. 

The  Procedure  of  a  General  Study. 
— A  general  study  must,  of  course,  be 
carried  on  by  engineering,  construc- 
tion and  manufacturing  organizations, 
and  should  follow  the  following  pro- 
cedure: 

1.  Determination  of  the  kinds  of 
work  which  lend  themselves  to  win- 
ter performance. 

2.  Determination  of  methods  and 
equipment  for  conducting  construc- 
tion in  cold  weather. 

3.  Determination  of  costs  of  the 
various  classes  of  winter  work  as 
compared  with  similar  work  in  the 
summer  season. 

4.  Determination  of  the  limit 
where  extra  cost  of  winter  work 
ceases  to  be  profitable. 

There  are  many  other  delays  which 
should  be  considered  and  dealt  with, 
but  the  scope  of  this  paper  will  not 
permit.     A  properly  organized  body, 


however,  should  consider  all  matters 
which  tend  to  cause  unemployment 
or  intermittent  employment  in  our  in- 
dustry. In  passing,  however,  it  should 
be  pointed  out  that  the  only  cure  for 
the  periodic  shortage  in  some  material 
which  causes  unemployment  is  the 
adoption  of  the  method  of  spreading 
the  consumption  over  a  longer  period 
of  the  year,  and  as  a  result,  of  course, 
the  spreading  of  the  demand  would 
naturally  extend  the  production 
period. 

Many  delays  are  also  caused  by 
the  Engineers  restricting  the  kind  or 
quality  of  materials,  which  limits  the 
sources  of  supply  and  often  intro- 
duces long  hauls.  There  follows  from 
this,  delay  in  construction  due  to  in- 
sufficient  or  irregular  transportation. 

Those  of  you  who  may  be  engaged 
in  a  study  of  this  question  should 
obtain  the  "Labor  Review"  ot  October, 
1921,  published  by  the  U.  S.  Depart- 
ment of  Labor,  and  carefully  study 
the  article  on  page  98,  regarding  the 
"Effect  of  Irregular  Employment  on 
Income  in  the  Building  Trades."  This 
article  gives  in  detail  figures  regard- 
ing the  average  annual  income  of  the 
building  trade  worker  in  Philadelphia, 
based  on  an  average  of  200  working 
days  in  the  year,  or  one  day  lost  out 
of  every  three  by  every  building  me- 
chanic. In  this  article  the  statement 
is  made  that  in  the  building  trades 
one  of  the  reasons  for  the  constant 
drive  for  higher  hourly  wages  is  to 
maintain  an  adequate  annual  income 
and  to  offset  the  loss  due  to  intermit- 
tent occupation.  Following  this  it  is 
stated  that  "This  intermittent  occupa- 
tion is  no  doubt  one  of  the  chief  rea- 
sons for  the  fact  that  young  men  are 
no  longer  entering  apprenticeship  and 
learning  construction  trades  from  the 
bottom  up,  with  a  view  to  spending 
their  lives  in  such  work." 

Two  Cases  of  Economic  Wastes — 
Building  congresses  in  the  various 
centers  were  referred  to  in  the  begin- 
ning of  this  paper,  and  the  formation 
of  these  congresses  gives  promise  of 
bringing  about  co-operation  in  reduc- 
ing seasonal  unemployment,  in  the 
training  of  apprentices  and  by  wiping 
out  wasteful  practices  of  all  kinds  in 
the  industry.  It  is,  of  course,  as  yet 
too  early  to  judge  the  effect  of  these 
organizations,  as  they  have  not  been 
in  operation  for  a  sufficient  length 
of  time,  but  not  doubt  the  agitation 
carried  on  by  these  organizations  will 
result  in  the  early  letting  of  contracts 
in  all  lines  of  construction,  and  by  the 
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bii^ouragbiueut  given  to  owners  of 
property  to  consider  these  questions 
more  carefully  when  timing  their 
building  and  construction  operations. 
As  an  illustration  of  economic  waste, 
we  have  at  this  moment  two  glaring 
examples  in  Montreal: 

1.  A  large  public  provincial  build- 
ing, on  which  considerable  money  has 
already  been  expended,  is  now  lying 
idle  where  the  question  of  employ- 
ment has  been  entirely  ignored.  At 
this  moment  the  Province  would  be 
saving  money  if  the  various  contracts 
had  been  let  several  months  ago,  and 
winter  employment  given  to  many 
stone  cutters,  structural  steel  workers 
and  others.  This  work  will  now  no 
doubt  be  carried  forward  and  help  to 
create  a  serious  situation,  which  will 
greatly  accentuate  the  shortage  in 
building  mechanics  when  the  peak 
load  occurs  next  Fall. 

2.  A  large  addition  to  the  premises 
of  one  of  our  strongest  financial  com- 
panies was  commenced  in  the  early 
season  of  1922.  The  foundations  have 
been  completed  on  this  work,  as  was 
also  the  case  on  the  building  first 
referred  to.  Those  in  charge  of  this 
company  placed  a  contract  for  struc- 
tural steel  in  ample  time  to  guarantee 
its  prompt  fabrication  and  erection. 
The  same  authorities,  however,  ne- 
glected to  order  the  cut  stone  in  the 
early  season  of  1922  and  thus  be  in  a 
position  to  continue  their  construc- 
tion without  loss  of  time.  The  net 
result  is  that  this  entire  structure, 
so  far  as  work  on  the  site  is  con- 
cerned, will  stand  idle  during  the  en- 
tire winter,  when  a  great  deal  of  prog- 
ress could  easily  have  been  made  had 
a  logical  program  been  carried  out. 
This  not  only  results  in  a  great  deal 
of  lost  time,  but  also  lost  money, 
owing  to  the  large  expenditure  stand- 
ing idle.  Further  it  helps  to  accentu- 
ate the  unemployment  in  the  building 
trades  during  this  winter  season,  and 
will  no  doubt  combine  with  case  num- 
ber one  above  mentioned,  in  creating 
labor  shortage  in  the  later  summer 
and  early  fall  of  1923. 

These  two  cases  are  merely  cited 
to  show  how  a  responsible  body  of 
representative  citizens,  appointed  by 
all  of  the  prominent  civic  organiza- 
tions, might,  by  a  proper  publicity  of 
the  facts,  influence  property  owners, 
whether  public  or  private,  to  consider 
these  vital  questions,  and  so  help  to 
check  the  resulting  increased  cost  to 
themselves  as  well  as  to  the  commun- 
ity at  large. 


Means  for  Eliminating  Unemploy- 
ment Periods.— "Bulletin  No.  3,"  July, 
1922,  issued  by  the  New  York  Build- 
ing Congress  contains  some  interest- 
ing information  concerning  seasonal 
employment  in  the  building  trades. 
Some  of  the  recommendations  con- 
tained in  this  Bulletin  suggest  the 
following  as  a  means  of  reducing 
costs  and  eliminating  unemployment 
periods: 

1.  Establish  a  wider  range  of  rental 
period  dates. 

2.  Regulate  Government,  State, 
City,  Religious  and  Educational  Build- 
ing construction  so  that  it  will  come 
during  the  low  period  of  employment 
wherever  possible. 

3.  Regulate  the  construction  of  new 
buildings  and  additions  that  are 
erected  for  owner's  pre-arranged  occu- 
pancy without  regard  for  investment 
returns  so  that  it  will  come  during  the 
low  period  of  employment. 

4.  Encourage  beginning  work  on 
new  construction  March  1st  instead 
of  the  customary  date  of  May  1st, 
thereby  bringing  its  labor  demand  two 
months  ahead  of  the  demand  peak 
with  a  greater  supply  available. 

5.  Plan  maintenance  and  repair 
work  so  that  it  will  come  during  the 
season  for  which  there  is  a  low  de- 
mand for  the  labor  involved,  subject 
to  emergency  conditions  that  must  be 
considered. 

6.  Wherever  possible  adopt  the  de- 
mand for  "inside"  and  "outside"  work 
to  the  labor  available  as  indicated  on 
the  labor  chart  analysis. 

The  suggestion  is  offered  that  this 
can  be  accomplished  through  the  fol- 
lowing propaganda: 

1.  Distribution  of  this  Bulletin 
amongst  the  membership  of  the  vari- 
ous associations  that  have  to  do  with 
the  Building  Industry. 

2.  Publicity  in  newspapers,  mag- 
azines and  trade  journals  that  will 
reach  the  public  generally. 

3.  Discussions  and  resolutions  in 
associations  such  as  the  Chamber  of 
Commerce,  the  Merchants  Association, 
the  Association  of  Various  Manufac- 
turers, Women's  Clubs,  Fraternal  Or- 
ganizations, Labor  Unions,  etc.,  so 
as  to  reach  the  average  owner. 

4.  Send  communications  for  con- 
sideration to  various  governments, 
state,  and  municipal  boards,  and  to 
the  governing  boards  of  religious,  edu- 
cational, philanthropic  and  other  in- 
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stitutions  that  have  building  require- 
ments to  meet  from  time  to  time. 

5.  Send  communications  to  public 
and  private  school  authorities  encour- 
aging the  assignment  of  this  topic  for 
discussion,  research,  debate  and  in- 
vestigation by  students. 

Examples  of  Time  Lost  by  Indi- 
vidual Mechanics. — Before  closing  this 
paper  mention  should  be  made  of  the 
tact  that  specific  data  concerning  the 
number  of  days  lost  by  individual  me- 
chanics, who  might  be  considered  as 
first  class  mechanics  in  their  trades, 
has  been  collected  and  tabulated.  A 
number  of  cases  were  dealt  with  in 
the  monthly  "Labor  Review"  of  May, 
1921,  of  the  U.  S.  Department  of  La- 
bor, page  107,  where  records  of  em- 
ployment of  bricklayers  and  others  in 
Philadelphia  are  discussed.  Naturally 
there  are  not  very  many  mechanics 
who  keep  such  records  accurately  from 
year  to  year,  but  from  a  study  of  ma- 
terial gathered  and  tabulated  from 
1909  to  1920,  the  average  day's  work 
was  obtained.  It  is  a  safe  assumption 
that  mechanics  of  the  class  who  would 
make  such  tabulations  are  likely  to 
rank  very  high  in  their  trade  and  lose 
less  time  than  the  average.  It  is 
stated  in  this  article  that: 

"The  greatest  difficulty  in  determin- 
ing the  number  of  days  worked  by 
bricklayers  or  anyone  else  in  the 
building  trades  arises  from  the  fact 
that  so  few  workers  in  these  trades 
work  continuously  for  the  same  man 
for  an  entire  season.  A  most  inter- 
esting illustration  of  this  is  furnished 
by  the  record  of  one  man  covering  a 
period  of  5%  years  which  shows  that 
during  that  time  he  worked  for  76 
different  contractors  and  was  hired 
107  times. 

This  particular  mechanic  in  1920 
worked  for  eight  different  contractors 
and  was  hired  thirteen  times,  his  best 
previous  record  being  in  1913,  when 
he  worked  for  9  different  contractors 
and  was  hired  12  times.  His  maxi- 
mum was  reached  in  1915  when  he 
worked  for  18  different  contractors 
and  was  hired  28  times.  The  same 
article,  after  deducting  for  lost  time 
due  to  various  causes,  gives  the  aver- 
age possible  working  days'  work  in 
the  year  as  182.  It  is  stated  that  part 
of  the  lost  time  in  Philadelphia  is  no 
doubt  due  to  the  rigid  building  ordi- 
nance, which  prevents  the  laying  of 
brick  while  the  temperature  is  at 
freezing  or  below.  This  fact  would 
probably   bring   the   theoretical   aver- 


age   possible    days    to    even    a    lower 
figure. 

Many  interesting  seasonal  labor 
charts,  showing  the  employment  in 
various  building  trades,  have  been  pre- 
pared. A  study  of  these  is  very  help- 
ful in  order  to  visualize  the  situation, 
but  you  can  readily  understand  that 
most  of  these  charts  are  theoretical  as 
yet.  A  continued  study  of  the  sub- 
ject and  a  comparison  of  additional 
charts  from  time  to  time,  will  no 
doubt  help  a  great  deal  in  working 
out  improvements  in  the  situation. 

Lost  Time  Due  to  Seasonal  Effects. 
— To  return  more  defintely  to  the 
question  of  lost  time  due  to  the  sea- 
sonal effects,  we  have  to  admit  that 
under  present  conditions  construction 
is  generally  curtailed  in  the  winter. 
The  correction  of  this  condition  is  a 
huge  task  and  is  perhaps  the  greatest 
problem  facing  our  industry  today, 
and  one  which  would  have  a  far  reach- 
ing effect  in  reducing  some  of  the 
present  industrial  waste.  It  has  been 
pointed  out  that  winter  construction 
presents  technical  and  economic  prob- 
lems. The  technical  problem  of  devel- 
oping effective  construction  practices 
for  cold  weather  has,  to  a  consider- 
able extent,  been  solved,  but  as  yet  no 
concerted  effort  has  been  made  to 
solve  the  economic  problem  involved. 
The  progress,  however,  that  has  al- 
ready been  made  in  winter  construc- 
tion is  the  best  promise  of  its  future 
possibilities,  and  many  operations  in- 
volving heavy  excavation,  municipal 
works,  concrete  and  building  construc- 
tion have  already  been  carried  out 
successfully,  both  as  to  technical 
practices  necessary  for  successful 
winter  work,  and  as  regards  economy. 

Standard  Practice  in  Winter  Con- 
struction.— Work  on  concrete  struc- 
tures of  all  kinds  and  building  opera- 
tions generally,  are  becoming  more 
common  in  the  winter  season.  Meth- 
ods have  been  perfected  to  such  an 
extent  as  to  practically  have  become 
standard  practice.  These  can  be 
briefly  stated  as  follows: 

1.  All  concreting  and  building  ma- 
sonry operations  can  be  carried  on  in 
winter  with  dispatch  and  absolute 
safety  by  heating  the  material,  hous- 
ing in  the  work  under  construction 
and  heating  the  enclosure. 

2.  Steel  erection  in  winter  is  large- 
ly a  function  of  storm  and  tempera- 
ture. In  any  weather  in  which  the 
workman  can  withstand  the  cold  and 


(77) 


492 


Buildings  Monthly  Issue  of 


February, 


work  safely,  structural  steel  can  be 
erected. 

3.  Interior  building  work,  plumbing, 
steamfitting,  plastering,  etc.,  can  be 
performed  in  winter  with  little  loss 
of  efficiency. 

From  the  economic  standpoint 
waste  in  our  industry  is  largely  due 
to  reduction  of  construction  during 
cold  weather.  This  can  largely  be 
overcome  if  the  public  could  be 
brought  to  believe  that  winter  con- 
struction offers  real  economies.  These 
economies  may  be  said  to  result  from 
the  following  conditions: 

1.  Spreading  overhead  costs  over 
twelve  producing  months  instead  of 
some  less  period. 

2.  Reducing  the  seasonal  unemploy- 
ment of  men  in  construction  and  the 
allied  industries. 

3.  Ironing  out  the  peak  in  the  curve 
of  production  of  construction  ma- 
terials and  equipment. 

4.  Equalizing  the  demand  on  trans- 
portation agencies. 

As  previously  stated,  it  is  not  pos- 
sible to  carry  out  these  changes  un- 
less the  building  public  has  placed 
before  it  clear  evidence  of  specific 
savings,  or  at  least  no  increase  in 
cost  as  the  result  of  winter  work. 
This  publicity  must  carry  with  it  a 
full  knowledge  of  the  waste  resulting 
from  winter  idleness  in  the  construc- 
tion industry,  and  the  industry  itself 
cannot  be  stabilized  unless  we,  who 
are  engaged  in  it,  assume  our  share 
of  the  responsibility  of  placing  the 
facts  before  the  public. 

It  must  be  obvious  to  all  of  you  that 
no  real  forward  step  can  be  taken  in 
the  direction  of  solving  the  seasonal 
employment  question  and  other  causes 
of  lost  time  and  unemployment  in  our 
industry  without  the  expenditure  of 
money,  either  on  the  part  of  the  indi- 
vidual making  the  study,  or  on  the 
part  of  the  organization  undertaking 
it.  There  is  little  use  for  us  to  dis- 
cuss this  question  unless  we  are  pre- 
pared to  back  it  up  with  sufficient 
funds  to  work  out  these  details.  In 
other  words,  if  we  are  to  accomplish 
any  real  results  in  this  important  mat- 
ter, as  well  as  the  matter  of  appren- 
ticeship, which  will  next  be  dealt  with, 
we  must  first  "sell"  ourselves  the  idea 
and  then  "sell"  it  to  our  home  or- 
ganizations and  others  engaged  in  the 
industry.  There  is  surely  enough  money 
in  the  industry  to  pay  the  price  if  once 
it  is  convinced  that  the  investment 
will  be  profitable. 


Stresses     in     Reinforcement 

Caused  by   Shrinkage  of 

Concrete  in  Hardening 

The  extent  to  which  shrinkage  of 
concrete  while  hardening  induces 
stress  in  reinforcing  steel  is  a  ques- 
tion of  considerable  importance,  for 
if  the  stresses  are  as  great  as  theoret- 
ical considerations  would  indicate, 
then  in  columns  with  longitudinal  re- 
inforcement, there  is  an  initial  stress 
in  the  steel  that  constitutes  a  con- 
siderable portion  of  the  load  that 
the  steel  might  be  expected  ultimately 
to  sustain.     A  limited  series  of  tests 
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to  determine  whether  or  not  the  stress 
induced  in  the  steel  by  the  shrinkage 
of  the  concrete  is  as  indicated  in  the 
ordinary  accepted  theory,  were  under- 
taken a  short  time  ago  by  Prof.  C.  C. 
Williams  at  the  University  of  Kansas. 
Some  of  the  results  were  given  by 
Prof.  Williams  in  the  Kansas  Engi- 
neer, this  matter  being  an  abstract  of 
a  thesis  by  M.  S.  Duecker  and  H.  R. 
Reed.  We  quote  from  the  Kansas 
Engineer  as  follows: 

As  given  in  most  text  books,  the 
stress  due  to  the  shrinkage  of  the 
concrete  is  obtained  as  follows: 

C=coefficient  of  contraction  of  con- 
crete 

fs=compression  stress  in  the  steel 
caused  by  shrinkage 

fc=tensile  stress  in  the  concrete 
caused  by  shrinkage. 

Then  the  net  contraction  per  unit 
of  length  in  terms  of  the  concrete 
stress  is  C— fc/Ec,  and  in  terms  of 
the  steel  stress  is  fs/Es,  these  expres- 
sions being  equal.  For  equilibrium, 
fc=pfs,  when  ce  fs=CEs/(l-^pn). 

The  test  consisted  of  molding  com- 
pression members  with  steel  bars  im- 
bedded, the  bars  being  exposed  at  two 
points  to  permit  readings  being  taken 
with  the  20-in.  Berry  strain  gauge. 
Fig.  1  shows  a  typical  test  specimen. 
The  reinforcement  in  each  case  was 
approximately  1  per  cent.  The  dimen- 
sions, etc.,  of  the  specimens  are  given 
in  Table  I. 
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TABLE  I. 

3%x6% 

1:2:4 

2% -in.   rd. 

corr. 

45 

3,200.000 

3%x6i/2 

1:3:6 

2% -in.   rd. 

corr. 

45 

2.700.000 

3%x6% 

1:2:6 

2% -in.   rd. 

corr. 

45 

3,000.000 

3%x6% 

1:2:3 

2%-in.   rd. 

corr. 

45 

3,400,000 

7x7 

1:2:3 

2% -in.   sq. 

corr. 

45 

3,400,000 

7x7 

1:2:3 

2%-in.   sq. 

corr. 

45 

3,400,000 

4x12 

1:2:3 

21/2-in.   sq. 

corr. 

28 

3,000,000 

3^x6 

1;U4:S 

None 

28 

3,000,000 

3Mjx6V2 

1:1%:3 

2%-in.  rd. 

corr. 

28 

3,000.000 

Iron  plugs  about  %  in.  in  diameter 
were  imbedded  in  the  concrete  flush 
with  the  surface  beside  the  holes  left 
for  inserting  the  points  of  the  strain 
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Fig.    2. 

gage  in  the  steel  so  that  the  shrinkage 
of  the  concrete  itself  might  be  meas- 
ured. A  hole  %  in.  in  diameter  and 
extending  half  way  through  the  speci- 
men was  molded  to  permit  the  inser- 
tion of  a  thermometer  in  order  that 
accurate  temperature  records  might 
be  made  and  the  readings  corrected 
accordingly. 

Holes  1/32  in.  in  diameter  were 
drilled  in  the  steel  reinforcing  bars 
and  in  the  iron  plugs  for  inserting  the 
points  of  the  strain  gage.  In  Speci- 
men No.  8,  plugs  were  also  placed 
transversely  for  measuring  the  trans- 
verse shrinkage,  which  was  done  with 
an  8-in.  Berry  strain  gage.  This  read- 
ing is  listed  as  No.  8N. 

Specimen  No.  9  was  without  re- 
inforcement and  was  molded  for  the 
purpose  of  determining  the  shrinkage 
of  plain  concrete.  Owing  to  the  in- 
stability of  the  iron  plugs  in  the  fresh 
concrete,  it  was  impossible  to  secure 
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8N. 
9  . 
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TABLE   II. 

0039  0.0039  0.00020  0.00020  6200  8500 

0030   0.00015  4650  8350 

0037   0.00019  5880  8430 

0047  0.0051  0.00023  0.00026  7120  8500 

.0037  0.0038  0.00019  0.00019  5880  8500 

,0038  0.0048  0.00019  0.00024  5880  8500 

0020  0.0043  0.00010  0.00021  3100  8430 

0.0021   0.00025 

0.0051   0.00025 

,0038  0.0044  0.00019  0.00022  5880  8430 


reliable  initial  observations  on  the 
shrinkage  of  the  concrete  in  any  case. 

Careful  attention  was  given  to  de- 
veloping a  technique  of  taking  the 
readings  in  order  to  eliminate  per- 
sonal error. 

The  maximum  stresses  observed 
are  given  in  Table  II,  together  with 
calculated  stresses  on  the  assumption 
of  0.0003  as  the  shrinkage  coefficient 
of  concrete.  In  these  calculations, 
the  moduli  of  elasticity  employed  were 
estimated  from  other  tests  of  similar 
mixtures  and  aggregates  and  at  cor- 
responding ages.  If  the  coefficient  of 
shrinkage  had  been  taken  as  0.0005 
as  found  by  Goldbeck  and  others,  or 
even  as  0.0004,  which  is  frequently 
used,  the  discrepancy  between  ob- 
served and  calculated  stresses  would 
have  been  correspondingly  greater. 

The  curve  of  Fig.  2  (for  Specimen 
No.  2),  is  typical  and  illustrates  the 
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manner  in  which  the  stresses  were 
induced  by  the  shrinkage.  The  maxi- 
mum effect  appeared  to  be  practically 
reached   in   28   to    45    days,   although 
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other  experiments  indicate  a  continu- 
ance of  shrinkage  of  plain  concrete 
for  a  longer  perior,  viz.,  from  60  to 
75  days.  Fig.  3  shows  the  behavior 
of  one  of  the  specimens  when  it  was 
immersed  in  water  after  the  harden- 
ing had  continued  for  45  days.  It  in- 
dicates that  approximately  half  of  the 
stress  caused  by  shrinkage  was  re- 
lieved due  to  the  expansion  of  the  con- 
crete in  about  2V2  hours  after  immer- 
sion in  the  water. 

While  the  scope  of  the  tests  is  too 
limited  to  warrant  specific  quantita- 
tive conclusions,  they  do  indicate 
that: 

1.  The  stresses  in  steel  reinforce- 
ment caused  by  the  shrinkage  of  con- 
crete are  considerable; 

2.  The  stresses  in  the  steel  are 
appreciably  less  than  given  by  the 
theoretical  formulas  when  the  coef- 
ficient of  shrinkage  of  plain  con- 
crete .  is  used.  This  fact  seems 
to  indicate  that  a  part  of  the 
shrinkage  occurs  before  the  con- 
crete is  sufficiently  hard  to  grip  the 
steel  and  thus  induces  stress.  In 
these  tests,  this  discrepancy  amounted 
to  about  25  per  cent,  which  apparently 
is  about  a  minimum; 

3.  The  actual  shrinkage  of  rein- 
forced concrete  is  less  than  that  of 
plain  concrete  owing  to  the  restrain- 
ing action  of  the  steel. 


Meeting  of  American  Society  of 

Heating  and  Ventilating 

Engineers 

The  American  Society  of  Heating 
and  Ventilating  Engineers  held  its  an- 
nual meeting  at  the  U.  S.  Bureau  of 
Standards  on  Jan.  24  and  25.  The 
afternoon  of  Jan.  24  was  devoted  to 
a  general  tour  of  inspection  of  the 
bureau's  laboratories,  thus  giving  the 
members  of  the  society  a  very  good 
idea  of  the  bureau's  facilities  for  re- 
search work. 

One  of  the  interesting  subjects  dis- 
cussed at  the  meeting  was  the  effect 
of  temperature  and  humidity  on  the 
comfort  and  efficiency  of  human  be- 
ings, and  a  chart  which  has  been  pre- 
pared showed  that  while  a  tempera- 
ture as  high  as  70°  may  be  necessary 
to  comfort  under  dry  conditions,  such 
as  usually  obtain  inside  houses  during 
the  winter,  the  addition  of  moisture 
to  the  air  will  make  a  lower  tempera- 
ture, say  60°,  equally  comfortable. 
This  opens  up  possibilities  for  large 
savings  of  coal  and  is,  therefore,  of 
considerable  importance. 


A  new  method  of  measuring  heat 
loss  through  walls  was  also  described. 
A  small  square  board  is  used  for  a 
meter  and  the  heat  flowing  through 
this  is  measured.  Such  a  heat  flow 
meter  or  conductometer  can  be  used 
for  measuring  actual  walls  in  build- 
ings; something  which  has  heretofore 
not  been  possible.  Measurements  of 
the  heat  flow  through  building  mate- 
rials have  been  quite  discordant  in 
the  past,  and  it  is  hoped  that  this  new 
method  will  make  more  accurate 
measurements  possible. 

Tests  of  the  steam-carrying  capacity 
of  vertical  pipes  or  risers  used  for 
connecting  radiators  in  one-pipe  heat- 
ing systems  were  also  discussed.  It 
was  shown  that  the  carrying  capacity 
of  these  risers  may  be  decreased  as 
much  as  30  per  cent  by  the  burrs  left 
at  the  ends  of  the  pipes  by  the  pipe- 
cutters.  These  should  always  be 
reamed  out  before  the  pipe  is  put  in 
place.  This  same  paper  discussed  the 
carrying  capacity  of  pipes  of  different 
sizes  as  effected  by  bends,  joints, 
roughness  of  pipes,  etc.  It  was  found 
that  there  is  a  critical  velocity  beyond 
which  the  carrying  capacity  cannot 
be  increased  without  noise  and  un- 
satisfactory operation. 

Another  paper  dealt  with  the  effect 
of  high  temperatures  and  humidities 
on  human  beings,  and  it  was  shown 
that  if  the  humidity  is  kept  relatively 
low,  a  much  higher  temperature  can 
be  endured  and  for  a  longer  time. 
These  results  may  be  used  as  the 
basis  for  regulation  of  working  condi- 
tions in  plants  where  high  tempera- 
tures cannot  be  avoided. 

Methods  for  determining  the  amount 
of  dust  in  air,  were  discussed  as  well 
as  anemometers  used  for  measuring 
air  velocities,  tests  of  radiator  return 
valves,  and  work  which  the  bureau 
has  under  way  on  the  fire  tests  of 
structural  materials. 


Civil  Service  Examination  for  Archi- 
tectural Draftsmen. — The  U.  S.  Civil 
Service  Commission  announces  that 
an  open  competitive  examination  for 
architectural  draftsman  will  be  held 
on  April  4  and  5,  to  fill  positions  in 
the  Forest  Service  at  $1,740  a  year, 
in  the  Veterans'  Bureau  at  $2,000  a 
year,  and  in  other  branches  as  va- 
cancies occur.  The  examination  con- 
sists of  drawing  and  design;  free- 
hand drawing,  ornament,  and  projec- 
tion; questions  on  building  materials 
and  construction,  and  a  rating  on 
training  and  experience. 
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Action  of  Sea  Water  on  Concrete  Structures 


From  Committee  Report    Presented  Jan.  25  at  Last  Annual  Meeting 
of  the  American  Concrete  Institute 


In  approaching  the  study  of  the  use 
of  concrete  in  both  fresh  and  sea  wa- 
ter, the  committee  has  deemed  it 
wise  to  ascertain,  as  nearly  as  pos- 
sible, the  experience  and  practice  of 
engineers  who  have  had  the  greatest 
opportunity  to  give  thought  to  this 
particular  phase  of  concrete  construc- 
tion. A  very  careful  review  of  the  bibli- 
ography has  been  made  and,  in  addi- 
tion, a  questionnaire  has  been  sent 
out  to  about  75  of  the  leading  railroad, 
harbor,  government  and  municipal  en- 
gineers who,  in  the  committee's  opin- 
ion, were  most  apt  to  have  data  on  this 
important  subject.  The  compilation  of 
this  information,  in  the  opinion  of 
the  committee  contributes  sufficient 
data  to  warrant  its  careful  consid- 
eration. 

Of  the  51  replies  received  to  the 
questionnaire,  all  but  one  gave  ap- 
proval to  the  use  of  concrete  in  fresh 
or  sea  water,  and  they  were  universal 
in  stating  that  their  general  experi- 
ence led  them  to  believe  that  the  fail- 
ures of  concrete  in  sea  water  service 
were  attributable  to  either  improper 
materials  or  poor  workmanship.  The 
advice  on  how  to  choose  the  materials 
and  mix,  place  and  cure  concrete  is,  in 
many  instances,  vague,  but  the  sum 
total  of  the  information  seems  to  of- 
fer a  substantial  contribution  to  the 
art,  and  the  committee  therefore  feels 
justified  in  reporting  the  facts. 

The  most  emphasized  essential  of 
concrete  for  this  service  is  imperme- 
ability, and,  therefore,  all  methods  of 
obtaining  a  mixture  having  this  char- 
acteristic seem  to  have  a  place  in 
any  discussion  pesfeiining  to  this  sub- 
ject. This,  together  with  the  best 
practices  in  the  selection,  proportion- 
ing, mixing,  pouring,  curing  and  pro- 
tection of  the  exterior  skin  of  con- 
crete must  all  be  considered. 

For  the  purpose  of  this  paper,  it 
seems  unwise  to  introduce  the  prob- 
lems of  the  life  of  concrete  in  fresh 
water.  Usually  the  permanency  of 
concrete  under  the  action  of  fresh 
water  is  unquestioned,  but  there  are 
several  districts  in  this  country  where 
serious  disintegration  has  been  en- 
countered.   These  seem  to  be  special 


cases,  however,  which  may  be  treated 
in  a  later  report  of  the  committee. 

Chemical  Actions  in  Concrete  Ex- 
posed to  Sea  Water. — As  is  generally 
known  in  the  concrete  world,  the  ex- 
act chemical  actions  which  occur  when 
concrete  is  exposed  to  sea  water  are, 
as  yet,  only  conjectures  on  the  part 
of  the  engineer.  One  school,  which 
is  followed  by  the  Bureau  of  Stand- 
ards' exhaustive  report  on  this  subject 
and  generally  approved  by  most  chem- 
ists, believes  that  it  is  the  action  of 
the  sulphate  of  magnesia  of  the  sea 
water  with  the  lime  in  the  cement 
(formed  during  the  setting),  and  the 
alumina  of  the  aluminates  of  the 
cement,  resulting  in  the  formation  of 
hydrated  magnesia  and  calcium  sul- 
pho-aluminate  which  crystallizes  with 
a  large  number  of  molecules  of  wa- 
ter, and  that  both  sodium  chloride 
and  magnesium  chloride  rapidly  at- 
tack the  silicates. 

This  action  is  due  to  the  greater 
affinity  of  sulphur  for  calcium  so  that 
when  the  cement  and  the  sea  water 
come  together  in  the  nascent  state 
of  chemical  combination,  the  sulphur 
leaves  the  magnesium  and  combines 
with  the  calcium  of  the  cement,  form- 
ing calcium  sulphate,  and  leaving  the 
magnesium  free.  It  is  for  this  reason 
that  the  magnesium  is  frequently  ob- 
served on  the  exterior  of  concrete 
structures  which  are  subjected  to  the 
action  of  sea  water.  For  a  time  chem- 
ists were  of  the  opinion  that  the  mag- 
nesia in  the  cement  was  in  some  way 
responsible  for  the  deterioration.  It 
is  the  feeling  of  the  chemists  of  the 
Southern  Pacific  Co.,  who  have  made 
a  very  careful  study  of  this,  that  mag- 
nesia in  the  normal  amounts  permit- 
ted in  portland  cement  is  probably  in- 
ert and  does  not  cause  the  cement, 
in  time,  to  expand  and  crack.  In  the 
transition  of  the  sulphate  of  mag- 
nesia to  the  sulphate  of  lime,  the  two 
equivalents  of  water  comprise  a  con- 
siderable increase  of  volume.  This 
formation  in  itself  is  sufficient  to  de- 
stroy the  cohesion,  but  the  aluminate 
of  lime  which  exists  in  cement  in 
common  with  other  calcareous  salts 
possesses  the  property  of  combining 


♦Advance  copy  from  1923  Copyrighted 
Proceedings  of  the  American  Concrete 
Institute, 


iTechnologic  Papers,  Bureau  of  Stand- 
ards, No.  12,  by  Messrs.  Bates,  Phillips 
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with  the  sulphate  of  lime  and  thus 
forming  sulpho-aluminate  of  lime. 
This  combination  carries  with  it  such 
a  large  quantity  of  water  that  it  is 
necessarily  increased  in  volume, 
which,  in  turn,  totally  destroys  the 
cohesion.2  Fortunately,  the  magne- 
sium hydrate  formed  by  the  actions 
above  described  tends  to  counteract 
the  destructive  effect  by  filling  the 
pores  of  the  concrete  so  that  in  this 
way  the  material  may  gradually  be- 
come impervious  to  the  sea  water  and 
disintegration  is  thereby  prevented. 
After  the  character  of  the  cement  has 
been  changed  by  the  formation  of  the 
sulphate  aluminate  of  lime,  the  sodium 
chloride  in  the  water  is  able  to  dis- 
solve the  calcium  silicate  in  the  ce- 
ment. The  calcium  set  at  liberty  is 
dissolved  little  by  little  in  the  water 
which  penetrates  the  mortar  and  grad- 
ually reduces  the  concrete.  The  soft- 
ening of  concrete  seems  to  take  place 
only  when  there  is  an  abnormal 
amount  of  sulphuric  acid  present. 

Sea  water  has  no  apparent  action 
on  the  iron  oxides  of  cement.  For 
that  reason  (and  because  of  the  fact 
that  the  setting  quality  of  cement  is 
due  to  the  iron  and  alumina  present, 
and,  as  indicated  above,  alumina  is 
a  harmful  factor  in  sea  water),  it 
would  seem  that  a  cement  high  in  iron 
is  desirable.  It  is  impossible,  how- 
ever, to  replace  all  the  alumina  by 
iron,  as  a  product  resulting  from  the 
burning  of  ferric  oxide  and  calcium 
carbonate  does  not  possess  hydraulic 
properties.  To  produce  a  cement  that 
will  resist  the  action  of  sea  water, 
according  to  a  theory  embraced  by  a 
certain  railroad8,  deduct  the  percent- 
age of  iron  from  the  percentage  of 
alumina.  The  result  should  be  not 
less  than  four. 

Continuing  with  the  tests  of  this 
same  railroad,  it  is  of  great  interest 
to.  observe  that  the  subjecting  of  pats 
of  neat  cement  to  water  having  slight- 
ly concentrated  salts  that  are  found 
in  sea  water  showed  total  disintegra- 
tion within  90  days,  all  apparently  due 
to  the  foregoing  chemical  action.  This 
test  was  confirmed  by  submitting 
some  of  the  same  cement  pats  to  the 
action  of  real  sea  water  over  a  period 
of  one  year.  On  the  other  hand,  sand 
briquettes  of  1:3  mix,  made  for 
physical  tests  in  the  ordinary  way, 
submerged  in  sea  water,  show  an  in- 
creasing strength  during  tests  that 
continued  over  a  year.  This  may  spell 
a  caution  in  the  minds  of  engineers  in 
the  matter  of  not  proportioning  their 


mortars  in  too  great  a  percentage  of 
cement.  The  inert  sand  seems  to 
materially  aid  the  cement  in  its  re- 
sistance to  the  previously  described 
chemical  reactions. 

There  seems  to  be  no  disagreement 
among  the  engineers  or  chemists  with 
respect  to  the  permanency  of  concrete 
which  is  entirely  submerged.  It  is 
that  portion  of  the  structure  which  is 
subjected  to  the  alternate  action  of 
water  and  air  in  which  the  destructive 
action  is  most  apparent.  In  review- 
ing the  supposed  chemical  actions  de- 
scribed, it  is  obvious  that  this  crystal- 
lization should  take  place  where  the 
alternate  action  of  water  and  air  pre- 
vails. In  this  respect,  the  chemical 
hypothesis  seems  to  be  substantiated 
in  general  practice.4 

From  this  discussion  of  the  sup- 
posed chemical  actions,  it  seems  wise 
to  turn  to  a  practical  definition  of  the 
problems  which  have  been  developed 
from  the  information  gleaned  through 
experience,  the  questionnaire  and  the 
practical  experiments  that  have  been 
carried  on  on  this  particular  subject. 
For  convenience  and  to  avoid  con- 
fusion, it  seems  wise  to  consider  the 
subject  under  the  following  headings: 

1.  Impermeability  and  Density. 

2.  Proportioning  and  Mix. 

3.  Quantity  of  Water. 

4.  Forms,  Spading  and  Tamping. 

5.  Curing. 

6.  Proper  Location  and  Percentage 
of  Steel. 

7.  Avoidance  of  Seepage  or  Drain- 
age Action,  Especially  During  the 
Period  of  Setting. 

8.  Avoid  Placing  the  Concrete 
Where  It  Is  Subject  to  the  Alternate 
Action  of  Air  and  Water  During  the 
Period   of   Setting. 

9.  Exterior  Protection  of  Concrete. 

10.  Cement. 

The  Aberthaw  Tests.— We  are  par- 
ticularly fortunate  in  the  contribution 
made  by  one  of  our  leading  construc- 
tion companies5  to  this  particular  art. 
The  tests  which  they  carried  on  at  the 


2J.  A.  O'Hara,  Chief  Chemist  of  the 
Southern  Pacific  R.  R.,  states  that  in  his 
experience  it  was  found  that  over  twice 
as  much  lime  was  extracted  or  set  free 
when  the  cement  set  under  the  action  of 
sea  water  as  against  the  same  condition 
in  fresh  water. 

^Southern  Pacific  R.  R. 

4See  Technologic  Paper,  Bureau  of 
Standards,  No.  12,  on  the  Action  of  Salts 
in  Alkali  Water  and  Sea  Water  on  Ce- 
ment, for  recommendation  on  the  best 
characteristic  of  cement  for  this  partic- 
ular service.  ..       .-    ...^ 

&The  Aberthaw  Construction  Co.,  Bos- 
ton, Mass. 
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Charlestown  Navy  Yard,  Boston, 
Mass.,  are  perhaps  the  most  scientific 
tests  of  long  duration  pertaining  to 
the  action  of  sea  water  on  concrete 
which  have  ever  been  brought  to  the 
attention  of  the  engineering  world. 
The  specimens,  which  have  been  ex- 
posed for  more  than  13  years,  are  now 
old  enough  to  warrant  some  pretty 
definite  conclusions.  The  relative  du- 
ration of  life  of  the  different  samples, 
together  with  the  knowledge  of  their 
mixture   and   different   conditions,    af- 


A  report  before  the  American  So- 
ciety of  Civil  Engineers  in  their  meet- 
ing in  June,  1922",  states  that  speci- 
mens numbered  2,  3,  5,  6,  10,  12,  14, 
15,  16,  17,  18,  20  and  24  are  in  fairly 
good  condition  and  specimens  2,  3,  14, 
16  and  18  show  little  or  no  effect  after 
the  severe  exposure  between  high  and 
low  water  for  the  period  of  the  13 
years.  The  outstanding  lessons  from 
these  tests  are: 

1.  Aim  for  impermeability  rather 
than  density. 
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Fig.    1 — Summary    of   1920    Report,    Aberthaw   Tests   of    Concrete    in   Sea   Water. 


ford   an   illuminating   chapter   in   the 
study  of  our  problem. 

To  those  who  are  not  familiar  with 
these  tests,  it  may  be  well  to  state 
that  24  reinforced  piles,  16  in.  square, 
16  ft.  long,  were  cast  in  January,  1909, 
with  a  view  of  introducing  as  many 
variables  as  possible  to  throw  light 
on  the  subject  under  discussion.  In 
order  that  the  information  may  be 
readily  digested,  your  committee  has 
compiled  the  general  facts  on  one 
plate  (Fig.  1),  and  it  is  with  the  idea 
of  using  this  largely  as  a  text  that  the 
10  headings  previously  named  can 
best  be  discussed. 


2.  Use  a  rich  mix. 

3.  Use  a  sufficient  amount  of  water. 

4.  Avoid  admixture  of  other  mate- 
rials with  the  cement. 

The  opponents  of  the  use  of  con- 
crete construction  in  sea  water  have, 
at  various  times,  used  the  Aberthaw 
tests  as  an  argument  against  the 
durability  of  concrete  in  this  service 
for  the  reason  that  a  substantial  per- 
centage of  the  test  piles  did  not  with- 
stand the  test  of  time. 

Those  who  are  familiar  with  the 
conditions  and  the  object  of  the  inves- 
tigations are  undoubtedly  well  aware 
that    certain     extreme    combinations 
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were  used  for  the  express  purpose  of 
having  some  of  the  samples  show 
rapid  deterioration  so  that  relative  in- 
formation might  be  forthcoming.  It 
will  be  observed,  by  again  referring 
to  Fig.  1,  that  in  every  instance  where 
a  rich  mix  was  used  with  a  sufficient 
amount  of  water,  good  results  were 
attained.  (See  specimens  numbered 
2,.  3,  5,  6,  10,  12,  14,  16  and  18.) 

The  tests  show  that  the  imper- 
meability of  the  concrete  is  largely 
affected  by  the  water  content;  that 
dry  concrete  is  exceedingly  danger- 
ous; and  that  an  excess  amount  of 
water  seems  to  reduce  the  resistance 
to  salt  water. 

It  is  very  much  regretted  that  Pro- 
fessor Abrams'  pamphlet  No.  I7  rela- 
tive to  the  proportioning  of  aggre- 
gates and  water  was  not  available  at 
the  time  these  tests  were  made.  For- 
tunately, however,  the  data  preserved 
are  of  a  character  which  makes  it  pos- 
sible to  analyze  the  mixtures  that  were 
used  in  the  light  of  Professor  Abrams' 
disclosure.  Strength  is  an  essential 
characteristic  of  concrete,  but  far 
more  important  is  the  providing  of  a 
concrete  which  will  protect  the  rein- 
forcing and  withstand  the  chemical 
actions  caused  by  the  penetration  of 
water.  It  is  your  committee's  opinion 
that  this  feature  of  concrete  construc- 
tion- is  not,  at  the  present  time,  hav- 
ing sufficient  consideration,  and,  for 
that  reason,  it  is  being  especially  em- 
phasized. 

As  previously  indicated,  it  seems 
wise  to  discuss  the  results  of  the 
Aberthaw  tests  under  the  10  headings 
enumerated  above: 

Impermeability  and  Density. — The 
committee  is  using  the  term  "imper- 
meability" to  mean  the  relative  resist- 
ance of  concrete  to  the  penetration  of 
water  under  low  pressure.  A  defini- 
tion of  density  does  not  seem  to  be 
necessary.  We  believe  that  it  is  im- 
portant to  differentiate  between  the 
two  characteristics  of  concrete  since 
the  tests  shown  on  Fig.  1  clearly  dem- 
onstrate this  point,  it  will  be  observed 
that  Test  Specimen  I,  although  hav- 
ing greater  density  than  either  Test 
Specimens  2  or  3,  and  being  of  iden- 
tically the  same  mix  (except  water 
content)  entirely  disintegrated — so 
much  so  that  the  jar  of  lifting  it  out 
and  placing  it  on  the  pier  caused  it 

6L.  C.  Watson— Proceedings  A.  S.  C. 
E.,  Vol.  XL.VIII,  No.  7,  Sept.,  1922. 

7Design  of  Concrete  Mixtures,  Bulletin 
No.  1.  Structural  Materials  Research 
Laboratory. 


to  split  and  fall  into  pieces — while 
Test  Specimen  2  is  only  slightly  pit- 
ted and  Test  Specimen  3  is  in  exceed- 
ingly good  condition.  It  will  be  ob- 
served that  Specimen  3  showed  no 
water  in  the  center  hole  while  Speci- 
men 2  has  more  than  Specimen  1.  It 
seems  probable,  in  view  of  the  greater 
permeability  of  No.  1  as  against  No. 
2,  that  the  water  ran  out  as  well  as 
in,  and  therefore  the  height  at  the 
time  of  measurement  is  not  an  exact 
indication  of  the  relative  permeability 
of  the  material.8 

This  test  may,  to  some  degree,  have 
been  affected  by  the  low  percentage 
of  reinforcing  steel  which  was  used  in 
the  piles — namely,  two  %  in.  square 
twisted  bars  at  two  corners.  This 
means  that  the  pile,  having  appar- 
ently been  picked  up  from  one  end, 
was  subject  to  high  unit  stresses, ' 
thereby  probably  causing  a  number 
of  small  cracks  which  may  have  had 
the  effect  on  the  permeability  test. 

Pursuing  the  analysis  of  the  other 
tests,  it  will  be  seen  that  the  same 
general  principals  hold,  except  in  the 
4,  5  and  6  specimens,  where  the  maxi- 
mum density  and  maximum  imper- 
meability seem  to  coincide.  The  most 
durable  specimen — namely,  No.  5 — 
having  a  reasonable  water  content  but 
apparently  being  quite  permeable, 
shows  far  the  best  resistance  to  the 
action  of  sea  water. 

It  is  of  interest  to  analyze  the  mix- 
tures, as  shown  on  Fig.  1  in  the  light 
of  the  information  given  by  Professor 
Abrams,  particularly  with  reference  to 
the  fineness  moduli  and  the  quantity 
of  water.  This  information  is  shown 
in  the  four  last  columns  of  Fig.  1. 

Here  are  recorded  the  actual  fine- 
ness modulus  of  each  specimen  and 
various  characteristics  of  the  mixes 
derived  therefrom  on  the  basis  of 
the  "Design  of  Concrete  Mixtures." 
We  are  particularly  interested  in  the 
water-cement  ratio  and  consistency 
factor  disclosed  by  this  analysis.  As 
heretofore  indicated,  there  seems  to 
be  a  relationship  of  importance  be- 
tween the  providing  of  a  sufficient 
amount  of  water  and  the  permeability 
of  the  concrete. 

Proportioning  and  Mix. — All  con- 
crete is  predicated  on  good  materials 
but  good  materials  alone  do  not  en- 


8It  may  be  said  by  way  of  explanation 
that  the  2Y2  in.  holes,  extending  down 
from  the  top  of  the  piles,  were  above 
water  during  the  period  of  low  tide  and 
submerged  about  5  ft.  of  their  length 
during  the  period  of  high  tide. 
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sure  perfect  results.  The  committee 
draws  attention  to  the  "Design  of  Con- 
crete Mixtures"  as  a  valuable  guide 
for  the  proportioning  of  the  different 
materials.  It  is  important  that  a 
sieve  analysis  of  the  character  de- 
scribed be  made,  and  that  the  mate- 
rials be  assembled  from  this  infor- 
mation, all  as  set  forth  in  the  treat- 
ise mentioned.  It  is  not  in  the  prov- 
ince of  this  discussion  to  set  forth 
these  methods  in  detail,  but  it  is  a 
matter  of  importance  to  every  engi- 
neer who  desires  to  produce  a  con- 
crete that  will  resist  these  various  de- 
structive agents  to  give  careful  study 
to  this  problem. 

The  proportioning  of  the  material 
shown  in  Specimens  4,  5  and  6  of  the 
Aberthaw  Tests  afford  a  good  illus- 
tration of  unscientific  mix.  A  careful 
analysis  of  the  aggregates,  based  on 
the  "Design  of  Concrete  Mixtures" 
shows  that  the  theoretical  quantity  of 
sand  to  provide  a  mixture  of  proper 
fineness  modulus  is  in  excess  of  33  per 
cent.  In  other  words,  if  the  mix  has 
been  1:1.89:4.5,  greater  strength 
would  have  been  attained  for  approxi- 
mately the  same  amount  of  cement; 
or  conversely,  one-quarter  of  the  ce- 
ment could  have  been  left  out  to  se- 
cure the  same  strength — viz.,  the  mix 
light  have  been  0.76:1.89:4.5,  or  a  1 : 
21/£:5.6,  which,  in  turn,  is  approxi- 
mately the  same  as  a  1:3:6  mix.  Since, 
ip  to  a  certain  richness,  the  resist- 
ance to  sea  water  action  is  ap- 
)arently  a  function  of  the  percentage 
)f  cement  in  the  mortar,  it  is  impor- 
tant that  the  mortar  be  made  of  suffi- 
cient richness  and  so  proportioned 
with  the  coarse  aggregate  that  the 
amount  is  only  slightly  in  excess  of 
its  voids.  Generally  recognized  prac- 
tice indicates  that  the  best  mortar 
mix  is  about  one  of  cement  to  one 
and  a  half  of  sand. 

The  standard  mixer  provides  a 
means  of  thoroughly  mixing  mate- 
rials. Tests  indicate  that  a  10  per 
cent  increase  in  strength  may  be  se- 
cured by  mixing  longer  than  three- 
quarters  of  a  minute  to  one  minute, 
but  general  practice  seems  to  indicate 
that  a  mix  of  all  the  materials  for  the 
maximum  of  a  minute  is  ample  to  pro- 
vide excellent  concrete. 

One  of  the  members  of  the  commit- 
tee at  one  time  carried  on  a  series  of 
elaborate  tests  on  the  mixing  of  ce- 
ment in  water  prior  to  the  introduc- 
tion of  the  aggregates.  It  was  found 
that  by  mixing  the  cement  and  water 
in  a  small  mixer  during  the  period  of 


charging  the  large  mixer  with  the 
coarse  and  fine  aggregates,  and  then 
introducing  the  cement  and  water  into 
the  large  mixer  for  one  minute  mix- 
ing, caused  an  increase  of  about  20 
per  cent  in  the  strength  of  the  con- 
crete. This  practice  has  not  been 
followed  out  for  the  reason  that  the 
experiments  were  not  carried  to  a 
point  that  demonstrated  that  such  fa- 
vorable results  would  be  obtained  un- 
der all  conditions.  There  is  a  prin- 
ciple involved  in  this,  however,  that 
may  be  well  worthy  of  consideration — 
namely,  the  mixing  of  the  cement  in 
a  manner  that  assures  complete 
hydration. 

Quantity  of  Water. — It  is  intimated 
that  in  the  interests  of  permanency 
of  construction,  strength  is  not  the 
paramount  consideration  in  the  pro- 
portioning of  concrete.  It  is  there- 
fore important,  in  using  the  informa- 
tion in  Bulletin  No.  1  referred  to,  to 
make  sure  that  a  sufficient  quantity  of 
water  is  used  to  provide  impermeable 
concrete.  A  careful  analysis  of  the 
proportioning  will  disclose  that  the 
best  mix  will  require  the  least  amount 
of  water  in  order  to  make  It  workable, 
and  this  is  perhaps  one  of  the  simple 
means  of  determining  whether  the 
mix  is  approaching  its  ideal  relation- 
ship. This  feature  of  concrete  mak- 
ing is  of  so  much  importance  that 
your  committee  feels  constrained  to 
give  it  perhaps  undue  emphasis. 

It  is  pertinent  that  water  ratio  and 
consistency  factor  be  carefully  studied 
in  connection  with  the  Aberthaw 
tests.  Factor  R,  known  as  consist- 
ency factor  ratio,  and  as  calculated  on 
p.  16  of  the  "Design  of  Concrete  Mix- 
tures," all  other  quantities  in  the 
equation  being  known  is  shown  in 
the  last  column.  It  may  be  somewhat 
misleading  due  to  the  fact  that  the 
proportioning  of  the  mixture  is  so  far 
from  present  recognized  standards. 
They  are,  however,  relatively  correct 
and  disclose  a  remarkable  uniformity 
of  operation.  This,  again,  points  out 
the  skill  of  the  man  experienced  in 
proportioning  concrete  with  respect  to 
the  uniformity  of  water  content.  At- 
tention is  directed  to  Specimens  1  to 
9,  in  which  it  was  apparently  intended 
to  mix  three  different  proportions  in 
three  degrees  of  wetness.  The  con- 
sistency factor  seems  to  disclose  that 
this  was  attained  to  a  remarkably  uni- 
form degree. 

There  is  no  evidence  of  deteriora- 
tion because  of  excess  water  except 
perhaps    in    Specimen     6,    which    is 
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clearly  overwatered  and  which  did 
not  show  as  great  an  exposure  resist- 
ance as  Specimen  5.  On  the  other 
hand,  there  are  other  inconsistencies 
in  the  relationship  of  the  two  speci- 
mens that  are  a  little  difficult  to  ex- 
plain— namely,  the  greater  density  of 
the  No.  6  specimen  and  the  fact  that 
this  specimen  seems  to  be  much  more 
impervious.  The  tests  clearly  indi- 
cate that  an  exceedingly  careful 
watching  of  the  water  is  necessary 
and  that  the  mixture  should  be  work- 
able and  have  a  consistency  factor  ap- 
proximating unity. 

Forms,  Spading  and  Tamping. — The 
importance  of  well  supported  and 
rigid  forms,  which  keep  the  concrete 
from  moving  during  the  period  of 
placing  and  setting,  is  so  well  recog- 
nized that  it  does  not  seem  necessary 
to  do  more  than  mention  this  in  pass- 
ing. There  is,  however,  an  important 
function  of  the  form  which  is  fre- 
quently overlooked.  This  function  is 
the  providing  of  a  smooth  face  which 
congregates  the  cement  and  the  rich 
ingredients  of  the  mixture  to  the  sur- 
face, forming  a  coating.  The  smoother 
the  form  and  the  more  the  tamping 
and  spading,  the  more  effective  this 
protective  skin  becomes.  Not  only 
does  the  tamping  work  the  air  out  of 
the  concrete,  but  it  also  brings  the 
materials  which  seem  to  be  best  suited 
to  increase  the  impermeability  of  the 
mass,  to  the  surface.  It  will  be  ob- 
served that  this  spading  cannot  be 
carried  on  successfully  unless  the 
mixture  is  in  an  easily  workable  con- 
dition. 

Curing. — This  process  in  the  pro- 
ducing of  good  concrete  is  frequently 
overlooked.  It  is  of  so  much  impor- 
tance that  a  direct  defiance  of  the 
laws  of  curing  may  vitiate  the  re- 
sults with  all  other  conditions  perfect. 
Fundamentally,  concrete  must  have 
excess  water  available  during  the  pe- 
riod that  it  is  setting.  This  is  usually 
largely  supplied  by  the  moisture  in 
the  air  both  during  the  time  that  the 
concrete  is  curing  in  the  forms  and 
after  the  forms  are  removed.  But  bet- 
ter still  is  the  providing  of  a  covering 
of  material  which  will  hold  water, 
keeping  such  material  saturated  dur- 
ing at  least  the  first  two  or  three  days 
that  the  concrete  is  setting.  If  this  is 
not  possible,  frequently  the  introduc- 
tion of  steam  or  boiling  water  in  the 
air  which  is  doing  the  curing  will  pro- 
vide enough  moisture  to  supply  the 
demands  of  the  concrete.  Under  no 
conditions  should  hot,  dry  steam  pipes 


be  used,  or  dry  radiation  from  fires. 
An  exceedingly  serious  failure  oc- 
curred not  long  ago  in  constructing  a 
large  factory  building  during  cold 
winter  months.  In  the  anxiety  of  the 
builders  to  avoid  any  chance  of  the 
concrete  freezing,  large  salamanders 
were  kept  burning  near  the  columns 
immediately  after  they  were  poured. 
Not  long  after  the  building  was  fin- 
ished, these  coluifins  cracked  and  the 
outside  surface  on  all  columns  so 
heated  fell  off  from  a  depth  of  2  to  6 
in.,  exposing  the  steel  and  showing 
the  internal  stresses  set  up  by  the  ex- 
cess dry  heat  at  the  crucial  time  of 
curing. 

Frequently  in  a  Southern  climate 
where  the  direct  ray  of  the  sun  is  ex- 
ceedingly hot,  and  even  in  temperate 
climates  during  the  summer  time, 
severe  damage  is  done  to  concrete  by 
exposing  it  to  the  sun  before  this  in- 
itial curing  is  effected.  It  is  a  well 
demonstrated  fact  that  concrete  wh'ch 
sets  under  water  and  is  not,  at  any 
time,  subjected  to  the  action  of  air 
or  excessive  heat,  has  not  only  greater 
life  but  also  greater  strength.  This  is 
a  point  well  brought  out  in  a  recent 
report  on  the  life  of  materials  in  sea 
water  gotten  out  under  the  auspices 
of  the  British  Institution  of  Civil  Engi- 
neers.9 These  observations  on  the  life 
of  concrete  go  back  as  far  as  1885. 
The  compilation  published  in  1920  by 
a  committee  of  engineers  appointed 
by  the  institution  to  assemble  data  on 
the  effect  of  sea  water  on  structural 
materials  used  therein  is  worthy  of 
our  serious  consideration  since  it  em- 
braces reports  from  harbor  engineers 
of  approximately  forty  important  Brit- 
ish and  British  colonial  seaports. 

A  confirmation  of  this  principle  is 
disclosed  in  a  paper  read  last  June 
before  the  American  Society  of  Civil 
Engineers.10  Cubes  were  cut  from 
the  various  specimens  of  piles  which 
had  more  or  less  disintegrated,  and 
these  were  tested  for  compression 
strength.  Two  cubes  were  cut  from 
each  pile,  one  above  the  water  line 
and  one  below  the  water  line.  Aside 
from  Specimen  No.  7,  which  was 
pretty  badly  shattered  and  from 
which,  consequently,  it  was  difficult 
to  secure  good  cubes,  the  average 
strength  of  the  top  concrete  as  against 
the  bottom  was  92  per  cent.     The  re- 

"""Deterioration  of  Structures  in  Sea- 
Water  First  Report  of  the  Committee 
of  the  Inst.   C.  E.,  1920. 

i<>Tests  of  concrete  in  seawater.  L.  C 
Wason  ASCE  Proceedings,  Sept.,  1922. 
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suits  of  the  tests  were  so  uniform — 
namely,  91  percent,  92  per  cent  and 
93  per  cent — that  the  rule  seems  pret- 
ty well  established. 

It  is  of  interest  to  note  that  the 
strengths  of  these  concrete  pieces 
after  thirteen  years'  exposure,  even 
in  the  poorer  specimens,  such  as  11 
and  7,  ran  as  high  as  3,400  lb.  to  the 
square  inch.  This  again  demonstrates 
that  there  is  apparently  little  rela- 
tionship between  strength  and  per- 
manency. A  strength  of  3,400  lb.  for 
1:3:6  concrete  is  far  above  the  aver- 
age result.  It  will  be  observed  that 
the  admixture  of  materials  other  than 
cement  seems  to  subtract  very  greatly 
not  only  from  the  life  but  from  the 
strength  of  the  specimens,  since  in  the 
same  mix — namely,  1:3:6 — specimens 
22  and  23  show  from  1,700  to  2,600  lb. 
compression  strength,  and  the  strong- 
er specimen — namely,  22 — shows  very 
much  less  life  than  the  weaker  speci- 
men, 23. 

It  is,  furthermore,  important  in  the 
curing  (and,  in  the  event  of  the  pre- 
cast units,  in  the  handling)  that  care 
be  taken  to  preserve  the  skin  or 
outer  coating.  Information  at  the 
present  time  available  leads  your 
committee  to  believe  that  it  is  un- 
wise to  attempt  to  rub  down  the  ex- 
terior of  concrete  after  it  is  cast  un- 
less it  is  done  before  initial  setting 
takes  place,  which,  under  most  condi- 
tions, is  impracticable.  Serious  errors 
of  this  character  are  evidenced  in  con- 
crete fencing  and  concrete  ornamental 
work  where  the  removal  of  the  sur- 
face coating  has  reduced  the  imper- 
meability of  the  concrete  and  there- 
fore removed  the  protection  against 
the  oxidation  of  the  steel,  which,  in 
this  character  of  construction,  neces- 
sarily must  be  near  the  surface. 

Proper  Location  and  Percentage  of 
Steel. — Investigations  of  the  failures 
of  concrete  in  sea  water  indicate  that 
a  large  percentage  is  due  to  the  oxi- 
dation of  the  reinforcing  steel.  In 
many  instances  the  steel  is  properly 
placed,  but  the  concrete  is  so  perme- 
able that  the  ordinary  thickness  of 
the  concrete  is  insufficient  to  protect 
against  unusual  damage,  particularly 
when  subjected  to  alternate  damp  and 
dry  air  conditions. 

The  recommendation  of  the  Insti- 
tution of  Civil  Engineers'  report, 
based  on  the  information  that  they 
have  gathered  from  the  various  har- 
bor engineers  covering  an  experience 
of  forty  years,  is  that  steel  embedded 
from  iy2  in.  to  2  in.  in  concrete  is  safe 


against  disintegration  between  high 
and  low  water.  It  is  in  this  area  that 
maximum  oxidation  of  steel  seems  to 
take  place.  Below  low  water  a  lesser 
protection  is  required.  The  Bureau  of 
Standards11  states  that  "Metal  rein- 
forcement is  not  subject  to  corrosion 
if  embedded  to  a  depth  of  2  in.  or 
more  from  the  surface  of  well-made 
concrete."  It  is  important  that  no 
metal  attachment  or  metaA  reinforce- 
ment in  the  pile  be  exposed  in  any 
part  of  the  structure  above  low  tide, 
since  corrosion  of  any  portion  of  the 
reinforcement  will  convey  the  action 
through  the  whole  structure. 

It  seems  to  be  the  best  practice  to 
use  not  less  than  %  of  1  per  cent  of 
steel  in  members  which  are  subjected 
to  the  variations  of  temperature 
which  occur  between  submersion  and 
the  direct  action  of  the  summer  sun. 
In  many  precast  members,  such  as 
precast  piles,  this  reinforcement  in- 
creases to  as  high  as  4  per  cent  in 
certain  sections.  The  important  con- 
sideration with  respect  to  the  per- 
centage of  steel  lies  in  the  stresses. to 
which  the  precast  member  will  be 
subjected  while  it  is  being  put  into 
place.  Under  almost  all  conditions, 
this  reinforcement  is  more  than 
ample  to  take  care  of  the  structural 
strength  after  the  member  is  in  its 
final  position.  It  is  obviously  neces- 
sary to  provide  sufficient  reinforce- 
ment so  that  no  undue  stresses  will 
be  placed  on  either  the  steel  or  the 
concrete  at  any  time  during  the  proc- 
ess of  driving  or  placing  the  member; 
otherwise,  initial  cracks  and  break- 
ing of  the  surface  coating  will  occur. 

Avoidance  of  Seepage  or  Drainage 
Action. — Apparently  there  is  no  ac- 
tion so  detrimental  to  a  concrete 
structure  as  the  passage  of  water  and 
the  various  impurities  carried  there- 
by through  concrete.  This  is  a  well 
recognized  principle  in  the  care  with 
which  engineers  now  waterproof  all 
walls  or  buttresses  which  may  in  any 
way  be  subjected  to  hydrostatic  pres- 
sure. This  is  of  a  special  importance 
where  laitance  or  other  impurities 
form  an  opening  to  let  the  water 
penetrate  first.  If  possible,  drains 
should  be  provided  so  that  difference 
in  water  pressure  may  be  avoided. 

It  is  apparent  that  great  care  should 
be  taken  in  making  breaks  in  the 
pouring  or  in  the  joints  where  laitance 


"Technologic  Paper  No.  12.  "Action  of 
the  Salts  in  Alkali  Water  and  Sea  Water 
on  Cement."  Messrs.  Bates,  Phillips  and 
Wig. 
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may  be  deposited.  It  is  recommended 
that  the  work  be  so  laid  out  that  each 
section  will  be  completely  poured  in 
one  run,  thereby  bringing  all  the 
laitance  or  impurities  to  the  surface 
where  they  can  be  worked  off. 

Avoid  Placing  the  Concrete  Where 
It  Is  Subject  to  the  Alternate  Action 
of  Air  and  Water  During  the  Period 
of  Setting.— The  foregoing  statement 
of  the  chemical  actions  which  appar- 
ently take  place  between  sea  water 
and  cement  in  concrete  leads  us  to 
believe  that  this  action  will  be  greatly 
increased  if  the  material  is  subjected 
to  the  alternate  action  of  sea  water 
and  air  before  the  complete  hydration 
of  the  cement  takes  place.  As  might 
be  expected,  the  saturation  and  dry- 
ing apparently  bring  on  the  crystalli- 
zation with  its  attendant  swelling  and 
disintegrating  mechanical  effect.  Ex- 
perience has  taught  that  practically 
all  concrete  which  is  placed  without 
regard  to  this  rule  has  shown  serious 
disintegration. 

One  authority  from  the  Great  Lakes 
has  indicated  that  the  use  of  heavy 
cotton  sacking  inside  the  forms  to 
protect  the  "green"  concrete  from  the 
washing  action  and,  to  a  certain  de- 
gree, the  chemical  action,  of  the 
water  (in  this  case  fresh  water)  has 
entirely  obviated  this  difficulty.  It  is 
your  committee's  opinion  that  this 
method  of  protection  will  not  avail  in 
salt  water,  although  no  experiments, 
so  far  as  is  known,  justify  this  con- 
clusion. 

Exterior  Protection  of  Concrete. — 
The  limitation  of  concrete  with  re- 
spect to  wear  is  so  well  known  that 
it  is  obvious  that  if  heavy  ice  floes, 
flotsam  or  other  abrasive  action  from 
boats  or  ships  are  to  be  encountered, 
suitable  protection  should  be  placed 
on  the  exterior.  These  are  usually 
cheaply  provided  in  some  type  of  wood 
and  should  consequently  be  placed  as 
low  in  the  water  as  possible  so  maxi- 
mum life  may  be  attained.  It  is  rec- 
ommended that  this  protection  be  so 
designed  that  no  watertight  pockets 
are  provided  which  will  retain  mois- 
ture when  the  tide  falls.  During  the 
cold  weather,  the  freezing  of  these 
pockets  has  a  disruptive  effect  both 
on  the  concrete  and  on  the  protection. 
Evidences  of  disintegration  of  this 
character  are  shown  in  some  of  the 
reports  made  on  piles  at  Atlantic  City 
where  copper  or  galvanized  sheet  iron 
has  been  used  as  a  protection  or  form 
for  the  placing  of  "green",  concrete. 

It  is  the  practice  of  some  engineers 


to  coat  with  some  character  of  oil 
product  that  portion  of  the  structure 
which  is  subjected  to  alternate  high 
and  low  tide  action.  This  is  osten- 
sibly for  the  purpose  of  keeping  the 
moisture  from  penetrating  into  the 
surface  of  the  concrete.  Wax  tailings 
is  a  product  usually  employed  for  this 
service,  and,  in  the  experience  of  your 
committee,  seems  to  have  no  dele- 
terious effect.  It  is  doubtful,  however, 
whether  there  is  any  particular  ad- 
vantage in  the  use  of  these  protec- 
tions. It  is  observed  that  barnacles 
or  sea  growth  usually  form  on  con- 
crete when  oil  is  not  used.  Frequently 
(as  in  the  test  pieces  discussed)  the 
oil  in  the  water  has  coated  the  ex- 
terior of  the  piles.  Apparently  this 
keeps  off  the  barnacles,  but,  in  turn, 
effects  a  coating  in  itself.  None  of 
these  protections,  however,  are  of 
much  avail  unless  the  concrete  is  of 
good  character. 

Cement.— The  finding  of  the  Bureau 
of  Standards  with  respect  to  the  com- 
position of  cement  best  suited  to  sea 
water  service  indicates  that  high  iron 
content  and  high  or  normal  alumina 
content  did  not  show  marked  differ- 
ence in  tensile  strength  where  ex- 
posed to  fresh  or  salt  water  for  a 
period  of  two  years.  Other  cements 
of  various  compositions  show  signs  of 
disintegration  after  a  few  weeks.  "All 
cement  resisted  disintegration  in  the 
sea  water  better  in  mortar  mixtures 
than  in  the  form  of  neat  briquettes." 

The  Southern  Pacific  engineers  hold 
th,at  a  cement  low  in  alumina  and 
fairly  high  in  iron  is  desirable.  As 
previously  stated,  their  rule  is  that  the 
percentage  of  iron  content  subtracted 
from  the  percentage  of  alumina  con- 
tent should  be  less  than  four. 

It  is  interesting  to  note  in  the  Aber- 
thaw  Tests  that  Specimen  15  is  the 
only  1:3:6  mixture  that  has  stood  up 
well  during  the  thirteen  years  of  ex- 
posure, and  that  the  cement  used  in 
this  specimen  was  low  in  alumina.  It 
is  to  be  observed,  too,  that  the  same 
weak  mix  in  the  iron  ore,  or  no  alu- 
mina, cement — that  is,  Specimen  17 — 
gave  a  very  unsatisfactory  resistance 
to  the  action  of  sea  water.  The  same 
statement  holds  true  in  the  weak  mix 
and  slag  cement.  On  the  other  hand, 
the  rich  mixtures  in  all  of  these  three 
combinations   show   excellent  results. 

An  analysis  of  all  the  cements  used 
is  shown  in  Table  I.  It  will  be  noted 
that  the  low  alumina  cements  come 
well  within  the  Southern  Pacific 
specifications — namely,  the  difference 
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TABLE  I.— CHEMICAL  ANALYSIS  OF  CEMENT. 

White  Average  High  Low  Iron  Cenient 

Portland  alumina  alumina  alumina  ore  made  of 

cement.  cement,  cement.  cement.  cement.  slag. 

Loss  on  ignition   1.69%  0.96%  1.06%  1.04%  0.91%  2.82% 

Silica 24.58  22.08  21.46  23.40  24.28  20.42 

(SiOa) 

Alumina     8.22  7.21  8.50  5.61  0.94  8.04 

Iron  Oxide   0.29  2.57  2.44  2.37  9.08  3.04 

(FeoOs) 
Lime 62.70  62.60  61.64  62.90  62.12  62.16 

(CaO) 
Magnesia    1.11  2.74  2.58  2.51  0.43  1.63 

(MgO) 
Sulphuric  anhydride    1.32  1.56  1.75  1.53  1.75    KC      1.73 

(SOa) -    : 

Analysis  of  hydrated  lime  -14.1  ,3-1*0  *         j  j 

Loss  on  ignition    1.32%  1  to   1   and  1   to  2   cement  and  sand 

Silica  and  insoluble  matter.18.73  has   been   used,   and   it   is    found  that 

^S?i«.dl^}d^; m'^iAk"m '  HI  tnere  is  a  tendency  for  the  oil  to  grad- 

Alumina  and  iron  oxide   ...   0.68  „               ,      ,,         \     ...       „    .  ,    ° 

Lime 45.88  ually   work   through    this    finish    coat 

Magnesia    31.62  and  destroy  the  bond  between  it  and 

Examination   of  Sand   and    Broken   Stone.  the    concrete. 

The   sand,    which    was    very   fine,    was  _•  Concrete    oil    tank    construction    to 
clean  and   of  good   quality.     As  used,    it  date  has  been  rather  limited  in  scope, 
contained   4.6%    moisture.     Dry,   it  aver-  but    indications    are    that    for    heavy 
aged  97.18  lb.  per  cu.  ft.    The  voids  meas-  prndp    nnrl    fnpl    nil     tankn^P    thorp    i« 
ured  34.2%.    By  weights  the  sand  passed  ,c.r"ae    ana    ™el    °\l    tanKage    there    is 
different  meshes  as  follows:  little  if  any  deterioration  of  the  con- 
No.  100          4.8%         No.  10         91.0%  crete,  and  seepage  of  oil  is  extremely 
50         24.0                     8         93.4  small.     For  the  various  grades  of  re- 
20         734                   y6in   joo'o  fined  oil  deterioration  is  not  serious, 
16         86.4  but  seepage  is  much  more  rapid  than 
The  stone  was  a  broken  trap,  of  very  in  the  case  of  heavy  oils.     A  number 
good   quality,    containing   50  per   cent   of  of   commercial    compounds    are    avail- 
voids  by  volume.     It  weighed  90.24  lb.  per  flhlp  nn  thp  mflrkpt  fnr  ooatjn£r  thp  in- 
cu.    ft.      The    fineness    in   passing   sieves  aDle  on  Jne  marKe*  Ior  coating  tne  m- 
was  represented  by  weight  as  follows:  tenor  of  such  tanks,  and  these  have 
%  in.    0.25%              y2  in.    25.25%  been  used  with  more  or  less  success. 

3/16  0.50  %  53.0  

%  1.75  1  80.75  .-  al_     ,  ,     „  a.  „ 

%  9.75  1^        100.O  Methods    of    Protecting    Concrete    in 

Boiler   Settings 

!Su»*X  ,f;6Aralhmi?a*andA  2*WT°?  The   use  of  concrete   core  walls  in 

the  slag  cement  this  factor  increased      ratus  %  more  or  legs  common>  var^us 

methods   for   protection   for   the    con- 

A     .  -  r..1  _  crete    being    employed.      For    furnace 

Action  of  Oils  on  Concrete  temperatures  around   800°   to   900°    a 

Floors  and  walls  of  various  build-  protection  consisting  of  one  layer  of 
ings  used  by  the  oil  industry  are  sub-  common  brick  and  one  4%  in.  layer 
jected,  to  a  great  extent,  to  action  of  of  fire  brick  is  sufficient.  For  tem- 
mineral  oils  because  of  leakage.  The  peratures  higher  than  these  it  is  cus- 
most  important  consideration  in  such  tomary  to  use  an  air  space  or  a  layer 
concrete,  according  to  a  committee  of  insulating  brick  or  asbestos  insula- 
report  presented  at  the  recent  con-  tion  next  to  the  concrete,  and  then 
vention  of  the  American  Concrete  In-  fire  brick  from  4  to  18  in.  thick,  de- 
stitute, is  to  use  a  thoroughly  mixed  pending  on  the  furnace  temperature, 
and  well-worked  concrete.  It  is  found  Means  are  sometimes  provided  for 
that  with  a  1:2:4  mix,  using  Portland  ventilating  the  interior  of  the  setting 
cement,  clean  river  sand,  and  a  by  inserting  small  ventilating  pipes, 
coarse  aggregate  of  gravel  or  crushed  With  the  above  construction  it  is 
stone  not  exceeding  iy2  in.  in  maxi-  sometimes  found,  especially  where  no 
mum  size,  thoroughly  mixed  and  well  insulating  material  is  used,  that  the 
trowelled,  the  oil  has  very  little,  if  concrete  burns  to  a  powder  on  the 
any,  effect  on  the  concrete.  In  cases  surface,  but  the  penetration  is  not 
where  deterioration  has  occurred  this  sufficient  to  affect  the  strength  of  the 
has  been  so  slight  as  to  be  practically  construction. — From  committee  report 
negligible  and  not  requiring  repairs.  presented    at    recent    convention    of 

In  some  instances  a  finish   coat  of  American  Concrete  Institute. 
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Index  Numbers  of  Wholesale  Prices  January,  1913, 
to  January,  1923 

The  accompanying  tabulation  shows  in  preceding  reports,  conforms  to  the 

the  revised  index  numbers  of  whole-  plan  contemplated  by  the  Bureau  at 

sale  prices  by  groups  of  commodities  the   inception   of   its   weighted   index 

as  computed  by  the  U.  S.  Bureau  of  number  system  in  1914  of  revising  the 

Labor  Statistics.  weighting  factors  every  ten  years  as 

The  group    of    miscellaneous  com-  new  census  information     should     be- 

modities  includes  such  important  ar-  come  available.  All  computations  have 

tides  as  leather,  cottonseed  meal,  lub-  been  carried  back  to  1913  in  order  to 

ricating   oil,   jute,    rubber,    newsprint  insure  comparability  of     the     figures 

and     wrapping     paper,     rope,     soap,  and  also  to  provide  a  prewar  standard 

starch,    tobacco,    Manila    hemp,    sisal  for       measuring       wholesale       price 

and  wood     pulp.     The     commodities,  changes. 

composing  the   other  groups,   are   as  The   following   table   gives    the   re- 
indicated  by  the  titles.  vised  index  numbers  for  the  several 

The  new  index  numbers  and  the  fol-  ST^iiLfr^wn^wh^'  1™ 

lowing  explanations,  are  from  Bureau  lV«e^°™t™Tt   «v»£hS?     IZ 

of  Labor  Statistics,  Form  1531:  Plet*    H*°™*Vwh2  ZZZ  tit.    tZ 

comparison  with  the  new  series,  the 

The  weighing  of  the  process  used  old  general  index  of  all  commodities 

in  constructing  the  index  numbers  for  is   shown  in  the  last   column  of  the 

the  different  groups    of    commodities  table.     Publication  of  the  old  series 

by  the  new  1919  census  figures  of  pro-  was  suspended  with  the  April,   1922, 

duction,  instead  of  the  1909  data  used  figures. 

REVISED    INDEX    NUMBERS    OF    WHO  IE  SALE  PRICES,  BY  GROUPS  OF  COM- 
MODITIES  AND   BY  MONTHS,    1913  TO  1923   (1913  EQUALS  100). 
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New  Bridge  Constructed  on  Old  Structure 

Old  Piers  Reinforced  Support  New  Concrete  Bridge,  and  Old  Arches 
Carried  the  Falsework 


The  unusual  feature  of  constructing 
a  new  concrete  bridge  on  top  of  a 
similar  structure  already  in  place, 
using  the  old  bridge  to  support  the 
forms  for  the  new,  was  present  in  the 
reconstruction  of  the  Adams  St. 
bridge  at  Troy,  O.  The  work  was 
done  by  the  Miami  Conservancy  Dis- 
trict of  Dayton,  O.,  in  connection  with 
its  flood  prevention  project.  We  are 
indebted  to  the  Miami  Conservancy 
Bulletin  for  the  following  details  of 
this  novel  bridge  work: 

The  official  plan  of  the  district  orig- 
inally provided  at  Troy  for  a  deep 
water  channel  for  the  Miami  River, 
following  the  old  river  closely,  and 
using  the  bridges  as  they  then  stood. 
Very  large  floods  were  to  have  been 
taken  care  of  by  making  the  levee  on 
the  north  side  of  the  river  low  enough 
so  that  a  large  flood  would  overtop 
the  banks,  and  flow  over  the  low 
ground  to  the  north. 

But  as  the  time  to  build  the  works 
drew  near  the  Miami  County  people 
decided  that  a  much  more  desirable 
plan  for  the  future  beautification  of 
Troy  would  be  to  confine  the  flood 
channel  within  definite  limits, 
lengthen  the  bridges  to  accommodate 
the  enlarged  river,  and  fill  in  and 
beautify  the  remainder  of  the  overflow 
area.  Leaving  out  the  reconstruction 
of  the  two  river  bridges,  the  cost  of 
the  new  plan  did  not  greatly  exceed 
the  official  plan.  Miami  County  agreed 
to  pay  for  lengthening  the  two  bridges 
if  the  new  plan  was  adopted.  When 
the  change  was  approved  by  the  Con- 
servancy Court,  the  county  entered 
into  an  agreement  for  the  district  to 
do  the  bridge  reconstruction  work  for 
the  county. 

The  Market  St.  bridge  had  two  steel 
trusses  and  by  adding  another  span, 
sufficient  waterway   was  secured. 

General  Condition  of  Old  Bridge. — 
The  Adams  St.  bridge  reconstruction 
was  more  of  a  problem.  The  old 
bridge  was  built  in  1913,  and  consisted 
of  four  reinforced  concrete  arches. 
See  Fig.  1.  The  outward  appearance 
of  the  structure  was  good,  but  the  pier 
footings  were  inadequate  and  some  of 
the  concrete  was  in  bad  condition. 
The  footings  were  so  narrow  that  they 
could  not  take  care  of  the  unbalanced 
forces  from   the   new   arches  with  a 


sufficient  margin  for  safety.  They 
were  also  set  practically  on  top  of  the 
river  bed,  and  were  placed  on  a  foun- 
dation supposed  to  be  composed  of 
12-foot  piling,  but  some  of  the  piling 
proved  to  be  only  3  ft.  long.  The 
waterway  under  the  bridge  was  wholly 
inadequate  for  the  new  plan. 

The  first  idea  would  be  to  wreck 
such  a  bridge  and  build  another.  To 
remove  a  concrete  bridge,  especially 
the  piers,  is  a  big  job  and  an  expen- 
sive one.  The  district  calculated  that 
it  would  be  cheaper  to  reinforce  tho 
old  piers  and  use  them  to  carry  the 
new  bridge  and  to  use  the  old  arches 
to  carry  the  falsework  for  the  new. 
and  to  add  extra  arches  at  one  end, 
than  to  build  an  entirely  new  bridge. 
The  obvious  expedient  of  building  a 
new  bridge  on  a  different  site  and  dig- 
ging a  hole  and  blowing  the  old  bridge 
into  it,  was  barred  because  it  was 
necessary  to  use  the  old  site.  The 
cost  of  securing  the  necessary  prop- 
erty for  the  approaches  to  a  new  site 
was  prohibitive. 

Some  very  definite  advantages  were 
to  be  had  by  following  this  rather 
novel  plan  of  utilizing  the  old  bridge. 
The  danger  of  floods  washing  out  the 
timber  falsework  was  done  away  with, 
as  a  clear  waterway  always  remained 
under  the  bridge.  Less  timber  was 
necessary  in  building  the  forms.  No 
additional  right-of-way  was  necessary. 
Considerable  saving  fn  The  volume  of 
concrete  was  secured.  The  disadvan- 
tages were  principally  in  the  trouble 
of  reinforcing  and  underpinning  the 
old  piers,  and  in  the  adventuring  into 
the  unknown  which  this  novel  plan 
necessitated.  Without  precedent  to 
go  by,  the  greatest  of  care  and  thought 
was  necessary  to  insure  the  success 
oi  each  step  in  the  work. 

Design  Feature  of  New  Bridge.— 
The  design  of  the  new  bridge  was 
simple.  The  irregular  length  of  the 
spans  of  the  old  bridge  governed  the 
length  of  the  three  comparatively 
short  spans  that  were  added  at  the 
north  end,  as  the  principle  was  ad- 
hered to  of  having  the  center  span  the 
longest,  and  having  the  spans  de- 
crease somewhat  uniformly  towards 
the  ends.  The  deep  water  channel 
through  Troy  follows  the  old  river 
channel  and  runs  under  the  old  bridge. 
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The  entire  bridge  is  designed  to  carry 
a  concentrated  live  load  of  one  20-ton 
truck,  with  14  tons  on  the  rear  wheels 
and  6  tons  on  the  front  wheels.  The 
sidewalks  are  designed  to  carry  a 
live  load  of  100  lbs.  per  square  foot. 
The  materials  will  receive  a  maxi- 
mum stress  under  total  dead  and  live 
loads  of  500  lb.  per  square  inch  for 
the  concrete  and  14,000  lb.  per  square 
inch  for  the  steel.  A  variation  of  80° 
in  temperature  was  considered  a 
maximum. 

The  deep  water  channel  was  under 
the  old  bridge,  and  therefore  the 
building  of  the  extension  on  the  north 
end  of  the  old' bridge  was  carried  on 
in  the  dry.  Concrete  sills  were  used 
to  carry  the  posts  for  the  falsework. 
The    superstructure    and    forms    com- 


the  old  ones,  and  extend  about  three 
feet  deeper  into  the  river  bed.  A 
coffer  dam  of  earth  was  thrown  up 
around  the  pier,  the  water  was 
pumped  out,  and  the  material  around 
the  footing  excavated  by  hand.  Tak- 
ing one-third  of  the  length  of  the  old 
footing  at  one  time,  the  excavation 
was  carried  three  feet  below  the  bot- 
tom of  the  old  footing,  and  then  un- 
derneath. It  was  then  that  the  con- 
dition of  some  of  the  old  wooden 
piles  was  disclosed.  Sheet  steel  pil- 
ing 15  ft.  long  was  driven  1  ft.  inside 
of  the  line  of  the  new  footing  and 
projecting  up  1  ft.  into  the  footing. 
Concrete  was  packed  into  the  space 
underneath  the  old  footing,  and 
around  the  old  piles  out  past  the  line 
of   the   sheet   piling.     When  the   con- 
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Fig.  1. — Elevation  of  the  Reconstructed  Adams  St.  Bridge,  Troy. — The  position  of 
the  old  arches  and  the  outline  of  the  piers  before  they  were  enlarged,  is  shown  by  the 
dotted  lines.  The  reconstructed  bridge  is  shown  by  the  solid  lines.  The  enlarge- 
ment of  the  old  piers,  and  the  protective  sheet  piling  around  them,  should  be  es- 
pecially   noted. 


monly  used  for  the  piers,  arches,  and 
abutment  of  concrete  bridges  were 
used'  for  these  three  arches.  No  un- 
expected contingencies  came  up  and 
no  unusual  construction  methods  were 
employed. 

The  spandrel  walis,>  sidewalks,  fill 
and  paving  were  a  considerable  part 
of  the.  dead  load  on  the  old  bridge. 
They  were  removed  before  much 
work  was  done,  in  order  that  as  little 
load  as  possible  would  be  on  the  piers 
while  they  were  being  enlarged.  It 
was  necessary  to  remove  these  care- 
fully and  to  unload  all  arches  simul- 
taneously and  uniformly.  Otherwise, 
unbalanced  forces  might  have  pushed 
over  one  of  the  piers."  Most  of  the 
work  was  done  by  hand.  Small  shots 
of  dynamite  were  used  in  breaking  up 
the  concrete  wherever  possible  in  or- 
der to  lighten  the  hand  work. 

Construction  Operations  on  Foot- 
ings.— The  first  job  in  reconstructing 
the  old  bridge  was  to  enlarge  and 
deepen  the  footings.  The  rebuilt 
footings  are  almost  twice  as  wide  as 


crete  was  set,  the  next  third  was  dug 
out,  and  the  operation  repeated. 

When  the  underpinning  was  all  com- 
pleted, holes  were  drilled  through  the 
old  piers  and  the  tie-rods  placed 
through  them.  Then  a  jacket  of  con- 
crete was  placed  entirely  around  the 
old  piers,  the  network  of  steel  in  the 
jacket  being  held  in  place  by  the  tie,- 
rods. 

The  reconstruction  work  on  the 
piers  and  the  south  abutment  did  not 
turn  out  to  be  as  difficult  as  was 
anticipated,  although  high  water 
stopped  the  work  a  number  of  times. 
The  difficulty  of  driving  sheet  piling 
in  the  restricted  space  under  the 
bridge  was  overcome  by  the  use  of  a 
small,  compact  steam  hammer. 

Replacing  Old  Abutment  with  New 
Pier. — The  north  abutment  had  to  be 
replaced  by,  a  new  pier  immediately 
north  of  it."  (See  Fig.  2.)  As  the  ex- 
cavation for  the  new  pier  removed  the 
bearing  from  behind  the  old  abutment, 
some  means  of  supplying  a  temporary 
support  until  the  old  bridge  was  taken 
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down,  was  necessary.  Fig.  2  shows 
how  this  was  accomplished.  The 
heavy  timbers,  wedged  against  con- 
crete footings,  were  placed  in  line 
with  the  direction  of  the  force  against 
the  abutment  and  braced  to  prevent 
buckling.  Then  the  excavating  was 
done,  and  when  the  pier  was  poured, 
the  concrete  was  boxed  around  the 
timbers.  The  holes  so  left  were  filled 
in  after  the  completion  of  the  bridge 
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Fig.   2. — Sketch    Illustrating    the    Enlarge- 
ment of  the  Bridge  Piers. 

permitted  the  removal  of  the  brace 
for  the  old  abutment. 

Form  Work  for  New  Arches. — When 
all  of  the  upper  part  of  the  old  bridge 
save  the  arches  was  removed  and  the 
piers  had  been  reconstructed,  the 
forms  for  the  new  arches  were  built 
on  top  of  the  old  bridge.  The  only 
difference  from  the  forms  ordinarily 
used  on  such  work  was  in  the  posts. 
Instead  of  the  long  bents  resting  on 
piles  or  sills  in  the  river  bed,  the 
posts  were  short,  and  rested  on  top 
of  the  old  concrete  arches,  leaving  an 
unobstructed  waterway. 

As  the  posts  carrying  the  arch 
forms  for  the  new  spans  on  the  north 
end  rested  on  the  ground,  these 
arches  could  be  poured  in  the  usual 
vfay.  But  on  the  part  cf  the  new 
bridge  that  rested  on  the  old,  a  differ- 
ent method  was  necessary.  To  have 
poured  each  new  arch  complete  would 
have  caused  an  unbalanced  loading  on 
the  piers  that  would  have  been  dan- 
gerous. So  each  arch  was  poured  in 
three  longitudinal  sections,  one  sec- 
tion being  poured  on  all  of  the  arches, 
and  then  another,  and  finally  the 
third.  By  proceeding  in  this  manner, 
the  unbalanced  thrust  on  the  piers 
did  not  exceed  a  safe  figure. 

Method  of  Removing  Old  Arches. — 
When  the  new  arch  rings  had  set,  the 
most  ticklish  part  of  the  job,  the  re- 
moval of  the  old  arches,  remained  to 
be    done.     Underneath   the   bridge   a 


trench  was  dug,  deep  enough  so  that 
the  old  concrete  falling  into  it  would 
all  be  below  the  grade  of  the  improved 
channel.  Then  1-in.  holes  were  drilled 
through  the  old  arches  7  ft.  apart 
longitudinally  and  3  ft.  apart  laterally, 
and  corresponding  holes  were  cast 
into  the  new  arches  above.  The  holes 
were  placed  so  that  they  would  be 
ready  for  a  certain  contingency.  Due 
to  the  same  difficulty  about  having 
too  large  an  unbalanced  thrust  on  the 
piers,  the  old  arches  had  to  either  all 
come  down  at  once,  or  else  be  re- 
moved uniformly.  To  have  one  old 
arch  all  removed  with  the  others  still 
standing  might  spell  disaster.  The 
practical  difficulty  of  so  managing 
affairs  that  all  of  the  arches  would  let 
go  and  fall  at  the  same  moment  was 
so  great  that  this  method  was  not 
seriously  ccnsidered.  So  the  piecemeal 
method  was  the  one  decided  upon. 
The  holes  mentioned  above  were  so 
arranged  that  bolts  could  be  run 
through  them,  taken  up  a  bit.  and  the 
lower  arches  suspended  from  the 
upper  ones,  in  case  that  during  the 
operations  hereafter  described,  the  oid 
arches  showed  any  sign  of  failure.  If 
this  had  happened,  the  suspended 
weight  would  have  been  very  nearly 
equal  on  each  side  of  each  pier.  The 
wrecking  of  the  old  arches  was  much 
easier  than  had  been  expected.  Scaf- 
folding was  suspended  from  the  upper 
arches  by  means  of  rods  run  through 
the  holes  mentioned  above,  and  work- 
men using  sledges,  small  charges  of 
dynamite  and  chisels,  began  taking 
out  little  bites  from  all  of  the  arches. 
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Fig.    3. — Sketch    Showing    Construction    of 
New    Pier    Behind    Old    Abutment. 

working   at  about  the   same   rate   on 
all  of  them. 

The  net-work  of  reinforcing  steel 
held  the  old  concrete  together  very 
well,  and  the  steady  nibbling  reduced 
each  arch  to  a  very  narrow  rib,  with- 
out any  necessity  arising  of  suspend- 
ing any  of  the  old  structure  from  the 
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new.       These   last  narrow   ribs  were 
cut  and  dropped  without  incident. 

As  soon  as  the  success  of  the  wreck- 
ing operations  were  assured,  the  new 
spandrel  walls  and  sidewalks  were 
started.  The  spandrel  walls  are  built 
without  brackets  or  batter.  The  side- 
walks are  cantilevered  out  without 
brackets.  No  unusual  features  were 
developed  on  either  of  these  two 
items. 

Construction  Plant. — The  construc- 
tion plant  was  not  elaborate.  A  der- 
rick dug  the  gravel  needed  in  addition 
to  that  already  piled  up  on  the  site 
by  the  dragline.  A  portable  gravel- 
washing  and  screening  plant  prepared 


1923— A  $5,000,000,000  Building 
Year 

As  a  result  of  a  comprehensive  sur- 
vey of  the  building  field  The  Archi- 
tectural Forum  predicts  that  the 
present  year  will  show  a  greater  vol- 
ume of  building  activity  than  the  year 
1922.  The  Forum's  prediction  is  based 
on  reports  received  from  1,767  archi- 
tects. These  reports  gave  a  total 
amount  of  construction  of  $1,650,498,- 

000.  From  these  actual  reports  the 
various  amounts  of  building,  classified 
as  to  type  and  location  given  in  Table 

1,  are  derived  and  indicate  the  prob- 
able total  value  of  new  building  for 
1923  to  be  $5,116,544,000.     The  figures 


TABLE    I— ESTIMATED    BUILDING   ACTIVITY    IN    THE    UNITED    STATES    FOR 
1923    BASED   ON    ACTUAL   REPORTS  FROM    1,767    ARCHITECTS     OFFICES. 


BUILDING 
TYPES 

N.  EASTERN 
STATES 

N.  ATLANTIC 
STATES 

S.   EASTERN 
STATES 

S.  WESTERN 
■STATES 

MIDDLE 
STATES 

WESTERN 
STATES 

U.  S.  A. 

Dwellings  ittft 

$16,622,000 

$86,465,000 

$12,825,000 

$12,084,000 

$59,160,000 

$34,925,000 

$222,081,000 

•  <              (ttO.000  lo 
S50.000) 

11,668,000 

41,828,000 

8.587,000 

10,552,000 

33,468,000 

12,757,000 

x  118,860,000 

<  <             (0»*r 
W.OOO) 

6,045,000 

27,48 1,000 

2,031.000 

6,113,000 

21,077.000 

10.444.COO 

73,191,000 

Apartments 

56,020.000 

237,296,000 

25.392,000 

34,323,000 

229,552,000 

80,302,000 

662,885,000 

Hotels 

33,589,000 

141,146.000 

27,683.000 

40,765,000 

205,332,000 

60,475,000 

508,989,000 

Clubs,  Fraternal.etc. 

15,888,000 

58.221,000 

13.268,000 

28,784,000 

109,700,000 

50,406,000 

276,266,000 

Churches 

17.577,000 

128,120,000 

15,128,000 

25,519,000 

82,903,000 

43,688,000 

312,936400 

Community,  Memorial 

14,620,000 

27,401.000 

1.950.0C0 

6,209,000 

46,509.000 

21,099,000 

117,788400 

Wellare,  Y.M.C.A.,  etc. 

3,295,000 

15.702.000 

2.576,000 

3,302,000 

15,680,000 

9,688,000 

50,242400 

Hospitals 

13.594,000 

54.166.000 

6.972.000 

27,438,000 

105,096,000 

52,148,000 

259,414400 

Office  Bldgs. 

21,157,000 

88.877.000 

18,089,000 

26,359,000 

190,486,000 

82,603,000 

427,570400 

Banks 

17.608.000 

54,328,000 

8,835,000 

18,783,000 

154,482,000 

38,669,000 

292,705400 

Schools,  Public  Bldgi. 

65.159,000 

158.165,000 

41,515.000 

31,930,000 

383.036,000 

190,228,000 

870,034400 

Theatres 

9,573,000 

34,847,000 

2,759,000 

7,381.000 

29,388,000 

17,943,000 

101,891400 

Stores 

11,113,000 

35,383.000 

6,826.000 

7,480,000 

58,361,000 

27,723,000 

146,887,000 

1  ndustrial 

29.859.COO 

162,762,000 

38.824.000 

25,231,000 

241,871,000 

49,488,000 

548,037400 

Automotive 

11,988,000 

35.942.000 

2.799.000 

8,386,000 

52,464,000 

15,190,000 

126.768400 

Toul  Value  of  New 

Bui  Klinps 

$355,375,000 

$1,388,1)0.000 

$236,059,000 

$320,639,000 

$2,018,565,000  $797,776,000 

$5,116,544,000 

the  material  for  use.  The  aggregates 
were  loaded  into  the  Smith  1-yd.  mixer 
by  gravity,  and  the  concrete  was 
transported  to  the  work  in  side-dump 
concrete  cars  that  ran  over  a  narrow- 
gauge  track,  up  over  the  levee,  and 
across  the  river  on  top  of  the  forms. 
It  was  not  necessary  to  hoist  any  of 
the  concrete  into  position.  A  gasoline 
locomotive  did  the  hauling. 

The  contractor  who  had  the  special 
work  of  reinforcing  the  old  piers  used 
a  very  simple  layout.  Part  of  the 
time  he  had  his  mixer  on  top  of  the 
old  bridge,  and  chuted  the  concrete 
down.  The  remainder  of  the  time  he 
brought  in  the  concrete  on  a  light 
trestle  with  a  deck  but  a  few  feet 
above  the  water  surface. 


in  this  table  were  arrived  at  by  tak- 
ing the  actual  reports  from  the  offices 
of  the  1,767  architects  and  multiply- 
ing these  totals  by  the  index  figure  of 
3.1.  This  index  figure  has  been  ar- 
rived at  by  a  comparison,  of  the 
reporting  offices  with  all  architectural 
offices  as  to  volume  and  classification 
of  work. 

The  Rebuild  Warsaw  Bridge. — The 
Poniatowski  Bridge  in  Warsaw,  de- 
stroyed during  the  war,  is  to  be  recon- 
structed, plans  for  the  work  having 
been  recently  completed  by  a  special 
commission  of  military  officials,  rep- 
resentatives of  the  Ministry  of  Public 
Works  and  officials  of  the  City  of  War- 
saw. A  fund  of  300,000,000  marks  is 
available. 
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(Technical  Note,  U.  S.  Forest  Products 
Laboratory.) 

Sapwood  is  the  outer  light-colored 
portion  of  a  tree  trunk  through  which 
the  water  passes  from  the  roots  to  the 
leaves,  and  in  which  excess  food  is 
stored  temporarily.  Heartwood  is  the 
central  core  of  the  trunk.  In  most 
woods  the  heartwood  can  be  distin- 
guished from  the  sapwood  by  its 
darker  color.  But  in  hemlock,  aspen, 
cottonwood,  some  beeches,  all  spruces 
except  Sitka  spruce,  basswood,  holly, 
hackberry,  tupelo  gum,  and  the  true 
firs  (not  Douglas  fir),  there  is  very 
little  difference  in  the  color  of  the 
heartwood  and  the  sapwood. 

As  new  sap  is  formed  on  the  out- 
side of  the  tree  trunk,  the  inner  sap- 
wood  changes  to  heartwood.  During 
this  change  the  living  cells  die;  the 
pores  of  some  woods  become  plugged 
up  with  a  froth-like  growth,  known  as 
"tyloses";  and  the  cell  walls,  and  in 
some  species  the  cell  cavities,  be- 
come infiltrated  with  various  sub- 
stances, some  of  which  darken  the 
wood.  These  infiltrations  do  not  add 
appreciably  to  the  weight  of  the  wood, 
except  in  species  like  ebony  and  rose- 
wood, in  which  the  pores  become 
filled  with  deposits. 

In  over  500,000  tests  which  have 
been  made  by  the  Forest  Products 
Laboratory,  Madison,  Wis.,  on  the 
various  species  of  woods  grown  in  the 
United  States,  no  effect  upon  the  me- 
chanical properties  of  the  wood  due 
to  its  change  from  sapwood  into 
heartwood  has  ever  been  noticed.  The 
heartwood  of  oak,  pine  and  other 
structural  timbers  is  not  intrinsically 
stronger  than  the  sapwood,  as  has 
often  been  supposed  to  be  the  case; 
nor  is  the  sapwood  of  hickory  and 
ash  intrinsically  stronger  than  the 
heartwood,  as  is  sometimes  claimed 
in  connection  with  handle  stock. 

The  essential  differences  between 
heartwood  and  sapwood  are  as  fol- 
lows: 

Heartwood,  as  a  rule,  is  more  dur- 
able than  sapwood  in  damp  locations 
and  less  subject  to  attack  by  stain 
and  mold-producing  fungi.  It  usually 
is  colored  and  therefore  considered 
more  ornamental  than  the  white  sap- 
wood,  except  in  a  few  cases;  in  yel- 
low pine  interior  finish  and  maple 
flooring,  for  example,  the  white  sap- 


wood  is  preferred.  Heartwood  is  less 
permeable  to  liquid  and  therefore 
more  suitable  for  tight  cooperage, 
tanks,  and  conduits;  and  it  responds 
more  slowly  to  changes  in  atmospheric 
humidity,  which  often  is  of  advantage 
when  uncoated  wood  is  exposed  for  a 
relatively  short  time  to  a  different 
humidity.  The  heartwood  of  some 
species  contains  more  valuable  ex- 
tractable  materials,  such  as  tannin 
and  dyes,  than  does  the  sapwood. 

Sapwood,  as  a  rule,  takes  preserva- 
tive treatment  better  than  heartwood. 
It  seasons  faster,  but  when  green 
usually  contains  a  larger  percentage 
of  moisture,  which  often  makes  it 
heavier.  Because  sapwood  is  the 
outer  portion  of  the  tree  it  contains 
fewer  common  defects,  such  as  knots, 
shakes,  and  pitch  streaks.  In  resinous 
species  the  sapwood  usually  contains 
less  resin  than  the  heartwood.  Sap- 
wood  is  more  free  from  odor  and 
taste,  which  may  be  an  advantage  in 
some  cases,  and  a  disadvantage  in 
other  cases.  - 


Forest  Products  Laboratory  Invites 
Engineers  to  Conference. — The  U.  S. 
Forests  Products  Laboratory  is  spend- 
ing over  $50,000  a  year  in  research 
work  on  wood  preservation  and  allied 
subjects.  This  fact  is  not  generally 
appreciated  by  railway  men,  wood 
preservers,  and  others  interested  in 
the  subject,  and  they  are  not  taking 
full  advantage  of  it.  The  officials  of 
the  Madison  laboratory  are  anxious 
that  this  public  money  be  spent  in  the 
most  efficient  manner  on  problems  of 
the  greatest  general  interest  and  im- 
portance. They  feel  that  this  cannot 
be  done  without  the  fullest  co-opera- 
tion of  the  affected  industries.  In 
order  that  a  better  mutual  understand- 
ing may  be  reached,  an  all  day  con- 
ference at  Madison  is  being  arranged 
for  Friday,  March  16.  Invita- 
tions have  been  sent  through  the 
presidents  to  all  members  of  the 
American  Railway  Engineering  Asso- 
ciation and  the  American  Wood  Pre- 
servers' Association  and  to  all  others 
interested  in  wood  preservation,  struc- 
tural timbers,  and  allied  subjects  to 
meet  at  the  Forest  Products  Labora- 
tory on  that  date.  As  the  laboratory's 
program  of  research  work  for  the  next 
fiscal  year  is  decided  upon  in  April, 
the  March  16  meeting  affords  an  ex- 
cellent opportunity  for  engineers  to 
get  consideration  for  the  projects 
which  they  would  like  to  see  under- 
taken. 
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Considerations  for  the  Man  on  the  Job  Who  Must  Make  Decisions 

Quickly* 

By  WALTER  P.  BLOECHER, 
With  Stone  &  Webster,  Inc.,  New  York  City. 


With  our  present-day  refinement  in 
the  design  and  application  of  con- 
crete, the  principal  problem  of  the 
industry,  stated  in  the  abstract,  is  how 
to  get  predetermined  uniformity  of 
strength.  Recent  researches  have 
perfected  our  knowledge  of  the  fac- 
tors involved  to  such  an  extent  that, 
given  normal  materials  and  conditions, 
this  can  be  accomplished  in  any  good 
laboratory  with  reasonable  certainty 
of  results. 

Results  obtained  from  field  tests 
have,  on  the  other  hand,  quite  com- 
monly been  irregular  and  inconsistent. 
Indeed,  they  have  varied  so  widely 
and  unexplainably  as  to  cause  much 
concern  to  the  construction  manage- 
ments; and  it  is  a  fact  that  this  con- 
cern has  often  been  replaced  by  in- 
difference as  the  apparently  over- 
loaded   structures    still   stood   up. 

The  problem  of  getting  uniform  re- 
sults in  the  field  is  distinctly  different 
from  that  in  the  laboratory.  In  the 
latter'  generally  all  of  the  many  vari- 
ables are  and  can  be  rigidly  con- 
trolled, except  the  particular  ones  un- 
der investigation.  This  control  is 
possible  to  a  degree  unattainable  in 
practice  by  (1)  use  of  selected  uni- 
form materials  (often  artificially  pre- 
pared) of  known  characteristics;  (2) 
methods  and  apparatus  of  great  pre- 
cision; (3)  protection  from  weather; 
(4)  absence  of  the  necessity  for  strict 
economy;  (5)  skilled  permanent  tal- 
ent, and  (6)  the  relatively  small  mag- 
nitude of  the  physical  operations. 
These,  with  all  the  sub-headings 
which  they  embrace,  make  up  the 
wide  gap  between  laboratory  and  field 
concrete. 

The  speaker  recalls  a  recent  con- 
struction operation  with  which  he 
was  connected  on  which  erratic  con- 
crete test  results  were  given  a  great 
deal  of  study.  The  testing  laboratory, 
the  cement,  the  organic  sand  impuri- 
ties, the  mica  in  the  sand,  insufficient 
mixing  time,  too  much  water,  and 
improper  curing  of  cylinders  were 
successively      blamed      and      studied. 


♦Reprinted  by  permission  from  the 
copyrighted  Proceedings  of  the  American 
Concrete  Institute,   1923. 


Finally  a  new  laboratory  was  engaged, 
the  sand  was  rewashed  at  added  cost, 
the  mixing  and  curing  methods  were 
made  more  strict,  and  somewhat  bet- 
ter test  results  were  had.  But  it  is 
worth  noting  that  no  one  could  defi- 
nitely place  the  credit  for  the  im- 
provement. 

The  Variables  in  Concrete. — The 
every-day  construction  man,  on  whom 
ultimately  we  must  rely  for  better 
concrete,  is  generally  not  fully  in- 
formed on  the  number  and  range  of 
the  factors  that  determine  the  quality 
of  his  product.  The  large  amount  of 
valuable  research  work  is  scattered, 
complicated  and  difficult  for  him  to 
study  and  apply  in  his  busy  life.  He 
still  reasons  that  an  extra  bag  of 
cement  per  yard  will  more  than  coun- 
teract the  fineness  of  his  sand,  the 
wet  mix  and  the  low  temperature, 
without  having  any  definite  idea  of 
the  relative  values  of  these  factors. 
Table  I  has  been  prepared  with  the 
idea  of  giving  him  in  brief  tabular 
form  a  birdseye  view  of  this  research 
work  to  aid  in  solving  such  problems; 
or,  restated,  to  provide  condensed  in- 
formation on  the  variable  conditions 
which  may  be  affecting  his  product, 
with  the  degree  of  their  possible  in- 
fluence. 

It  is  not  averred  that  the  data  are 
bullet-proof  or  complete;  the  problem 
is  too  wide  and  complex  to  permit  of 
a  simple  presentation.  It  should  be 
remembered  also  that  different  re- 
searches of  the  same  variable  have  not 
always  agreed;  indeed,  they  have 
sometimes  given  entirely  contradic- 
tory results.  Again,  the  values  given 
represent  the  laws  derived  from  test- 
ing small  laboratory  specimens,  and 
in  some  cases  the  effect  of  the  same 
variable  on  structural  or  mass  con- 
crete may  be  somewhat  different.  The 
information,  accordingly,  is  useful 
more  as  indicating  general  trends 
than  specific  values.  When  so  used 
it  should  b,e  of  some  assistance  to  a 
construction  man  having  concrete 
troubles  and  not  knowing  where  to 
look. 

It  will  be  noted  that  twenty-seven 
factors  are  listed,  together  with  the 
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TABLE  II— SECONDARY  AND  INTANGIBLE  VARIABLES  AFFECTING 
STRENGTH  IN  CONCRETE. 


lte». 

VariaNe. 

Remarks. 

8ud 

1.  Use  of  Quarry  Screenings 

Fine  quarry  screenings  generally  bad.  coarser  screenings  good. 

Coarse,Aggreg»te 

2.  Imperfect  Screening— Presence 
of  Small  Sise  Particle 

Supposedly  screened  gravel  often  contains  10-15  per  cent  aggregate  finer  than  )4  in.  and  may  affect  fineness  modulus. 

Water 

3.  Inpurities  and  Admixtures 
(See  Pulver  and  Johnson, 
"Wisconsin  Engineer,"  Oct.. 
1813) 

No  data  on  impurities.  For  salt  (NaCI)  each  I  per  cent  by  weight  of  water  reduces  strength  of  2  mo.  concrete  2M  per 
cent,  except  for  freezing  conditions  where  its  effect  in  lowering  freezing  temperature  overbalances  its  bad  chemical  effect. 
Adding  up  to  12  per  cent  of  NaC!  increased  strength  from  450  to  1150  lb.  For  CaCI;.  adding  ui  to  4  per  cent  bv  weight 
increased  strength  17  per  cent,  then  dropping  off  to  same  strength  for  8  per  cent. 

4.  Leakage  and  Evaporation  of 
Excess  Water 

No  data 

5.  Absorption  of  Aggregates 

This  covers  moisture  actually  absorbed  as  opposed  to  entrained  moisture.    No  data. 

6.  Normal  Consistency  of  Cement 
as  Affecting  Water  Require 
ment 

No  data. 

Miliar 

7.  Kind  and  Condition  of  Mixer 

This  refers  to  mixer  characteristics,  worn  blades,  etc. 

8.  Effect  of  Tamping,  Spading, 
Hoeing,  Hammering 

Tamping  with  pointed  bar  seems  better  than  tamping  flat.  Excessive  vibration  harms  wet  mixes,  but  improves  dry 
mixes.    See  Lewis  Institute  Bulletin  3,  Table  2,  p.  7,  and  Table  4.  p.  9. 

9.  Effect  of  Spouting,  Buggying, 
etc. 

Unpublished  tests  indicate  considerable  remixing  value  in  spouting. 

Placing 

10.  Segregation  of  Aggregates 

No  data  on  its  effect;  important  to  avoid. 

11.  Re-gaging  after  Initial  Set 

L.  P.  Sabin,  "Cement  and  Concrete."  p.  253,  shows  re-gaging  without  additional  water  slightly  harmful.  With  water 
added  to  restore  consistency,  gave  no  loss;  in  fact,  a  slight  gain. 

Curing 

12.  Humidity  and  Wind 

No  date. 

13.  Increase  in  Strength  with  Age 
of  Concrete  Weak  at  28  days 

No  definite  data.  Results  indicate  that  concrete  weak  by  28-day  cylinders  often  gains  more  strength  with  age  than 
the  higher  28-day  product. 

14.  Pressure  applied  during  Curing 

Bulletin  3,  Lewis  Institute,  p.  19,  Fig.  13,  shows  15  per  cent  increase  in  strength  for  100  lb.  pressure:  20-35  per  cent 
for  200  lb. 

15.  Effect  of  Wood  vs.  Steel  Forms 

No  data.    Wood  forma  may  take  away  more  surplus  water  than  steel. 

16.  Use  of  Manure  for  Protection 

Chemical*  may  hare  bod  effect  on  concrete. 

Miscellaneous 

17.  The  Human  Equation 

range  of  their  individual  influence  on 
the  strength  of  typical  1:2:4  building 
concrete,  between  the  best  and  the 
worst  conditions  that  may  be  encoun- 
tered in  practice.  The  physical  con- 
ditions producing  the  high  and  low 
strength  are  given  in  each  case;  and 
the  research  authorities  are  appended 
for  ease  of  quick  further  reference. 

It  is,  of  course,  obvious  that  many 
of  these  separate  factors  are  in  a 
practical  way  interdependent.  Thus, 
in  studying  the  gradation  of  aggre- 
gates, this  may  be  taken  up  from  the 
standpoint  of  the  sand  alone,  the 
gravel  alone,  or  the  mixed  aggregate; 
and  in  either  case  would  involve,  as 
noted  in  the  remarks,  a  change  in 
water  ratio  to  maintain  the  same  con- 
sistency. It  is  important  to  recognize 
that  each  factor  is  set  out  by  itself, 
and  the  effect  it  has  on  the  strength 
is  given  from  the  standpoint  of  a  pure 
variable. 

In  attempting  to  evaluate  or  reduce 
the  various  factors  to  a  common  basis, 
it  is  only  possible  to  express  them  in 
terms  of  the  percentage  effect  they 
have  on  an  approximate  1:2:4  mix. 
The  research  data,  while  in  them- 
selves pure,  were  secured  by  scattered 
agencies  under  such  different  condi- 
tions that  it  is  impossible  to  co-relate 
the  results  in  any  other  way.  In  some 
cases  the  results  had  to  be  given  for 
other  than  28-day  1:2:4  concrete,  but 
the  conditions  are  noted  in  all  cases. 


This  will  explain  why  the  highest 
strength  at  times  appears  as  3,390  lb., 
and  at  others  only  1,500  lb.  The  nor- 
mal limits  of  maximum  variation  were 
chosen  with  care,  and  have  in  most 
cases  some  experience  as  a  basis.  In 
other  cases,  such  as  the  water  used  in 
the  mix,  the  limits  of  3  in.  and  10  in. 
slumps    were    arbitrarily    selected    as 
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Fig.   1. — Results  of  540  Commercial  Cement 
Tests  of   Two    Different    Brands. 

(From  a  recent  Stone  &  Webster  opera- 
tion.) 
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representing  a  reasonable  practical 
range. 

This  table  brings  out  several  things 
of  interest  to  the  construction  man. 
It  shows,  for  example,  that  there  are 
three  factors  which  may  be  of  greater 
influence  than  the  water-cement  ratio 
under  particularly  poor  conditions, 
viz.,  the  current  variation,  the  organic 
content  of  the  sand,  and  the  method 
of  curing.  It  also  indicates  the  danger 
from  such  factors  as  storing  cement, 
from  mica  in  the  sand,  and  from  cur- 
ing at  cold  temperatures. 

In  addition  to  the  twenty-seven  fac- 
tors listed  in  Table  I,  it  is  well  to  men- 
tion numerous  others  having  an  influ- 
ence on  the  strength  of  the  final  prod- 
uct on   which  the  research   data  are 


Some  Results  of  Job  Testing. — Tak- 
ing up  first  the  cement  factor,  Fig.  1 
shows  the  results  obtained  at  the  mill 
from  540  standard  28-day  mortar 
briquette  tests  divided  between  two 
separate  brands.  They  were  picked  at 
random  from  an  order  covering  100,- 
000  bbls.  of  cement  for  a  recent  Stone 
&  Webster  operation;  and  their  man- 
ufacture and  shipment  ran  over  a 
period  of  about  eighteen  months.  The 
great  similarity  of  this  diagram  to  the 
probability  curve  will  be  instantly 
noted.  It  may  be  argued  that  there 
is  no  direct  relation  between  tensile 
tests  or  mortar  and  compressive 
strength  of  concrete.  This  may  or 
may  not  be  strictly  true;  still  these 
briquette   results  will  surely  indicate 
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Fig.    2. — Variations    in    540    Mill    Briquette   Tests  of  Two  Cement  Brands. 

(Shipments  extended  over  18  months.) 


either  meagre  or  which  are  scarcely 
susceptible  of  analysis.  Seventeen 
such  factors  of  varying  importance  are 
briefly  noted  in  Table  II,  with  what- 
ever information  is  available. 

It  is,  of  course,  manifest  that  all, 
or  even  most  of  these  factors  do  not 
occur  simultaneously  nor  to  the  same 
degree  on  any  individual  job,  or  at 
any  particular  time.  Each  job  has  its 
own  peculiar  setup,  which  in  turn  is 
subject  to  variation  within  itself  from 
day  to  day  or  even  from  batch  to 
batch.  The  limitless  combinations 
possible  make  the  erratic  test  results 
quite  understandable;  they  have  sug- 
gested to  the  speaker  the  analysis  of 
these  results  from  the  standpoint  of 
the  theory  of  probability. 


the  general  effect  on  uniformity  which 
can  be  expected  from  the  cement 
factor. 

Fig.  2  represents  this  same  data 
plotted  in  different  form.  In  this  case 
the  individual  results  are  arranged 
horizontally  in  the  order  of  their 
strength,  and  are  plotted  to  produce  a 
curve  which  may  be  called  a  Progres- 
sive Strength  curve.  This  progres- 
sive strength  curve  simply  takes  the 
sequence  of  strength  as  the  index  or 
order  of  plotting,  to  roughly  produce 
a  smooth  graph.  A  probability  curve 
expanded  to  this  basis  will  always 
take  such  a  general  shape.  It  is  ob- 
vious that  the  general  measure  of 
uniformity  of  the  results  is  repre- 
sented  by   the   slope   of   the   straight 
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TABLE   III— COMPARISON  OF  UNIFORMITY   OF   TEST   RESULTS   OBTOINED    IN 

PRACTICE. 


Age. 
days. 

Individual 

Extreme  Variation. 

Straight  Line  Variation 
(Omit  Extremes). 

Mean 
from 

Average. 

per  cent. 

Average*. 

High. 

Loir 

Average. 

Per  Cent 
Spread  of 
Average. 

High. 

Low. 

Average. 

Per  Cent 
Spread  of 
Average. 

A.    1:2:4  Mix 

28 
28 
28 
60 
28 
28 
28 

Individual 
Individual 
Individual 
Averages 
Averages 
Averages 
Individual 

2*15 
2671 
2700 
2950 
3294 
2937 
2730 

1210 
1436 
1312 
1102 
877 
136S 
1650 

1852 
1925 
1797 
1940 
1887 
2315 
2160 

76 
64 
77 
95 
128 
68 
50 

2300 
2120 
2650 
23*0 
2800 
2600 

1500 
1400 
1200 
1300 
1870 
1720 

1900 
1760 
1925 
1800 
2835 
2460 

76 
42 
41 
75 
56 
40 
41 

21  0 
16  4 
9.6 
21  4 
19  4 
14.4 
10.4 

D.    1  :  2  :  4  Mil                   

28 
28 

Averages 
Averages 

4130 
3300 

1700 
2680 

2770 
2990 

88 
21 

3350 
3150 

2080 
2850 

2715 
3000 

47 
10 

3.41 

Briquette  Teste: 

28 
28 

Individual 
Individual 

406 
422 

296 

270 

346 
331 

32 
46 

385 
405 

312 

294 

349 
331 

21 
33 

5  5 
8.3 

portion  of  this  curve;  and  that  some 
results  will  fall  considerably  below 
and  some  above  this  line,  producing 
the  curved  departures  at  the  end. 

A  point  worth  mentioning  in  this 
connection  is  that  we  must  contend 
not  only  with  the  variations  in 
strength  between  different  brands  of 
cement,  but  there  is  the  additional 
variation  in  the  strength  of  any  par- 
ticular brand  from  time  to  time.  The 
importance  of  this  is  well  illustrated 


cylinder  tests  on  seven  separate  con- 
struction operations.  As  in  the  pro- 
gressive strength  curve  of  the  cement 
tests,  the  results  are  plotted  in  the 
sequence  of  their  strength.  The  vari- 
ous jobs  had  varying  numbers  of  test 
cylinders,  so  that  to  get  the  curves 
on  a  comparative  basis  the  abscissa 
had  to  be  re-cast  to  give  all  the 
curves  the  same  termini.  To  get  a 
general  comparison  between  uniform- 
ity of  laboratory  and  field  results,  two 


Fig.  3.- 


No.of  Specimens  —  In  Sequence  of  Strenqth 

-Results  of  Job  Concrete  Testing. 


by  Fig.  2,  which  shows  a  spread  from 
270  to  420  lb.  per  sq.  in.  in  mortar 
tests  of  two  brands  of  cement,  both  of 
which  were  manufactured  over  a 
period  of  about  eighteen  months. 

On  Fig.  3  this  method  of  analysis  is 
applied  to  test  results  obtained  from 


curves  have  been  added  showing 
series  of  tests  made  at  Lewis 
Institute.  It  is  seen  that  in  each  case 
analyzed  the  curve  is  distinctly  com- 
parable to  a  probability  curve  replot- 
ted  to  the  progressive  strength  basis. 
Curves  A,  B,  C  and  D  show  results 
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of  field  tests  on  ordinary  1:2:4  con- 
crete mixes  with  nominal  2,000  lb. 
strength  specified.  All  are  28-day 
cylinders,  except  D,  which  represents 
60-day  concrete.  One  job  was  built 
several  years  ago  in  Brooklyn,  using 
crushed  trap  rock  aggregate;  another 
job  was  built  in  Baltimore  with  river- 
dredged  aggregate;  another  job  was 
located  in  Olean,  N.  Y.,  using  glacial 
drift  aggregates;  and  the  fourth  was 
a  New  York  City  operation  in  which 
Hudson  River  limestone  gravel  was 
used.  Curve  E  of  the  Ontario  Power 
Development  represents  results  pub- 
lished by  Young  in  Engineering  News- 
Record  of  April  13,  1922,  of  their 
Class  C   (1,500  lb.)  concrete,  in  which 


Summary  Data  -  All  Series 


have  passed  the  requirements  of  the 
Tentative  Joint  Committee  Specifica- 
tion for  2,000  lb.  concrete  even  with 
the  tolerance  suggested  by  Committee 
C-9  of  the  American  Society  for  Test- 
ing Materials,  which  requires  75%  of 
the  specimen  to  have  80%  of  the  de- 
sign strength. 

Curve  F  of  the  Ontario  Hydro-Elec- 
tric Power  Commission  gives  results 
published  by  Young  in  Engineering 
News-Record,  March  17,  1921,  with 
their  Class  B  (2,000  lb.)  concrete;  it 
runs  fairly  close  to  Curve  G,  repre- 
senting tests  on  a  building  operation 
in  New  York  City  using  a  1:1%:  3  mix. 
The  results  obtained  by  Young,  while 
not  marked  in  their  uniformity,  gave 

Detail  Data  -  Series  2 


7000 


I      2      3     4      5     6,    7     6 

No.    of  Test  Series 

76  Day  Cylinders 

10-M  Month  Cores  (•l-l3mo,*yi5mo.) 

Averaqe  Line  of  Mean  Cons  Results. 
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Mo.   of    Specimens 


f—  lb  Day  Cylinders 

t 7-12  Mo.  Cores 

— -  Cores  Re -arranoed  to  Progressive  Strength  Oasis 


~\  Arranged  inCfi 
A«je  of  CoresJ  parative  Order. . 


Fig.  4. — Test   Results  of   H.  S.   Mattimore,    Pennsylvania    State    Highway    Commis- 
sion,   Molded    Cylinder   vs.    Cut   Core  Strengths. 
(Engineering  News-Record,  Jan.  12,  1922.) 


2V2  in.  crushed  granite  and  bank  sand 
were  used. 

It  is  quite  remarkable  that  five  jobs 
so  widely  scattered  and  built  under 
such  different  conditions  should  pro- 
duce results  so  closely  related,  yet  in 
themselves  varying  so  widely.  It  is 
apparent  that  this  1:2:4  concrete, 
nominally  2,000  lb.,  could  from  a  criti- 
cal standpoint  scarcely  be  given  a 
higher  rating  than  1,500  lb.  material 
at  28  days.  We  should  remember,  too, 
that  these  jobs  were  large  operations 
on  which  unusual  care  and  talent  were 
used;  and  they  undoubtedly  produced 
better  than  average  results.  The  four 
jobs  using  the  1:2:4  mix  averaged 
1,850  lb.  over-all;  none  of  them  would 


numerous  very  high  strengths  for  lean 
mixes.  It  would  be  interesting  to 
know  to  what  extent  the  large-sized 
aggregate  contributed  to  this  end. 

These  results  appear  to  support  the 
contention  that  ordinary  1:2:4  build- 
ing concrete  is  as  a  matter  of  fact 
1,500  lb.  concrete  at  28  days;  and  that 
it  really  takes  a  1:1%: 3  mix  with 
small  aggregate  to  produce  2,000  lb. 
concrete  at  28  days  on  building  work 
with  any  degree  of  certainty. 

In  Table  III  statistical  comparisons 
are  made  of  the  nine  progressive 
strength  curves  presented  in  Fig.  3. 
It  will  be  seen  that  for  the  field  opera- 
tions the  over-all  spreads  between 
high  and  low  results  range  from  50% 
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to  128%  of  the  average.  Neglecting 
the  extreme  low  and  high  results  and 
confining  ourselves  to  what  might  be 
called  the  straight-line  variation,  the 
spreads  run  from  40%  to  79%  of 
average.  A  point  of  interest  is  that 
Curve  E,  the  1,500  lb.  concrete  of  the 
Ontario  Power  Commission,  while 
showing  the  greatest  lack  of  uniform- 
ity over-all,  namely  128%,  shows  a 
straight-line  variation  of  only  53%. 
Again,  four  of  the  field  operations 
show  a  straight-line  variation  of  be- 
tween 40  and  42%  of  average;  and 
the  tensile  tests  of  cement  show  be- 
tween 21  and  33%  of  average.  Al- 
though no  scientific  comparison  is 
)ossible,  this  would  tend  to  indicate 
lat  a  considerable  part  of  the  varia- 
ion  in  concrete  strengths  is  traceable 
to  the  variations  in  the  cement. 

The  Question  of  the  Concrete  Yard- 
stick.— There  is  a  serious  question  in 

any  minds  as  to  the  propriety  of  the 
8-day  cylinders  as  a  true  measure  of 
concrete  strength.  It  is  undoubtedly 
rue  that  in  many  cases  a  large  appre- 
iation  in  strength  takes  place  after 
the  28  days  have  elapsed;  still  a  bet- 
ter substitute  has  not  yet  been  found. 

he  suggestion  is  frequently  offered 
hat  cores  cut  from  the  actual  struc- 
tures are  a  more  representative  meas- 
ure. On  this  question  the  curves 
given  in  Fig.  4  are  of  interest. 
They  represent  comparisons  between 
molded  cylinders  and  drilled  cores  as 
obtained  by  the  Pennsylvania  High- 
way Department,  published  by  Mat- 
timore  in  Engineering  News-Record, 
Jan.  1,  1922. 

As  to  the  comparative  uniformity 
of  cores  vs.  cylinders,  it  will  be  seen 
that  the  cores  show  no  striking  im- 
provement in  this  respect.  But  the 
results  do  indicate  that  the  concrete 
weakest  at  28  days  gains  most  in 
strength  with  age,  its  handicap  at  28 
days  being  largely  overcome.  By 
comparing  lines  AA  and  BB,  it  is 
clearly  evident  that  the  increment  in 
strength  after  28  days  is  greatest  for 
that  concrete  which  is  weak  at  28 
days. 

This  same  phenomenon  we  have  no- 
ticed on  several  other  operations 
whose  results  are  omitted  for  brevity. 
It  indicates  that  judging  concrete  by 
28-day  cylinders  may  lead  to  very 
unjust  results,  and  that  60-day  check 
cylinders  may  often  be  justified. 

It  is  not  the  thought  that  the  in- 
formation herein  submitted  can  be 
used  scientifically  in  any  definite  quan- 
titative way;  rather  it  is  a  reminder 


of  the  complexity  of  the  subject  from 
the  job  standpoint,  with  some  sugges- 
tions of  points  to  be  watched  by  the 
construction  man  who  is  troubled  with 
erratic  test  results.  Our  immediate 
problem  is  to  collect  additional  data 
of  this  kind  by  which  the  application 
of  proposed  tolerance  rules  may  be 
judged. 

That  the  present  rule  of  thumb 
methods  of  manufacturing  concrete 
are  susceptible  of  much  improvement, 
and  that  we  will  see  more  uniform 
concrete  in  the  future  is  almost  axio- 
matic. The  introduction  of  better 
methods  and  apparatus  should  and 
will  proceed  apace;  this  is  simply  a 
repetition  of  human  history.  Still,  the 
large  number  of  factors  involved, 
many  of  them  beyond  job  control, 
should  suggest  a  deliberate  advance 
and  give  pause  to  the  tendency  to 
expect  too  radical  an  improvement  in 
one  jump.    

Structural    Steel    Bookings    Largest 
Since    May 

The  increase  in  sales  of  fabricated 
structural  steel  begun  in  December 
was  continued  in  January  with  the 
largest  bookings  since  last  May,  ac- 
cording to  reports  received  by  the 
Department  of  Commerce  through  the 
Bureau  of  the  Census.  January  sales 
amounted  to  75.2  per  cent  of  shop 
capacity,  as  against  57.8  per  cent  for 
December. 

Sales  reported  by  147  firms  with  a 
capacity  of  218,645  tons  per  month 
amounted  to  164,404  tons,  or  75.2  per 
cent  of  shop  capacity,  as  against  57.8 
per  cent  of  shop  capacity  reported  for 
December.  The  following  table  com- 
pares reports  of  158  identical  firms 
with  a  capacity  of  220,690  tons  per 
month  from  April  through  October, 
while  later  reports  are  based  on  a 
varying  number  of  firms,  with  little 
change  in  total  capacity.  For  com- 
parative purposes  each  month's  figures 
are  also  prorated  to  obtain  an  esti- 
mated total  for  the  United  States  on 
a  capacity  of  250,000  tons  per  month. 
Actual  Per      Estimated 

tonnage       cent  of  total 

1922.  booked.      capacity,     bookings. 

April    198,529  89.9  224,800 

May     180,558  81.8  204,500 

June     162,139  73.4  183,500 

July     152,023  68.9  172,300 

August    150,700  68.3  170,800 

September..    141,418  64.1  160,300 

October     ...  126,535  57.3  143,300 

November    .*  107,709'  48.4  121,000 

December     .   128, 439*  57.8  144,500 

1923 
January    ...  164,4043  75.2  188,000 

Reported  by  161  firms.  2Reported  by 
159  firms.    3Reported  by  147  firms. 
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Large   Increase  in  Commodity 
Production  in  January   • 

A  very  large  increase  in  productive 
activity  is  indicated  by  figures  re- 
ceived to  date  by  the  Department  of 
Commerce  through  the  Bureau  of  the 
Census  on  January  business  condi- 
tions, with  new  high  records  made  in 
many  cases. 

Cotton  goods,  pig  iron,  steel  ingots, 
locomotives,  zinc,  bituminous  coal,  and 
flooring  are  among  the  basic  commodi- 
ties whose  January  production  figures 
show  the  largest  output  since  the  boom 
period  of  1920.  Sales  and  unfilled  or- 
ders show  the  same  upward  trend,  es- 
pecially in  metals  and  building  mate- 
rials. The  large  car  loadings  and  sea- 
sonally high  retail  sales,  as  well  as  the 
general  depletion  of  manufacturers' 
stocks,  indicate  that  the  goods  pro- 
duced are  quickly  passing  into  con- 
sumption. 

Wholesale  prices  as  a  whole  showed 
no  change  in  January  but  farm  prod- 
ucts declined,  while  other  groups  rose. 
The  present  increase  in  productivity 
has  thus  far  been  differentiated  from 
the  1919  boom  by  the  relatively  small 
expansion  of  commercial  credit  and 
the  relatively  gradual  increase  in 
prices.  The  price  increase  during 
1922  amounted  to  less  than  half  of  the 
increase  in  wholesale  prices  during 
1919. 

Cotton  consumption  by  textile  mills 
in  January  was  the  third  largest  in 
our  history,  totaling  610,375  bales. 

Wool  receipts  at  Boston  were  very 
heavy  in  January,  with  foreign  wool 
receipts  tne  highest  since  April,  1921. 
Silk  consumption  increased  to  34,680 
bales,  while  stocks  declined  from  the 
December  high  mark. 

Pig-iron  production,  at  3,229,604  tons, 
was  the  largest  since  October,  1920, 
while  steel  ingot  production,  at 
3,717,071  tons,  in  January  has  not  been 
exceeded  since  March,  1920.  Unfilled 
orders  of  the  United  States  Steel  Cor- 
poration increased,  after  two  months 
of  decline,  and  made  a  high  record 
since  February,  1921,  at  6,910,776  tons. 
Shipments  of  locomotives  from  fac- 
tories were  the  largest  since  January, 
1921,  and  unfilled  orders  were  the  high- 
est on  record  at  1,788  locomotives. 

Production  of  zinc  rose  to  92,634,000 
lbs.,  the  highest  since  March,  1920, 
while  stocks  declined  to  33,148,000 
lbs.,  the  lowest  since  the  armistice. 

Production  of  bituminous  coal  in 
January  amounted  to  50,123,000  tons, 
the  highest  month,  with  one  exception, 
since  December,  1920. 


Lumber  figures  for  January,  as  far 
as  available,  indicate  a  considerable  in- 
crease  in  production  and  shipments, 
over  both  the  previous  month  and  the 
corresponding  month  last  year.  Pro- 
duction of  maple  flooring  reached  the 
highest  point  on  record,  and  oak-floor- 
ing production  for  January  has  been 
exceeded  only  once. 


Kiln   Drying   Douglas   Fir   Com- 
mon Lumber 

(Technical  Note,  U.   S.  Forest  Products 
Laboratory.) 

The  kiln  drying  of  Douglas  fir  com- 
mon is  a  problem  which  differs  in  sev- 
eral respects  from  most  kiln  drying 
problems.  In  order  that  the  knots 
shall  not  drop  out  of  the  wood,  the 
maximum  temperature  must  be  lim- 
ited more  or  less  by  the  melting  point 
of  the  resin  around  the  knots,  and  the 
humidity  kept  high  enough  so  as  not 
to  allow  excessive  differential  shrink- 
age between  the  knots  and  the  body 
wood.  The  difficulty  of  keeping  the 
knots  in  place  is  lessened  to  some 
extent  by  the  fact  that  it  is  usually 
not  necessary  to  dry  common  lumber 
to  a  moisture  content  lower  than  15 
per  cent,  A  new  complication  is 
added,  however,  inasmuch  as  it  is  very 
difficult  to  bring  heartwood  and  sap- 
wood  to  a  uniform  moisture  content 
as  high  as  15  per  cent  by  any  ordinary 
kiln-drying  method. 

These  unusual  requirements  demand 
that  a  kiln  for  drying  Douglas  fir 
common  shall  have  a  very  rapid  and 
uniform  circulation  readily  reversible 
in  direction,  and  an  accurate  control 
of  temperature  and  humidity.  The 
only  type  of  kiln  which  at  present  can 
be  safely  recommended  for  this  class 
of  work  is  an  internal-fan  kiln  similar 
to  the  semi-commercial  unit  in  opera- 
tion at  the  Forest  Products  Labora- 
tory, Madison,  Wis.,  or  to  the  kiln 
used  by  the  laboratory  at  Tacoma, 
Wash.,  in  developing  the  schedules  for 
the  drying  of  No.  1  Douglas  firm  com- 
mon. 

These  schedules  call  for  a  tempera- 
ture of  175°  F.  constant  throughout 
the  entire  drying  period.  For  1  by  6, 
1  by  8,  2  by  4,  and  2  by  6  in.  stock, 
the  humidity  may  be  kept  constant  at 
70  per  cent.  For  1  by  10,  1  by  12,  2  by 
8,  2  by  10,  and  2  by  12  in.  stock,  it  is 
better  to  use  a  humidity  of  80  per  cent 
for  the  first  half  of  the  run,  dropping 
to  70  per  cent  for  the  last  half.  The 
drying  time  varies  considerably  with 
the  size  and  shape  of  the  stock.     For 
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1  by  8  in.  material,  dried  to  15  per 
cent  moisture,  it  should  be  about  32 
hours. 

Drying  much  below  15  per  cent 
moisture  is  not  recommended.  At 
this  moisture  content  the  under- 
weights are  much  better  than  those 
usually  obtained  in  air  seasoning. 
The  total  kiln  and  planing-machine 
degrade  should  average  not  more  than 
15  per  cent  if  the  recommended  sched- 
ules are  followed  and  the  lumber  is 
dried  in  suitable  kilns  to  a  final 
moisture  content  of  15  per  cent. 


Retail  Prices  of  Food 

The  U.  S.  Department  of  Labor, 
through  the  Bureau  of  Labor  Statis- 
tics, has  completed  the  compilations 
showing  changes  in  the  retail  cost  of 
food  in  19  representative  cities  of  the 
United  States. 

During  the  month  from  December 
15,  1922,  to  January  15,  1923,  16  of  the 
19  cities  showed  decreases  as  follows: 
Denver,  4  per  cent;  Peoria  and  St. 
Louis,  3  per  cent;  Butte,  Richmond, 
St.  Paul,  Salt  Lake  City,  Scranton, 
Seattle  and  Washington,  D.  C,  2  per 
cent;  Baltimore,  Cleveland,  Omaha 
and  Providence,  1  per  cent.  Detroit 
and  Portland,  Me.,  showed  decreases 
of  less  than  five-tenths  of  1  per  cent. 
The  other  three  cities  showed  in- 
creases; Little  Rock  and  Manchester, 
1  per  cent,  and  Chicago  less  than 
five-tenths  of  1  per  cent. 

For  the  year  period,  January  15, 
1922,  to  January  15,  1923,  15  of  the 
cities  showed  increases.  Cleveland,  6 
per  cent;  Denver  and  Seattle,  5  per 
cent;  St.  Louis  and  St.  Paul,  4  per 
cent;  Butte,  Chicago,  Detroit,  Little 
Rock  and  Portland,  Me.,  3  per  cent; 
Baltimore,  Providence  and  Salt  Lake 
City,  2  per  cent;  Washington,  D.  C,  1 
per  cent,  and  Omaha,  which  showed 
an  increase  of  less  than  five-tenths  of 
1  per  cent.  Four  cities  showed  a  de- 
crease as  follows:  Peoria,  3  per  cent; 
Richmond  and  Scranton,  2  per  cent, 
and  Manchester,  1  per  cent. 

As  compared  with  the  average  cost 
in  the  year  1913,  the  retail  cost  of 
food  on  January  15,  1923,  was  54  per 
cent  higher  in  Richmond,  52  per  cent 
in  Providence  and  Scranton,  51  per 
cent  in  Washington,  D.  C,  50  per  cent 
in  Baltimore,  49  per  cent  in  Chicago 
and  Detroit,  46  per  cent  in  Manches- 
ter, 43  per  cent  in  Cleveland  and  St. 
Louis,  39  per  cent  in  Little  Rock  and 
Omaha,  36  per  cent  in  Seattle,  33  per 
cent  in  Denver,  and  24  per  cent  in 
Salt  Lake  City.     Prices  were  not  ob- 


tained from  Butte,  Peoria,  Portland, 
Me.,  and  St.  Paul,  in  1913,  hence  no 
comparison  for  the  9-year  period  can 
be  given  for  these  cities. 


New  Gasoline- Operated  Builders' 
Hoist 

A  gasoline-operated  builders'  hoist 
with  reversing  elevator  sheave  is 
illustrated.  This  hoist  is  built  with 
either  one  or  two  drums  and  an  inde- 
pendent clutch  elevator  sheave  which 
permits  double  cage  operation,  and  in 
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Gasoline-Operated    Hoist   with    Reversing 
Elevator    Sheave. 

addition  leaves  the  friction  drum  free 
for  hoisting  forms,  reinforcing,  etc. 
One  exclusive  advantage  claimed  for 
this  hoist  is  that  while  the  driving 
gear  of  the  friction  drum  is  non- 
reversible, the  elevator  sheave,  by 
means  of  two  separate  clutches,  is 
able  to  reverse  at  will,  absolutely  in- 
dependently. Patents  covering  this 
feature  have  been  applied  for.  Motive 
power  is  supplied  by  a  4-cylinder  gaso- 
line engine  and  transmitted  to  the 
drum  through  a  silent  belt  chain 
drive.  This  hoist  is  being  placed  on 
the  market  by  the  Clyde  Iron  Works 
Sales  Co.,  Duluth,  Minn.,  distributors 
for  the  Clyde  Iron  Works. 


American  Home  and  City  Beautiful 
Exposition. — An  American  Exposition 
Fair  will  take  place  on  Young's  Mil- 
lion Dollar  Pier,  Atlantic  City,  N.  J., 
from  June  16  to  Sept.  8,  1923.  The 
affair  is  given  under  the  auspices  of 
the  American  Home  and  City  Beauti- 
ful Association,  with  the  two-fold  ob- 
ject of  encouraging  the  use  of  articles 
of  American  manufacture  and  educa- 
tion of  the  people  of  the  United  States 
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in  home  and  city  beautification.  The 
exhibit  will  be  devoted  to  eight  princi- 
pal groups  with  allied  classifications, 
including  public  and  private  buildings, 
materials,  equipments  and  furnish- 
ings; the  garden,  seeds,  accessories 
and  supplies;  art,  sculpture  and  orna- 
ments; musical  instruments  and  re- 
producers. A.  Conrad  Ekholm  is  gen- 
eral manager,  American  Home  and 
City  Beautiful  Exposition,  Million  Dol- 
lar Pier,  Atlantic  City,  N.  J. 


House  Building  Boom  in  Sweden. — 
The  Swedish  government's  recent  de- 
cision to  abolish  governmental  house 
leasing  regulations  has  had  the  effect 
of  stimulating  a  building  boom.  R# 
ports  indicate  that  during  the  next 
ten  months  extensive  residential  con- 
struction will  develop  in  various 
Swedish  cities,  says  Assistant  Trade 
Commissioner  H.  Sorensen,  Copen- 
hagen, in  a  report  to  the  U.  S.  De- 
partment of  Commerce. 


Obituary. 

William  P.  Waugh,  consulting  engineer 
for  the  H.  H.  Robertson  Co.  of  Pitts- 
burgh, well  known  through  his  develop- 
ment of  skylights  and  the  solution  of 
ventilation  problems  for  many  of  the 
country's  greatest  industrial  plants  and 
public  buildings,  died  on  Jan.  15  at  his 
home  at  Sewickley,  Pa. 


Personals 

Gauger-Korsmo  Construction  Co.  has 
moved  its  general  offices  to  604  Exchange 
Bank  Bldg.,  St.  Paul,  Minn. 

Peter  D.  G.  Hamilton,  civil  and  indus- 
trial engineer,  announces  the  removal  of 
his  Boston  office  to  755  Boylston  St.,  Bos- 

1"OTl  IVTrl^S 

McClellan  &  Junkersfeld,  Inc.,  45  Wil- 
liam St.,  New  York  City,  announce  that 
Renshaw  Borie  is  associated  with  them 
in  their  work  of  engineering,  construc- 
tion and  management  and  is  in  charge 
of  their  Philadelphia  office,  112  South 
16th  St. 

William  E.  Wilbur,  formerly  designing 
engineer  with  Harrington,  Howard  & 
Ash,  of  Kansas  City,  Mo.,  is  now  asso- 
ciated with  B.  H.  Klyce,  consulting  engi- 
neer, Nashville,  Tenn.,  and  will  have 
charge  of  work  in  that  office  of  bridges 
and  other  structures  of  steel  and  rein- 
forced concrete. 


Industrial  Notes. 


Detroit  Stoker  Co.,  General  Motors 
Bldg.,  Detroit,  Mich.,  announces  the  re- 
moval of  its  works  to  Monroe,  Mich. 

Edwin  L.Andrews  has  been  appointed  as- 
sistant to  manager  of  the  Department  of 
Publicity  of  the  Westinghouse  Electric  & 
Manufacturing  Co.  at  East  Pittsburgh, 
Pa. 

Mackintosh  Engineering  Co.,  Schofield 
Bldg.,  Cleveland,  has  been  appointed 
agent  for  the  Brownhoist  small  cranes, 
buckets  and  storage  bins  for  the  State  of 
Ohio  with  the  exception  of  Hamilton 
County. 
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Charles  W.  Phellis,  for  the  last  six- 
teen months  general  manager  of  the  du 
Pont  Company's  pyralin  department  and 
for  20  years  before  that  actively  identi- 
fied with  the  company,  has  decided  to  re- 
tire to  devote  his  time  to  his  personal 
interests.  The  position  of  general  man- 
ager of  the  pyralin  department  has  been 
taken  over  by  R.  R.  M.  Carpenter,  vice- 
president  of  the  company. 

The  Webster  Mfg.  Co.  of  Chicago,  111., 
and  Tiffin,  O.,  announces  further  expan- 
sion in  connection  with  their  Canadian 
business;  a  new  corporation  has  been 
arranged — The  Webster-Inglis,  Ltd.,  14 
Strachan  Ave.,  Toronto,  Can.  The  fa- 
cilities of  this  plant  will  enable  them  to 
design  and  manufacture  high  grade  ele- 
vating, conveying  and  power  transmis- 
sion machinery  along  the  same  lines  as 
now  manufactured  by  The  "Webster  Mfg. 
Co. 

The  Holt  Manufacturing  Co.,  Peoria, 
111.,  announces  the  appointment  of  W.  D. 
Crawford  as  district  manager  in  charge 
of  the  Omaha  branch  and  territory  com- 
prising the  states  of  Iowa  and  Nebraska 
and  the  southern  part  of  South  Dakota, 
and  the  removal  of  the  Omaha  branch 
from  previous  location,  2429  Farnum  St., 
to  new  quarters  at  708-712  Tenth  St.  Mr. 
Crawford  has  previously  been  in  charge 
of  The  Holt  Manufacturing  Company's 
branch  at  Des  Moines,  and  has  now  been 
placed  in  charge  of  the  enlarged  and  con- 
solidated territory.  The  Des  Moines  ser- 
vice station  is  continued  with  George 
Deering  in  charge.  With  the  realignment 
of  territory,  additional  salesmen  have  been 
added  to  Mr.  Crawford's  organization,  in- 
cluding R.  S.  Breyman  at  Marshalltown, 
T.  Strosnider  at  Ottumwa  and  A.  L. 
Cauble  at  Omaha. 

The  Allied  Machinery  Co.  of  America 
has  taken  over  the  management  of  the 
sales  in  New  York  City  and  vicinity  of 
the  Clyde  Iron  Works  Sales  Co.,  Duluth, 
Minn.;  the  Austin-Western  Road  Ma- 
chinery Co.,  Chicago,  111.;  the  Austin 
Manufacturing  Co.,  Chicago,  111.;  The 
Lakewood  Engineering  Co.,  Cleveland,  O., 
and  The  Universal  Crane  Co.,  Elyria,  O. 
Men  from  the  factories  of  the  above 
manufacturers  will  be  resident  in  New 
York  City  to  give  customers  expert  ser- 
vice. Stocks  of  the  machinery  and  equip- 
ment made  by  these  manufacturers  will 
be  maintained  in  New  York  City  to  in- 
sure prompt  deliveries.  Repairs  also  will 
be  carried  in  stock  so  that  customers 
may  secure  immediate  replacements.  Of- 
fices will  be  continued  at  the  Allied  Con- 
struction Machinery  Center,  139-149  Cen- 
ter St..   New  York  City. 

The  Blaw-Knox  Co.,  Pittsburgh,  has 
purchased  19  acres  of  river  frontage  at 
Blawnox.  This  tract,  acquired  from  the 
T.  A.  Gillespie  Company,  adjoins  the  com- 
pany's present  works.  Albert  C.  Lehman, 
president  of  the  company,  would  not  dis- 
cuss the  deal  further  than  to  say  that  it 
was  made  for  expansion  purposes.  What 
the  nature  of  this  expansion  would  be 
Mr.  Lehman  did  not  state,  but  the  pur- 
chase is  believed  to  be  significant,  in  view 
of  the  fact  that  the  company  is  now 
working  100  per  cent  capacity.  The  Blaw- 
Knox  Co.  came  to  its  present  location  in 
1911,  when  the  place  was  known  as  "Ho- 
boken."  Its  original  purchase  embraced 
six  acres.  With  the  progress  of  the  com- 
pany, its  holdings  steadily  increased  until 
they  now  cover  practically  the  whole  town 
of  Blawnox,  including  both  plant  and  a 
residential  community  built  by  the  com- 
pany for  Its  employes. 
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"Rush  for  Delivery" 

Gently  but  firmly  we  remind  our 
readers  of  the  advantages  of  early 
buying.  No  construction  season 
passes  without  its  flood  of  last-min- 
ute orders  for  equipment  and  mate- 
rials, all  clamoring  for  immediate  ex- 
ecution and  resulting  in  inevitable 
costly  delays,  or  even  in  increased 
costs  of  the  goods  purchased. 

The  busier  the  season,  the  worse 
the  effect  on  the  tardy  purchaser.  We 
realize  the  advantages  of  conserva- 
tism and  going  slow;  that  it  is  highly 
dangerous  to  do  extensive  buying  on 
prospects  only;  but  we  also  each 
year  observe  the  losses  resulting  from 
procrastination.  Simple  procrastina- 
tion, the  well-known  "thief  of  time," 
the  daily  enemy  of  man,  is  primarily 
responsible  flor  the  extra  costs  of 
goods  which  pile  up  each  year  on  so 
many  contractors. 

A  delay  in  buying  on  the  expecta- 


tion of  a  fall  in  prices  is  sometimes 
a  wise  course,  but  we  suspect  that 
most  delays  attributed  to  expectation 
are  really  based  on  hope.  It  is  so 
easy  to  expect  what  we  want! 

The  contractor  who  thinks  he  can 
profit  by  holding  off  has  many  things 
to  consider.  As  a  general  indication 
there  are  the  price  indices  of  the  U. 
S.  Bureau  of  Labor  Statistics,  the 
most  pertinent  of  which  in  the  pres- 
ent consideration  we  give  herewith. 
Index  of        Metals 
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Certainly  there  is  nothing  here  to 
warrant  th*e  expectation  of  a  reduc- 
tion in  the  near  future. 

Most  heed  will  of  course  be  paid  to 
the  total  volume  of  work  in  sight.  If 
the  season  is  to  be  a  busy  one  there 


(139) 


526 


Roads  and  Streets  Monthly  Issue  of 


March, 


is  small  chance  of  a  fall  in  prices  as 
it  advances.  And  all  signs  point  to 
great  construction  activity  in  the  sea- 
son immediately  ahead.  Not  only  will 
the  highway  field  itself  be  busy,  but 
railroad  construction  is  planned  to 
exceed  greatly  that  of  any  recent 
year.  The  best  available  estimates 
on  the  volume  of  building  construc- 
tion of  1923  in  the  United  States  indi- 
cates the  astonishing  total  of  about 
five  billion  dollars — a  total  far  ex- 
ceeding that  of  any  previous  year  in 
history.  In  the  field  of  public  utili- 
ties, both  publicly  and  privately 
owned,  there  are  numerous  large 
projects  now  under  way  and  enough 
more  definitely  planned  to  insure  a 
very  active  year.  Each  of  these 
classes  of  construction  imposes  its 
burden  upon  the  makers  of  equip- 
ment and  materials;  and  the  require- 
ments of  a  waterpower  installation  in 
Montana  will  add  to  the  difficulties 
of  the  road  contractor  in  Tennessee 
who  tries  to  get  a  rush  order  in  mid- 
season. 

Finally  it  will  be  well  for  the  con- 
tractor contemplating  delay  to  com- 
pare the  risks  involved  and  the  sav- 
ings which  may  be  made.  If  a  large 
reduction  in  prices  were  anticipated 
there  might  be  good  reason  for  post- 
ponement, but  to  the  editor  the 
chances  of  reduction  seem  nil.  On 
the  other  hand,  there  is  a  general  up- 
ward price  trend  at  the  present  time, 
and  a  set  of  monetary,  financial  and 
industrial  conditions  all  indicating 
the  unlikelihood  of  a  decrease  this 
season;  while  in  the  construction 
field  the  large  demand  will  certainly 
tend  to  send  prices  up.  If  a  con- 
tractor is  delayed  through  inability 
to  get  materials  and  machines  quick- 
ly when  he  wants  them  he  is  in  line 
for  a  heavy  loss  or  in  some  cases 
even  for  disaster.  Even  if  he  could 
reasonably  hope  for  moderate  price 
reduction  he  would  in  most  cases  be 
confronted  with  a  risk  out  of  propor- 
tion to  the  saving  he  might  make. 

We  do  not  urge  buying  on  the  man 
who  is  merely  in  the  field  looking  for 
work.  He  had  better  be  sure  that  he 
has  some  business  before  he  spends 
much  money.  But  the  man  or  the 
firm  that  already  has  contracts,  or 
that  is  well  enough  established  to 
count  upon  a  reasonable  amount  of 
work  in  any  season  will  do  particu- 
larly well  by  making  early  provision 
for  those  things  which  must  be 
bought. 


Death   Rates    and    Law 

Enforcement 

How  long  will  we  as  a  people  main- 
tain our  indifference  to  manslaughter 
by  automobile?  We  say  "indifference" 
advisedly  because  as  a  people  we  are 
indifferent.  As  we  read  our  newspa- 
pers we  pass  by  the  rather  incon- 
spicuous accounts  of  auto  killings 
(too  often  of  children)  without  inter- 
est. Why  should  we  be  interested? 
They  are  daily  affairs  of  unpleasant 
character,  and  generally  without  any 
unusual  feature  to  attract  or  to  hold 
attention.  If  the  case  is  of  some  one 
we  know,  or  for  other  reason  is 
thrust  brutally  into  our  comfortable 
mental  environment,  we  sigh,  say 
"What  a  pity  for  so  fine  a  life  to  be 
taken  needlessly!  Why  will  people 
be  so  careless?"  or  "Such  drivers 
ought  to  be  punished  good  and  hard. 
I  hope  he  gets  the  stiffest  sentence 
that  the  law  allows."  And  thereafter 
we  think  as  little  as  we  are  able 
about  the  whole  wretched  occurrence. 
Even  the  voices  of  those  bereaved 
are  seldom  heard  in  indignation — still 
less  in  effective  protest. 

In  the  first  47  days  of  the  present 
year  81  people  were  killed  in  auto- 
mobile accidents  in  Chicago — an  av- 
erage of  more  than  1.7  per  day.  If 
this  rate  is  maintained  throughout 
the  year,  the  total  for  the  12  months 
will  be  629,  or  about  23.1  per  100,000 
of  population.  This  is  a  bad  rate  to 
be  sure,  but  many  cities  have  an  an- 
nual rate  of  motor  car  fatalities  ex- 
ceeding 17  per  100,000.  In  the  United 
States  as  a  whole  in  1920  typhoid 
fever  took  only  7.8  per  100,000  popula- 
tion; diphtheria  and  croup  together, 
15.3;  and  accidents  of  all  sorts  in- 
cluding automobile,  78.5.  Even  can- 
cer and  malignant  tumors  together, 
against  which  so  vigorous  and  spec- 
tacular a  war  of  science  is  being 
waged,  killed  but  83.4  per  100,000  in 
1920. 

The  automobile  rate  is  too  high. 
So  large  a  part  of  these  deaths  are 
avoidable  that  our  lethargy  on  the 
subject  is  inexcusable.  It  must  be 
corrected  partly  by  education  of  both 
driving  and  walking  public,  and  part- 
ly by  punishment.  We  may  think  of 
the  remorse  of  the  man  who  has  un- 
intentionally killed  another  through 
carelessness,  and  deeply  pity  him; 
but  there  is  nothing  like  the  prospect 
of  severe  punishment  to  make  some 
people  careful.     It  is  not  every  man 
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who  suffers  remorse  or  every  other 
who  can  imagine  it  in  advance,  but 
a  term  in  prison  requires  little  imag- 
ination to  picture.  No  sympathy 
with  the  man  who  "didn't  mean  to  do 
it"  should  interfere  with  punishment. 
Punishment  will  not  end  all  reckless 
driving  any  more  than  it  completely 
stops  other  crimes;  hut  it  will  effect 
a  great  reduction,  and  for  that  pur- 
pose is  an  agency  which  should  not 
lie  in  disuse. 

Practical  enforcement  of  careful 
driving  seems  at  present  to  he  at  a 
somewhat  lower  level  than  enforce-* 
lent  of  the  Volstead  Act.  A  good 
lany  fines  are  collected  for  speeding, 
improper  parking,  etc,  and  in  most  in- 
stances they  are  a  joke  to  the  man 
rho  pays  them.  But  manslaughter 
>y  automobile  is  rarely  punished  as 
manslaughter  is  supposed  to  be  pun- 
ished: in  one  way  or  another  the  of- 
fender gets  off.  So,  too,  does  the 
criminality  leading  to  personal  in- 
juries go  without  punishment.  Dam- 
ages collected  by  the  injured  in  a 
civil  suit  are  not  punishment,  and 
insurance  often  makes  them  fall 
lightly  on  the  responsible  party.  And 
"inally  the  numberless  instances  of 
•ecklessness  which  by  good  luck  es- 
cape doing  injury  to  any  person  go 
without  more  notice  than  an  occa- 
sional call-down  by  the  traffic  police- 
man. 

To  the  editor  the  need  of  a  stiffer 
attitude  toward  the  automobile  of- 
fender seems  imperative  if  human 
life  is  to  continue  to  be  held  sacred. 
The  fine  may  properly  be  retained 
for  many  offenses,  but  for  sheer  reck- 
lessness the  driver's  license  should 
be  revoked.  We  believe  that  nothing 
would  bring  a  change  of  habit  to  so 
many  reckless  drivers  as  a  knowledge 
that  their  offense  is  reasonably  sure 
to  lead  to  their  deprivation  of  the 
right  to  drive. 


Traffic  on  New  Hampshire  Roads 

A  traffic  census  taken  by  the  New 
Hampshire  State  Highway  Depart- 
ment during  the  week  July  1  to  July 
7,  1922,  inclusive,  involving  a  daily 
24-hour  count  at  31  different  traffic 
census  stations,  showed  that  the  daily 
motor  traffic  was  250  per  cent  greater 
than  it  was  four  years  ago.  Of  the 
total  amount  of  traffic  recorded  dur- 
ing the  week,  7  per  cent  was  horse- 
drawn  and  93  per  cent  motor-driven. 
The  foreign  traffic  amounted  to  41 
per  cent  and  local  or  New  Hampshire 
traffic  to  59  per  cent. 


Effect  of  Grades  on  Truck  Per- 

formance 

A.s  the  result  of  an  investigation 
of  truck  performance  on  grades  con- 
ducted by  the  Michigan  State  High- 
way Department,  the  following  conclu- 
sions were  reached: 

It  is  believed  that  the  experiment 
has  shown  that  it  is  possible  by  meas- 
uring the  engine  and  transmission 
system  performance  in  the  laboratory 
and  then  measuring  the  rolling  re- 
sistance in  the  field,  to  accurately  de- 
termine the  truck  performance  on 
grades. 

For  surmounting  a  fixed  rise  in  a 
given  distance,  the  use  of  a  grade  at 
which  the  truck  operates  most  effi- 
ciently, for  the  longest  distance  pos- 
sible will  give  a  minimum  fuel  con- 
sumption. This  grade  for  a  gravel 
surface  is  a  little  over  2  per  cent  and 
for  a  concrete  surface  is  a  little  under 
3  per  cent  for  the  trucks  used  in  the 
experiment. 

The  fuel  consumption  on  plus 
grades  is  nearly  proportional  to  an 
increase  in  rate  of  grade  from  about 
2  per  cent  up,  but  the  operation  of  a 
truck  on  the  level  requires  a  greater 
amount  proportionally  than  the  ratio 
on  grades  greater  than  2  per  cent. 

The  use  of  brakes  on  minus  grades 
materially  lessens  the  fuel  consump- 
tion and  where  safe  descent  is  as- 
sured should  always  be  used.  Grades 
with  safe  alignment  and  with  the 
maximum  rates  commonly  used  in 
this  section,  need  not  be  descended  in 
gear  with  brakes  in  good  order. 

Where  it  is  considered  that  trailers 
are  to  become  a  large  factor  in  trans- 
portation in  the  near  future,  a  maxi- 
mum ruling  grade  of  about  3  per  cent 
should  be  adhered  to.  This  will  re- 
duce the  speed  of  the  tractor  vehicle 
about  30  per  cent. 

Where  single  units  vehicles  only 
need  be  considered,  the  maximum  rul- 
ing grade  should  be  limited  to  4*4 
per  cent  unless  comparatively  short 
lengths  are  used,  if  any  heavy  volume 
of  truck  traffic  is  expected. 

Surfacing  with  a  hard  surfaced  road 
is  in  effect  reducing  the  grade  0.78  per 
cent. 

A  full  account  of  the  experiments 
is  given  in  the  recently  issued  Pro- 
ceedings of  the  8th  Annual  Confer- 
ence on  Highway  Engineering  held  at 
the  University  of  Michigan  in  1922. 
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Civil   Engineering    Positions 

in  Federal  Government 

Service 

The  accompanying  tabulation  shows 
the  numbers  of  civil  engineering 
positions  of  various  kinds  in  different 
branches  of  government  service  and 
the  salaries  paid.  The  figures  were 
compiled  two  years  ago,  but  it  is 
believed  that  the  numbers  of  posi- 
tions and  salary  ranges  are  sub- 
stantially the  same  at  this  time.  The 
data  comprise  approximately  2,000 
civil  engineering  positions  in  a  num- 
ber of  branches  of  the  Federal 
service. 

It  will  be  seen  from  the  table  that 
there  is  a  noticeable  difference  in 
salaries  paid  by  different  branches  of 
the  government  for  positions  bearing 
the  same  name.     For  example,  assis- 


tant civil  engineers  in  the  engineer- 
ing department  of  the  army  are  paid 
from  $2,100  to  $4,500  a  year,  while 
assistant  civil  engineers  in  the  rec- 
lamation service  under  the  Interior 
Department  are  paid  from  $1,500  to 
$2,280  a  year.  In  this  case  it  may  be 
assumed  that  an  assistant  civil  engi- 
neer at  $4,500  in  the  engineering  de- 
partment holds  a  much  more  respon- 
sible position  that  that  of  the  assis- 
tant civil  engineer  at  $2,280  under 
the  reclamation  service,  although  it 
does  not  follow  that  assistant  engi- 
neers at  the  same  salary  in  both 
branches  of  the  service  hold  equally 
responsible  positions.  One  of  the 
outstanding  perplexities  of  the  Fed- 
eral civil  service  is  the  lack  of  uni- 
formity in  pay  for  the  same  grade  of 
work  in  different  branches  of  the 
service. 

There  is   now  pending  before   Con- 
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CIVIL  SERVICE. 

(Tn    most    cases,    employes   at    salaries   of    $2,500  or  less  are  allowed  the  the  increase 

of  $20  a  month  granted  by  Congress.) 
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or  or 

office.  branch. 

War     Quartermaster 


Designation. 
Civil     engineer     and 

tendent    of    construction 


No. 
of  em-  Salary  range, 
ployes-  From      To 
superin- 


War    Quartermaster     ...Civil 

War    Ordnance    Civil 

Treasury     Supervising    arch... Civil 

Interior    Reclamation    Civil 

Interstate    Com.    C Civil 

Agriculture    forestry    Civil 

War  ^ Engineer    Assistant  civil  engineer 

Interior    Reclamation    Assistant  civil  engineer 


IS 


engineer    11 

engineer 4 

engineer    9 

engineer    114 

engineer .125 

engineer 1 

180 
84 


Commerce    Standards     Associate  civil  engineer   2 

War Engineer    Junior  civil  engineer    265 


and   docks.. Civil  engineer's  aid 

roads    Senior  highway  engineer    86 

roads    Highway  engineer 91 

roads    Sr.  highway  bridge  engineer..   11 

roads    Highway  bridge   engineer    ....     9 

roads    Jr.   highway  bridge  engineer..     3 

roads    Senior   irrigation  engineer   7 

roads    Irrigation  engineer    6 

11 

B 

1 

70 

40 


Navy Yards 

Agriculture    Public 

Agriculture    Public 

Agriculture    Public 

Agriculture    Public 

Agriculture    Public 

Agriculture    Public 

Agriculture    Public 

Agriculture Public    roads    Senior  drainage   engineer    . . . 

Agriculture    Public    roads    Drainage    engineer    

Agriculture    Public    roads    Junior   drainage   engineer    ... 

Commerce    Coast  &  geod.   sur.Jr.   engineer  and   deck  officer 

Agriculture    Public   Roads    Chief  of  road  survey  party    . 

Interior    Land  office Supervisor  of  surveys    1 

Interior    Land  office  Assist,   supervisor  of  surveys.   10 

Interior    Land  office Cadastral   engineer    63 

Interior    Land  office Surveyor     37 

War    Engineer     Surveyor     43 

Agriculture    Forestry    Surveyor 27 

Interior    Land    office    Transitman 30 

Agriculture    Public    roads    Transitman    52 

War    Air     Topographic   draftsman    2 

War    Quartermaster     . . .  Topographic   draftsman    1 

Interior    Reclamation    Topographic   draftsman    14 

Interior    Geological    survey.. Topographic   draftsman 36 

Interior    Land    office    Topographic   draftsman    57 

Agriculture    Soils    Topographic 

Agriculture    Forestry     Topographic 

Commerce    Coast  &  geod.  sur. Topographic 

Post  office    Topographic 

Navy    Topographic 

Agriculture    Public    roads    Highway   draftsman    22 

War    Engineer   Draftsman    115 


draftsman  13 

draftsman  10 

draftsman  34 

draftsman  24 

draftsman  14 


♦Promotion    to  commission  grade.     fPer  day.     $Per  month, 
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$1,800 
2,400 
2,400 
1,200 
2,400 
1,320 
2,000 
2,100 
1,500 
2,200 
1,500 

*10.00 
2,500 
2,100 
3,000 
2,100 
1,620 
2,000 
1,800 
2,500 
2,100 
1,680 
2,000 
1,800 
$300 
$250 
$155 
$125 
1,500 
1,400 
$100 
1,200 
1,400 
1,800 
1,500 
1,800 
1,000 
1,200 
1,300 
1,200 
1,200 
t6.72 
1,200 
1,500 


$3,600 
3,600 
2,600 
2,500 
Up 
9,000 


4,500 
2,280 
2,400 
3,000 
1-14.16 
3,600 
2,500 
3,500 
3,000 
2,100 
3,000 
2,220 
3,000 
2,500 


(*) 
2,100 


$200 
$150 
1,800 
2,200 
$120 
1,800 
1.800 

Up' 

2,700 
2,340 
1,800 
2,160 
2,900 
2,000 

tio.oo 

1,800 
3,000 
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gress  a  bill  which,  if  enacted  into  a 
law,  will  reclassify  the  civil  service 
of  the  United  States.  Outstanding 
features  of  the  bill  are  a  standardized 
system  of  positions,  with  qualifica- 
tions defined  and  compensation  fixed, 
applying  to  all  departments  and  offices 
alike,  and  rates  of  compensation  more 
nearly  adequate  than  those  now  in 
effect. 

If  a  genuine  reclassification  goes 
through,  the  title  "assistant  civil  engi- 
neer," or  some  similar  designation, 
will  signify  a  civil  engineer  of  whom 
duties  of  a  definite  degree  of  respon- 
sibility are  required,  regardless  of  the 
branch  of  the  service  in  which  he 
may  be  employed,  and  the  salary  will 
be  within  a  definitely  specified  range 
which  will  obtain  throughout  the  en- 
tire civil  service.  Under  the  proposed 
reclassification,  when  the  Civil  Serv- 
ice Commission  is  called  upon  to 
certify  eligibles  to  fill  a  position  of 
assistant  engineer,  it  will  know  by 
the  title  the  importance  of  the  duties 
which  the  appointee  will  be  expected 
to  perform.  At  present  the  commis- 
sion is  unable  to  determine  from  the 
title  or  the  salary  just  what  require- 
ments it  must  specify  in  the  exami- 
nation, and  must  first  make  a  job 
analysis. 

It  should  be  noted  that  to  the  sal- 
aries named  in  the  table  of  figures, 
$240  a  year  should  usually  be  added 
where  the  salary  is  $2,500  a  year  or 
less.  In  most  cases,  appointees  whose 
services  are  satisfactory  are,  within 
a  few  weeks,  or  at  most  a  few  months, 
allowed  the  increase  of  $20  a  month 
authorized  by  Congress,  which  au- 
thorization is  expected  to  continue 
until  reclassification  legislation  is 
enacted. 


State  Parks  in  Indiana 

State  parks  help  to  solve  the  diffi- 
cult social  problem  of  the  employment 
of  leisure  hours. 

They  appeal  to  every  class  of  citi- 
zen. 

Indiana's  four  state  parks  are  not 
de  luxe  affairs 

They  are  primitive  to  an  unusual  de- 
gree. 

Only  such  comforts  as  reasonably 
demanded  are  added. 

Nature's  architecture  is  preserved 
as  far  as  possible. 

Situated  on  excellent  state  high- 
ways, they  in  season  are  filled  to  ca- 
pacity,     demonstrating       that      state 


parks  needs  must  be  a  part  of  our 
economic  and  social  life. 

Prices  are  kept  at  a  minimum. 

A  room  with  modern  conveniences 
and  three  excellent  meals  costs  but 
$2.50  and  $3  a  day. 

Ten  cents  admission  is  charged. 
This  helps  defray  costs  of  watchmen, 
maintenance  of  park  grounds,  build- 
ings, roads,  etc. 

Turkey  Run  Park.— A  32-room  brick 
veneer  2-story  hotel  annex  was  built 
in  1922  in  an  attempt  to  relieve  in 
part  the  demand  for  accommodations. 

A  million-gallon  water  storage  res- 
ervoir was  constructed  in  Turkey 
Run  Canyon  by  erection  of  a  dam. 
This  impounded  water  supplies  hotel 
and  park  for  all  uses  other  than 
drinking. 

Adequate  sewage  disposal  tanks 
were  constructed  this  year  in  order 
that  there  might  be  no  unsanitary 
conditions. 

Since  it  became  the  property  of  the 
state  and  under  jurisdiction  of  this 
department,  190,639  people  paid  ad- 
mission to  the  park.  A  record  paid 
attendance  of  59,090  is  noted  for  1922 
with  a  total   income  of  $10,518.30. 

The  main  hotel  building  is  steam 
heated,  making  the  park  an  all-sea- 
son  recreational   place. 

Five  cottages  built  in  1921  not  only 
proved  popular  to  park  visitors  but 
served  their  purpose  in  augmenting 
hotel  sleeping  capacity. 

Other  Indiana  state  parks  are:  Mc- 
cormick's Creek  Canyon  Park,  where 
there  is  a  fine  summer  hotel;  Clifty 
Falls  Park,  which  has  a  small  hotel, 
and  Muscatatuck  Park,  with  a  way- 
side restaurant,  100  picnic  table  and 
other  accommodations.  —  From  a 
pamphlet,  "Conservation  in  Indiana," 
issued  by  the  State  Department  of 
Conservation  in  1923. 


Road  Construction  in  Nevada. — 
Since  its  organization  in  1917  the  Ne- 
vada state  highway  department  has 
expended  $5,306,000,  has  built  299 
miles  of  highway  and  has  166  miles 
under  contract,  according  to  its  bien- 
nial report  which  has  just  been  made 
public.  From  1917  to  1920  it  expended 
$2,296,000  and  built  167  miles  of  roads. 
In  1921  and  1922  it  expended  $3,010,000 
and  built  132  miles  of  roads.  The  de- 
partment reports  that  it  has  received 
$1,832,000  from  the  federal  govern- 
ment, and  that  the  government  has  al- 
lotted the  state  $3,434,000  under 
signed  project  agreements, 
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Gasoline  Taxes  and  Their 
Cost  of  Collection 

The  Highway  Commission  of  the 
state  of  Indiana  late  in  February  re- 
ceived a  number  of  telegraphic  re- 
plies to  questions  it  had  asked  on  the 
amounts  collected  and  the  costs  of 
collection  of  special  taxes  on  gaso- 
line in  different  states.  Most  of  these 
replies  indicated  surprisingly  small 
collection  costs.  Statistics  for  the 
year  1922  as  furnished  by  the  com- 
mission are  as  follows: 

Oregon  collected  from  wholesalers 
and  importers  $1,200,000,  at  a  cost  of 
less   than   $5,000. 

Connecticut  collected  from  whole- 
salers $734,000.  (No  cost  of  collec- 
tion given.) 

Kentucky  collected  from  wholesal- 
ers $450,000,  at  a  cost  of  $1,000. 

Arkansas  collected  from  retailers 
$208,000,   at   a   cost   practically   nil. 

Maryland  collected  from  wholesal- 
ers $1,200,000  at  practically  no  cost. 

Georgia  collected  from  wholesalers 
$739,188.50    at   no    extra    cost. 

Pennsylvania  collected  from  retail- 
ers $2,389,211,  at  a  cost  of  $50,000. 
(Maintains  a  special  department  to 
collect  same.) 

Washington  collected  from  whole- 
salers $950,000,  at  a  cost  of  $5,000. 

New  Mexico  collected  from  distrib- 
utors $130,000,  at  practically  no  ad- 
ditional expense. 

North  Carolina  collected  from 
wholesalers  $780,000,  at  practically  no 
cost. 

Arizona  collected  from  wholesalers 
$157,000,  at  a  cost  of  $1,800. 

Colorado  collected  from  wholesal- 
ers $687,363.56.     Cost  nominal. 

Montana  collected  from  wholesal- 
ers $250,000,  at  negligible  cost.  (Re- 
quires no  additional  help  in  depart- 
ment.) 

Mississippi  collected  from  whole- 
salers by  practice  (law  designates  re- 
tailer) $400,000,  at  cost  of  one  extra 
clerk. 

South  Dakota  collected  from  whole- 
salers $330,000,  at  negligible  cost. 

South  Carolina  collected  from 
wholesalers  $900,000.     No  cost  given. 

Louisiana  collected  from  producers 
and  wholesalers  $484,269.  Cost  and 
method  of  collection  not- given. 

The  Workings  of  Kentucky's  Gaso- 
line Tax. — A  letter  from  Mr.  V.  E. 
Funk,  who  was  formerly  engaged  in 
the  garage  and  automobile  business 
at  Lexington,  Ky.,  to  Mr.  John  D.  Wil- 


liams, Director  of  the  Indiana  High- 
way Commission,  is  as  follows: 

Cars  of  gasoline  were  billed  to  us  at  a 
certain  price  per  gallon  plus  the  statu- 
tory charge  of  the  county  oil  inspector 
and  one  cent  per  gallon  state  tax.  When 
we  received  a  consignment  for  unloading 
we  called  the*  oil  inspector,  and  before 
unloading  he  tested  the  gasoline  as  to 
gravity,  also  taking  from  the  invoice  the 
number  of  gallons  contained  therein,  tank 
car  initials  and  number.  From  this  he 
made  his  report  to  the  refining  company 
for  his  fees  for  inspection,  reporting  to 
the  state  tax  commissioner  the  amount 
of  tax  due  the  state.  Each  county  has 
its  own  oil  inspector  who  receives  no  sal- 
ary from  the  state,  being  compensated 
only  on  the  number  of  gallons  of  gasoline 
or  kerosene  inspected. 

The  retailers  of  Kentucky  do  not  sell 
gasoline  at  prices  of  a  fraction  of  a  cent 
other  than  one -half,  and  it  has  been  my 
experience  that  gasoline  is  cheaper  in 
that  state  than  in  Indiana  by  from  one 
cent  to  a  cent  and  a  half  per  gallon.  We 
had  a  direct  check  on  this  because  we 
were  agents  for  Studebaker  cars  and 
made  driveaways  of  cars  almost  weekly 
from  the  South  Bend  plant.  When  our 
drivers  took  receipts  for  gasoline  in  South 
Bend,  and  for  gas  purchased  at  points 
along  the  way,  a  comparison  showed  that 
gasoline  was  higher  in 'Indiana  than  in 
Lexington. 

The  gasoline  tax  in  Kentucky  is  paid 
monthly  by  the  wholesaler  direct  to  the 
state,  eliminating  making  reports  by  the 
great  number  of  retailers,  and  simplify- 
ing work  of  the  state  in  checking  same. 
Also  this  system  gives  the  state  advan- 
tage of  collecting  all  taxes  due. 

In  regard  to  the  rebate  on  taxes  paid 
for  gasoline  exempt  from  taxation,  this 
could  be  taken  care  of  by  the  consumer 
filling  out  proper  forms  to  the  retailer 
as  for  what  purpose  gasoline  is  to  be 
used.  This  in  turn  should  be  filed  by  the 
retailer  with  the  proper  state  official  for 
his  rebate. 


Footpaths  Along  Highways. — Foot- 
paths alongside  the  regular  county 
roads  are  being  considered  by  New 
Jersey  officials  as  a  means  of  adding 
to  the  safety  on  the  highways.  It  is 
proposed  to  amend  the  highway  law 
giving  the  State  Highway  Department 
power  to  place  footpaths  wherever  it 
deems  advisable.  It  is  believed  that 
with  a  separate  path,  pedestrians  will 
keep  off  the  regular  highway  and  that 
hundreds  of  accidents  will  be  pre- 
vented. 
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Blade    Grader    Road    Building    and    Maintenance 


Methods   Employed   in   Iowa  in   Burying  Sod   Important   Factor  in 
Constructing  and  Maintaining  Dirt  Roads 


An  important  factor  in  Iowa  road 
construction  and  maintenance  is  the 
methods  employed  by  the  blade  grad- 
er operator  in  burying  the  sod.  An 
interesting  account  in  the  Iowa  Meth- 
ods is  given  in  a  recent  Service  Bulle- 
tin of  the  Iowa  State  Highway  Com- 
mission from  which  the  notes  follow- 
ing are  taken. 

Sod  in  the  middle  of  a  road,  usual- 
ly found  now  only  on  the  township 
road  system,  was  in  the  early  auto- 
mobile days,  a  regular  bugbear  to 
traffic  on  main  Iowa  highways.  A 
crew  with  horse  drawn  outfit  or  a 
tractor  and  blade  grader  would  work 
its  way  down  the  highway,  tearing 
up  mile  after  mile  of  fairly  good 
trail,    heaving    sod    and    rubbish    into 


way  with  no  sod  or  rubbish  to  inter- 
fere with  finishing  and  subsequent 
maintenance.  Stories  and  photo- 
grahs  of  work  done  in  these  counties 
sread  the  information  over  Iowa  and 
the  sod  in  the  middle  of  the  road 
rapidly  began  to  disappear  from  the 
main  highways,  or  as  they  were  then 
classified   "county  roads." 

This  method  worked  satisfactorily 
in  building  up  the  road  grade  and 
crown  for  the  first  time.  The  sod  and 
grass  spread  out  evenly  over  the  flat 
road,  was  easily  buried  under  the 
material  which  was  later  thrown  up 
to  build  the  crown.  However,  in  the 
past  few  years,  when  it  became  neces- 
sary to  reshape  a  road,  which  already 
had   a   fairly   good     crown,      it     was 


The    First   Trip   Around    of    the    Grader    Outfit. 


the  middle  of  the  right  of  way  and 
leaving  it  there  untouched.  Many 
times  roads  of  this  character  would 
be  impassable  for  months  for  cars 
and  even  extremely  difficult  for  team 
traffic. 

This  practice  went  on  for  years  in 
Iowa;  until,  in  fact,  during  the  sea- 
son of  1914.  During  this  season,  in 
several  counties,  blade  grader  oper- 
ators, who  put  brains  into  their  work 
as  well  as  muscle,  started  at  about 
the  same  time,  practicing  a  system 
of  throwing  a  thin  cut  of  sod  and 
dirt  from  the  shoulder  and  side 
ditches  to  the  center  of  the  road  on 
the  -first  trip,  distributing  it  there 
evenly.  Later,  it  was  covered  with 
clean  earth  from  the  side  ditch  and 
shoulders.      This    left    a    clean    road- 


found  impossible  to  throw  the  grass 
and  sod  again  upon  the  crown  and 
successfully  cover  it  up.  Not  enough 
new  material  was  needed  in  reshap- 
ing the  crown  to  cover  the  sod.  Some 
new  method  of  disposing  of  the  sod 
and  weeds  from  the  shoulder  and  side 
ditch  had  to  be  devised. 

The  New  System  oft  Burying  the 
Sod. — During  the  past  two  or  three 
years  a  blade  grader  expert  in  the 
employ  of  the  Commission,  Mr.  O. 
M.  Briley,  has  been  working  out  a 
new  system  of  burying  the  sod  which 
has  been  giving  splendid  results. 
The  first  extensive  tryout  was  made 
in  Clinton  county,  though  it  was  pre- 
viously used  in  maintenance  work 
on  the  state  road  about  Iowa  State 
College. 
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Mr.  Briley  describes  the  method  as 
follows: 

"No  one  general  rule  or  method  of 
procedure  will  apply  to  all  roads  and 
all  conditions.  Generally  I  find  that 
one  plan  which  I  will  describe,  works 
satisfactorily  in  most  cases  where 
the  crew  goes  out  to  rebuild  or  re- 
shape an  old  road  which  has  been 
previously  put  to  permanent  grade. 
The  same  system  should  apply  to  re- 
shaping most  of  the  roads  which 
have  been  previously  put  to  standard 


cross     section     only     by     the     blade 
grader. 

"We  find  the  stakes  set  by  th( 
engineers,  usually  in  the  bottom  oi 
the  side  ditch  or  where  the  side  ditch 
is  to  be.  I  measure  the  width  apart 
of  the  front  grader  wheels  and  then 
set  a  new  line  of  stakes  or  move  the 
old  ones  just  the  width  of  the  grader 
wheels  inside  the  first  line  up  onto 
the  shoulder  of  the  road.  With  my 
stakes  well  up  on  the  shoulder  of  the 
road  I  have  a  good,  clear  line  to  foJ- 


Views    Showing    First    Furrow    Open    Into    Which   the   Sod   and   Grass   Will   Be  Turned 
on   the   Second    Trip   Around. 

The  two  views  shown  above,  together  with  the  first  one  in  connection,  tell  the 
entire  story  of  how  the  Iowa  blade  grader  road  builders  bury  the  sod.  On  the  first 
trip  around  with  the  grader  outfit,  the  inner  end  of  the  blade  grader  is  raised  and 
the  cutting  point  thrust  into  the  ground,  making  a  deep  furrow  just  inside  the 
shoulder  line.  The  material  from  this  furrow  is  thrown  toward  the  center  of  the 
road  in  a  ridge.  If  this  method  is  contemplated  the  stakes  should  be  set  on  the 
shoulder  line  just  the  gauge  of  the  grader  inside  the  center  line  of  the  side  ditch. 
The  tractor  in  making  its  first  trip  around,  as  well  as  the  blade  grader  itself,  or- 
dinarily has  good  footing  which  aids  considerably  in  making  a  straight  furrow.  On 
the  second  trip  round,  the  furrow  made  on  the  first  trip  is  used  as  a  guide  for  the 
left  front  wheel.  This  helps  materially  in  opening  a  straight  side  ditch  and  in  mak- 
ing a  true  line  for  the  shoulder. 
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low  in  making  my  first  cut  and  usual- 
ly a  good  footing  for  both  the  engine 
and  grader.  I  find  this  is  a  great  help 
in  making  a  good  looking,  straight 
shoulder  line  for  my  road  grade. 

"On  the  first  cut,  I  set  the  outer 
edge  of  the  blade  as  high  as  possible, 
sending  the  cutting  point  down  so  that 
it  will  gouge  out  a  rather  deep  and 
narrow  furrow.  As  I  go  I  take  out 
my  entire  new  line  of  shoulder  stakes. 
Material  thrown  out  of  this  furrow 
frequently  carries  with  it  considera- 
ble grass  and  rubbish  but  seldom 
heavy  sod.  This,  of  course,  goes  to- 
ward the  center  of  the  road  into  more 
or  less  of  a  ridge  but  usually  there  is 
no  difficulty  in  covering  the  material 
up  in  later  operations.  On  my  next 
trip  around,  the  deep  furrow  forms  a 
trench  to  guide  and  hold  my  left 
front  wheel  for  the  first  heavy  cut 
which  usually  gives  me  the  shoulder 
line  of  the  grade  and  the  center  line 
for  the  bottom  of  my  side  ditch.  The 
furrow  also  provides  the  trench  in 
which  to  throw  the  sod  and  grass 
that  comes  out  on  this  second  round. 

"Usually  one  cut  gives  the  lineup 
for  my  side  ditch  and  shoulder  and 
gets  most  of  the  grass  and  sod  up 
into  the  trench.  As  this  material 
comes  off  the  blade  it  is  usually 
turned  sod  side  down  into  the  bot- 
tom of  the  trench  and  left  with  a 
thin  coating  of  fairly  clean  earth  on 
top.  I  then  make  as  many  cuts  as 
are  necessary  to  open  the  side  ditch 
properly,  clean  off  the  back  slope  and 
get  the  material  needed  to  fill  out  and 
shape  up  the  road  grade  in  the  cus- 
tomary manner.  All  this  latter  dirt 
is,  of  course,  thrown  on  top  of  the 
sod  and  provides  good,  clean  earth 
for  finishing  and  working  up  the  traf- 
fic surface. 

"Occasionally  when  the  traffic  sur- 
face is  badly  weed  grown  a  consider- 
able distance  out  from  the  shoulders 
making  too  much  grass  and  sod  to 
throw  toward  the  center  when  mak- 
ing the  first  trench  cut  described 
above,  I  make  a  thin  cut  on  the  first 
trip  around,  throwing  the  skimmed  off 
sod  and  weeds  out  into  the  side  ditch. 
The  next  trip  around  the  trench  is 
made  and  on  the  third  trip,  or  the 
first  trip  made  down  the  side  ditch, 
the  skimmed  off  sod  and  grass  with 
additional  material  is  thrown  back 
on  top  of  the  road  and  into  the  trench. 
The  building  and  shaping  of  the  road 
grade  is  then  continued  as  described 
above." 


Equitable  Provision  for 
Highway  Construction 

At  the  meeting  of  the  Association 
of  State  Highway  Officials,  held  Dec. 
4  and  5,  at  Kansas  City,  a  conference 
was  held  between  a  committee  of  that 
association  and  a  committee  of  the 
Associated  General  Contractors  of 
America.  At  the  two  sessions  which 
were  devoted  to  a  consideration  of 
the  means  of  stabilizing  the  road 
building  industry  and  reducing  con- 
struction costs,  the  problems  confront- 
ing both  the  state  highway  depart- 
ments and  construction  companies 
were  frankly  discussed.  Various  diffi- 
culties which  the  departments  encoun- 
ter in  administering  their  projects 
or  which  the  contractors  meet  in 
executing  the  work  were  analyzed 
from  the  viewpoints  of  raising  the 
standard  of  construction  service,  elim- 
inating unnecessary  friction  between 
the  contracting  parties  and  lowering 
the  costs  of  construction.  As  a  result, 
in  part  of  the  deliberations  and  in 
part  of  previous  studies,  the  joint 
committee  drew  up  a  report  which 
was  approved  and  filed  by  the  conven- 
tion of  the  American  Association  of 
State  Highway  Officials.  The  report 
is  given  as  follows  in  the  January 
issue  of  The  Constructor: 

The  Joint  Report. — The  experience 
of  various  state  highway  departments 
and  also  of  many  representative  con- 
struction companies,  during  the  past 
four  years  of  intensive  road  building, 
has  indicated  that  certain  modifica- 
tions of  usual  contracting  practice  are 
conducive  not  only  to  more  satisfac- 
tory relations  between  the  depart- 
ments and  its  contractors,  but  also 
to  keener  competitive  bidding  by  re- 
sponsible companies. 

The  road  building  industry  has  de- 
veloped to  such  magnitude  and  the 
administrative  duties  devolving  upon 
the  department  have  so  increased, 
that  it  becomes  essential  to  eliminate 
unnecessary  difficulties  in  its  function- 
ing wherever  possible.  One  step  in 
accomplishing  this  undoubtedly  de- 
pends upon  securing  the  services  of 
the  higher  type  of  construction  com- 
panies, and  upon  co-ordinating  the 
business  principles  of  public  contract- 
ing as  far  as  possible  with  those  of 
contracting  in  the  commercial  world. 
It  is  with  this  in  mind  that  the  com- 
mittee reports  on  certain  principles 
herewith  presented.     These  principles 
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are   outlined  in  the  following  recom- 
mendations: 

It  is  recommended — 

Contract  Surety. — That  where  per- 
mitted by  the  law  the  highway  depart- 
ment permit  the  substitution  of  ap- 
proved negotiable  securities  for  bond; 
the  value  of  the  securities  deposited, 
except  'in  extremely  hazardous  work, 
to  equal  not  more  than  35  per  cent  of 
the  contract  amount. 

(The  exclusive  use  of  surety  bonds  is 
believed  to  have  resulted  in  the  pro- 
miscuous bonding  of  irresponsible  con- 
tractors, thus  increasing  the  hazard  rate, 
which  in  turn  has  been  met  by  greatly 
increasing  the  bond  premium;  also  the 
fulfillment  by  the  surety  frequently  en- 
tails many  difficulties  of  legal  proced- 
ure.) 

Bidder's  Bond. — That  proposals  for 
highway  work  require  that  no  bid- 
der's bond  will  be  acceptable,  unless 
accompanied  by  satisfactory  assur- 
ance that  the  surety  will  bond  the 
bidder  for  the  contract,  if  awarded  to 
him. 

(The  promiscuous  writing  of  Bidder's 
Bonds,  which,  in  some  localities,  carry  no 
assurance  that  the  surety  will  bond  the 
contractor  for  the  work,  is  believed  to 
exert  a  demoralizing  influence  upon  pub- 
lic lettings.) 

Payments. — That  where  possible, 
monthly  payments  be  made  not  later 
than  a  definite  calendar  date;  that 
final  payment  be  made  within  a  speci- 
fied time  after  the  contractor  has  fully 
performed  his  contractual  obliga- 
tions; or  where  final  payment  is  nec- 
essarily delayed,  that  a  semi-final  pay- 
ment be  made  in  such  amount  as  the 
department  may  consider  safe. 

(Construction  companies  are  bound  to 
material  manufacturers  and  other  com- 
mercial concerns  by  auxiliary  contracts, 
which  require  payment  within  a  limited 
time,  and  failure  of  the  department  to 
make  prompt  payments  to  the  construc- 
tion company  may  entail  difficult  emer- 
gency financing.) 

Acceptance  of  Work. — That  por- 
tions of  the  road,  when  satisfactorily 
completed,  be  accepted  and  paid  for 
in  sections  of  reasonable  length,  and 
maintenance  by  contractors  termi- 
nated. 

(Funds  retained  by  a  department  after 
portions  of  the  work  are  satisfactorily 
completed,  involve  unnecessary  interest 
charges  in  the  cost  of  construction  and 
complicate  its   financing.) 

Maintenance.  —  That  the  mainte- 
nance  guarantee   on    highways,   after 


they  have  been  accepted,  be  divorced 
from   the  construction  contract. 

(The  combining  of  maintenance  and 
construction  in  a  construction  contract 
introduces  uncertain  elements  of  expense 
which  should  not  properly  be  included  in 
the  construction  cost.) 

Classification. — That  where  feasible 
the  following  be  provided  for: 

(a)  Excavation  to  be  classified. 

(b)  No  two  kinds  of  work  to  be  in- 
cluded in  a  single  unit  where  it  is 
practicable  to  separate  them. 

(c)  Overbreak  or  slides  to  be  paid 
for  at  a  proper  rate,  where  the  engi- 
neer is  satisfied  that  the  work  is  prop- 
erly handled  and  that  the  breaks  or 
slides  are  not  due  to  the  contractor's 
negligence.  • 

(A  comparison  of  excavation  prices  be- 
tween contracts  providing  for  classifica- 
tion and  those  using  a  single  class  indi- 
cate that  a  proper  classification,  which 
enables  accurate  estimating,  is  pro- 
ductive of  lower  prices,  and  a  separation 
of  the  different  classes  of  work  into  in- 
dividual units  appears  to  have  a  similar 
effect.) 

Adjustment  of  Compensation. — That 
provision  be  made  for  an  equitable 
adjustment  of  extra  expense  entailed 
by: 

(a)  Delays  and  suspension  of  work, 
due  to  acts  or  omissions  of  depart- 
ment. 

(b)  Unusual  increase  or  decrease  in 
the  original  unit  quantities. 

(c)  Rejection  of  materials  after 
once  inspected  and  approved. 

(d)  Acts  of  God,  and  other  causes 
manifestly  beyond  the  contractor's 
control — in  those  instances  where  the 
engineer  is  satisfied  that  the  contrac- 
tor is  not  at  fault. 

(It  frequently  becomes  necessary  for 
the  highway  engineer  to  suspend  work 
through  no  fault  of  the  construction  com- 
pany, or  to  take  other  action  which  dis- 
rupts the  procedure  and  introduces  ex- 
tra cost  that  can  not  be  foreseen.  It  is 
believed  economically  unsound  for  a  con- 
struction company  to  assume  certain 
risks.) 

Overhaul. — That  a  reasonable  free 
haul  limit,  preferably  not  over  500  ft., 
be  employed  and  that  some  standard 
means  of  computing  overhaul  be 
adopted. 

(The  great  variety  of  methods  in  use 
for  computing  overhaul  and  their  un- 
certainty have  made  it  difficult  to  pre- 
determine accurately  the  cost  of  such 
hauling.) 

Retained    Percentage. — That  10   per 
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cent    be    retained    on    monthly    esti- 
mates. 

(An  excessive  retained  percentage  on 
monthly  estimates  increases  the  interest 
charges  of  the  work;  and  ten  per  cent  in 
conjunction  with  the  surety  bond  or  se- 
curities is  believed  to  afford  ample  pro- 
tection to  the  state.) 

Force  Account. — That  on  force  ac- 
count work  the  allowance  for  indirect 
and  overhead  expense  be  set  at  10  per 
cent  of  the  direct  labor  and  upon  these 
amounts  and  upon  the  material  a  10 
per  cent  profit  be  allowed. 

(The  settlement  of  force  account  work 
has  often  been  subject  to  dispute  and 
the  use  of  modern  equipment  has  in- 
creased both  the  proportion  of  overhead 
expense  and  the  difficulty  of  ascertaining 
its  amount.) 

Stock  Piling. — That,  under  condi- 
tions, satisfactory  to  the  departments, 
payment  for  material  delivered  be  in- 
cluded in  monthly  estimates. 

(The  transportation  system  of  the 
country  is  unable  to  serve  adequately  the 
needs  of  highway  construction  during 
certain  months,  thus  making  it  advisable 
to  stock  pile  materials,  but  many  re- 
sponsible companies  are  prevented  from 
financing  stocks  of  sufficient  quantity.) 

Arbitration.— That  limited  arbitra- 
tion, which  will  reserve  final  decision 
to  the  engineer  in  all  matters  per- 
taining to  prosecution  of  the  work, 
but  will  provide  for  settlement  of 
claims  for  compensation,  be  included 
in  construction  contracts. 

(The  settlement  of  controversy  under 
highway  contracts  by  arbitration  has 
shown  not  only  that  the  number  of  dis- 
putes and  court  actions  is  reduced,  but 
that  arbitration  itself  is  seldom  resorted 
to,  and  that  the  engineer's  hand  is  thereby 
strengthened.) 

Administration. — 

(a)  That  contracts  be  promptly 
awarded  and  certified  checks  returned 
within  a  specified  time  where  pos-. 
sible. 

(b)  That  written  orders  be  given 
by  the  department  for  all  important 
instructions  and  especially  instruc- 
tions to  suspend  or  shut  down  the 
work,  the  latter  to  state  reasons  of 
suspending  or  shutting  down. 

(g)  That  unless  a  plan  for  prosecu- 
tion of  the  work  is  given  at  the  time 
of  sending  out  proposals,  the  con- 
tractor be  allowed  to  pursue  his  own 
plan  except  in  emergencies  and  pro- 


viding his  prosecution  of  the  work  is 
satisfactory. 

(d)  That  inspection  of  materials  be 
made  at  the  source  when  practicable 
and  at  least  before  the  unloading  from 
cars. 

.  (e)  That  the  departments  discon- 
tinue publication  of  the  monetary 
amount  of  estimates  in  advance  of  the 
letting  of  work. 

(f)  That  every  effort  should  be 
made  to  secure  the  highest  possible 
type  of  inspectors  and  field  engineers. 

Day  Labor  Construction. — That  true 
and  accurate  cost  accounting,  showing 
overhead  and  indirect  expense,  be 
required  on  all  construction  work 
performed  by  state  or  county  forces, 
an  exception  to  be  made  only  on 
miscellaneous  work  not  properly  de- 
signated as  construction. 

(It  is  to  the  public  interest  to  know  the 
true  cost  of  any  public  work  that  a  de- 
partment or  other  agencies  of  the  State 
may  be  called  upon  to  perform  by  day 
labor.) 

Legislation.  —  That  an  effort  be 
made  to  modify  existing  laws  in  con- 
flict with  these  recommendations. 


Temporary   Surfacing   to   Elimi- 
nate Detour 

In  order  to  remove  an  8-mile  detour 
on  the  National  Road  at  Reelesville, 
west  of  Indianapolis,  the  Indiana 
State  Highway  Commission  placed  a 
temporary  resurfacing  over  %  mile 
of  subgrade  and  opened  this  section 
to  traffic — even  of  heavy  trucks — 
early  in  February. 

The  temporary  crossing  cost  about 
$2,200,  and  was  perfected  by  main- 
tenance division  forces,  using  2,400 
cu.  yd.  of  free  cinders  and  1,000  cu. 
yd.  of  gravel  obtained  at  low  cost 
from  a  nearby  pit.  The  cinders  were 
used  to  dry  up  the  mud  of  the  sub- 
grade  and  on  this  was  spread  a  coat- 
ing of  gravel  to  act  as  a  base.  The. 
section  will  be  dragged'  several  times 
each  week  to  prevent  serious  cutting 
and,  according  to  John  D.  Williams, 
director  of  the  commission,  the  main- 
tenance forces  will  see  that  traffic 
continues  across  this  gap  until  in  the 
early  spring  when  it  will  be  paved. 

The  commission  took  the  position 
that  it  was  more  economical,  and  cer- 
tainly a  greater  convenience  to  the 
public,  to  open  this  gap  this  winter 
than  to  divert  traffic  over  a  detour  of 
eight  miles  which  would  have  result- 
ed in  serious  damage  to  county  roads. 


(149) 


630 


Roads  and  Streets  Monthly  Issue  of 


March, 


Mechanical  Labor  Saving  Devices  in  Road  Work 

Appliances  and  Methods  Used  by  Monroe  County,  Michigan,  Described 
in  Paper  Presented  Feb.   15  at  9th  Annual  Michigan  Con- 
ference on  Highway  Engineering  at  Univ.  of  Mich. 

By    W.    S.    CUMMING, 
County  Highway  Engineer,  Monroe  County,  Michigan. 


This  paper  will  cover  labor-saving 
devices  used  in  Monroe  County.  The 
labor  items  in  construction  prove  to 
be  approximately  50  per  cent  of  the 
total  cost,  and  in  maintenance  this 
item  runs  as  high  as  75  per  cent  of 
the  total  cost.  Cost  for  materials  go- 
ing into  the  work  either  in  mainte- 
nance or  construction,  are  practical- 
ly a  fixed  figure.  The  first  cost  in- 
cluding freight  on  materials,  remains 
unchanged  no  matter  what  efforts 
are  put  forth  for  a  reduction.  This  is 
especially  true  in  the  small  counties 
such  as  Monroe.  Then  with  one  of 
the  charges  fixed,  namely,  material 
charges,  it  is  easy  to  see  that  if  the 
"Cost  of  Doing  Work"  is  to  be 
lower  that  the  decrease  must  come 
in  the  reduction  of  the  labor  items. 
A  considerable  reduction  can  be  made 
by  the  substitution  of  some  mechan- 
ical labor-saving  devices.  In  many 
cases  what  is  true  of  the  reduction 
in  material  costs  is  also  true  of  labor 
costs,  but  there  are  places  where  de- 
vices can  be  used  providing  a  great 
saving  in  cost,  giving  a  better  and 
more  satisfactory  result,  and  making 
the  work  easier  and  more  pleasant 
for  the  laboring  man.  Any  such  de- 
vice, no  matter  how  small  or  simple, 
that  will  replace  in  whole  or  in  part 
our  heaviest  item  of  cost,  should  not 
only  be  used  but  great  encouragement 
should  be  given  to  every  experiment- 
ing effort  along  this  line.  In  many 
localities  a  great  saving  would  be 
made  if  sufficient  help  was  available 
to  carry  on  the  work  economically. 
This  is  true  of  Monroe  County,  with 
Detroit,  Monroe  and  Toledo  pulling 
heavily  on  the  man  power  in  our  sec- 
tion of  the  state.  The  problem  in 
this  county  is  not  altogether  what 
shall  we  pay  the  men,  but  where 
shall  we  get  them.  This  condition  as 
well  as  others,  have  led  us  to  do  con- 
siderable experimental  work  in  de- 
veloping devices  to  suit  our  purpose. 

The  Truck  Dumping  Chute. — One 
of  the  first  successful  devices  made 
to  save  labor  was  the  building  of  a 
dump  chute  on  the  rear  of  our  trucks, 
for  placing  the  slag  in  uniform  piles 


at  regular  intervals  along  the  side 
of  the  road.  This  attachment,  I  be- 
lieve, was  first  used  in  the  county  in 
1919,  it  being  worked  out  by  a  local 
trucking    contractor. 

This  detachable  chute  consists  of 
a  U-shaped  trough  inserted  between 
the  end  of  the  dump  body  of  the 
truck  and  the  open  tail-gate,  the  chute 
being  made  long  enough  so  as  to  ex- 
tend beyond  the  right  rear  wheel 
about  12  in.  On  this  12-in.  extension 
there  is  a  sliding  gate  which  the  op- 
erator opens  in  order  to  allow  the 
material  to  pass.  By  trailing  a  string 
or  wire  of  the  required  length  behind 
the  truck,  piles  can  be  placed  at  re- 
quired distances.  One  man  in  addi- 
tion to  the  truck  driver  is  all  that  is 
necessary  to  unload  the  truck.  This 
chute  places  the  material  in  neat, 
symmetrical  piles,  the  proper  distance 
from  the  center  of  the  road,  out  on 
the  shoulder  far  enough  so  as  not  to 
interfere  with  traffic,  and  at  the  same 
time  keeps  the  material  together, 
thus  reducing  the  percentage  of 
waste.  We  feel  that  at  least  two  men 
have  been  saved  by  the  use  of  this 
chute,  and  that  the  running  time  of 
truck  has  been  increased  at  least  20 
per  cent.  Our  average  cost  per 
square  yard  for  unloading,  hauling 
and  placing  slag  in  pikes  was  slightly 
less  than  y2't  ct.  per  square  yard.  This 
last  year  we  placed  three  of  these 
chutes  on  our  trucks  at  a  total  cost 
of   $103.80    or   practically   $35   apiece. 

Chip  Spreading  Wagon. — In  the 
construction  of  macadam  roads,  one 
of  the  greatest  needs  for  labor  is  in 
the  spreading  of  the  chips  after  the 
large  stone  has  been  keyed.  This  is 
usually  done  by  spreading  from  the 
piles  on  the  side  of  the  road.  In  1920 
some  experiments  were  made  by  con- 
verting a  manure  spreader  into  a  chip 
spreader.  A  "New  Idea"  manure 
spreader  was  used  in  this  experi- 
ment. Instead  of  having  a  traveling 
floor,  the  chips  were  conveyed  to  the 
rear  of  the  spreader  by  means  of  a 
double  chain  belt  upon  which  was 
fastened  1%-in.  angle  irons.  At  the 
rear  of  the  spreader  was  a  special  de- 
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veloped  revolving  drum  with  hori- 
zontal compartments.  As  the  chips 
reached  the  end  of  the  spreader  they 
'dropped  into  the  horizontal  compart- 
ments of  the  revolving  drum  and  from 
there  were  thrown  out  spreading  a 
strip  about  4  ft.  wide.  A  hopper  box 
was  built  on  the  spreader  increasing 
the  capacity  iy2  yd.  The  wheels  were 
widened  from  6  to  12  in.  This  was 
done  so  as  not  to  destroy  the  me- 
chanical bond  in  the  number  one 
stone.  Steam  rollers  pulled  the 
spreader. 

The  idea  as  repreesnted  in  this  ma- 
chine is  very  good  and  one  that  could 
be  used  economically  if  some  loading 
device  other  than  filling  the  wagon 
by  hand  is  available.  The  chips  were 
spread  evenly  and  the  quantity  so 
regulated  that  there  was  no  chance 
for  matting.  The  machine  cost  origi- 
nally $125  and  in  the  experiment 
about  $300  more  was  used  before  it 
was  pronounced  a  serviceable  ma- 
chine. This  machine  along  with  a 
mechanical  loading  device,  not  only 
does  the  work  better,  but  replaces 
about  four  men  in  the  operation. 

The  Cement-Concrete  Pavement 
Breaker. — Before  taking  up  the  ce- 
ment-concrete pavement  breaker,  a 
word  in  regard  to  the  demand  for 
such  a  device  will  not  be  out  of  place 
at  this  time.  The  Dixie  Highway, 
running  from  the  north  limits  of  the 
city  of  Monroe  to  the  Huron  River 
or  North  County  Line,  was  built  in 
1918.  The  construction  of  this  road 
was  rushed  as  a  war  measure  to  fa- 
cilitate the  transportation  of  war 
trucks  from  Detroit  to  the  Atlantic 
Seaboard.  The  road  was  built  about 
iy2  miles  from  the  Lake  Erie  shore 
on  a  clay  soil.  This  soil  seems  to 
have  a  great  attraction  for  water. 
This  is  true  especially  under  the 
pavement  slab.  The  subgrade  under- 
lying this  pavement  is  made  up  of  a 
more  or  less  plastic  mixture  of  this 
fine  silt  and  water.  On  this  yielding 
subgrade  the  plain  concrete  slab 
gives  way  under  the  extreme  heavy 
traffic  which  it  is  called  upon  to  bear. 
Generally  the  breaks  first  occur  on 
the  edges  and  gradually  creep  into 
the  center  of  the  pavement.  Approx- 
imately 5,000  sq.  yd.  of  patching  was 
done  on  this  14-mile  stretch  last  year. 
In  order  to  assist  in  the  breaking  out' 
of  the  patches  on  this  road  a  pave- 
ment breaker  was  built. 

This  machine  consists  of  an  old  2- 
ton  Republic  truck  with  a   6-HP.  gas 
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engine  and  hoist  mounted  on  it  for 
the  power  unit,  and  a  driving  ham- 
mer device  on  the  rear  for  the  work- 
ing unit.  On  the  rear  of  the  truck 
about  20  in.  from  the  rear  axle,  13  ft. 
leads  were  fastened  to  the  chassis  by 
means  of  an  A-frame  built  up  on  each 
channel  of  the  truck  frame.  On  the 
face  of  the  950-lb.  hammer  is  a  4-in. 
tool  steel  point.  In  moving  the  truck 
any  distance  the  leads  are  dropped 
forward;  the  pivot  pin  being  at  the 
top  of  the  A-frame. 

Just  back  of  the  truck  seat  a  square 
frame  was  placed.  This  was  used  to 
rest  the  leads  on  when  in  a  traveling 
position.  It  is  also  used  to  anchor 
the  2x4  supports  to  the  leads  when 
in   a  working,  position. 

In  operating  this  device,  the  ham- 
mer is  only  raised  about  3  ft.  from 
the  pavement  and  then  allowed  to 
drop.  In  no  instance  does  the  flat 
surface  of  the  hammer  hit  the  pave- 
ment. Just  as  soon  as  the  point  has 
pierced  the  pavement  the  truck  moves 
to  its  new  position. 

One  of  the  greatest  expense  items 
in  the  maintenance  of  our  Dixie  High- 
way north  of  Monroe,  was  the  break- 
ing out  of  the  patches  by  hand  labor. 
With  this  breaker  as  much  work 
could  be  broken  out  in  two  hours  as 
seven  men  could  break  out  in  two 
days.  The  machine  on  an  average 
operates  about  two  hours  per  day.  By 
the  substitution  of  this  device  in  the 
place  of  hard  sledging  labor,  we  are 
able  to  break  out,  dig  and  replace 
the  patches  in  the  same  day. 

Central  Mixing  Plant. — The  central 
mixing  plant  was  located  about  3 
miles  north  of  Monroe.  It  consisted 
of  No.  27  E-Foote  mixer  placed  on 
a  ground  level.  A  portable  steel 
building  with  a  capacity  of  two  cars 
of  cement  was  placed  adjacent  to  it 
•  and  the  aggregate  was  hauled  by 
trucks  to  this  point  and  from  the 
cars  on  the  railroad  sidings  at  Mon- 
roe and  from  the  quarry.  The  wet 
concrete  was  transported  in  Ford 
trucks  with  high  speed  gears  and  in 
no  case,  even  on  the  longest  haul  of 
10  miles,  did  we  have  any  evidence 
of  initial  set  or  any  serious  trouble 
in  the  segregating  of  material  in  the 
bodies  of  the  trucks. 

The  maintenance  of  this  14  miles 
of  concrete  had  increased  over  the 
previous  year  about  360  per  cent. 
The  same  number  of  men  were  em- 
ployed in  1922  as  in  1921  when  the 
cement,    water    and    aggregate    were 
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hauled  *to  each  patch  and  there  mixed 
and  placed.  Assuming  that  the  or- 
ganization of  1922  would  have  been 
as  efficient  as  the  organization  in 
1921  under  the  old  method,  then 
through  the  introduction  of  this  pav- 
ing-breaking device,  together  with 
the  adoption  of  the  plan  of  the  cen- 
tral mixing  station,  approximately 
$30,000  has  been  saved  to  Monroe 
County. 

The  Blower. — I  am  sure  that  we  all 
agree  that  one  of  the  essential  con- 
ditions under  which  we  get  a  good 
bituminous  treatment  on  macadam 
roads,  is  that  the  surface  shall  be 
perfectly  clean.  Very  satisfactory  re- 
sults have  been  obtained  by  the  use 
of  a  horse-drawn  rotary  sweeper  and 
with  the  hand  brooming  of  the  sur- 
face. With  the  idea  of  doing  away 
with  this  class  of  labor  and  at  the 
same  time  to  improve  the  condition 
of  the  surface  for  the  application  of 
the  bituminous  material,  we  did  con- 
siderable experimenting  with  the 
idea  of  blowing  the  surface  clean. 
This  was  first  tried  out  in  cleaning 
small  holes  for  bituminous  patches. 
These  patches  were  made  either  with 
the  cold  patch  material,  or  a  hot  mix- 
ture. We  found  that  by  using  a  small 
bellows  we  could  free  the  hole  from 
all  the  objectionable  dust  and  fine 
chips.  We  then  mounted  on  an  old 
2-ton  truck,  a  6-HP.  gas  engine.  This 
engine  was  used  to  drive  the  fan  of 
an  insulage  cutter  which  was  also 
mounted  on  the  chassis  of  this  truck. 
By  turning  the  fan  at  about  900  revo- 
lutions per  minute,  we  were  able  to 
get  a  blast  of  air  which  was  laid 
within  4  in.  of  the  road  surface 
through  6-in.  pipe.  By  this  means 
sufficient  force  was  obtained  to  clean 
the  road  free  from  dust  and  chips. 
This  air  blast  had  its  greatest  effect 
upon  a  strip  about  2%  ft.  wide.  Then 
by  running  the  machine  up  and  down 
the  road  commencing  at  one  edge  and 
blowing  over  to  the  opposite  side,  we 
were  able  to  get  the  surface  of  the 
road  in  an  excellent  condition  for  the 
application  of  the  bituminous  mate- 
rial. In  doing  this  work,  if  there  was 
any  breeze  blowing  at  all,  the  first 
trip  of  the  machine  was  made  on 
the  windward  side  of  the  road  so  that 
there  would  be  no  chance  for  the 
dust  and  chips  to  be  blown  back  by 
the  wind  on  the  portion  cleaned. 

In  preparing  a  road  for  its  first 
treatment,  especially  if  in  a  thickly 
populated  section,  all  people  living  on 
the  road   should  be  notified   to   keep 


all  the  windows  and  doors  closed. 
A  dust  cloud  of  no  small  dimensions 
is  formed  by  the  blower  and  is  quick- 
ly blown  from  the  right-of-way.  In 
order  to  assist  in  loosening  any  mat- 
ter screenings  on  the  road,  wire 
brushes  placed  on  a  frame  are  low- 
ered just  in  front  of  the  rear  truck 
wheels.  Then  by  making  from  two 
to  four  trips  with  the  blower  on  each 
strip,  the  road  is  soon  made  ready 
for  the  treatment.  In  most  instances 
we  found  that  the  edges  of  old  treat- 
ed roads  were  very  hard  to  clean. 
The  earth  from  the  shoulders  and  the 
sweepings  from  the  road  seem  to 
form  a  more  or  less  hardened  mat  at 
the  edge  of  the  metal.  To  assist  in  re- 
moving this  mat  a  trianguar  frame 
about  18  in.  on  each  side  was  built 
with  spikes  extending  through  it.  This 
frame  was  fastened  to  the  side  of 
the  truck  and  there  pulled  through 
the  matted  matter  along  the  edge, 
so  as  to  engage  the  spikes  in  the  mat. 
Then  with  a  small  amount  of  loosen- 
ing, a  sharp  blast  of  air  would  clean 
the  edges  very  satisfactorily. 

By  comparing  the  cost  of  cleaning 
on  roads  where  the  blower  was  used, 
with  the  roads  where  the  surface  was 
swept  by  the  old  method,  we  found  a 
saving  of  0.2  ct.  per  square  yard  was 
made.  Although  we  are  very  glad 
that  we  have  reduced  our  cost  per 
square  yard  on  this  operation,  yet  if 
the  cost  had  been  the  same,  or  slight- 
ly greater,  the  results  obtained  in 
treating  a  surface  free  from  dust 
would  more  than  off-set  the  additional 
cost. 

Chip  Spreading. — Aside  from  our 
heavy  trunk  line  maintenance  on  con- 
crete and  bituminous  concrete  roads, 
our  greatest  expenditure  is  made  in 
the  surface  treatment  of  macadam 
roads.  We  have  about  500,000  sq.  yd. 
of  surface  treated  macadam  roads  to 
maintain.  The  methods  used  last  year 
in  this  work  was  to  place  500  lb.  piles 
of  slag  equal  distances  apart  along 
the  side  of  the  road,  and  after  the 
bituminous  material  had  been  ap- 
plied to  spread  the  chips  by  hand. 
This  did  not  prove  entirely  satisfac- 
tory, because  of  our  labor  shortage. 
Further,  in  order  that  all  tar  placed 
on  the  road  shall  be  covered  the 
same  day,  the  distributor  must  be 
shut  down  about  3:30  each  afternoon. 

Both  these  conditions  have  led  us 
to  do  some  experimenting  in  our  shop 
at  Dundee  with  a  mechanical  chip 
spreader.  When  we  succeed  in  se- 
curing a  positive  feed  that  will  give* 


(152), 


1923 


Engineering  and  Contracting 


539 


us  the  quantity  per  square  yard  that 
we  desire  our  slag  will  be  hauled  to 
the  road  and  placed  in  large  20-ton 
piles  and  there  loaded  into  trucks  by 
a  small  clam  mounted  on  a  truck. 
These  loaded  trucks  with  the  spread- 
ing device  attached  will  follow  the 
distributor  and  will  cover  the  road 
with  chips  about  as  quickly  as  the  tar 
can  be  applied.  We  figure  that  the 
spreading  cost  per  square  yard  will 
be  cut  from  15  to  20  per  cent,  and  all 
we  will  require  on  the  road  will  be 
two  men  on  the  distributor,  two  at 
the  stock  piles,  one  man  on  the 
blower  and  the  foreman.  The  work 
on  this  chip  spreading  device  has  not 
progressed  far  enough  as  yet  to  give 
any  details,  but  we  hope  before  long 
to  have  a  labor  saving  device  per- 
fected along  this  line. 


Method  of  Supplying  Steam 
Shovel  with  Water 

An  ingenious  method  of  getting 
water  to  a  steam  snovel  used  last 
summer  in   the   grading  for  a   6-mile 


depth  and  from  1,000  to  14,000-  cu.  yd. 
The  heaviest  cut  was  on  the  south 
end  which  called  for  the  excavation 
of  about  14,000  cu.  yd.  in  a  cut  run- 
ning up  to  30  ft.  in  depth.  This  cut 
was  about  600  ft.  long,  and  was  taken 
in  three  lifts  with  an  18  B  Bucyrus 
shovel.  The  first  consisted  of  two 
cuts,  one  at  either  side  of  the  old 
road,  widening  out  this  road  to  the 
required  specifications  of  the  cut 
wagons  being  loaded  on  the  level  of 
the  caterpillars  on  the  old  road.  Sub- 
sequent cuts  were  taken  down  the 
center  line,  wagons  being  loaded 
ahead  of*  the  shovel. 

The  method  of  getting  water  to  the 
shovel,  which  saved  about  1  hour's 
digging  time,  was  as  follows:  As  a 
part  of  his  equipment  the  contractor 
had  two  water  tank  wagons  of  600 
gal.  capacity  each.  One  of  these  was 
constantly  kept  at  the  shovel  and  was 
towed  behind  it  as  it  moved  up.  The 
water  was  pumped  directly  from  this 
wagon  to  the  water  tank  of  the 
shovel  and  served  as  an  auxiliary 
supply.     Whenever  one  water  wagon 


Making  14,000  Cu.  Yd.  Cut  in  Highway  About  10  Miles  South  of  Milwaukee.  Two 
Water  Wagons  of  6O0-Gal.  Capacity  Each  Were  Kept  in  Operation,  One  of  Which 
Was  Towed    Behind  the  Shovel   and  Connected  Directly  to  the  Shovel  Water  Tank. 


concrete  road  about  10  miles  south- 
west of  Milwaukee,  Wis.,  is  illustrat- 
ed. The  excavation  on  this  job  was 
about  50,000  cu.  yd.  The  work 
was  over  undulating  country.  The 
cuts   ranged   from   1   ft.   to   30   ft.    in 


was   empty   the   other   was   ready   to 
take   its   place. 

Charles  F.  Haworth,  Milwaukee, 
Wis.,  was  the  contractor.  We  are  in- 
debted to  the  Excavating  Engineer  for 
the   illustration   and   information. 
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Contractors'   Organization 

By  RODMAN  WILEY 
Winchester,  Ky. 

A  recent  editorial  in  the  Engineer- 
ing News  Record  calls  attention  to  the 
low  bidding  on  road  work  during  the 
year  1922  and  assigns  a  possible  rea- 
son. It  further  goes  on  to  state  that 
contractors  should  organize  and  be 
more  on  a  business  basis. 

What  is  meant  by  organization? 
Does  it  mean  that  a  few  contractors 
should  gather  together,  write  a  con- 
stitution and  by-laws,  elect  officers, 
collect  dues,  air  their  views  and  inter- 
cede here  and  there  in  the  interest  of 
members?  It  is  admitted  that  such 
an  organization  will  do  some  good, 
but  will  it  put  contracting  on  a  safe 
business  basis?  Will  it  prevent  work 
being  bid  under  cost  or  at  too  low  a 
figure  to  return  a  reasonable  profit? 
If  so,  how? 

What  is  usually  accomplished  by  an 
organization  such  as  we  speak  of  in 
other  lines  of  business?  For  instance, 
the  tobacco  pool,  blue  grass  seed  pool, 
hemp  seed  pool,  brick  association,  ce- 
ment association,  sand  and  gravel  as- 
sociation, hardwood  manufacturers 
association,  etc.?  Isn't  it  true  that 
the  articles  manufactured  by  the  mem- 
bers of  these  various  concerns  have 
a  market  value,  fixed  by  the  producers 
so  as  to  return  a  profit? 

Why  not  perfect  a  practical  organi- 
zation? Let  all  contractors  in  a  state 
join  an  association,  list  their  equip- 
ment, organization  and  financial  status 
so  that  it  can  be  determined  with  a 
great  deal  of  certainty  what  class  and 
what  amount  of  work  each  contractor 
is  capable  of  doing  during  a  season. 
Select  from  their  number  men  to  go 
over  each  piece  of  work  that  is  to  be 
let,  analyze  the  cost  of  each  item,  add 
a  reasonable  profit  and  submit  a  bid 
under  the  name  of  the  association. 

If  any  outsiders  desire  to  bid,  let 
them  do  so  as  usual.- 

The  State  Road  Department  should 
make  detailed  estimates  of  the  cost 
of  doing  each  unit  of  work  and  it 
would  be  a  very  easy  matter  to  deter- 
mine if  the  association  is  submitting 
reasonable  bids.  If  the  work  is 
awarded  to  the  association  it  is  in 
turn  assigned  to  the  contractors  best 
fitted  to  build  that  particular  type  of 
road.  Through  such  an  arrangement 
every  contractor's  equipment  and  or- 


ganization could  be  kept  busy  and 
work  at  the  greatest  efficiency. 

The  State  Road  Department,  in  ad- 
dition to  a  bond,  would  have  the  as- 
surance that  the  work  would  be  prop- 
erly organized,  proper  equipment 
would  be  used  and  that  the  work 
would  be  completed  on  time,  and 
should  there  be  need  of  completing 
any  particular  section  in  a  rush  it 
could  be  done  very  easily. 

Such  an  organization  would  be  a 
practical  one,  a  legitmate  one  and  con- 
tractors would  be  allowed  to  make  a 
reasonable  profit  and  contracting 
would  be  placed  on  a  business  basis 
that  would  be  recognized  by  all 
financial  institutions.  There  is  not  any 
organized  opposition  to  the  price  of 
cement,  brick,  lumber,  sand  and  grav- 
el, crushed  stone,  gasoline,  bread,  hair 
cut,  price  of  room  in  a  hotel,  price  of 
tobacco,  cigars,  cigarettes,  and  in  fact 
practically  every  known  commodity 
used  by  man  today.  Then  why  not 
permit  a  contractor  to  make  a  reason- 
able profit  and  allow  him  a  business 
standing. 

New  Road  Form 

A  new  road  form  placed  on  the  mar- 
ket by  The  Lakewood  Engineering 
Co.,  Cleveland,  O.,  is  illustrated.  This 
form  is  made  of  3-16  in.  metal,  and 


Carr  Road  Form, 
the  locking  arrangement  consists  of 
two  simple  wedges.  The  sections  of 
form  are  made  in  12-ft.  lengths  and 
have  a  base  5  in.  wide.  One  of  the 
most  important  features  of  the  form 
is  the  line  point  top  surface,  which  is 
secured  by  the  rounded  top.  Another 
feature  is  the  provision  for  holding 
the  form  in  place.  This  is  accom- 
plished by  flat  stakes  having  a  pene- 
tration of  18  in.  and  which  can  be 
driven  anywhere  along  the  base  .of 
the  form. 
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Methods   of   Maintaining  Bituminous    Pavements 

Modern  Developments  Described  in  Paper  Presented  Feb.  14  at  9th 

Annual  Michigan  Conference  on  Highway  Engineering 

at  University  of  Michigan 

By  B.   C.  TINEY 

Assistant    Maintenance    Engineer    Michigan    State    Highway    Department. 

Although  strict  adherence     to     the  that  any  width  of  treatment  from   2 

subject  as   stated  would   confine   this  to  16  ft.  may  be  applied,  but  common 

discussion    to    bituminous    pavements  practice    confines    the    application    to 

I  am  including  water-bound  macadam,  about  8  ft.  or  half  the  width  of  road- 

as   this    is    a    type    of    surface    upon  way,  at  one  time,  as  this  enables  traf- 

which  bituminous  materials  are  used  fie  to  avoid  the  freshly  laid  material, 

extensively  in  maintenance.  Distributors    should      be      equipped 

Between  1,500,000  and  2,000,000  gal.  with  thermometer,     pressure     gauge, 

of  tar  and  asphalt  are  used  annually  and   speedometer.     The  tank     should 

for    the   maintenance     of     roads      in  be  calibrated  in  order  that  the  correct 

Michigan.  Approximately  85  per  cent  gallonage  may  be  charged     to     each 

of  this   amount   is   applied   as   a   sur-  road.  The  rate  of  application  is  varied 

face    treatment    on    water-bound    and  by   setting  valves   and   by   the    speed 

bituminous  macadam  roads.  of   the    truck.     A    table    showing   the 

Application  of  Bituminous  Mate-  quantities  applied  per  square  yard 
rials. — Bituminous  materials  are  for  different  valve  settings  and  truck 
quite  generally  applied  by  motor  speeds  should  be  posted  in  the  cab 
pressure  distributors  of  various  types.  for  use  of  operator. 
The  pressure  is  usually  afforded  di-  Cost  of  Treatment.— The  plan  of  op- 
rectly  by  a  pump,  operated  by  a  pow-  erating  distributors  by  county  forces 
er  take-off  from  the  transmission  of  has,  in  all  cases,  proven  very  satis- 
the  truck  or  in  a  few  instances,  by  a  factory.  The  quality  of  work  per- 
separate  power  plant.  A  powerful  formed  has  been  excellent,  and  a  ma- 
truck  motor  is  required  if  it  has  to  terial  saving  in  cost  has  been  effected, 
operate  the  pump  as  well.  The  pump  An  analysis  of  costs  in  one  of  these 
is  so  designed  that  it  can  be  used  for  counties  for  the  season  for  1922  is  as 
filling  the  distributor  from  tank  cars  follows:  Twenty-four  roads,  aggre- 
as  well  as  applying  material  to  the  gating  405,000  sq.  yd.  were  treated 
road  surface.  A  cut-out  may  be  so  with  135,000  gal.  of  tar,  averaging  a 
arranged  that  the  exhaust  from  the  little  less  than  1-3  gal.  per  square 
motor  comes  in  contact  with  the  yard.  Tar  costs  9.4c  per  gallon  f.  o.  b. 
pump,  and  by  warming  the  material  county  in  tank  cars.  Slag  cover  cost- 
increases  fluidity  and  ease  of  pump-  ing  $2.25  to  $2.50  per  ton  f.  o.  b.  cars 
ing.  in  county,  was  distributed  in  piles  by 

It  is  important  that  distributors  be  motor  trucks.     Labor  was  35   ct.   per 

equipped  with  heating  arrangements.  hour. 

Even  though  the  material  is  brought  The   average   cost  per   square  yard 

to    the    required    temperature    in    the  was: 

tank  cars,  a  long  haul  or  other  delay  g  Per 

will    often    necessitate    re-heating    on       Slag    in  piles  alon&  road  S$6.016 

the     road.       Heating    equipment     may  Preparing  surface  and  spreading  slag  0.008 

consist  of  oil-burners  or  steam  coils.      Plication" ofHar ad  Sidin& 0005 

Steam  is,  in  one  type  of  distributor,  GasoHne!°oil°  and  Overhead ".'.'.'. '.'.'.'. '.  o!ooo 

generated   by    a    small   boiler   on   the  - 

rear  of  the  truck,  but  it  is  more  com-  Total  cost  Per  s<*-  yd $006(; 

monly      supplied     from     an      outside  A  portion  of  this  material  was  ap- 

source,   which  is  not  always   conven-  plied  hot.     The  costs  given  include  a 

iently   located.      The   advantage    of   a  rental  charge  on  equipment  used, 

self-contained    source    of   heat    is    ob-  The  contract  price  in  this  country 

vious  as  it  permits  of  heating  during  in  1921  for  a  treatment  of  1-3  gal.  per 

a  long  haul  so   that  the  material  ar-  square  yard  was  $0,113.    On  this  basis 

rives  on  the  road  ready  for  applica-  we  have  a  saving  of  $0,047  per  square 

tion.  yard  on  408,000  sq.  yard.,  or  approxi- 

Spraying  manifolds  are  so  designed  mately  $19,000.     About  $4,000  of  this 
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amount  is  due  to  a  reduction  in  the 
price  of  tar,  leaving  a  saving  of  $15,- 
000  which  is  chargeable  to  the  per- 
formance of  work  by  use  of  county 
forces  and  equipment. 

Similar  results  have  been  experi- 
enced by  other  counties  operating 
their  own  distributors,  and  it  is  be- 
lieved that  this  plan  will  come  into 
more  general  use.  The  installation 
of  permanent  tanks  for  storage  of  bi- 
tuminous materials  would  add  to  the 
efficiency  of  the  system.  Demurrage 
and  tank-car  rental,  which  amount 
to  considerable  sums  if  weather  con- 
ditions are  unfavorable,  would  be 
practically  eliminated.  The  ship- 
ment of  material  is  liable  to  be,  at 
best,  an  erratic  proposition.  Storage 
facilities  would  tend  to  co-ordinate 
shipment  with  application  of  mate- 
rial, enabling  the  work  of  distribution 
to  proceed  more  steadily. 

It  is  often  possible  to  install  storage 
tanks  at  such  elevation  as  to  permit  of 
unloading  from  tank  cars  by  gravity, 
Tanks  should  be  of  sufficient  size  to 
hold  one  carload  (approximately  10,- 
000  gal.)  of  material,  and  should  be 
equipped  with  steam  coils  or  other 
arrangements   for   heating. 

Patching  Small  Holes  in  Road  Sur- 
faces.— In  addition  to  regular  surface 
treatments  at  intervals  of  from  one  to 
three  years,  depending  upon  the 
amount  of  traffic,  it  is  necessary  that 
bituminous  macadam  surfaces  be  pa- 
trolled frequently  and  small  holes 
patched  soon  after  they  appear.  The 
importance  of  this  feature  of  the  work 
is  usually  under-rated,  but  it  is  one 
of  the  answers  to  successful  mainte- 
nance. Shallow  breaks  in  the  sur- 
face crust  may  be  swept  clean,  given 
a  brush  coat  of  bituminous  surfacing 
material  and  covered  with  a  layer  of 
stone  chips.  A  brush  coat  is  prefer- 
able to  a  poured  treatment  as  it 
avoids  an  excess  of  material,  which 
is  very  undesirable.  The  practice  of 
patching  holes  greater  than  y2  to  % 
in.  in  depth  by  pouring  partly  full  of 
a  cold  bituminous  surfacing  material 
and  covering  with  an  excess  of  chips, 
has  been  quite  common  and  should  be 
discouraged.  It  is  obvious  that  such 
patches  will  remain  unstable  for  some 
time  and  a  larger  proportion  of  them 
will  be  displayed  by  traffic.  Patrol 
maintenance  on  shallow  patches  may 
be  conveniently  handled  by  storing 
bituminous  surfacing  material  in  bar- 
rels sunk  in  the  ground  at  intervals 
along   the    road.      These    barrels    are 


provided  with  covers  and  are  readily 
filled  by  a  hose  from  the  distributor 
tank.  Piles  of  stone  chips  are  also 
stored  at  necessary  intervals.  A  pa- 
trolman equipped  with  a  wheelbar- 
row, bucket,  broom  and  shovel  is  en- 
abled to  patrol  a  maintenance  section 
efficiently. 

Holes  of  an  inch  or  more  in  depth 
may  be  conveniently  repaired  by  the 
cold  patch  method,  being  tamped  full 
of  a  cold  mixture  of  aggregate  with 
cut-back  tar  or  asphalt,  which  de- 
pends for  its  setting-up  qualities,  upon 
the  evaporation  of  volatile  oils. 

The  stone  for  this  mixture  may 
range  in  size  from  ,%  to  %  in.,  frac- 
tured shapes  being  preferable  to 
rounded  pebbles.  The  quality  of  the 
aggregate  is  a  large  factor  in  the 
success  of  any  bituminous  mixture, 
and  it  is  often  found  to  be  economy 
to  chip  in  a  hard  tough  stone  at  ad- 
ditional cost,  rather  than  use  a  cheap- 
er local  material  of  inferior  quality. 

The  mixture  should  be  made  in  the 
proportion  of  16  or  18  gal.  of  bitu- 
minous material  to  a  cubic  yard  of 
stone.  A  small  amount  of  coarse  sand 
may  be  added,  but  is  not  essential  to 
good  results.  An  excess  of  either 
sand  or  bituminous  material  will  tend 
to  make  the  patch  unstable. 

It  is  found  that  the  patches  offer 
more  resistance  to  displacement  by 
traffic  if  the  mixture  is  allowed  to 
cure  for  a  few  days  before  placing  in 
the  road,  and  also,  in  case  of  the 
deeper  holes,  if  a  larger  stone  is  used 
m  the  bottom  layer  of  the  patch,  being 
surfaced  with  the  finer  mixture.  The 
hole  to  be  patched  should  be  swept 
clean  and  painted  lightly  with  bitu- 
minous material  before  tamping  in 
the  mixture,  A  light  sanding  of  the 
surface  prevents  adhesion  to  traffic 
while  curing. 

Mixing  Stations — Where  consider- 
able quantities  of  cold-patch  are  used, 
the  mixing  is  most  efficiently  per- 
formed by  means  of  a  small  concrete 
mixer.  This  may  be  housed  in  a 
building  of  sufficient  size  to  provide 
space  for  mixing  and  storage  of  ma- 
terials. The  design  of  the  building 
should  be  such  that  a  motor  truck 
may  be  driven  into  it  and  at  least  a 
part  of  the  materials  handled  mechan- 
ically. 

A  number  of  such  mixing  stations 
placed  at  central  locations  for  given 
maintenance  sections,  could  be  con- 
structed on  standard  plans,  so  that 
one  mixer  could  be  readily  moved  by 
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truck  and  made  to  do  service  for 
all  stations.  In  this  way  a  supply  of 
mixture  might  be  kept  on  hand  and 
curing    at    each    station. 

A  hundred  miles  of  bituminous 
surfaced  road,  for  example,  might  be 
divided  into  four  25-mile  sections, 
each  having  a  central  mixing  station 
so  that  the  average  haul  of  mixed  ma- 
terial would  be  only  6  or  7  miles. 
This  condition  would,  of  course  be 
ideal,  the  work  being,  in  general, 
more  scattered,  but  it  is  believed  that 
in  most  cases  a  satisfactory  arrange- 
ment could  be  worked  out.  Such  a 
system  has  been  in  practice  in  Lucas 
County,  Ohio,  for  the  past  5  or  6 
years  and  has  proven  very  efficient. 
The  mixing  stations  here  are  used 
also  for  storage  of  equipment  and  as 
headquarters  for  other  kinds  of  main- 
tenance work. 

Bituminous   Macadam   for  Patching. 

— Extensive  replacements  of  bitu- 
minous surfaces  are  often  made  with 
bituminous  macadam,  by  the  pene- 
tration method.  Two  sections  of  a 
certain  trunk-line  of  this  state  have, 
within  the  past  four  years  furnished 
notable  examples  of  road  failures. 
They  were  quite  widely  separated  but 
had  many  characteristics  in  common, 
the  construction  of  both  being  a  To- 
peka  surface  on  a  cement-concrete 
base.  The  failures  were  caused  by  a 
combination  of  heavy  traffic,  poorly- 
drained  subgrade,  and  insufficient 
thickness  of  base.  The  maintenance 
of  these  roads  presented  a  difficult 
problem.  Both  were  main  arteries 
carrying  an  average  daily  traffic  of 
2,500  to  4,000  vehicles,  many  of  which 
were  heavily  loaded  trucks,  and  it 
was  imperative  that  extensive  re- 
placements be  made  with  as  little  in- 
convenience to  traffic  as  possible. 

This  consideration  led  to  the  choice 
of  bituminous  macadam  for  replace- 
ment, as  these  patches  could  be 
placed  under  traffic  almost  as  soon 
as  they  were  finished.  The  general 
method  of  procedure  was  to  remove 
sections  of  the  broken  pavement  and 
the  subgrade  to  a  depth  of  at  least  11 
in.  below  finished  grade,  or  deeper  if 
necessary  to  obtain  a  firm  foundation 
for  the  new  work.  It  was  often  found 
necessary  to  go  to  a  depth  of  18  in. 
to  24  in.  The  lower  portion  of  the 
patch  was  constructed  of  macadam  in 
4-in.  layers,  compacted  by  a  roller,  if 
the  patch  was  large  enough  to  permit 
a  roller  to  work,  otherwise  being 
hand-tamped.    In  the  case  of  some  of 


the  larger  patches,  the  upper  layer 
of  this  macadam  base  was  water- 
bound,  but  in  most  instances  it  was 
merely  dry-filled  with  screenings. 
The  surface  course  of  bituminous  ma- 
cadam was  then  placed  to  such  height 
that  it  rolled  down  flush  with  the 
finished  grade  of  the  old  pavement.- 
None  of  these  patches  have  ever 
failed  under  traffic,  some  having  been 
in  place  for  three  years,  being  given 
surface  treatment  maintenance. 

This  work  is  rather  expensive,  cost- 
ing from  $5  to  $7  per  square  yard,  but 
the  conditions  were  abnormal  and  any 
type  of  replacement  would  have  been 
very  costly.  Had  it  been  possible 
to  have  closed  the  roads  to  traffic,  a 
saving  of  at  least  25  per  cent  would 
have  been  effected.  It  is  thought  that 
these  roads  may,  ultimately,  be  re- 
built with  a  heavy  macadam  base  and 
a  high-type  surface,  in  which  event 
many  of  the  large  patches  will  have 
a  salvage  value.  In  fact,  4^  miles 
of  one  section  have  been  reconstruct- 
ed using  a  3-course  water-bound  ma- 
cadam, 12  to  15  in.  thick,  which  is  at 
present  carrying  traffic  on  a  surface 
treatment.  The  idea  in  this  case  is 
to  let  the  macadam  season  under 
traffic  for  a  time  before  placing  a 
high-type   surface. 

Maintaining  Asphaltic  Surfaces. — 
The  maintenance  of  asphaltic  con- 
crete or  sheet  asphalt  surfaces  in  lo- 
cations where  an  asphalt  plant  is  not 
accessible  is  often  carried  on  by  the 
use  of  small  portable  plants  where- 
in the  asphalt  and  aggregate  are  heat- 
ed in  separate  compartments  and  the 
mixing  is  done  by  hand.  A  gang  of 
four  men  using  one  of  these  plants 
can  mix  and  lay  from  30  to  60  sq.  yd. 
of  surface  daily.  A  roller  is  not  re- 
quired on  these  small  patches  as  they 
may  be  compressed  by  hand  tamping 
with  hot  irons. 

In  relieving  ruts  and  depressions 
in  an  old  asphaltic  pavement  by  the 
addition  of  fresh  mixture,  the  new 
material  may  be  bonded  to  the  old  by 
first  softening  the  latter  with  a  sur- 
face heater.  The  heat  is  applied  by 
oil-burners  and  confined  to  the  pave- 
ment by  a  hood.  Care  must.be  tak- 
en to  avoid  burning  the  old  material, 
although  no  flame  comes  in  contact 
with    it. 

Old  material  taken  from  an  asphal- 
tic pavement  may  sometimes  be  re- 
heated and  used  again.  This  plan 
is  used  a  great  deal  in  the  winter 
maintenance    of   asphaltic    streets    in 
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the  city  of  Cincinnati.  The  old  pave- 
ment is  broken  into  pieces  about  2*/2 
in.  in  size  and  placed  in  four-wheeled 
kettles  of  100  gal.  capacity.  About 
4  or  5  gal  of  water  are  added,  the 
kettle  is  covered  and  the  mixture  al- 
lowed to  steam  for  about  one-half 
hour.The  material  is  then  turned  over 
with  heavy  bars,  and  spaded.  Al- 
lowing time  to  steam,  the  mixture  is 
turned  and  spaded  several  times  until 
the  water  is  all  evaporated  and  the 
temperature  raised  to  about  325°. 
The  kettles  are  then  hauled  to  the 
streets  and  the  mixture  tamped  into 
the  holes. 

Specifications  for  Tars  and  Asphalt. 
— Specifications  used  for  tars  for 
surface  treatment  were  those  pub- 
lished by  the  American  Society  for 
Testing  Materials  in  their  tentative 
standards  of  1921.  These  embrace 
four  different  specifications  covering 
high  and  low  carbon  tars  for  both  hot 
and  cold  application.  Practice  in 
this  country  has  not  established  any 
decided  preference  for  either  high  or 
low  carbon  tars.  In  England,  the  re- 
fining of  tars  for  road  work  dates 
back  to  1834,  and  at  a  recent  confer- 
ence of  engineers  in  that  country, 
high  carbon  tars  were  much  favored 
on  the  grounds  that  the  presence  of 
approximately  25  per  cent  of  free  car- 
bon rendered  the  lar  more  viscous  and 
less  susceptible  to  temperature 
changes.  On  the  other  hand  there  is 
good  reason  to  believe  that  carbon, 
being  an  inert  material,  simply  di- 
lutes the  tar  and  reduces  its  cement 
value.  The  fact  remains  that  good 
results  have  been  obtained  in  this 
state  with  both  high  and  low  carbon 
tars. 

Cold  application  tars  are  generally 
preferred  for  surface  treatment  work 
in  Michigan,  but  the  practice  of  heat- 
ing these  slightly  to  facilitate  appli- 
cation, is  becoming  more  common,  es- 
pecially if  a  very  light  treatment  is 
desired. 

Specifications  used  for  surface 
treatment  asphalts  were  those  pub- 
lished by  the  U.  S.  Bureau  of  Public 
Roads  in  their  Bulletin  G91,  under 
designation  of  OH-1  and  OC-2.  These 
provide  materials  for  both  hot  and 
cold  application.  Our  general  ob- 
servation has  been  that  better  results 
may  be  obtained  with  the  cold  appli- 
cation asphalts  by  heating  them 
slightly.  The  tendency  with  the  hot 
application  materials,  unless  careful- 
ly handled,  is  to  produce  a  heavy  mat 
which  will  push  under  traffic.     If  laid 


on  new  work,  they  should  be  preceded 
by  a  priming  coat  of  lighter  material. 
Standard  specifications  of  the  Mich- 
igan State  Highway  Department  cov- 
ered materials  for  bituminous  maca- 
dam. Companies  were  asked  to  bid 
on  their  own  specifications  for  cold- 
patch  and  joint-filler,  but  lack  of  un- 
iformity in  these  materials  has  led 
to  the  adoption  of  standard  specifica- 
tions for  both  tars  and  asphalts  for 
1923. 


State    Highway    Maintenance   in 
Maine 

Maintenance  work  in  Maine  dur- 
ing 1921  was  performed  generally  by 
patrol  maintenance.  Four  hundred 
and  eighty-two  patrolmen  were  em- 
ployed in  caring  for  4,306.37  miles  of 
road  in  479  towns.  Of  this  mileage 
738.83  was  improved  state  highway, 
1,057.16  miles  was  improved  state  aid 
highway  and  the  balance  or  2,510.38 
miles  was  unimproved  road.  There 
was  also  maintained  by  special  ar- 
rangement with  the  towns  147.02 
miles  of  improved  state  aid  road. 

According  to  the  1921-22  report  of 
the  Maine  State  Highway  Commis- 
sion a  total  expenditure  for  labor  and 
material  of  $817,507  was  made  on  this 
work,  including  $18,020  furnished  by 
the  state  for  road  machine  work.  The 
state  also  furnished  supervision  and 
inspection  for  the  work  amounting  to 
$37,978,  making  the  total  gross  ex- 
penditure chargeable  to  maintenance 
of  $865,621.  Of  this  amount  the  state 
furnished  $620,731  and  the  cities  and 
towns  furnished  $244,890. 

On  the  738.83  miles  of  improved 
state  highway  under  patrol  the  ex- 
penditure for  labor  and  material  and 
supervision  was  $418,446  or  an  aver- 
age expenditure  per  mile  of  $566.36. 
The  expenditure  on  the  3,567.54  miles 
of  other  road  under  patrol  was  for 
labor,  material  and  supervision  $437,- 
039  or  an  average  expenditure  per 
mile  of  $122.50. 


Sand  Distributor  for  Gravel  Road 
Maintenance. — The  Idaho  Department 
of  Public  Works  has  designed  a  sand 
distributor  for  gravel  maintenance. 
The  sand  distributor  is  an  attachment 
for  the  standard  gravel  dump  body 
truck.  It  consists  of  a  roller,  covered 
spirally  with  heavy  rubber  belting 
which  is  driven  by  means  of  a  sliding 
gear  from  the  rear  end  of  the  truck 
transmission  and  operated  by  means 
of  a  lever  from  the  driver's  seat. 
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Recent   Developments   in   Concrete    Pavement 

Maintenance 

New  Methods  Used  by  Wayne  County,  Michigan,  Described  in  Paper 

Presented  Feb.  14  at  9th  Annual   Michigan  Conference  on 

Highway    Engineering   at   University   of    Michigan 

By   LEROY   C.   SMITH, 

Engineer-Manager,   Board  of  County  Road  Commissioners,  Wayne  County,  Michigan. 

Concrete    pavement,    the    same    as      16    and    18-ft.    concrete    roads,    all   of 
any   other  roads   or   structures,   need      them   being   not  more   than   6   in.    in 

maintenance.  The  better  the  road  is  ^^nefss  ffi  Thf%  road?  "e  +no  Vn™ 
..,*.-,  .  A  .  rying  traffic  of  from  5,000  to  10,000 
built  the  less  maintenance  charge  vehicles  per  day.  Such  roads  as  this 
there  will  be  against  it.  Roads  built  attract  attention  owing  to  the  exces- 
10  years  ago  with  a  maximum  thick-  sive  cost  of  maintenance  while  in 
ness  of  6  in. — before  better  practice  reality  they  are  not  a  fair  criterion  of 
had  been  established  in  the  methods  the  proper  cost  of  maintenance  of 
of  constructing  concrete  pavements  concrete  pavement.  We  are  prone  to 
—are  the  ones  that  are  today  requir-  forget  the  thousands  of  miles  of  con- 
ing the  greatest  expenditures  for  crete  pavement  which  have  been  laid 
maintenance.  In  the  early  develop-  during  the  past  10  years  in  sections 
ment  of  the  concrete  road  insufficient  where  the  industrial  and  traffic  de- 
allowance  was  made  for  the  probable  velopment  has  not  been  so  great  and 
increase  in  traffic  in  our  industrial  where  the  road  has  proven  adequate 
districts,  and  the  optimism  of  the  pub-  not  only  in  thickness,  but  in  width, 
lie  official  and  engineer  was  too  great  and  has  given  excellent  service, 
as  to  the  sustaining  strength  of  a  con-  Features  of  Maintenance  Not  In- 
crete  slab  with  a  6-in.  maximum  eluded. — In  order  to  reduce  this  pa- 
thickness,  per  to   the  exact  subject  outlined   in 

Three-quarters   of   the   maintenance  the   title,   we  will   exclude   discussion 

activities    on    concrete    pavements    in  of  the  many  items  of  maintenance  ap- 

any  community  are  directly  attributa-  plicable    to    all    types    of    road.      The 

ble  to  the  above  causes.  Maintenance  items  I  refer  to  are:   Shoulders,  many 

costs   are   also   directly  in  proportion  of  which  must  be  macadamized  tem- 

to    the    intensity    of   traffic     and     the  porarily,  the  best  results  being  with 

weight  of  loads,  and  the  roads  which  penetration  macadam;    ditches,  which 

require  the  greatest  amount  of  main-  have  to  be  maintained  upon  any  road; 

tenance  are  those  which  have  become  guardrail;    culverts;     cutting    weeds; 

inadequate     both     in     thickness     and  erecting  and  maintaining  signs;   snow 

width.  removal;    and    roadside   development, 

Maintenance  Costs  in  Wayne  Coun-  which    in   my    opinion   is   one   of   the 
ty. — Table   I   covers   the  maintenance  coming  features  in  the  cost  of  main- 
costs    for    1922     of     cement-concrete  tenance  of  any  road  system, 
pavements   in   Wayne   County,    Michi-  By    eliminating    the    above,    we    re- 
gan.  duce    the    discussion    to    the    mainte- 

Thoroughfares      upon      which      we  nance     of     the     concrete     pavement 

should  have  60-ft.  pavements,  lowered  proper.     This  involves  the  tarring  or 

to    city    grades,    with    underdrainage,  asphalting   of  cracks   and  joints,   and 

are   still   being   maintained   by  us   as  concrete   patching  where   a   consider- 

TABLE   I.— MAINTENANCE   COSTS    FOR    1922    OF    CEMENT-CONCRETE    PAVE- 
MENTS   FOR   VARIOUS    ROADS    IN  WAYNE  COUNTY,  MICHIGAN. 

Age  aver-  Cost  of         Cost        Average  Cost  per 

Length,     age  of         Cost  of      concrete        per  traffic      vehicle 

Name  of  Road.  miles,     sections,     tarring,      patching,      mile.         per  day.      mile. 

Huron   River   Drive    ...   25.5  8  $    759  $1,016  $  69  414         $0.00084 

Warren  Avenue    22.0  3  2,261  1,413  167  1,398  0.00060 

Seven  Mile  Road   31.1  7  3,586  9,523  422  1,482  0.00140 

Mack   Avenue    7.5  6  284  673  127  2,040  0.00031 

River    Road    12.5  11  3,860  2,707  525  3,930  0.00067 

Michigan    Avenue    20.7  11  5,779  4,760  509  4,812  0.00052 

Gratiot   Avenue    4.3  7  1,136  849  462  5,200  0.00044 

Notes. — These  figures  are  based  on  a  14-hour  traffic  count  per  day.  Calculations 
are  based  upon  a  200-day  year.  Cost  per  mile  does  not  include  maintenance  of 
shoulders,    ditches,    guard   rails    and   culverts. 
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able  area  of  the  pavement  is  broken 
down. 

In  the  maintenance  of  concrete 
roads  the  old  adage,  "A  stitch  in  time 
saves  nine,"  is  applicable,  and,  as 
usual,  too  many  of  us  are  making 
speeches  about  the  importance  of 
continuous,  adequate  and  prompt 
maintenance,  and  after  making  the 
statements  we  return  home  and  neg- 
lect the  maintenance,  sometimes  by 
reason  of  the  lack  of  funds  to  carry 
out  the  program  or  through  poor  or- 
ganization or  dilatory  methods  in 
caring  for  the  work. 

How  Breaks  Can  Be  Prevented. — It 
is  my  opinion  that  a  great  number  of 
serious  breaks  in  concrete  pavements 
can  be  prevented  by  a  thin  applica- 
tion of  tar  and  sand  or,  if  the  depres- 
sion or  abrasion  is  %  in.  deep,  by 
the  use  of  small  granite  chips,  to 
mend  the  surface  before  heavy  trucks 
have  an  opportunity  to  jar  over  the 
uneven  places  and  by  their  impact 
shatter  additional  sections  of  con- 
crete. The  Bates  road  tests  impress 
this  point  upon  our  minds:  that 
where  a  slight  break  appears  at  a 
corner  near  the  edges  of  a  pavement, 
the  failure  of  the  pavement  is  rapid 
and  progressive  from  that  point. 

Repairing  Cracks  and  Joints. — 
Three  or  four  times  a  year  it  is  nec- 
essary and  desirable  to  distribute  and 
apply  small  quantities  of  tar  or  as- 
phalt in  the  cracks,  joints  and  small 
abrasions  in  the  surface  of  the  pave- 
ment. The  usual  and  old  method  of 
doing  this  work  was  to  send  out  a 
few  barrels  of  the  bituminous  mate- 
rials and  distribute  it  along  the  line 
of  road  in  approximately  the  proper 
amounts  to  take  care  of  the  applica- 
tion which  is  expected  to  follow  at 
an  early  date.  Then  what  is  known 
as  a  "tar  gang,"  consisting  of  about 
half  a  dozen  men,  with  a  2-barrel  tar 
kettle  on  wheels,  come  down  the 
road,  open  up  the  barrels  with  diffi- 
culty, put  the  tar  in  the  kettle,  build 
a  fire  with  the  staves  and  some  of  the 
tar  adhering  to  them  and,  after  an 
hour  or  two,  when  they  get  the  tar  to 
what  the  foreman  considers  the  prop- 
er heat,  apply  the  material  to  the 
cracks  and  joints  where  needed.  This 
method  is  expensive  both  in  labor 
and  material,  involves  the  destruction 
of  4  the  barrels  in  which  the  tar  was 
delivered  and,  worst  of  all,  makes  for 
delay  and  inefficiency  in  labor. 

New  Method  of  Distribution  of  Tar. 
— The  above  conditions  must  be  the 


usual  practice  for  any  communities 
having  but  a  small  amount  of  con- 
crete pavement  to  maintain.  They 
are,  however,  being  corrected  where 
large  mileages  of  concrete  pavement 
must  be  maintained. 

Central  yards  are  being  established 
in  convenient  locations  to  supply  ma- 
terials for  mantaining  100  to  150 
miles  of  concrete  road.  These  yards 
are  situated  adjacent  to  railroad  sid- 
ings, so  that  tar  may  be  purchased 
in  tank-carlots.  From  the  tank-cars 
it  is  pumped,  or  blown  by  air,  into 
elevated  storage  tanks  of  15,000  gal. 
capacity.  These  tanks  are  provided 
with  steam  coils  for  heating  the  tar, 
and  insulated  so  as  to  hold  the  heat. 
Five-ton  motor  trailers  are  provided 
which  will  hold  from  8  to  10  bbl.  The 
trailers  are  provided  with  kerosene 
heaters,  to  keep  the  tar  at  the  proper 
temperature  during  the  entire  day. 

The  work  is  so  organized  that  a 
night  watchman  heats  the  tar,  fills 
the  trailers  and  prepares  the  equip- 
ment for  use  on  the  following  day. 
In  the  morning,  a  tarring  gang  is  able 
to  start  out  from  this  central  yard 
with  a  truckload  of  dry  sand,  granite 
chips  and  a  10-bbl.  trailer  of  hot  tar, 
ready  to  go  to  work.  It  has  been 
found  that  the  equipment  as  outlined 
is  of  about  the  right  capacity  to  sup- 
ply a  tarring  crew  of  six  men  for  a 
day. 

Cone-shaped  distributors  are  more 
economical  of  material  than  the  old- 
fashioned  pouring  pot  with  a  tan- 
shaped  nozzle.  They  are  also  far 
more  easy  to  operate  in  windy 
weather. 

Advantages  and  economics  of  the 
above  methods  of  tar  distribution  are 
apparent.  The  cost  of  the  barrels, 
amounting  to  4  to  5  ct.  per  gallon,  is 
immediately  eliminated.  The  cost  of 
handling  and  filling  are  eliminated 
for  the  producer  of  the  bituminous 
material.  This  of  course  is  reflected 
in  the  price  paid  for  the  product.  Con- 
siderable saving  is  made  in  the  cost 
of  the  distribution  of  the  tar  on  the 
road,  such  as  unloading  from  trucks 
dumping  to  the  side  of  the  road, 
opening  the  barrels,  filling  small  tar 
kettles  and  heating  the  material  by 
inefficient  methods. 

Concrete  Patching. — In  cases  where 
the  concrete  pavement  becomes  shat- 
tered or  is  broken  down  in  an  area 
of  at  least  1  sq.  yd.,  it  is  desirable 
and  imperative  that  it  be  repaired  by 
some  other  method  than  the  applica- 
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tion  of  bituminous  material  and  ag- 
gregate. 

Such  holes  must  be  torn  out  and 
it  is  the  best  practice  to  dispose  of 
the  broken  concrete,  not  using  any 
of  it  in  making  the  patch.  It  is  de- 
sirable to  enlarge  the  hold  in  area 
to  a  point  where  but  few  cracks  radi- 
ate from  or  circle  about  the  hole.  The 
excavation  should  be  made  at  least  1 
in.  below  the  old  concrete,  the 
ragged  edge  should  be  as  nearly  ver- 
tical as  possible,  if  anything,  under- 
cut, so  that  the  patch  will  give  sup- 
port to  the  surrounding  concrete.  No 
bituminuous  treatment  should  be 
given  to  the  edges  of  the  old  con- 
crete. 

The  best  way  of  digging  out  the  old 
pavement  is  by  the  use  of  a  large 
portable  air  compresor,  mounted  on  a 
5-ton  trailer  and  driven  by  a  30-H.  P. 
gasoline  engine.  The  compressor 
should  be  of  a  capacity  sufficient  to 
furnish  125  cu.  ft.  of  air  per  minute. 
This  will  necessitate  a  2-cylinder  8-in. 
x8-in  compressor.  This  equipment  is 
easily  transported  over  any  area  ac- 
cessible to  motor  truck  haul.  A  com- 
pressor of  this  size  will  furnish  air 
for  two  large  concrete  breakers, 
which  have  been  found  very  effec- 
tive in  digging  out  and  loosening  the 
old  concrete.  In  fact,  three  men  so 
equipped  will  accomplish  more  per 
day  in  removing  old  concrete  than 
will  a  gang  of  12  men  using  the  old 
method  of  sledge,  pick,  crowbar  and 
jack. 

A  small  building  mixer  will  mix  as 
much  concrete  per  day  as  the  air  com- 
pressor will  prepare  holes  for.  Trucks 
delivering  the  aggregate  and  cement 
to  convenient  piles  along  the  road 
and  wheelbarrows  feeding  the  mixer 
and  delivering  mixed  material  to  the 
holes  is  the  most  common  and,  I  be- 
lieve, the  most  efficient  method  of 
doing  the  ordinary  concrete  patching 
job.  Where  traffic  is  heavy,  the  es- 
tablishment of  a  small  central  mixing 
plant  is  desirable.  With  this  ar- 
rangement, a  larger  mixer  should  be 
used  and  should  be  fed  with  a  batch 
hopper  or  bin  which  can  proportion 
and  feed  the  mix  by  gravity.  The 
bin  should  be  fed  by  a  small  revolv- 
ing crane  picking  the  material  up 
from  piles  where  it  has  been  pre- 
viously dumped  from  motor  trucks. 
The  mixed  concrete  from  a  central 
mixing  plant  can  be  distributed  to  the 
holes  in  the  pavement  either  by  small 
trucks   can-ying  one   batch     of     con- 


crete, or  by  motor  buggies.  The  set- 
up for  the  central  mixing  plant  should 
be  made  at  frequent  intervals,  say  1 
mile  apart  along  the  line  of  the  road 
to  be  repaired.  The  great  advantage 
of  a  central  plant  is  that  it  does  not 
clutter  up  the  highway  with  material, 
cement  and  equipment,  such  as  is 
necessary  when  the  mixing  is  done 
with  a  portable  mixer. 

In  order  to  facilitate  traffic  is  is 
desirable  to  tear  out  and  repair  only 
one  side  of  the  road  at  a  time,  leav- 
ing the  other  side  and  shoulder  free 
for  passing  vehicles.  Where  the  hole 
in  the  pavement  is  at  the  edge,  forms, 
consisting  of  2x8's  firmly  staked  or 
steel  road  forms,  should  be  used,  the 
patches  should  be  struck  off  with  a 
strike-board  and  should  be  belted — 
in  fact  all  the  first-class  methods 
used  in  the  construction  of  a  new 
road  in  the  way  of  workmanship 
should  apply  to  making  patches. 
One  of  the  most  important  things  is 
to  build  the  patch  so  there  will  be  no 
uneveness  in  joining  the  old  concrete 
with  the  new. 

Use  of  Hardeners. — The  use  of 
hardeners  such  as  calcium  chloride, 
Cal  and  hydrated  lime  is  recommend- 
ed in  all  concrete  used  for  patching. 
Experience  indicates  that  about  5  per 
cent  by  weight  is  the  right  proportion. 
It  is  admitted  that  the  resulting  con- 
crete may  not  ultimately  be  so  strong 
with  the  use  of  hardener  as  without 
it,  but  it  takes  a  permanent  set  so 
that  it  is  safe  to  open  the  patch  to  t 
travel  within  a  week,  instead  of  hold- 
ing it  closed  the  usual  length  of  time. 
This  is  of  so  much  greater  impor- 
tance than  any  other  consideration 
that  it  makes  the  use  of  hardeners 
imperative. 

New  Joint  Filler. — A  new  joint  fill- 
er is  now  coming  into  the  market 
which  may  be  of  great  benefit  in  the 
repair  of  joints  and  cracks.  It  is  the 
color  of  Portland  cement  and  will 
thus  eliminate  one  of  the  objections 
to  the  concrete  pavement,  namely, 
its  irregular  cracks  repaired  with 
black  material.  It  has  a  high  resis- 
tance to  abrasion,  is  waterproof  and 
does  not  disintegrate  in  hot  weather. 
It  is  a  composition  of  resin,  and  gutta- 
percha and  if  it  works  out  as  satis- 
factorily in  practice  as  it  has  in  re- 
cent experiments  by  the  U.  S.  Bu- 
reau of  Public  Roads,  it  may  revolu- 
tionize our  method  of  handling  small 
repairs. 
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Bulletin     Board     for     Recording 
Movements  of  Locating  Parties 

A  progress  chart  devised  by  O.  B. 
Bestor,  Chief  Locating  Engineer  of 
the  North  Carolina  State  Highway 
Commission  for  use  in  his  department 
is  shown  below.  This  chart,  states 
The  Highway  Magazine,  pro- 
vides a  flexible  method  of 
keeping  an  up-to-date  record 
for  ready  reference  of  the 
movement  of  parties  or  in- 
dividuals from  project  to 
project;  change  of  address 
and  change  of  supervising 
locating  engineer;  the  inter- 
change of  motor  cars  and 
equipment  between  parties 
and  the  transfer  of  employes 
from  one  party  to  another. 

Besides  the  information 
given  on  the  front  of  the 
tags,  there  is  also  shown  on 
the  reverse  side,  the  salaries 
of  the  employes.  The  tags 
are  reversed  when  an  em- 
ploye is  on  vacation.  A 
glance  at  the  diagram  indi- 
cates which  parties  are  short- 
handed,  whether  this  condi- 
tion is  temporary  or  whether 
a  vacancy  needs  to  be  filled. 

If  a  man  is  transferred 
from  one  party  to  another, 
or  if  he  is  promoted  from  one 
position  to  another,  it  is  only 
necessary  to  hang  the  tag 
bearing  his  name  on  the 
proper  hook.  If  a  motor 
truck  is  brought  in  for  re- 
pairs and  later  assigned  to 
another  party,  that  tag  is 
transferred  in  the  same  man- 
ner. .  If  an  entire  party  is  transferred 
from  the  supervision  of  one  locating 
engineer  to  that  of  another  it  is  only 
necessary  to  change  the  tag  bearing 
the  engineer's  name,  rather  than  the 
tags  comprising  the  names  of  the 
entire  party. 


For  example,  the  highway  depart- 
ment of  Rhode  Island  took  a  traffic 
census  for  one  week  during  July  and 
compared  with  the  Nevada  census 
over  certain  highways  taken  during 
August  and  September,  we  find  the 
following: 
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A  Comparison  of  Highway  Traffic 
in  Rhode  Island  and  Nevada. 

Editorial    in    the   Nov.    11   Nevada   High- 
way News,   a  Publication  of  the  Ne- 
vada State  Highway  Department. 
That   the   general    impression    that 
the  volume  of  traffic  on  none  of  our 
highways  would  compare  with  that  of 
the    thickly-settled    eastern    states    is 
somewhat  erroneous  is  indicated  by  a 
comparison  between  the  traffic  census 
on  various  of  our  roads  and  some  of 
the  highways  of  the  eastern  states. 


A  Small  Section  of  the  Chart  Used  by  the 

Locating     Department     of    the     North 

Carolina  State  Highway  Commission. 


RHODE  ISLAND. 

Daily 

Name  of  Road.  average. 

Putnam  Pike   1,220 

Mendon   Road    2,397 

Cumberland  Post  Road 4.008 

Warwich  Post  Road  827 

NEVADA.  Daily 

Name  of  Road.  average. 

Reno-Carson  City 1,270 

Minden-Gardnerville     750 

Reno-Sparks    1,626 

Yerington-Wilson     384 

Bear  in  mind,  of  course,  that  the 
Rhode  Island  census  was  taken  in  a 
different  month  when  traffic  was 
doubtless  heavier  than  later  in  the 
fall.  These  figures  will  impress  upon 
all  of  us  that  increasing  highway 
traffic  is  not  confined  to  any  favored 
locality  but  is  a  growing  national  vol- 
ume calling  for  continuous  highway 
improvement  in  all  states  at  the  max- 
imum  rate  of  progress.     In  our  own 
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Winter  Road  Work 

Paper     Presented     Jan.     17     at     13th 
American  Good  Roads  Congress 

By  JOHN  H.  MULLEN, 

Chief   Engineer,    State   Highway   Depart- 
ment of  Minnesota. 

Attention  of  road  officials  may  be 
directed  to  the  problem  of  extending 
their  work  over  the  winter  months, 
for  road  work  is  generally  conducted 
as  a  seasonal  activity  and  there  is  a 
period  in  the  winter  during  which 
construction  organizations  and  equip- 
ment are  idle  and  for  this  period  of 
idleness  there  is  a  loss,  not  only  in 
progress  of  work,  but  also  in  the  effi- 
ciency of  the  working  forces,  as  well 
as  in  the  cost  of  overhead  and  invest- 
ment on  equipment,  which  must  be 
compensated  for  in  the  cost  of  work 
done  during  the  summer  months. 
Highway  Construction  a  Business. 
Road  building  has  become  a  busi- 
ness, engaging  the  attention  of  busi- 
ness men,  and  we  would  not  delude 
ourselves  with  the  idea  that  we  are 
not  paying  for  the  time  of  the  con- 
tractor and  his  principal  assistants 
while  idle,  nor  for  the  interest  on  his 
investment  in  equipment  when  not 
in  use,  for  the  road  contractor,  like 
other  business  men,  is  applying  cost 
accounting  and  business  methods  to 
his  work,  or  will  have  to  if  he  con- 
tinues, to  operate,  and  the  public  will 
pay  the  bill.  Accordingly,  any  means 
whereby  the  fixed  overhead  and 
equipment  charges  can  be  spread  over 
the  whole  year  instead  of  being  car- 
ried by  a  few  months'  work  will  be 
a  direct  saving  to  the  taxpayer.  This 
is  the  economic,  engineering,  side  of 
the  question. 

Then  there  is  the  other  phase,  quite 
important,  too,  of  providing  winter 
employment  for  a  part  of  the  large 
army  of  men  engaged  in  road  work 
during  the  summer.  True,  in  some 
parts  of  the  country  there  is  still  the 
opportunity  for  men  and  teams  to  ob- 
tain employment  in  the  winter  on 
such  work  as  logging,  but  this  work 
is  diminishing  and  is  also  becoming 
an  all-year  operation  which  does  not 
offer  the  chance  for  winter  work  to 
men  from  other  lines,  so  that  we  have 
the  further  responsibility  of  taking 
care  of  unemployment,  or  be  faced 
with  the  proposition  of  paying  wages 


sufficient  to  carry  men  through  the 
winter,  for  men  must  live  and  teams 
must  be  fed  in  the  winter  as  well  as 
the  summer. 

Experience  in  Minnesota. — The  na- 
ture of  road  work  makes  the  problem 
rather  difficult,  but  our  experience  in 
Minnesota  is  that  the  situation  can 
be  greatly  improved  by  planning  our 
program  of  work  in  advance.  This 
applies  particularly  to  grading,  for 
every  year  we  have  a  number  of  proj- 
ects on  which  there  is  rock  excava- 
tion, or  heavy  earth  work,  with  deep 
cuts  and  large  enough  quantities  to 
warrant  the  use  of  steam  shovel 
equipment,  which  can  operate  on  that 
work  as  well  in  the  winter  as  in  the 
summer.  We  find  that  if  contracts 
for  this  kind  of  work  are  let  in  the 
fall,  the  contractor  is  thereby  en- 
abled to  make  use  of  steam  shovel 
equipment  to  advantage  during  the 
winter,  and  can  hold  a  nucleus  of  his 
organization  together  through  the 
winter,  and  also  benefit  by  the  lower 
wage  scale  prevailing  at  that  time. 
This  makes  for  a  lower  unit  cost  of 
excavation  and  has  the  further  advan- 
tage of  disposing  of  the  heavy  work 
in  advance  of  the  ordinary  grading 
operation. 

An  example  of  this  kind  of  work  is 
a  job  last  winter,  5.1  miles  in  length, 
involving  172,600  cu.  yd.  of  excava- 
tion of  which  110,167  yd.,  was  rock, 
which  was  done  at  a  price  of  19  ct. 
for  earth,  65  ct.  for  loose  rock,  and 
$1.30  for  solid  rock.  Winter  work 
cannot  be  credited  entirely  with  these 
low  figures,  for  the  work  was  heavy, 
averaging  nearly  34,000  cu.  yd.  per 
mile,  and  the  rock  was  a  soft  lime- 
stone, but  attention  is  called  to  this 
job  as  being  especially  suitable  for 
winter   work. 

Another  project  is  a  40-mile  piece 
of  grading  on  new  location  now  being 
done  on  which  the  estimated  quanti- 
ties are  418,000  cu.  yd.  of  earth  and 
130,000  cu.  yd.  of  solid  rock,  which 
was  let  at  a  price  of  45  ct.  for  earth 
and  from  95  ct.  to  $1.60  per  yard  for 
rock.  This  is  in  a  timbered  country, 
rather  inaccessible,  and  the  prices  oh 
this  work  are  low  when  it  is  consid- 
ered that  there  is  no  loose  rock  clas- 
sification and  the  solid  rock  is  a  tough 
granite  or  trap  rock.  The  variation 
in  rock  prices  on  this  job  is  due  to 
the  fact  that  some  of  the  rock  excava- 
tion is  along  the  bluffs  on  the  shore 
of  Lake  Superior,  which  allows  for 
side  casting  without  any  haul,  and  is 
being   done  at   a   price   of   95   ct.   per 
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yd.  while  the  rock  work  involving 
haul  costs  $1.60.  Letting  this  work 
in  the  fall  also  allowed  for  all  of  the 
\  clearing  of  the  line,  about  316  acres, 
to  be  done  in  the  early  winter.  On 
the  whole,  we  believe  that  such  con- 
ditions as  existed  on  the  two  projects 
referred  to  and  which  prevail  in  a 
measure  on  a  good  percentage  of  our 
work,  can  be  handled  in  the  winter, 
or  as  combined  winter  and  summer 
projects,  to  the  advantage  of  all  con- 
cerned. 

Hauling  Gravel  in  Winter. — In  the 
northern  states  most  of  the  roads  are 
being  improved  by  gravel  surfacing. 
Taking  again,  as  an  example,  the 
state  of  Minnesota,  we  find  that  in 
the  past  two  years  there  were  1,675 
miles  of  this  kind  of  work  done  by 
the  state  alone,  with  an  average  of 
1,500  cu.  yd.  of  gravel  per  mile,  or  a 
total  of  about  2,215,500  cu.  yd.  of 
gravel  hauled.  In  addition  to  this 
there  was  1,750,000  yd.  hauled  by  the 
counties  on  secondary  roads.  Of 
course,  a  portion  of  this  had  to  be 
done  in  the  summer  on  account  of 
wet  pits  and  the  necessity  for  ship- 
ping in  cars,  but  we  have  found  that 
a  great  deal  of  this  material  could  be 
hauled  most  economically  in  the  win- 
ter, especially  when  long  hauls  were 
involved.  This  is  due  in  part  to  the 
lower  labor  rates,  but  is  principally 
due  to  the  fact  that  when  the  roads 
are  frozen  smooth,  and  we  make  it 
our  business  to  see  that  they  go  into 
the  winter  in  that  condition,  the 
trucks  or  wagons,  as  the  case  may 
be,  have  the  benefit  of  a  surface  to 
haul  over  that  is  as  good  as  a  concrete 
road,  which  permits  of  a  maximum 
loading  and  consequently  a  lower 
unit  hauling  cost. 

As  an  example,  last  winter  one  con- 
tractor with  a  fleet  of  26  trucks  hauled 
28,000  cu.  yd.  of  gravel  an  average  of 
9  miles  in  25  days.  The  contract  price 
for  this  work  was  20  ct.  per  cu.  yd. 
mile,  and  the  average  truck  load  was 
7  cu.  yd.  This  would  have  been  im- 
possible in  the  summer,  not  only  be- 
cause the  contractor  could  not  have 
hauled  so  cheaply  over  earth  and 
gravel  roads  in  the  summer,-  but  be- 
cause we  would  not  allow  such  equip- 
ment to  be  used  on  account  of  the 
damage  or  destruction  of  roads  being 
hauled  over.  Summer  gravel  hauling 
is  restricted  for  this  very  reason  to 
pneumatic  tired  trucks,  which  of 
course,  limits  the  loads  to  about  three 
yards.  In  the  past  winter,  Minnesota 
contracted  for  1,350,000  cu.  yd.  miles 


of  gravel  hauling  by  truck  at  an  av- 
erage cost  of  22  ct.  per  yard  mile. 
This  compared  favorably  with  the 
average  cost  of  27  ct.  per  yard  mile 
for  summer  haul. 

Winter  Graveling. — Winter  gravel- 
ing is  not  by  any  means  confined  to 
truck  hauling.  Perhaps  the  greatest 
benefit  of  this  work  to  unemployed 
has  been  where  the  material  has  been 
hauled  by  teams.  A  striking  exam- 
ple of  this  is  our  experience  last  win- 
ter in  a  section  of  the  state  where 
farming  and  financial  conditions  had 
made  it  very  difficult  for  some  of  the 
people  to  get  through  the  winter.  It 
so  happened  in. that  territory  that  a 
large  mileage  of  grade  was  ready  for 
surfacing  and  dry  pits  were  available. 
Accordingly  all  the  men  and  teams 
that  could  be  used  to  advantage  were 
put  to  work  as  an  emergency  meas- 
ure and  in  all  about  500,000  cu.  yd. 
miles  of  gravel  was  hauled  at  an  av- 
erage cost  of  20  ct.  per  yard  mile. 
This  cost  is  low  for  team  haul  but 
the  team  owners  were  anxious  to 
have  the  work  and  were  willing  to 
work  long  hours  to  obtain  the  money 
so  made  available,  in  fact  while  the 
engineers  were  able  to  place  340  tons 
on  this  work  there  was  probably 
about  one-third  as  many  more  who 
would  like  to  have  had  the  same  op- 
portunity. 

It  is  needless  to  say  that  this  op- 
eration was  of  financial  advantage  to 
the  state  as  well  as  a  means  of  tak- 
ing care  of  a  serious  unemployment 
situation.  Gravel  hauled  in  the  win- 
ter is  generally  deposited  in  continu- 
ous "windrows"  on  the  grade,  and  is 
bladed  to  the  proper  section  and  com- 
pacted under  traffic  the  following 
spring.  While  there  is  sometimes 
considerable  loss  of  winter  gravel  due 
to  muddy  sub-grade  conditions  in  the 
spring  this  is  more  than  overcome  by 
the  lower  cost  of  the  winter  work  and 
by  the  advantage  of  having  the  sur- 
facing deposited  and  in  good  condi- 
tion before  the  road  would  otherwise 
be  ready  to  carry  any  traffic.  -Even 
without  those  advantages,  it  is ,  good 
business  to  haul  this  heavy  tonnage 
in  the  winter  in  order  to  avoid  the 
damage  to  earth  and  gravel  roads 
over  which  the  material  must  be 
hauled,  and  which  are  badly  cut  up 
by  such  hauling  in  warm  weather. 

Winter  Operation  of  Rock  Crush- 
ing Plants. — At  first  thought  it  does 
not  appear  that  much  advantage  is  to 
be  gained  by  winter  work  in  connec- 
tion  with   paving   operations,   but   in 
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this  field  there  is  an  opportunity  to 
not  only  cut  the  cost  of  paving  work 
but  also  to  save  many  of  the  delays 
encountered  in  the  summer  due  to 
shortage  of  material  and  congested 
shipping  conditions.  This  can  be 
taken  care  of  if  the  highway  depart- 
ments contract  their  paving  in  the 
fall  of  the  preceding  year  and  provide 
for  partial  payment  to  contractors  for 
materials  produced  and  stock-piled. 
It  is  not  reasonable  to  expect  a  con- 
tractor to  purchase  and  stock-pile 
material  during  winter  months  unless 
provision  is  made  to  pay  him  monthly 
for  doing  that  work,  but  if  this  is 
done  there  is  an  incentive  for  him  to 
purchase  and  store  his  materials  dur- 
ing the  slack  period,  thereby  furnish- 
ing winter  employment  to  a  part  of 
the  regular  force,  and  what  is  more 
important,  shipments  may  be  made 
while  cars  are  available  and  conse- 
quently the  usual  delays  for  lack  of 
cars  and  aggregates  can  be  avoided, 
and  the  materials  may  be  bought  at 
lower  price. 

The  writer  took  this  matter  up  with 
a  number  of  operators  of  rock  crush- 
ing plants,  all  of  whom  agree  that  if 
road  contracts  are  let  sufficiently  in 
advance  to  allow  for  the  continuous 
operation  of  crushers  during  winter 
months  that  the  reduction  in  cost  of 
producing  rock  would  amount  to 
from  12  to  20  per  cent  below  the  cost 
when  quarries  are  only  operated  dur- 
ing warm  weather.  The  items  mak- 
ing this  possible  are,  briefly,  that  an 
increased  tonnage  for  the  year  de- 
creases the  interest  and  overhead 
charge  per  ton  of  output,  as  well  as 
decreasing  the  depreciation  and  other 
fixed"  charges  which  are  not  depend- 
ent entirely  upon  plant  operation. 
The  labor  turn  over  is  less,  for  the 
same  men  may  be  employed  through- 
out the  year  and  the  operator  is  also 
given  the  advantage  of  skill  acquired" 
by  men  continually  employed  in  the 
same  kind  of  work. 

There  are,  of  course,  disadvantages 
to  winter  rock  producing  such  as  the 
difficulty  of  proper  lubrication,  the 
breakage  of  castings,  and  added  cost 
of  protecting  pipe  lines,  but  in  esti- 
mating the  above  stated  decreased 
cost  these  things  were  taken  into  ac- 
count. There  are  many  other  items 
of  construction  which  can  be  well 
taken  care  of  in  the  winter,  such  as 
the  distribution  and  laying  of  track 
and  pipe  lines,  the  erection  of  cen- 
tral proportioning  and  loading  plants, 
preparation    of    equipment,   etc. 


Trend  of  Design  of  Concrete 
Roads 


Abstract    of    a    Paper*    Presented    at 

the    Recent    Convention    of    the 

American  Concrete  Institute, 

Cincinnati,  January,  1923 

By  H.  ELTINGE  BREED 

Consulting  Engineer,  New  York  City. 

Underlying  the  whole  trend  of  de- 
sign is  the  effort  to  oust  the  trial  and 
error  method  by  establishing  scien- 
tific procedure  based  upon  ascertained 
facts. 

1.  Fundamental  to  design  of  a 
road  is  consideration  of  the  load  it 
must  carry.  Theoretically  and  prac- 
tically street  regulation  of  loading  is 
essential  in  order  that  we  may  know 
for  what  we  are  designing.  Tests 
made  at  the  University  of  Maryland, 
Purdue  University  and  by  the  Illinois 
Division  of  Highways  give  us  a 
scientific  basis  for  procedure  by  prov- 
ing beyond  reasonable  doubt  that 
concrete  pavements  will  last  indefi- 
nitely under  repeated  loads  not  ex- 
ceeding half  the  modulus  of  the  rup- 
ture of  the  concrete. 

2.  A  second  step  toward  the  scien- 
tific design  of  pavements  is  the  plan 
newly  adopted  in  Illinois  and  for- 
merly tried  in  Arizona  and  Califor- 
nia. It  marks  the  change,  based  on 
tests  and  mathematical  analysis, 
from  the  slab  thicker  in  the  middle 
and  thinner  at  the  edges  to  one  thick- 
er at  the  edges  and  thinner  in  the 
middle. 

3.  With  less  scientific  accuracy  but 
persistent  practical  development  is 
the  use  of  longitudinal  joints  in  con- 
crete slabs  held  together  by  dowels. 

4.  To  these  changes  in  design  I 
would  add  a  fourth  about  which  there 
has  been  less  discussion.  With  no 
scientific  accuracy  at  all,  but  increas- 
ing in  use,  partly  as  a  hope,  and 
partly  from  proof  in  service  is  rein- 
forcement with  steel.  In  order  to 
overcome  the  weakness  from  cracks 
two  methods  have  been  followed: 
one,  increasing  the  thickness  of  the 
slab;  two,  using  steel  reinforcement. 
Both  are  justified  within  certain  lim- 
its by  service  conditions.  Prom  the 
results  reported  on  test  actions  of 
road  increased  thickness  has  unques- 
tionable advantage.  The  use  of  steel 
in  these  experiments  has  not  been  ex- 
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tensive    enough    to    warrant    drawing 
conclusions. 

Use  of  Reinforcing  Metal. — Steel 
has,  however,  been  used  by  practical 
highway  engineers  trying  to  over- 
come that  tendency  to  weakness  in 
the  concrete  which  is  ascribed  to  lack 
of  tensile  strength.  The  amount  used 
has  not  been  based  on  calculated 
stresses  but  has  been  determined  by 
results  gained  from  use  under  serv- 
ice. The  use  of  what  in  the  design 
of  a  building  floor  would  be  reason- 
ably adequate  per  cents  is  precluded 
by  the  relatively  high  cost  of  steel 
in  the  design  of  a  pavement.  Nor 
are  such  large  quantities  justified  in 
the  pavement  as  are  in  the  floor,  for 
failure  in  the  latter  might  result  in 
loss  of  life,  whereas  breaking  of  the 
former  causes  at  worst  increased 
maintenance  or  replacement. 

Reinforcement  of  all  kinds  and  con- 
ditions have  been  tried,  each  highway 
engineer  using  that  style  and  weight 
which  is  most  convincing  to  him 
either  as  indicated  by  test  or  by  serv- 
ice conditions,  such  as  smooth  or 
deformed  bars,  expanded  metal  weld- 
ed or  woven  mesh  fabrics  and  struc- 
tural shapes  or  a  combination  of 
these.  Weights  from  21  lbs.  per  100 
sq.  ft.  to  150  lbs.  per  100  sq.  ft.  with 
a  per  cent  of  this  in  corner  rein- 
forcement; dowels;  across  the  ends; 
along  the  edges  and  along  the  center. 
In  direction  the  main  members  run 
across  the  slab  with  the  secondary 
members  at  right  angles  or  longi- 
tudinally along  the  pavement  or  vice 
versa.  The  ratio  of  main  to  second- 
ary member  may  be  anything  chosen 
in  the  same  manner  as  the  style  and 
weight,  etc.  Why  are  we  so  far  at 
variance?  Because  the  conditions  for 
design  are  indeterminate,  and  because 
in  order  to  design  we  must  have 
something  more  than  a  set  of  var- 
iables between  uncertain  limits  on 
which  to  predicate  such  a  design. 
First,-  we  must  know  the  amount, 
kind  and  method  of  application  of 
loads;  Second,  the  physical  and 
chemical  properties  of  the  materials 
in  combination;  Third,  the  condi- 
tion, permanency,  and  distribution  of 
supports.  The  first  and  second  of 
these  are  easily  determined.  Our  load 
limits,  their  application,  etc.,  have 
been  studied  as  well  as  the  physical 
properties  of  concrete  under  stress 
and  fatigue.  The  third  I  will  dis- 
cuss later.  Experience  shows  that 
cracks  will  come  even  though  rein- 
forced   with    much    larger    quantities 


of  steel  than  are  at  present  used. 
Service  conditions,  however,  show  a 
smaller  number  of  cracks  when  rein- 
forcement is  used,  even  though  un- 
economical when  considered  in  this 
light  alone.  It  is  certainly  useful 
because  we  can  by  the  use  of  steel 
cut  down  the  distance  between  the 
carcks  and  while  the  aggregate  width 
of  cracks  will  not  be  appreciably  re- 
duced the  individual  openings  will 
be  proportionately  smaller,  so  small 
in  fact  as  to  prevent  vertical  move- 
ment between  adjacent  parts  for  the 
broken  faces  are  sufficiently  rough  to 
remain  interlocked.  While  the  theory 
from  which  the  above  statements 
were  evolved  may  be  open  to  ques- 
tion as  are  all  theories  predicated  on 
empirical  formulas  actual  results  un- 
der service  conditions  bear  out  the 
result  of  the  theory.  It  is  certain  that 
after  cracks  are  found  the  metal  is 
beneficial.  Its  initial  investment 
within  limits  is  justified  by  the  sav- 
ing in  maintenance  and  by  increased 
life. 

In  addition  to  these  four  major 
changes,  regulation  of  traffic,  thick- 
ening of  edges,  dividing  longitudin- 
ally, and  strengthening  with  steel, 
there  are  many  minor  ones  not  yet 
sufficiently  developed  to  make  im- 
mediate discussion  of  them  profitable. 

The  Road  Bed  Design. — Appear- 
ances to  the  contrary,  I  think  we  are 
not  satisfied  with  our  road  bed  de- 
sign, and.  that  we  have  not  consid- 
ered it  nearly  enough  in  relation  to 
the  design  of  the  pavement  slab. 
Realization  of  this,  though  it  has  had 
as  yet  no  overt  expression,  is  today 
I  believe  one  of  the  most  imoprtant 
factors  in  the  trend  of  highway  de- 
sign. 

Heretofore,  concrete  roads  in  gen- 
eral have  been  designed  in  four  ways; 
first,  by  copying  a  specification  and 
typical  section  that  was  under  ob- 
servation or  had  had  a  successful 
outcome;  second,  by  modification  of  a 
partially  successful  type  through  cor- 
recting the  weak  points  developed  in 
service;  third,  by  special  design  to 
meet  some  of  the  factors  in  the  im- 
mediate problem;  fourth,  by  a  com- 
bination of  all  three  methods.  In 
none  of  these  methods  as  far  as  I 
know  has  been  serious  attempts  at  es- 
timating accurately  the  total  strength 
of  the  road  as  the  result  of  roadbed 
plus  paving  slab.  Many  tests  are 
demonstrating  the  exact  strength  of 
the  slab,  but  so  far  we  have  no  ac- 
curate gauge  by  which  to  measure  the 
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bearing  power  of  the  subsoil.  We 
have  guessed  at  it,  and  designed  ac- 
cordingly. Many  experiments  are  now 
being  carried  out  to  determine  the* 
supporting  power  of  subsoils  with 
varying  degrees  of  moisture,  but  their 
results  indicate  such  a  wide  range  of 
values  that  we  are  confronted  by  two 
extremes.  Either,  we  shall  pay 
much  more  attention  to  the  road  bed, 
or  we  shall  pay  none  at  all. 

As  far  as  I  can  ascertain  the  in- 
fluence upon  design  of  considering 
the  relation  between  the  road-bed  and 
the  paving  slab  is  likely  to  develop 
in  these  two  opposite  directions. 

In  the  first  case,  before  designing 
a  road  at  all,  the  engineers  will  make 
a  much  more  thorough  study  of  drain- 
age and  subsoil  conditions  and  bear- 
ing power  of  the  subgrade.  Then  we 
will  design,  not  in  terms  of  miles  or 
even  hundreds  if  feel  as  we  do  now, 
but  in  terms  of  slab  units,  proportion- 
ing the  strength  of  each  slab  to  the 
support  it  receives  from  the  founda- 
tion. Thus,  across  a  stretch  of 
swampy  ground  the  slabs  might  be 
designed  9  inches  thick  with  steel 
reinforcement  equal  to  that  of  a 
building  floor  founded  on  supports, 
while  200  ft.  further  on,  up  the  sharp 
ascent  of  a  hill,  the  slabs  may  be 
only  6  in.  thick  with  slight  reinforce- 
ment. The  high  cost  of  the  slabs  on 
unstable  soil  would  be  leveled  down 
by  the  low  cost  of  the  firm  soil  until 
the  average  cost  of  the  road  would 
not  exceed  that  of  the  so-called  "av- 
erage" road  today,  where  slabs  on 
poor  soil  may  go  to  pieces  because 
of  insufficient  bearing  power,  while 
slabs  of  the  same  strength  on  good 
soil  are  over  designed  for  the  de- 
mands upon  them.  Concrete  paving 
slabs,  no  more  than  individuals  can 
follow  a  standardized  pattern.  The 
service  to  the  community  of  both 
slab  and  individual  depends  upon  the 
environment  in  which  it  finds  itself. 
Our  effort  in  this  direction  will  be 
to  find  the  perfect  adjustment  of  the 
slab  to  its  foundation  in  order  to  se- 
cure the  needed  strength.  Here,  then, 
we  are  seeking  the  closest  possible 
relation  between  the  design  of  road- 
bed and  the  design  of  the  paving 
structure. 

Pavement  Designs  of  Professor 
Hooper. — The  second  tendency  is  the 
opposite  extreme  of  this,  ignoring 
completely  the  mean  rut  in  which  we 
have  been  traveling.  It  is  to  leave 
the  road-bed  entirely  out  of  consider- 
ation, and  with  regard   for   economy 


devote  our  energy  to  getting  a  pave- 
ment structure  that  per  se  will  sus- 
tain the  demands  of  traffic  upon  it. 
This  is  the  line  along  which  Profes- 
sor Elmer  Hooper  of  New  York  Uni- 
vesity  has  been  working  and  he  has 
permitted  me  to  present  to  you  here 
some  of  his  results.  I  now  quote  from 
him: 

"The  usual  percentage  of  steel  is 
so  small  that  it  is  readily  acknowl- 
edged by  most  engineers  to  be  of 
little  value  in  load  distribution.  Its 
specified  purpose  is  therefore  limited 
to  temperature  resistance,  bond  be- 
tween adjacent  units  to  prevent  ver- 
tical and  horizontal  separation,  and 
strengthening  of  relatively  weak  local 
areas  such  as  corners  and  unsupport- 
ed edges.  Of  these  only  the  tem- 
perature stresses  seem  determinate 
and  at  first  thought  it  might  appear 
possible  to  make  calculations  to  fix 
the  amount  of  steel  to  keep  intact  a 
predetermined  length  of  slab.  It  is 
unfortunate,  however,  that  when 
stresses  develop  from  temperature 
change  there  is  very  likely  to  exist 
at  the  same  time  severe  stresses  from 
passing  loads  which,  though  not  caus- 
ing any  increase  in  the  resultant  axial 
stress  do  cause  such  a  distribution  of 
it  as  to  overburden  and  rupture  those 
fibers  farthest  removed  from  the 
neutral  axis.  When  the  crack  starts 
it  has  to  continue  because  of  the  re- 
duced area  to  resist.  Calculations  on 
this  basis  are  therefore  of  doubtful 
value.  To  develop  a  pavement  of 
positively  known  qualities  it  is  neces- 
sary to  make  determinate  the  nature 
and  condition  of  supports.  If  and 
when  that  condition  is  established 
there  is  no  logical  reason  why  a  de- 
sign may  not  be  developed,  along  the 
same  lines  as  a  bridge  or  building.  It 
would  not  be  necessary  to  use  such 
low  unit  stresses  for  calculation  of 
a  pavement  unit  since  it  would  not 
involve  serious  danger  to  life  and 
property  in  the  event  of  failure  of  a 
unit.  Use  of  high  unit  stresses  would 
make  possible  this  type  of  construc- 
tion as  the  quantities  would  not  com- 
pare unfavorably  with  those  of  pres- 
ent types.  Economy  would  be  ob- 
tained even  with  a  higher  first  cost, 
due  to  certain  long  life,  due  to  low 
maintenance  on  pavement  proper,  and 
due  to  convenience  from  continuity 
of  service. 

Along  this  line  the  writer  ,  has 
evolved  a  plan  of  design  and  con- 
struction which  has  for  its  purpose 
to  satisfy  the  conditions  just  discus- 
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sed.  The  point  of  most  importance  is 
that  the  pavement  is  made  up  of 
units,  each  supported  at  three  points. 
The  supports  are  solid  and  carried 
below  frost.  Each  support  carries  the 
ends  of  one  or  more  adjacent  units. 
Adjacent  edges  are  designed  to  in- 
terlock to  make  adjoining  slabs 
mutually  supporting.  It  may  be  read- 
ily seen  that  with  this  method  of 
support  a  slight  settlement  of  one  end 
will  cause  no  appreciable  change  in 
design  stresses.  A  tentative  design 
has  been  worked  out  in  detail,  with  the 
idea  of  making  the  construction  sim- 
ple, uniform,  and  in  consequence  not 
too  high  in  first  cost  to  make  it  com- 
pare favorably  with  the  present  types 
and  designs. 

In  the  plan  proposed  the  subgrade 
will  carry  no  load  though  under  ex- 
cessive deflection  there  may  be  con- 
tact. There  will,  therefore,  always 
be  a  sag  or  tendency  to  sag  between 
supports,  due  to  dead  weight  as  well 
as  to  live  load.  The  top  surface  will 
be  always  in  compression  and  there- 
fore not  subject  to  cracking.  The  bot- 
tom will  always  be  in  tension  so  re- 
inforcing metal  would  logically  be 
used  in  sufficient  amount  to  develop 
the  full  compressive  strength  of  the 
concrete.  Since  the  supports  may  be 
considered  as  permanent,  the  mo- 
ments and  shears  for  given  loads  may 
be  calculated,  and  verified  by  expe- 
riment of  necessary,  with  the  assur- 
ance that  service  conditions  will  not 
alter  values.  From  this  data  the  prop- 
er section  of  concrete  as  well  as 
quantity  and  position  of  steel  can  be 
determined. 

The  only  reasons  for  the  pavement 
to  become  inadequate  or  obsolete  are 
undue  reduction  of  thickness  before 
putting  on  a  wearing  surface,  or  in- 
crease in  the  allowable  loading  to  be 
carried.  Beyond  that  there  is  no 
evident  reason  why  the  construction 
should  not  last  indefinitely. 

Other  ways  of  meeting  the  neces- 
sary conditions  of  design  may  be  de- 
veloped and  in  them  the  design  will 
most  certainly  call  for  steel  in  com- 
bination with  concrete,  in  such  a 
manner  that  it  will  conform  to  the 
strict  definition  of  "Reinforced  Con- 
crete." The  essential  factors  for  suc- 
cess in  any  plan  are  workability  and 
reasonable  costs.  Since  unit  cost  of 
steel  is  high  compared  to  concrete  it 
is  necessary  that  there  be  just  enough 
of  the  metal  to  serve  the  desired  pur- 
pose, and  no  more,  in  order  to  ob- 
tain the  reasonable  costs." 


That  is  Professor  Hooper's  contri- 
bution. It  suggests,  I  think,  one  line 
along  which  very  definite  progress 
may  be  made.  In  similar  devices  for 
an  independent  surface  structure  and 
on  the  other  hand  in  the  closer  rela- 
tion between  road-bed  and  pavement 
we  shall,  I  believe,  follow  the  future 
course   of  Highway   Design. 


Method  of  Balancing  Cross-Sec- 
tions in  Blade  Grader  Work 

If  one  side  of  a  road  is  higher  than 
the  other,  the  road  is  said  to  be  un- 
balanced. In  grading  such  a  road,  it 
is  necessary  to  transfer  earth  from 
one  side  to  the  other.  To  do  this  the 
operator  often  makes  extra  rounds 
at  the  point  where  the  road  is  un- 
balanced, but  he  can  balance  the 
cross-section  without  additional 
rounds  if  he  manipulates  the  grader 
properly.    A  method  of  doing  this  is 


Or/gr/no/  surface 
of  grounds. 


{Top  of  spoi/  offer  passage  of  grader 
(Spa//  from  3rd  d/tcfi-cut 
3rd  d/fc/)- 


=^^ 


Fig.    1. — Process    of    Balancing    a    Cross- 
Section. 

The  spoil  from  the  ditch  on  the  low 
side  of  the  road  is  left  near  the  shoulder, 
but  the  spoil  from  the  ditch  on  the  high 
side  of  the  road  is  used  to  fill  the  middle 
of  the  road  and  little  spoil  remains  at 
the  shoulder. 

described  as  follows  by  Prof.  Wilbur 
M.  Wilson  in  a  bulletin  on  "The  Grad- 
ing of  Earth  Roads,"  issued  recently 
by  the  Engineering  Experiment  Sta- 
tion of  the  University  of  Illinois. 

The  heavy  full  lines  of  Pig.  1  repre- 
sent the  cross-section  of  an  unbal- 
anced highway  after  the  third  ditch- 
cut  has  been  made;  the  dotted  lines 
indicate  a  section  of  the  same  road 
after  an  additional  round  for  transfer- 
ring the  earth  toward  the  center  of 
the  road.  On  the  low  side,  the  grader 
has  been  adjusted  so  that  the  blade 
just  scrapes  the  top  of  the  spoil  and 
leaves  most  of  the  loose  earth  from 
the  ditch  on  the  low  shoulder.  On 
the  high  side,  the  grader  is  set  so 
that  practically  all  the  spoil  is  carried 
toward  the  center  and  very  little  is 
left  on  the  high  shoulder.  If  the  same 
operation  is  repeated  in  transferring 
the  soil  toward  the  center  after  the 
fourth  and  fifth  ditch-cuts,  a  consid- 
erable lack  of  balance  can  be  elimi- 
nated without  additional  rounds  of 
the  grader. 
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Tests  of  Wind  Resistance  on 
Motor  Vehicles 

Wind  resistance  tests  on  automo- 
bile and  motor  trucks  have  been  car- 
ried on  at  Manhattan,  Kans.,  during 
the  past  summer  by  the  U.  S.  Bureau 
of  Public  Roads  anu  the  Department 
of  Applied  Mechanics  of  the  Kansas 
State  Agricultural  College,  in  con- 
nection with  committee  on  Highway- 
Economies,  Engineering  Division  and 
National  Research  Council.  Prof.  L. 
E.  Conrad  has  supervision  over  the 
work  and  E.  R.  Dawley  has  it  in  di- 
rect charge.  Some  interesting  particu- 
lars of  the  Manhattan  tests  are  given 
by  Harold  S.  Carter,  in  the  Iowa  En- 
gineer, from  which  the  matter  follow- 
ing is  taken: 

Kansas  provides  splendid  natural 
wind  conditions.  Most  of  the  breezes 
blow  in  nearly  a  straight  line  and  at  a 
comparatively  steady  rate,  which  con- 
ditions are  necesasry  for  the  success 
of  the  tests. 

Testing  Equipment. — The  testing 
apparatus  is  located  on  a  flat,  open 
hill  back  of  the  college  barns.  This 
location  affords  a  clear  path  for  the 
wind  from  all   directions. 

The  equipment  consists  of:  a  17-ft. 
tank  about  4  ft.  deep;  a  16-ft.  float 
about  3  ft.  deep;  a  recording  device 
on  the  float;  a  Tycos  anemometer; 
an  atmospheric  barometer;  a  ther- 
mometer; a  stop-watch;  a  weather 
vane  and  four  stay  ropes. 

The  tank  is  made  of  heavy  metal 
sheeting  and  is  set  with  its  top  even 
with  the  adjoining  ground.  The  float 
is  made  of  the  same  heavy  metal 
sheeting  as  the  tank  and  is  covered 
with  a  2-in.  planking.  The  top  of  the 
float  is  kept  even  with  the  adjoining 
ground  by  adding  or  withdrawing 
water  from  the  tank. 

Recording  Device. — The  recording 
device  was  designed  by  E.  R.  Dawley, 
of  the  bureau  of  public  roads.  It  con- 
sists of  a  recording  lever,  pivoted  at 
one  end  on  the  float  and  carrying  a 
pencil  at  the  other  end,  and  two  arms 
acting  on  knife  edges  attached  to  the 
recording  lever.  One  arm  contains 
a  turn-buckle  and  is  anchored  to  an 
iron  post  outside  of  the  tank.  The 
other  arm  contains  a  small  spring 
balance  and  is  anchored  to  the  float. 
A  revolving  drum  about'  26  ins.  in 
circumference  carries  the  tracing 
cloth  for  the  records,  and  an  old 
graphophone  motor  is  used  to  turn 
the  drum.  The  motor  is  geared  down 
so  that  the  drum  makes  one   revolu- 


tion in  about  6%  minutes.  The  dura- 
tion of  a  run  is  6  minutes. 

The  stay  ropes  are  used  to  prevent 
the  float  from  side  play.  These  ropes 
act  at  right  angles  to  the  direction  of 
the  wind,  which  eliminates  all  force 
components  parallel  to  the  direction 
of  the  wind. 

To  calibrate  the  recording  device 
the  turn-buckle  in  the  arm,  which 
is  anchored  to  the  iron  post,  is  re- 
placed by  a  large  spring  balance. 
Force  is  applied  to  the  float  in  line 
with  the  arm  and  the  knife  edges 
adjusted  to  give  the  desired  move- 
ment of  the  pencil  on  the  recording 
lever  for  respective  movements  or 
values  of  the  small  spring  balance 
in  the  arm  which  is  anchored  to  the 
float.  The  turn-buckle  is  then  re- 
placed and  the  movement  of  the  pen- 
cil is  checked  against  the  determined 
values  for  the  small  spring  balance. 
The  most  convenient  scales  to  use 
are  10,  20  and  30  pounds  per  in. 
movement  of  the  pencil. 

How  the  Tests  Are  Made. — Tests 
directly  in  line  with  the  wind  have 
been  taken,  and  at  a  later  date  tests 
will  be  made  diagonal  to  the  line  of 
the  wind.  Painted  lines  on  the  float 
are  used  to  spot  the  vehicle  to  be 
tested.  The  top  of  the  float  is  ad- 
justed as  explained  under  "the 
float." 

Three  observers  are  required  to 
conduct  a  test;  one  with  the  stop- 
watch, one  at  the  recording  instru- 
ment and  one  at  the  anemometer.  The 
observer  at  the  anemometer  records 
the  data  as  taken. 

Any  variation  in  the  direction  of 
the  wind  observed  by  the  weather 
vane  is  noted,  and  if  the  variation  is 
greater  than  a  few  uegrees  the  parts 
thus  affected  are  discarded.  Between 
25  and  30  runs  constitute  a  test. 

Computation  of  Data. — Computing 
the  data  is  mechanical.  The  steps  in- 
volved are:  divide  the  charts  into  12 
intervals  of  30  seconds  each  (the  30- 
second  interval  has  proven  most  sat- 
isfactory) ;  determine  the  area  of 
each  interval  with  a  planimeter;  find 
the  average  force  per  interval  and  cor- 
rect the  force  to  70  degrees  F.  and  29- 
in.  barometer  pressure;  reduce  the 
anemometer  readings  to  feet  per  sec- 
ond and  miles  per  hour,  find  the  logs 
corresponding  to  the  corrected  wind 
pressures  and  the  miles  per  hour; 
solve  simultaneously  for  the  constant 
and  exponent  of  equation  I  by  the  use 
of  equation  II. 
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F=CV  to  the  power  e.     Equation  I 
F=Log  C— e  Log  V.  Equation  II 

For  a   Dodge   touring   car,   top   up, 
wind  shield  closed,  curtains  off,  facing 
the  wind,  equation  I  is 
F=0.0312  V  to  the  power  2.383 

This  gives  the  theoretical  curve  un- 
der these  conditions  and  lies  directly 
through  the  points  when  plotted.  The 
points  scatter  out  to  such  an  extent 
that  a  curve  drawn  by  the  usual  meth- 
od of  averages  might  vary  consider- 
able from  the  theoretical  curve. 


New   Road   Builder  Truck 

A  motor  truck  developed  especial- 
ly for  use  in  concrete  paving  and  for 
operation  on  subgrades  where  the 
conditions  vary  from  light  to  heavy 
hauling,  with  steep  grades  or  unusual- 
ly heavy  fills,  has  been  brought  out  by 


body   is   supplied,  with  double  acting 
tail  gate  and  spreading  attachment. 


South  Australia  May  Expend  $55,- 
000,000  on  Public  Works.— A  bill  au- 
thorizing the  state  government  to 
borrow  amounts  not  in  excess  of 
$45,000,000  to  carry  out  development 
schemes  has  just  been  passed  by  the 
South  Australian  Parliament,  accord- 
ing to  a  report  to  the  U.  S.  Commerce 
Department  from  Consul  H.  H.  Balch, 
Adelaide.  With  the  sum  of  $7,500,000 
that  remains  to  be  raised  under  the 
1920  Loan  Act,  the  state  now  has  au- 
thority to  borrow  $55,000,000.  Accord- 
ing to  information  furnished  by  the 
state  treasurer,  the  entire  amount  will 
not  be  borrowed  at  one  time,  but  loans 
will  be  floated  as  funds  in  excess  of 
those    available    from    the    ordinary 


Ruggles  Road  Builder. 


the  Ruggles  Motor  Truck  Co.,  Sagi- 
naw, Mich.  The  outstanding  features 
claimed  for  this  truck  are  adequate 
motive  power,  truck  balance,  short 
wheelbase,  short  turning  radius,  pneu- 
matic tires,  and_  special  low  gear 
ratio,  providing  unusually  high  trac- 
tive effect.  The  truck  is  particularly 
designed  for  use  with  a  standard  21-E 
concrete  mixer,  and  equipped  with 
dump  body  to  carry  two  batches  of 
wet  or  dry  aggregate.  The  truck  can 
be  purchased  with  underbody  hydraul- 
ic hoist  and  dump  body  or  automatic 
gravity  and  dump  body.  For  contrac- 
tors who  handle  dry  aggregate  the 
dump  body  is  divided  by  a  center 
swinging  partition  to  handle  2,  4 
or  5  bag  batches.  For  wet  aggregates, 
the  center  swinging  partition  is  re- 
moved. For  contractors  who  handle 
gravel  and  earth,  a  2  cu.  yard  dump 

a 


revenues  of  the  state  are  required.  As 
much  as  possible  will  be  raised  in 
Australia  and  the  balance  will  be 
floated  in  London,  unless  better  terms 
are  offered  elsewhere.  The  proceeds 
of  the  loans  will  be  allocated  to  the 
following  items:  $30,000,000  for  Mur- 
ray river  irrigation  and  home  building 
schemes;  $5,000,000  for  city  and  coun- 
try water  supply;  $3,500,000  for  rail- 
ways; $1,000,000  for  harbor  improve- 
ments, $1,000,000  for  public  buildings; 
$850,000  for  weirs,  locks  and  dams  on 
the  Murray  river;  $500,000  for  drain- 
age; and  $350,000  for  road  construc- 
tion. 


Snow  Removal  in  New  York  City. — 
Up  to  Feb.  8  the  Board  of  Estimate 
of  New  York  City  had  appropriated 
$3,500,000  for  removing  snow  from  the 
streets. 
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A  Discussion  of  the  Problems  in  Highway  Finance  Presented  Oct.  27 

at    the    Second    National    Conference    on    Education    for 

Highway  and  Highway  Transport  Engineering 

By  A.  J.  BROSSEAU. 


One  engaged  in  the  every-day  oc- 
cupation of  selling  transportation 
struggles  with  many  unsolved  prob- 
lems, some  of  which  I  should  like  to 
place  before  the  educator.  Trans- 
portation is,  perhaps,  the  most  vital 
factor  in  the  lives  of  all  of  us.  How 
much  attention  has  it  been  given  in 
the  text-book,  and  in  the  class-room 
work?  How  does  the  educator  define 
transportation?  Does  he  think  of  it 
as  it  was  20  years  ago  when  the 
railroad  was  the  only  carrier,  or  in 
terms  of  the  highly  complex  relation- 
ships of  today  when  we  have  high- 
way, water-way,  electric  and  steam 
rail  lines,  and  very  soon  airways  to 
be  correlated? 

Is  he  dealing  with  it  as  it  will  be 
in  the  future  when  these  agencies 
may  overturn  all  of  our  accepted 
theories  of  economics,  social  life  and 
political  boundaries?  Has  he  taken 
into  account  the  fact  that  highway 
transport  has  already  injected  new 
factors  into  our  economics?  Does  he 
understand  the  relation  between  the 
highway  and  the  vehicle  and  the  im- 
portant service  they  render  to  the 
public?  Does  he  know  that  the  high- 
way and  the  vehicle  together  consti- 
tute a  great  factory  which  produces 
the  commodity  we  call  transporta- 
tion? 

Does  he  realize  the  importance  of 
these  factors  in  the  financial  scheme 
of  things  and  is  he  prepared  to  assist 
in  developing  sound  theories  not 
alone  of  finance  but  of  the  actual 
physical  structure  of  road  and  ve- 
hicle? Does  he  know  that  transporta- 
tion is  today  the  most  important  prob- 
lem confronting  the  nation,  and,  if  we 
are  to  arrive  at  sound  conclusions, 
one  that  requires  the  best  efforts  of 
the  most  efficient  research  men  ob- 
tainable? Has  it  ever  occurred  to 
him  that  the  highways  are  not  built 
for  the  individual  owners,  but  for  the 
public,  and  that  the  privately  owned 
vehicles  operating  over  the  roads  are 
in  reality  mere  agencies  for  the  con- 
venience /ajnd  comfort  of  this  same 
public? 

(17 


Major  Phase  of  Public  Service.— I 
ask  these  questions  because  before 
we  can  approach  the  problems  of 
highway  finance  with  the  enormous 
sums  involved,  it  is  essential  for  us  to 
understand  that  we  are  dealing  with 
a  major  phase  of  public  service. 

If  highway  transport  had  not  be- 
come a  vital  element  in  serving  the 
public,  if  the  public  realizing  its  cost 
did  not  demand  it  because  of  the 
benefits  which  it  brings,  then  the 
educator  would  not  be  justified  in  con- 
sidering this  question. 

The  recognition  which  national, 
state  and  county  governments  have 
given  through  the  large  appropria- 
tions already  made  for  highway  con- 
struction, and  the  ever-widening  use 
of  the  motor  vehicle,  demonstrate 
conclusively  the  public  acceptance  of 
individual  transportation.  Is  not  the 
task  of  the  immediate  future,  then, 
that  of  laying  out  broad  policies 
which  will  make  highway  transport  of 
the  greatest  benefit  to  all? 

Must  Readjust  Policies. — The  first 
step,  as  I  see  it,  is  a  readjustment  of 
our  financial  policies  which  will  per- 
mit the  counties  and  the  states  to 
carry  on  their  program  of  highway 
construction  and  maintenance  in  the 
most  equitable  manner  possible.  In- 
cidentally, we  will  have  to  readjust 
our  administrative  policies  so  that 
when  these  expenditures  are  made, 
they  shall  fit  most  exactly  with  the 
needs  of  public  service.  Every  dollar 
of  expenditure  must  return  at  least  a 
dollar's  worth  of  service. 

A  survey  of  highway  development 
as  it  is  today  shows  that  we  are  an- 
nually appropriating  sums  aggregat- 
ing more  than  $1,000,000,000  for  city 
and  rural  highway  construction  and 
maintenance.  A  further  survey  of  our 
needs  shows  that  this  program  must 
be  continued  for  ten  years  or  more 
if  we  are  to  arrive  at  a  connected 
system  of  highways  which  will  render 
the  greatest  possible  service  to  the 
public. 

If  we  were  dealing  with  this  ques- 
tion in  the  untroubled  days  before 
the  world  war,  the  matter  of  finance 
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would  be  a  relatively  easy  one  and  we 
would  not  be  so  much  concerned  with 
ways  and  means.  But  it  is  necessary 
to  remember  that  today  the  nation 
is  carrying  a  heavy  tax  budget,  and, 
what  is  more  important,  that  the  state 
and  county  levies  are  at  higher  levels 
than  they  have  been  in  the  past. 

We  must  weigh  well  all  of  the  ele- 
ments entering  into  any  appropria- 
tion for  any  purpose  and  only  those 
must  be  made  which  we  know  will 
surely  return  a  direct  profit  to  the 
public.  Further  we  must  seek  to 
definitely  allocate  those  profits  so  that 
the  burden  will  be  borne  in  as  large 
a  measure  as  possible  by  those  who 
are  the  beneficiaries. 

Who  Benefits? — Who  benefits  from 
highway  improvement?  In  any  at- 
tempt to  answer  this,  and  the  many 
other  questions  ahead  of  us,  there 
remains  still  much  research  work  to 
be  done.  Now,  therefore,  the  purpose 
must  be  to  sketch  out  the  paths  which 
are  indicated  by  governmental  studies 
up  to  the  present  time,  in  order  that 
the  issues  may  be  clarified. 

Broadly  speaking,  we  will  all  agree 
that  those  who  are  alive  today  and 
those  who  come  after  them  down  to 
the  children  of  the  third  and  fourth 
generations,  will  benefit  from  high- 
way construction,  provided  that,  once 
constructed,  the  highway  is  main- 
tained. 

Some  might  go  further  and  say  that 
the  highway,  if  maintained,  will  be 
of  benefit  for  all  time,  but  looking  at 
this  as  practical  men,  we  can  con- 
cern ourselves  only  with  a  definite 
period  of  time  wherein  the  inventive 
genius  of  the  country  would  not  have 
opportunity  to  upset  our  present 
scheme  of  transportation  by  new 
methods.  This  might  well  be  from 
50  to  100  years. 

Long  Term  Bonds  Equitable. — It 
would  then  appear  as  a  general  prop- 
osition, assuming  the  ability  of  our 
engineers  to  maintain  a  highway 
once  built,  that  the  cost  of  highway 
construction  should  first  of  all  be 
divided  between  this  generation  and 
those  to  come,  which,  of  course,  at 
once  implies  long  term  highway  bond 
issues.  Here  again,  however,  we  come 
at  once  to  practical  limitations,  the 
extent  of  which  must  be  finally  de- 
termined by  economic  research.  Can 
the  highway  engineer  maintain  the 
road  once  built? 

We  have  been  accustomed  to  hear 
that  roads  have  broken  down  under 
heavy  motor  traffic   and  that  money 


expended  for  them  has  been  wasted. 
Is  this  true?  Fortunately,  in  this 
field  we  appear  to  be  arriving  at  a 
definite  demonstration  of  facts.  Engi- 
neers tell  us,  for  example,  that  40 
to  50  per  cent  of  the  cost  of  construc- 
tion of  a  highway  is  a  permanent  in- 
vestment, assuming  that  the  highway 
has  been  properly  located.  The  right- 
of-way,  the  grade,  the  drainage, 
bridges,  shoulders  and  engineering 
costs  need  only  be  paid  for  once.  It 
is  the  surface  which  wears. 

Engineering  records  show  that  here 
the  loss  is  less  than  is  popularly  sup- 
posed since  in  the  rebuilding  of  a 
surface  it  is  possible  to  salvage  much 
of  the  material  and  use  it  for  a  base 
for  new  surfacing. 

Constant  Maintenance  Essential. — 
This  leaves  us  with  a  definite  need 
for  constant  maintenance  and  that 
maintenance  is  limited  not  by  physi- 
cal but  by  financial  ability.  We  have 
placed  too  much  stress  upon  the  ori- 
ginal construction  and  not  enough 
upon  the  constant  maintenance. 

Can  we  assume  proper  location  of 
the  highway?  Here  again  is  a  field 
for  the  student  of  political  adminis- 
tration in  its  relation  to  economics. 
The  state  engineer  looking  at  a  map 
which  shows  the  economic  develop- 
ment of  a  state,  the  routes  of  through 
travel,  and  the  feeder  lines,  has  be- 
fore him  a  bird's-eye  picture  which 
enables  him  to  determine  positively 
and  accurately  where  highways 
should  go.  We  cannot  expect  the  local 
official  to  be  able  to  gauge  this  so 
well.  Centralization  of  authority 
seems  essential  if  the  public's  funds 
are  to  be  properly  conserved. 

Should  we  seek  to  develop  all  high- 
way construction  through  bond 
issues?  This  question  is  one  which 
cannot  be  fully  answered  until  those 
preceding  it  are  taken  into  account. 
Before  we  expend  any  funds  we  must 
know  that  the  benefits  to  be  derived 
from  the  improvements  of  a  highway 
are  more  than  sufficient  to  justify  the 
cost  of  that  improvement.'  We  must 
then  be  sure  when  bond  issues  are 
proposed  that  the  improvement  prom- 
ises something  more  than  the  cost  of 
maintenance. 

Funds  Must  Be  Assured. — Before 
granting  the  authority  to  issue  bonds, 
provision  must  be  made  for  the  proper 
control  of  construction  expenditures, 
adequate  maintenance  and  sinking 
funds. 

These  points  checked  off,  we  are 
likely  to  find  that  we  have  come  down 
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to  a  consideration  of  the  improve- 
ment of  the  main  state  systems, 
which  will  average  about  7  per  cent 
of  the  total  mileage  of  this  country. 
When  completed,  this  system  will 
place  all  of  us  on  main  roads,  or  but 
a  few  miles  away  and  through  the 
feeder  lines  we  will  be  enabled  to 
reach  the  great  highway  and  deliver 
our  commodities  to  market.  Here 
then  is  the  field  in  which  the  cost  of 
highway  construction  should  be  di- 
vided between  this  generation  and 
those  to  come. 

We  are  proposing  that  this  genera- 
tion shall  undertake  to  build  these 
roads,  charge  the  cost  to  capital  ac- 
count, pay  for  them  by  long-term 
bonds,  use  them  and  pass  them  on 
to  the  next  generation  in  as  good  or 
better  condition  than  we  built  them. 
We  propose  that  each  generation  shall 
pay  a  fair  rental  charge  for  the  use 
of  these  roads  in  the  sum  of  amortiza- 
tion charges,  and  interest,  plus 
maintenance. 

Shall  we  not  then  proceed  as  would 
a  business  man,  or  a  farmer,  when 
setting  up  his  establishment?  The 
full  cost  of  the  factory  or  the  farm 
would  not  be  assessed  against  the 
first  year's  income,  but  would  be  car- 
ried over  a  term  of  years,  during 
which  time  the  returns  would  be 
enough  to  meet  all  charges  and  pay  a 
profit  as  well. 

Does  Not  Mean  Universal  Bonding. 
— This  must  not  be  taken  to  mean, 
however,  that  we  should  at  once  pro- 
ceed arbitrarily  to  say  to  every  state, 
you  must  have  a  bond  issue  to  take 
care  of  your  road  improvement  pro- 
gram. As  in  all  other  phases  of  this 
complex  problem  there  are  a  host  of 
limitations  to  be  set  up,  and  it  is 
only  through  investigations  by  trained 
men  that  we  should  ultimately  find 
the  correct  answer. 

Dogmatic  statements  must  be 
avoided.  Prejudice  must  be  elimi- 
nated. 

Analyses  of  highway  development 
to  date  show  that  there  are  two  gen- 
eral sets  of  conditions  which  apply. 
The  first  is  found  in  those  states 
which,  like  New  York,  Massachusetts 
and  some  of  the  other  eastern  and 
perhaps  middle  western  sections,  have 
to  deal  with  a  developed  traffic  prob- 
lem and  have  already  met  with  many 
of  the  conditions  mentioned. 

Perhaps  Maryland  is  the  best  ex- 
ample, for  it  has  a  highly  developed 
state  system  paid  for  in  large  part 
by    long-term    bonds    and    now    main- 


tained from  current  operating  funds. 
There  is  no  need  for  a  further  bond 
issue  in  Maryland  today.  Perhaps 
there  never  will  be.  The  problem  of 
construction  on  the  state  system  has 
been  largely  dealt  with.  In  such 
cases  there  may  be  a  period  when 
short-term  bond  issues  will  be  found 
advisable  in  small  lots,  as  often  hap- 
pens in  business,  but  there  is  no 
thought  that  long  term  issues  should 
be  generally  imposed  where  original 
construction  has  been  advanced  as  it 
has  in  Maryland. 

Where  Bonds  Are  Needed. — The 
other  condition  is  that  of  the  south- 
ern or  western  states,  where  valua- 
tions are  low,  mileage  is  high  and 
traffic  not  yet  developed.  Here  the 
problem  is  one  of  construction,  large- 
ly. The  general  tax  burden  is  high 
and  any  attempt  to  meet  the  needs 
of  highway  development  from  current 
funds  would  result  in  so  retarding 
the  program  that  dollars  would  be 
lost  in  diminished  or  retarded  eco- 
nomic development  where  pennies 
would  be  saved. 

The  question  which  here  must  be 
answered  is,  "Do  the  increased  profits 
resulting  from  highway  construction 
under  bond  issues  offset  the  differ- 
ence in  cost  as  between  'pay-as-you- 
use'  and  'pay-as-you-go'  methods  of 
financing?" 

Looking  at  this  from  the  viewpoint 
of  the  business  man  suggesting  clues 
to  be  run  down,  I  want  to  state  at 
the  outset  that  if  you  consider  this 
problem  from  the  standpoint  of  build- 
ing, let  us  say,  100  miles  on  a  pay-as- 
you-go  policy  in  10  years'  time  as 
against  100  miles  in  one  year  with  a 
bond  issue,  in  the  first  case,  in  10 
years  you  will  have  paid  all  of  the 
principal  charges  of  that  100-mile 
construction,  but  will  have  obtained 
only  an  average  use  of  50  miles  for 
the  entire  10-year  period,  while  100 
miles  built  in  one  year  gives  the  use 
of  the  entire  mileage. 

This  immediately  suggests  again 
the  question  of  the  benefits  to  be  de- 
rived. In  either  case  it  must  be  as- 
sumed that  there  is  to  be  a  benefit, 
or  the  program  should  not  be  under- 
taken. The  difference  then  is  the 
interest  charged. 

Against  that  there  is  the  10-year 
use  of  the  100  miles,  and  engineering 
investigations  now  under  way  indi- 
cate that  the  difference  in  operating 
costs  of  transport  alone  over  the  good 
road  as  against  the  bad  would  be 
sufficient    to    defray    the    interest 
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charges  many  times  over,  even  if  we 
discarded  the  social  benefits  which 
inure. 

Who  Shall  Pay? — Thus  far  we  have 
discussed  as  beneficiaries  only  two 
general  classes,  this  generation  and 
those  that  follow. 

If  the  highway  bond  issue  plan  is 
to  be  carried  out,  however,  we  must 
set  up  the  conditions  under  which 
these  bonds  will  be  issued,  and  in 
order  to  do  so  we  should  determine 
more  specifically  the  question  of 
beneficiaries  in  order  that,  in  setting 
up  our  source  of  revenue,  we  shall  be 
as  equitable  as  possible. 

At  once  a  new  set  of  questions 
presents  themselves  for  examination: 

What  is  the  effect  of  highway  im- 
provement upon  Agricultural  valua- 
tions? 

What  is  the  effect  of  highway  im- 
provement upon  urban  valuations? 

What  is  the  effect  of  highway  im- 
provement upon  the  operating  costs 
of  the  user,  the  agent  of  the  public? 

The  answers  will  vary  according 
to  the  topographical  conditions,  eco- 
nomic conditions,  the  extent  and 
character  of  the  traffic.  Each  state 
will  have  to  meet  this  situation  as  its 
own  needs  demand  and  these  needs 
can  only  be  finally  determined  by 
specific  inquiry  and  investigation 
upon  a  very  broad  scale. 

There  are  few  today,  however,  who 
will  deny  the  influence  of  highway 
development  upon  the  farmer.  The 
truck  gardener,  the  dairy  products 
man,  and  even  the  producer  of  heavy 
staples,  has  found  his  markets  favor- 
ably affected  by  highway  improve- 
ment. Perhaps  more  important,  the 
educational  and  social  advantages  de- 
rived from  highway  extension  have 
opened  a  new  vista  to  all. 

Likewise,  the  development  of  urban 
properties  and  particularly  of  subur- 
ban properties  has  been  perceptibly 
affected.  No  one  who  drives  a  motor 
vehicle  or  a  horse  will  question  the 
beneficial  effect  of  highway  improve- 
ments. 

How  far  the  use  of  large  units 
made  possible  by  road  improvement 
has  affected  the  economics  of  all 
three  groups  mentioned,  is  a  point 
which  few  can  discuss  fully  yet,  par- 
ticularly with  regard  to  road  improve- 
ment costs,  but  here  again  there  is 
a  definite  problem  to  be  worked  out. 

General  Taxes  for  General  Benefit. 
— So  that  while  the  general  amounts 
may  differ,  it  seems  that  any  fair 
plan  for  construction  should  be  based 


upon  general  taxes  for  construction 
purposes,  since  all  classes  are  enum- 
erated in  the  three  broad  divisions 
mentioned. 

When  maintenance  is  considered, 
however,  a  different  answer  presents 
itself.  The  damage  to  the  wearing 
surface  is  done  by  traffic.  Traffic 
benefits  first  by  maintenance  in  low- 
ering operating  costs,  so  traffic 
should  be  expected  to  meet  this  levy. 

Yet  at  once  the  question  arises  as 
to  what  is  maintenance/ 

Shall  we  say  that  manufacturer 
building  a  new  plant  or  installing 
new  machinery  to  take  care  of  in- 
creased business  should  consider  that 
an  item  of  current  expense? 

Could  the  farmer  or  business  man 
who  attempted  to  assess  such  costs 
against  his  crop  or  output  in  a  single 
year  expect  the  buyer  to  pay  it  cheer- 
fully? 

Likewise,  would  the  extension  of  a 
highway  or  its  widening  be  an  item 
in  maintenance  or  construction? 

There  seems  to  be  a  close  parallel 
in  these  two  instances  and  undoubted- 
ly where  cases  of  this  kind  occur 
ordinary  business  practice  will  pre- 
vail. 

The  same  problem  presents  itself 
when  a  road  is  lifted  from  a  low  to 
a  higher  type  to  the  extent  of  the 
difference  in  cost. 

Regulation  Must  Be  Flexible. — An- 
other consideration  which  must  be 
made  a  matter  for  thorough  study  is 
found  in  regulation  of  traffic  on  the 
highways.  The  whole  question  of 
finance  is  tied  up  in  this  point,  be- 
cause, after  all,  the  only  justification 
for  any  highway  improvement,  as  I 
have  already  noted,  is  the  service 
which  the  highway  renders  and  that 
service  should  be  permitted  to  grow 
without  restraint  as  long  as  it  is 
sound  economically. 

If  we  restrict  traffic  unwisely, 
maintenance  costs  may  be  less,  but 
transport  operating  costs  may  be 
swelled  out  of  all  proportion,  and 
since  the  public  pays  the  bill  in  any 
case,  we  should  seek  to  make  high- 
way transport  in  its  entirety  function 
at  the  lowest  possible  cost. 

Here  we  can  suggest  a  prolific  field 
for  investigation.  Overloading  appar- 
ently damages  both  road  and  vehicle. 
Seasonal  limitations  appear  to  be 
necessary  under  certain  conditions, 
and  still  with  a  railroad  congestion 
such  as  obtains  today,  which  is  the 
greater  public  moment — the  mainte- 
nance of  a  low  grade  highway  surface, 
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or    its    destruction    by    goods    which 
must  be  moved? 

There  should  be  definite  restric- 
tions on  maximum  loads,  of  course,  at 
least  until  the  highway  builder  can 
catch  up  with  the  highway  user — a 
goal  still  far  in  the  future — but  it  is 
not  necessary  to  consider  that  phase 
in  detail  now. 

I  only  wish  to  point  out  that  un- 
wise regulation,  just  as  abuse  of  the 
road  by  the  user,  may  operate  to  the 
detriment  of  the  public  interest,  and 
therefore  both  should  be  carefully 
guarded  against,  particularly  where 
we  are  concerned  with  the  general 
aspects  of  a  broad  financial  program 
predicated  upon  the  need  for  traffic 
development. 

Summing  up  the  points  made,  then, 
I  would  like  to  suggest  that  out  of 
the  questions  presented  for  your  an- 
alysis we  have  indicated  the  need  for 
a  very  definite  policy  of  highway 
finance. 

Suggested  Financial  Policy. — Per- 
sonally, I  should  say  that  subject  to 
varying  conditions  of  highway  devel- 
opment, of  valuations,  population  and 
traffic  in  the  several  states,  the  pro- 
gram resolves  itself  into  this: 

First:  The  preparation  of  a  "con- 
struction budget"  by  every  state,  esti- 
mating the  cost  of  the  primary  and 
secondary  roads  to  be  built,  year  by 
year,  for  the  next  ten  years. 

Second:  That  based  upon  the  stage 
of  development  of  that  program  at 
this  time,  the  cost  of  construction — 
all  or  part — shall  be  met  by  bond 
issues,  except  in  those  states  where 
the  construction  program  is  practical- 
ly complete. 

Third:  That  a  budget  of  current  op- 
erating costs  be  set  up  to  defray — 
interest  on  bonds,  amortization 
charges,  and  maintenance.  The  amount 
necessary  to  pay  interest  and  amorti- 
zation should  be  included  in  the  gen- 
eral tax  levy.  The  cost  of  mainte- 
nance should  be  assessed  against  the 
user. 

Fourth:  That  all  expenditures 
should  be  under  the  control  of  the 
Ltate  highway  departments. 

Fifth:  That  regulatory  powers 
should  be  as  flexible  as  possible  and 
lodged  only  within  the  state  highway 
department,  to  be  administered  in  ac- 
cordance with  the  needs  of  the  public. 

Sound  Bond  Methods. — As  a  sum- 
mary for  consideration  where  state 
highway  bond  issues  are  necessary,  I 
suggest  that: 

First:  Bond  issues  should  be  serial 


in  form  and  issued  for  as  long  a 
period  as  50  years.  The  fund  should 
be  expended  under  rigid  engineering 
control,  and  provisions  must  be  made 
for  sufficient  current  income  to  pay 
interest,  amortization  charges  and 
adequate  maintenance. 

Second:  Interest  on  bonds  and 
amortization  should  be  paid  for  from 
general  taxation. 

Maintenance  costs  should  be 
charged  against  traffic. 

Third:  Maintenance  shall  include 
all  charges  up  to  and  including  recon- 
struction, save  extensions  or  added 
replacement  costs  where  an  inferior 
is  replaced  by  a  superior  type  of  sur- 
face. 

Fourth:  Only  that  type  of  road  shall 
be  constructed  which  is  adequate  for 
the  needs  of  present  and  future  traffic. 
This  shall  be  determined  by  careful 
surveys  both  of  traffic  and  of  eco- 
nomic possibilities. 

In  conclusion,  may  I  express  the 
opinion  of  a  business  man  that,  after 
all,  this  question  is  a  business  prob- 
lem— that,  if  you  please,  of  manu- 
facturing transportation.  It  must  be 
dealt  with  from  that  viewpoint  alone, 
if  the  interests  of  the  public  are  to 
be  conserved. 

The  Grading  of  Earth  Roads 

In  order  to  study  the  possibilities 
of  earth  roads,  the  Department  of 
Civil  Engineering  of  the  University 
of  Illinois,  in  co-operation  with  the 
road  officials  of  Champaign  County, 
Illinois,  undertook  an  extensive  exper- 
iment on  an  earth  road  approximately 
12  miles  long,  subject  to  normal 
traffic. 

Circular  No.  10  of  the  Engineering 
Experiment  Station,  entitled  "The 
Grading  of  Earth  Roads,"  by  Wilbur 
M.  Wilson,  gives  detailed  informa- 
tion concerning  the  work  perliminary 
to  grading,  the  successive  rounds  of 
the  grader,  and  the  operation  of  the 
grader  on  the  experimental  earth 
road.  A  description  of  the  operation 
of  the  patrol  grader,  which  completed 
the  construction  of  the  road,  of  the 
equipment,  and  of  the  items  included 
in  the  initial  cost  of  the  road  are  also 
given.  In  addition,  the  circular  con- 
tains a  summary  of  the  cost  of  the  ex- 
perimental earth  road  per  mile  and 
per  12.33  miles,  which  is  the  entire 
length  of  the  road. 

Copies  of  Circular  No.  10  may  be 
obtained  at  a  price  of  15  cts.  by  ad- 
dressing the  Engineering  Experiment 
Station,  Urbana,  111. 
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The  Pittsburg,  California,  Service  Test  Road 

Salient  Features  of  Effect  of  Traffic  on  Pittsburg,  Calif.,  Test  Road 

Discussed  in  Paper  Presented  Dec.  6  at  Annual  Meeting  of 

American    Association   of   State    Highway   Officials 

By  T.  E.  Stanton. 

Assistant     State    Highway     Engineer    of   California. 


History  of  the  Pittsburgh  Project. — 
Before  proceeding  with  a  description 
and  analysis  of  the  items  listed  above 
a  brief  history  of  the  project  may  be 
of  interest. 

In  an  effort  to  develop  a  market  for 
a  special  high  grade  steel  (not  pat- 
ented) The  Columbia  Steel  Co.  of 
California  in  February,  1921,  started 
the  construction  of  a  test  highway  of 
Portland  cement  concrete,  at  Pitts- 
burgh, California,  under  the  direction 
of  Mr.  Lloyd  Aldrich,  engineer  in 
charge. 

The  highway  was  oval  in  form,  con- 
sisting of  two  75  ft.  radius  semi-circles 
separated  by  450  ft.  tangents,  and  was 
divided  into  13  sections,  each  section 
of  a  different  design. 

The  13  sections  selected  for  in- 
vestigation were  the  result  of  sugges- 
tions by  Federal,  State  and  County 
Highway  Engineers,  including  special 
reinforced  sections  suggested  by  the 
steel  company. 

When  State  highway  work  was  first 
started  in  California  in  1912,  the  mini- 
mum thickness  of  Portland  cement 
concrete  base  was  fixed  at  4  inches. 
At  that  time  the  total  registrations  of 
motor  vehicles  was  less  than  100,000 
and  the  motor  truck  was  a  negligible 
factor.  In  10  years  the  registration  of 
motor  vehicles  has  increased  to  over 
800,000  and  the  motor  truck  has  be- 
come a  vital  factor  in  pavement  de- 
sign. 

One  of  the  most  astonishing  results 
of  the  Pittsburg  test  was  the  ability 
of  the  thin  slabs,  even  the  5-in.  to 
withstand  severe  punishment.  This 
was  undoubtedly  due  to  a  very  large 
extent  to  the  care  with  which  the  sub- 
grade  was  constructed  and  any  discus- 
sion of  design  must  therefor  take  into 
consideration  specifications  for  sub- 
grade  treatment  as  well  as  the  design 
of  the  pavement  section. 

Salient  Results  of  Test— The  out- 
standing determinations  may  be  sum- 
marized as  follows: 

1.  Thorough  and  proper  subgrade 
treatment  is  the  first  prerequisite  of 
success  in  pavement  construction. 

2.  Assuming  proper  subgrade  prep- 


aration even  the  5-in.  slab  will  stand 
up  under  a  large  volume  of  truck 
traffic  without  serious  deterioration. 

3.  The  thickened  edge  increases 
the  strength  of  the  thin  slab  to  a  very 
considerable  extent  and  can  be  eco- 
nomically justified,  especially  from  a 
maintenance  standpoint. 

4.  Absolute  smoothness,  especially 
at  joints,  is  essential  if  the  pavement 
is  to  withstand  the  hammering  of  solid 
tired  trucks. 

It  may  be  said  that  the  above  de- 
terminations add  little  to  our  previous 
knowledge  as  for  some  time  Highway 
Engineers  have  known  that  proper 
subgrade  treatment  and  care  in  the 
finish  were  essential  factors  in  the 
success  of  any  pavement  and  especial- 
ly of  the  thin  slab;  also,  that  the 
thickened  edge  is  a  decided  advantage. 

The  extent  of  the  part  which  these 
factors  play  in  the  successful  design, 
construction  and  maintenance  of  con- 
crete highways  has,  however,  been 
forcibly  brought  to  attention  as  a  re- 
sult of  the  above  tests. 

Several  years  ago  the  state  ceased 
constructing  the  4-in.  slab  and  adopted 
a  minimum  thickness  of  5  in.,  notwith- 
standing the  fact  that  many  of  the 
earliest  built  4-in.  slabs  were  then  and 
still  are  giving  excellent  service  after 
ten  years  use. 

For  the  Pittsburg  Test  Road  the 
California  Highway  Commission  sug- 
gested that  a  test  be  made  of  a  5-in- 
uniform  thickness  slab  reinforced 
with  %-in  bars  on  18-in.  centers  in 
order  to  determine,  if  possible,  the  eco- 
nomic value  of  such  a  design.  This  de- 
sign was  adopted  as  the  minimum 
thickness  for  test  and  has  been  called 
the  "California  Type." 

The  other  sections  varied  from  5  in. 
to  8  in.  in  thickness  and  were  either 
plain  or  with  different  amounts  of  steel 
reinforcing.  One  had  a  thickened  edge 
and  several  were  strengthened  by  the 
use  of  inverted  curbs. 

One  type  of  section  known  as  the 
"Arizona  Type"  was  of  uniform  6-in. 
thickness  with  9-in.  edges  tapering  to 
6  in.  at  2  ft.  from  the  edge. 

Traffic  was  started  in     September, 
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1921,  and  the  first  series  of  tests  was 
ended  on  January  28,  1922,  after  3,- 
672,730  tons  had  passed  over  each  sec- 
tion. 

At  the  close  of  the  first  series  none 
of  the  sections  had  completely  failed, 
but  it  was  found  necessary  to  make 
rather  extensive  repairs  to  portions  of 
the  5-in.  slab. 

In  January  of  this  year  it  was  de- 
cided to  postpone  further  tests  until 
the  following  summer. 

During  the  idle  period  arrangements 
were  made  for  the  U.  S.  Bureau  of 
Public  Roads  and  the  California  High- 
way Commission  to  take  over  the  com- 
pletion of  the  tests. 

Under  this  arrangement  the  second 
series  was  started  in  June  and  dis- 
continued on  July  27th  last,  at  which 
time  a  total  of  7,362,070  tons  had 
passed  over  the  track. 

A  super-test  was  carried  on  for 
seven  days  in  August,  increasing  the 
total  traffic  by  approximately  3,000 
tons. 

The  minimum  gross  load  used  was 
14,500  lb.  or  iyA  tons.  The  maximum 
ordinary  gross  load  was  27,000  lb.  or 
13  y2  tons.  The  average  gross  load 
was  approximately  24,000  lb.  or  12 
tons. 

After  the  close  of  the  first  tests 
many  units  of  the  concrete  base  were 
taken  out  and  replaced  with  6  in.  of 
plain  concrete.  Under  traffic  this  new 
concrete,  as  well  as  the  old,  cracked 
to  a  considerable  extent.  Most  of  the 
cracking  and  breaking  developed  first 
at  the  points  of  impact,  as  at  joints. 
The  concrete  did  not  fail  under  the 
second  series  of  tests  as  much  as  un- 
der the  first  series. 

The  Super-Test. — The  maximum  ton- 
nage (13^)  given  is  that  up  to  July 
27,  1922,  excepting  for  a  few  loads  up 
to  14 y2  tons,  and  is  officially  the  max- 
imum for  the  test.  However,  the  pave- 
ment had  not  failed  sufficiently  at  that 
time  and  it  was  desired  to  make  a 
further  test  to  determine  the  tonnage 
required  to  completely  fail  the  differ- 
ent sections.  Accordingly,  a  two- 
wheel  trailer  carrying  a  load  of  ap- 
proximately 16  tons  made  105  circuits. 
As  a  result  a  few  places  were  shat- 
tered on  the  5-in  sections.  The  trailer 
was  then  loaded  to  approximately  30^ 
tons  and  on  the  5-in.  sections  there 
seemed  to  be  a  general  shattering  of 
the  pavement  under  the  rear  wheels  in 
many  places,  except  in  the  case  of  one 
5-in.  section,  reinforced  top  and  bot- 
tom, which  was  not  seriously  affected. 
The  trailer  was  then  loaded,  while 


standing  on  a  6-in.  section,  to  50  tons 
and  proceeded  to  a  5-in.  section  where 
it  cut  through  the  slab  and  stuck.  The 
trailer  was  then  unloaded  to  35  tons 
and  proceeded  making  three  circuits. 
The  effect  on  the  5-in.  sections,  ex- 
cept the  one  above  referred  to,  was 
a  continuation  of  the  shattering.  The 
other  sections  were  not  appreciably 
affected. 

The  load  was  then  increased  to  40 
tons  and  two  circuits  made.  The  shat- 
tering of  the  5-in.  sections  continued. 
The  trailer  was  then  loaded  to  100,- 
000  lb.  or  50  tons.  Three  circuits  were 
made  with  this  50-ton  load.  The  rear 
wheels  cut  two  furrows  almost  con- 
tinuously through  all  but  one  of  the 
5-in.   sections. 

One  of  the  5-in.  sections  reinforced 
top  and  bottom  was  cracked  only 
slightly  and  showed  very  little  shatter- 
ing. 

Sections  C  and  D,  6-in.  thick  and  re- 
inforced top  and  bottom,  were  shat- 
tered very  little. 

Section  J,  6-in.  with  thickened  edges 
but  not  reinforced,  was  almost  unaf- 
fected by  the  50-ton  load.  All  sec- 
tions, except  one  5-in.  section  which 
carried  inverted  curbs  and  no  rein- 
forcement, were  practically  unaffected. 
The  trailer  carrying  the  50-ton  load 
was  equipped  with  dual  5-in.  steel 
tires  and  on  all  of  the  slabs  slight 
abrasion  of  the  surface  was  noted. 

Subgrade. — The  site  selected  for  the 
test  road  was  an  open  field  in  which 
the  soil  was  a  black  adobe.  It  was 
decided  to  avoid  variation  of  subgrade 
condition  by  making  the  entire  sub- 
grade  on  a  fill. 

Where  necesary,  in  order  to  get  the 
same  elevation  of  bottom  of  fill,  exca- 
vations were  made  and  the  fill  for  the 
entire  track  was  started  approximate- 
ly 3  ft.  below  the  finished  subgrade. 
The  soil  was  plowed  about  8  in.  to 
produce  a  bond.  Then  layers  of  earth, 
approximately  9  in.  loose  measure- 
ment, were  successively  placed  and 
each  layer  pulverized  by  a  disk  har- 
row followed  by  a  straight  tooth  har- 
row and  a  scarifier.  After  pulveriza- 
tion was  complete,  a  light  spray  of 
water  was  applied  over  each  layer, 
sufficient  to  moisten  but  not  to  ex- 
cessively wet  the  soil,  thus  preparing 
it  for  compaction  into  a  dense 
homogeneous  mass. 

Each  layer  was  rolled  with  a  12- 
ton,  3-wheel  roller.  Weak  spots  in 
the  subgrade  were  excavated  and  re- 
filled and  rolling  continued.  The  com- 
pacted   layers   were   approximately   6 
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in.  thick  and  each  compacted  layer 
was  scarified  to  a  depth  of  2  in.  for 
bond  with  the  succeeding  layer. 

This  unusually  careful  preparation 
of  the  subgrade  undoubtedly  was  of  a 
special  value  in  securing  a  dense  em- 
bankment and  in  the  maintaining  of 
uniform  moisture  conditions. 

On  the  completed  embankment 
header  boards  were  set  true  to  line 
and  grade  and  slightly  below  the  sur- 
face of  the  dirt  between.  The  mate- 
rial between  the  headers  was  then 
scarified  to  a  depth  of  6  in.  by  a  sub- 
grade  machine  and  the  excess  dirt  re- 
moved to  approximately  iy2  in.  above 
subgrade.  The  subgrade  was  well 
scarified  to  a  depth  of  2  in.  and  water 
was  applied  with  a  very  light  spray 
and  the  subgrade  immediately  rolled 
from  the  edges  inward. 

While  still  moist  the  subgrade  was 
again  cut  with  the  machine  to  the  cor- 
rect elevation. 

Up  to  the  time  of  laying  the  con- 
crete the  subgrade  was  given  a  light 
sprinkling  daily  to  prevent  cracks 
forming. 

Volume  of  Traffic. — As  already  stat- 
ed, the  volume  of  traffic  on  January 
28  amounted  to  a  total  of  3,672,730 
tons. 

This  tonnage  was  all  medium  to 
heavy  truck  traffic,  all  on  solid  tires 
and  it  is  estimated  was  equivalent  to 
similar  average  traffic  over  the  Cali- 
fornia State  Highway  system  of  from 
25  to  40  years. 

It  is  a  difficult  problem  and  in  fact 
it  may  be  said  to  be  impossible  to  es- 
timate with  any  degree  of  accuracy 
the  number  of  years  in  which  the  av- 
erage traffic  on  the  California  State 
Highway  system  would  equal  the 
traffic   over  the  Pittsburg  highway. 

During  the  traffic  census  of  the  Cali- 
fornia highways  taken  by  the  Bureau 
of  Public  Roads  in  1920,  an  effort  was 
made  to  record  the  tonnage. 

The  bulk  of  the  traffic  was  of  course 
on  pneumatic  tired  vehicles  and  the 
results  at  Pittsburg  indicated  that  any 
amount  of  this  kind  of  traffic  would 
have  done  a  relatively  small  amount 
of  damage. 

An  estimate  has  been  made,  how- 
ever, of  the  tonnage  passing  over  the 
State  highways  based  on  the  Bu- 
reau of  Public  Roads'  census.  The 
census  was  taken  at  103  stations,  close 
to  cities  in  most  cases,  and  it  is  from 
the  data  thus  secured  that  the  Pitts- 
burg traffic  has  been  estimated  as  the 
equivalent  of  25  to  40  years'  average 
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traffic  over  the  highways  of  the  State 
as  of  1920. 

5-in.  Versus  6-in.  Pavement  Slab. — 
The  economics  of  highway  design  and 
construction  will  undoubtedly  bear 
quite  a  part  in  any  future  discussions 
on  highway  matters. 

Where  a  5-in.  base  with  edges  thick- 
ened to  7  or  8  in.  will  carry  all  the 
traffic  which  can  reasonably  be  ex- 
pected for  a  period  of  25  to  40  years 
without  excessive  injury,  the  con- 
struction of  a  6-in.  slab  with  9-in. 
edges  is  of  questionable  economy;  es- 
pecially in  view  of  the  fact  that  in 
the  event  of  an  unexpected  increase  of 
damaging  traffic  on  a  part  or  all  of  a 
section  an  asphalt  surface  can  always 
be  added. 

This  is  the  principle  on  which  the 
State  highways  of  California  are  be- 
ing designed  and  built  today. 

Where  the  subgrade  conditions  are 
bad  either  the  subgrade  is  being  treat- 
ed or  the  pavement  base  is  construct- 
ed not  less  than  6  in.  thick  or  a  com- 
bination of  both  subgrade  treatment 
and  thickened  base  is  adopted. 

Where  the  traffic  is  comparatively 
light,  however,  and  the  subgrade  con- 
ditions are  satisfactory,  a  5-in.  base 
with  7-in.  thickened  edges  is  being 
constructed. 

The  results  of  the  Pittsburg  test,  to- 
gether with  the  success  which  has 
been  had  in  California  with  even  the 
4-in.  slab  where  subgrade  conditions 
are  good,  amply  justifies  this  policy. 

In  a  State  already  heavily  taxed  for 
road  improvements  and  with  many 
miles  yet  to  build,  it  is  difficult  to  jus- 
tify the  construction  of  a  more  ex- 
pensive type  on  the  lighter  traveled 
roads. 

It  is  the  impression  that  a  6-in.  slab 
can  be  constructed  somewhat  cheaper 
per  cubic  yard  of  concrete  than  a  5- 
in.  slab,  owing  to  the  larger  volume 
per  unit  of  area.  Such  a  belief  is 
reasonable  and  yet  any  direct  data 
available  does  not  sustain  this  theory. 

Bids  were  recently  received  on  a 
section  of  State  highway  in  the  north- 
ern part  of  the  State  on  an  alternative 
basis:  6  in.  thick  unreinforced  and  5 
in.  reinforced. 

Five  bids  were  received  which 
ranged  from  25  ct.  to  $1  cheaper  per 
cubic  yard  for  the  6-in  base  than  for 
the  5-in.  base,  the  average  being  65  ct. 
less  for  the  6-in.  base.  The  success- 
ful contractor  bid  but  41  ct.  per  cubic 
yard  less  for  the  6-in.,  notwithsand- 
ing  the  fact  that  the  5-in.  was  to  be  re- 
inforced.    From  this  it  would  appear 
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that  after  making  proper  allowance 
for  the  cost  of  handling  the  reinforc- 
ing steel  the  contractors  were  all  will- 
ing to  bid  but  very  little  less  for  the 
privilege  of  constructing  the  heavier 
slab. 

Arizona  Type. — The  so-called  "Ari- 
zona Type,"  namely,  the  uniform  6-in. 
thickness  with  thickened  edge  of  9  in., 
gave  remarkably  satisfactory  results. 

The  origin  of  this  type  is  somewhat 
in  doubt.  It  was  first  adopted  as  an 
alternate  type  by  the  California  High- 
way Commission  in  1912,  when  it  was 
specified  that  the  thickened  edge  was 
to  be  used  where  ordered. 

Over  7,000  lin.  ft.  of  pavement  base 
with  thickened  edge  was  laid  on  a  sec- 
tion of  State  highway  in  Imperial 
County,  in  1914.  Since  that  date,  this 
design  has  been  used  quite  extensive- 
ly in  the  construction  of  the  California 
State  Highway  System,  and  it  is  now 
specified  universally. 

In  a  recent  issue  of  a  California 
highway  journal  credit  was  given  to 
California  as  being  the  originator  of 
the  design.  As  soon  as  the  article  in 
question  came  to  the  attention  of  Mr. 
Austin  B.  Fletcher,  Director  of  Public 
Works  and  State  Highway  Engineer 
of  California,  he  immediately  wrote  to 
the  editor  of  the  journal  as  follows: 

"If  you  will  look  up  the  earlier  reports 
of  the  "Wayne  County  (Michigan)  High- 
way Commission,  of  which  Mr.  Edward 
Hines  is  the  leading  spirit,  I  think  you 
will  find  there  some  discussion  of  thick- 
ened pavement  edges.  At  any  rate,  in  or 
about  the  year  1910  the  Highway  Com- 
mission of  Wayne  County  came  to  the 
natural  conclusion  that  the  edges  are  the 
weakest  portions  of  concrete  pavement 
slabs  and  during  one  season's  work,  the 
first,  I  believe,  they  constructed  along 
the  edges  what  they  called  'inverted 
curbs.'  These  curbs  were  really  beams, 
some  inches  in  depth,  extending  below 
the  bottom  of  the  slab  but  cast  integrally 
with  the"  slab.  This  work  was  done  on 
Woodward  avenue,  a  street  leading  out 
of  Detroit  toward  the  west,  and  one 
carrying  very  heavy  traffic  then  and  now. 

"As  this  work  was  probably  the  proto- 
type of  the  concrete  road  work  in  the 
United  States,  I  have  inspected  it  nearly 
every  year  since  it  was  built  and  am 
somewhat  familiar  with  it. 

"In  Mr.  Hines  opinion,  the  construction 
of  the  'inverted  curb'  was  an  error,  and 
in  a  discussion  with  me  the  year  follow- 
ing its  installation,  he  said  it  was  the 
cause  of  considerable  disruption  of  the 
pavement.  His  explanation  was  that  the 
moisture  was  retained  in  the  earth  prism 


between  the  curbs  on  the  sides  and  the 
pavement  slab  on  top  and  that  when 
freezing  weather  came  this  earth  prism 
expanded  by  frost  action.  Being  confined 
at  the  top  and  on  the  side  something  had 
to  give  way,  and  it  was  the  pavement 
slab. 

"The  only  substantial  difference  be- 
tween the  Wayne  County  'inverted  curb' 
and  the  California  thickened  edges  of 
1912  is  in  the  shape,  the  Wayne  County 
curb  having  vertical  sides,  while  in  Cal- 
ifornia the  thickened  sides  were  wedge 
shape." 

Whether  Mr.  Hines  has  ever  revised 
his  opinion  I  do  not  know,  but  in  Cali- 
fornia where  there  is  little  to  fear 
from  extreme  frost  action,  the  thick- 
ened edge  can  be  used  with  perfect 
safety  and  I  believe  to  considerable 
advantage. 

Smoothness  of  Finish.— All  of  the 
failures  originated  at  points  where 
slight  inequalities  in  the  pavement  oc- 
curred, and  extended  rapidly  around 
the  fractured  area  if  not  promptly  re- 
paired. 

The  first  break  occurred  at  the 
junction  of  the  first  and  last  sections, 
where  a  slight  difference  in  elevation 
of  the  adjoining  sections  resulted  in 
an  impact  which  soon  cracked  and 
broke  one  of  the  corners. 

The  practical  effect  of  inequalities 
in  the  surface  was  apparent  through- 
out the  test.  The  real  effect  of  im- 
pact, however,  was  measured  with  ac- 
curate recording  instruments.  The 
story  as  told  by  these  instruments  will 
undoubtedly  be  described  in  full  in  the 
published  report. 

In  general,  it  may  be  stated  that 
with  a  rigid  type  of  pavement  such  as 
the  Portland  cement  concrete  type,  ab- 
solute smoothness  of  surface  is  an  es- 
sential requisite. 


State  Highway  Construction  in  New 
York.— A  total  of  387  miles  of  state 
highways  was  constructed  in  1922,  in 
New  York  state,  according  to  a  report 
submitted  to  the  Legislature.  The  ag- 
gregate amount  expended  during  the 
year  for  construction,  reconstruction 
and  maintenance  was  $24,424,590. 
Grade  crossing  elimination  plans, 
amounting  to  nearly  $691,000,  were 
placed  under  contract  last  year.  There 
are  in  the  state  1,000  railroad  cross- 
ings at  grade,  and  it  is  believed  that 
all  the  more  dangerous  crossings  can 
be  eliminated  within  five  years,  prob- 
ably without  the  necessity  of  resort- 
ing to  a  bond  issue. 
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Federal  Aid  in  Development  of  Highway 
Transportation 

Reasons   Why   Highway    Improvement   Must   Go   Forward   on   An 

Increased  Scale  Given  in  Address  Dec.  6  Before  Convention 

of  American  Association  of  State  Highway  Officials 

By  THOMAS  H.  MAC  DONALD. 

Chief,   U.    S.    Bureau   of  Public   Roads. 


In  the  State  of  Arizona  there  is  a 
mine  in  operation  today  producing  cop- 
per from  an  extremely  low  grade  ore. 
So  small  is  the  percentage  of  metal 
that  at  current  prices,  a  fraction  of. 
the  price  of  only  two  or  three  years 
ago,  about  16  tons  of  ore  must  be  han- 
dled per  day  for  each  man  upon  the 
payroll  to  make  the  business  pay.  Fur- 
ther, the  ore  is  not  worked  in  the 
open  but  mined  and  lifted  from  the 
600-ft  level.  It  is  said  that  $16,000,000 
were  expended  to  develop  and  equip 
this  mine  before  any  metal  was  pro- 
duced. Here  is  found  mechanical  effi- 
ciency but  the  enterprise  was  founded 
not  on  efficiency,  but  on  imagination 
and  courage. 

Real  Efficiency  a  Product  of  Imagi- 
nation and  Courage. — It  is  becoming 
more  and  more  apparent  that  this  na- 
tion faces  the  future  more  seriously  in 
need  of  efficiency  than  has  ever  been 
our  need  in  the  past  and  real  efficiency 
can  only  come  as  a  product  of  imagi- 
nation and  courage.  Contemplate,  if 
you  please,  the  lowered  standard  of 
living  and  the  desperate  economic  con- 
ditions with  which  the  people  of  many 
other  nations  are  contending,  then  pic- 
ture the  great  big  major  fact  that  this 
nation  must  be  forced  into  economic 
competition  with  these  nations.  If  we 
succeed  in  holding  and  retain  the  hope 
of  improving  the  standard  of  living 
of  our  agricultural  population,  the 
stronghold  of  this  country,  it  will  only 
be  through  the  exercise  of  imagination 
and  courage  to  gain  efficiency  of  op- 
eration as  essential  to  a  nation  as  to  a 
private  business. 

The  annual  loss  due  to  the  lack  or 
to  the  high  cost  of  transportation  im- 
poses upon  the  business  of  this  coun- 
try a  waste  out  of  all  proportion  to 
the  cost  of  remedying  the  conditions. 
But  it  cannot  be  said  that  we  are  to- 
day attacking,  with  the  imagination 
and  courage  necessary,  any  one  of  the 
fundamental  conditions  which  must  be 
met  if  we  are  to  have  adequate  and 
economical  transportation;  and  by 
transportation  I  do  not  mean  railway 


or  highway  or  waterway  transporta- 
tion alone,  but  transportation  in  which 
all  three  of  these  shall  meet  and  each 
shall  serve  that  purpose  which  it  is 
best  designed  to  serve,  and  each  shall 
supplement  the  other. 

Results  of  Recent  Elections  Reac- 
tion Against  Economic  Conditions. — 
Just  as  this  time  it  is  impossible  to 
pass  without  comment  the  results  of 
many  recent  elections.  These  can  only 
be  interpreted  as  an  expression  of  an 
economic  hurt  and  resentment  which 
are  the  outgrowth  of  the  readjustment 
period  through  which  we  are  passing. 
The  road  problem  has  been  an  issue 
in  a  number  of  states.  As  the  returns 
have  come  in  there  has  been  presented 
the  anomaly  of  a  demand  for  lower 
taxes  and  curtailed  expenditures  for 
roads,  and  at  the  same  time  the  ap- 
proval of  additional  bond  issues  which 
can  only  be  met  through  increased 
revenues;  these  happening  in  the 
same  state  and  at  the  same  election. 
In  some  instances  there  is  grave  doubt 
as  to  the  economic  justification  of  the 
highways  for  which  provision  was 
made. 

It  is  certainly  not  apparent  that  a 
reaction  against  the  highway  improve- 
ment program  has  been  expressed,  but 
rather  that  a  very  strong  reaction  has 
been  voiced  against  the  present  eco- 
nomic conditions.  In  some  states  there 
has  been  more  or  less  pointing  to  the 
high  cost  of  the  road  program  as  a 
reason  for  discontent.  The  need  for 
long  mileages  and  higher  types  of 
highways  has  developed  so  rapidly 
that  it  has  forced  the  highway  officials 
of  the  country  out  in  front  of  the  fore- 
most advance  of  public  sentiment, 
there  to  become  a  common  target  for 
both  the  progressive  and  the  conserva- 
tive elements  of  our  population,  speak- 
ing not  of  political  parties,  but  rather 
of  the  two  general  groups  into  which 
people  divide  themselves,  based  upon 
their  natural  reactions  to  all  public 
improvements.  The  one  element  is 
impatient  because  of  too  slow  prog- 
ress,  the  other  dissatisfied    because, 
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first,  the  improvements  are  not  in  the 
right  localities,  or  second,  the  wrong 
political  party  is  receiving  credit,  or 
third,  the  cost  is  too  high.  Eliminate 
these  latter  contentions,  and  at  least 
90  per  cent  of  all  opposition  to  the 
highway  program  of  any  state  is  dis- 
sipated to  the  four  winds. 

Under  the  existing  conditions,  I  am 
glad  to  have  the  opportunity  to  ex- 
press here  the  admiration  which  I  feel 
for  the  deep-seated  loyalty,  honesty 
and  devotion  to  the  public  service  of 
the  men  serving  in  the  capacity  of 
highway  officials  all  over  these  United 
States.  To  know  and  to  believe  in 
these  men,  as  it  is  my  privilege, 
strengthens  my  belief  in  the  continued 
progress  of  this  nation.  And  I  am 
confident  that  the  dissatisfaction  ex- 
pressed at  the  polls  has  not  been  di- 
rected against  any  of  these  men,  but 
against  economic  conditions.  We 
know  that,  for  conditions  to  grow  bet- 
ter, our  transportation  has  to  grow 
better.  It  is  not  the  only  thing  that 
has  to  be  different.  There  are  other 
readjustments  necessary,  but  this  is 
one  of  the  essentials  and,  on  the  whole, 
highway  transportation  is  a  major  not 
a  minor  factor. 

The  building  of  highways  as  an  in- 
tegral and  necessary  part  of  highway 
transportation  service,  is  a  serious 
and  a  responsible  undertaking,  and 
there  seems  to  me  to  be  evidence  in 
plenty  that,  generally  speaking,  our 
highway  officials  are  rising  to  the 
needs  of  the  times.  But  their  work 
must  become  more  certain,  and  must 
be  directed  toward  objectives  that  are 
better  understood  if  the  public  is  to 
succeed  in  building  for  itself  a  system 
of  highways  that  will  not  fail.  Not 
only  is  this  true,  but  their  work  must 
be  directed  by  these  requirements 
which  may  be  termed  fundamental 
principles  underlying  the  whole  struc- 
ture of  transportation  in  its  highway 
phase.  Can  we  not,  out  of  the  experi- 
ence of  the  past — out  of  the  develop- 
ment of  railway  transportation  and 
the  condition  in  which  it  finds  itself 
today — secure  the  necessary  informa- 
tion and  guidance  that  the  develop- 
ment of  our  highway  system  shall  go 
forward  economically  and  efficiently? 

Present  Lack  of  Rail  Transporta- 
tion.— Permit  me  to  quote  recent  tes- 
timony from  the  railroads  themselves. 
Mr.  Markham,  the  president  of  the 
Illinois  Central  Railroad,  in  New  York 
on  Nov.  9,  said,  in  speaking  of  the 
complaints    which    exist    with    refer- 


ence to  the  present  lack  of  rail  trans- 
portation : 

"Some  are  without  justification,  but 
they  reflect  a  nation-wide  condition, 
the  existence  of  which  cannot  be  ques- 
tioned. There  have  been  other  times 
when  the  service  the  railways  could 
render  has  been  unequal  to  the  de- 
mands. This  was  the  case,  for  exam- 
ple, in  1906  and  1907,  and  in  the  war 
years.  But  in  every  past  time  when 
there  was  a  shortage  of  transporta- 
tion, it  was  felt  only  after  the  revival 
and  increase  of  business  had  been  go- 
ing on  for  some  time,  and  had  carried 
production  and  commerce  to  higher 
levels  than  ever  before.  What  we  call 
"car  shortages"  always  have  repre- 
sented inadequacy  of  all  railroad  facli- 
ties.  The  car  shortages  of  1906  and 
1907  did  not  come  until  toward  the 
close  of  a  10-year  period  of  industrial 
and  commercial  expansion,  during 
which  the  railways  had  increased  by 
two  and  one-half  times  the  volume  of 
freight  carried  by  them.  The  car 
shortage  of  the  war  years  did  not  be- 
gin until  when,  in  1916,  the  railways 
were  handling  20  per  cent  more 
freight  than  in  the  previous  year. 

"The  outstanding  fact  regarding  the 
present  shortage  of  transportation — 
the  significant  fact  which  challenges 
our  attention — is  that  it  has  been  met 
at  the  very  beginning  of  a  period  of 
business  revival.  In  this  respect  it 
creates  a  situation  unprecedented  in 
the  history  of  the  United  States— a 
situation  which  should  cause  every 
farmer  and  business  man,  every  rail- 
way regulating  official,  every  public 
man,  every  wage  worker,  to  pause  and 
reflect  seriously. 

"Nothing  less  than  a  revolution  has 
occurred  when  our  railways,  whose 
surplus  capacity  has  always  in  the 
past  periods  of  business  made  possible 
the  vast  increases  which  have  occur- 
red in  our  production  and  commerce, 
are  found  threateinng  to  prove  un- 
equal, or  actually  proving  unequal,  to 
the  demands  made  upon  them  at  the 
very  beginning  of  a  period  of  business 
revival.  The  railways  are  now  mov- 
ing about  as  much  freight  weekly  as 
in  1920  when  the  highest  record  was 
made.  In  spite  of  this,  the  car  short- 
age recently  reported  has  been  the 
largest  ever  known,  and  the  demands 
of  shippers  continue  to  increase.  In 
past  periods  of  business  revival,  the 
increase  in  freight  business  has  gone 
on  until  It  has  reached  a  point  35  to 
150  per  cent  higher  than  ever  before. 
We  may  well  ask  ourselves  whether, 
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with  the  railways  finding  it  difficult  to 
surpass  the  freight  carrying  record  of 
1920,  they  can  be  expected  within  a 
few  months  or  years  to  handle  such 
an  increase  in  tonnage  as  past  experi- 
ence shows  would  be  only  normal  in 
a  period  of  general  revival." 

Highways  Must  Carry  Additional 
Burden. — This  frank  recognition  and 
statement  of  a  condition  from  this 
high  railway  source  carries  the  weight 
of  conviction  that,  under  no  condi- 
tions, can  the  highways  escape  an  ad- 
ditional burden  of  transportation 
which  will  be  thrown  upon  them,  due 
to  the  overflow  from  the  railways.  It 
cannot  be  otherwise.  And  while  the 
rate  of  increase  in  the  past  has  been 
enormous,  we  must  conclude  that  this 
increase  is  to  continue  and  to  become 
more  acute  because,  as  the  railways 
fail  to  carry  the  increased  business 
which  must  be  a  part  of  and  neces- 
sary to  business  revival,  cost  will 
cease  to  be  a  governing  factor,  and 
the  time  of  the  service  become  the 
one  essential.    . 

But  we  are  not  highway  officials 
alone.  We  are  officers  of  the  govern- 
ment of  the  states  and  of  the  United 
States.  It  is  our  duty  to  undertake 
the  responsibility  of  helping  to  work 
out  this  transportation  situation. 

We  have  had  recently  in  the  state- 
ment of  Mr.  Lyford,  vice  president  of 
the  C.  &  E.  I.  Railway,  for  the  first 
time,  an  expression  of  constructive 
ideas  as  well  as  specific  facts  which 
indicate  something  of  the  supplemen- 
tary relationships  which  can  be  estab- 
lished between  the  highways  and  the 
railways.     He  says: 

"Under  existing  rates  the  line  haul 
of  freight  would  be  highly  profitable 
if  the  revenue  therefrom  were  not  ab- 
sorbed by  constantly  increasing  ter- 
minal charges." 

And  among  the  five  specific  evils 
which  assist  to  prey  upon  the  earn- 
ings of  the  line  haul  of  the  railways, 
three  are  as  follows: 

"The  lack  of  organized  collection 
and  delivery  service,  making  neces- 
sary unreasonably  large  and  expensive 


freight  terminal  facilities,  and  an  un- 
reasonably large  supply  of  freight 
cars." 

As  a  specific  example  he  recites  the 
fact  that  the  interest  charges  alone 
upon  the  value  of  the  real  estate  of 
the  freight  warehouse  in  Chicago  at 
12th  St.  impose  a  charge  of  $2.50  per 
ton  for  every  ton  of  freight  which 
passes  through  that  warehouse. 

"Second,  the  use  of  box  cars  for 
transfer  of  1.  c.  1.  freight  between  rail- 
way stations  and  large  terminal  areas, 
a  service  which  the  trucker  could  per- 
form more  quickly  and  economically, 
thereby  releasing  box  cars  from  an 
unprofitable  service,  and  increasing 
the  carrying  capacity  of  the  railways. 

"And  third,  the  operation  of  branch 
lines  on  which  traffic  is  too  light  to 
sustain  the  rail  operation — a  service 
which  the  motor  truck  can  perform 
better  and  at  less  expense." 

All  of  these  specific  remedies  call 
for  adequate  highways,  either  urban 
or  suburban.    Further  he  states: 

"If  all  of  the  freight  cars  which  car- 
ry loads  into  the  port  of  New  York, 
the  switching  district  of  New  York, 
and  other  large  terminal  areas,  could 
be  unloaded  on  the  day  of  their  ar- 
rival, they  could  be  loaded  out  on  the 
same  day  or  the  following  day,  and 
the  present  freight-car  equipment  of 
the  railways  would  be  sufficient  to 
meet  all  transportation  needs  for  sev- 
eral years  to  come." 

"And  yet  we  have  believed  that  we 
must  add  greater  and  greater  equip- 
ment necessitating  higher  charges.  It 
seems  to  me  the  time  has  come  to  use 
economy  in  the  use  of  our  present  in- 
vestment in  railway  and  highway 
equipment  to  the  end  that  we  will  not 
build  up  further  interest  charges." 

Further  he  states: 

"Competition  for  the  local  carriage 
of  goods  within  city  and  suburban 
areas  ought  to  be  welcome  by  the 
railways,  as  they  perform  this  service 
at  an  actual  loss,  while  the  trucker 
can  perform  it  at  a  profit.  On  the 
other  hand,  competition  with  the  rail- 
way for  the  carriage  of  goods  through 


TABLE  I— COMMODITY  MOVEMENT,  CONNECTICUT  AND  MASSACHUSETTS. 

Total  Percent-  Ton 

Class   of                          Average            net  age  total  miles  Gross 

commodity.                          haul,           weight,  net  net  weight, 

miles.             tons.  weight.  weight.  tons. 

Products    of    agriculture 34.5             1,094.6  8.7  39,802  2,630 

Products   of  animals 39.4            1,216.1  9.6  48,113  3,121 

Products  of  mines 25.6                669.0  5.4  17,328  1,288 

Products   of  forests 35.2               419.6  3.3  13,970  1,017 

Products  of  manufacture 49.0            9,151.9  73.0  411,611  23,223 

Totals    12,551.2  100.0  530,824  31,280 
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the  rural  districts  along  the  main  lines 
of  railway  is  harmful  to  the  railway 
and  unprofitable  to  the  trucker." 

Development  of  Highways  Funda- 
mental Transportation  Problem. — 
Here  are  briefly,  perhaps  inadequate- 
ly sketched,  certain  phases  of  the 
transportation  problem  which  are  to 
be  met.  It  is  about  time  that  we  rec- 
ognize in  this  country  the  fact  that 
the  development  of  adequate  high- 
ways is  not  a  problem  for  the  farmer, 
nor  is  it  a  problem  alone  for  the  city 
man.  It  is  one  of  the  fundamental 
transportation  problems  in  every  lo- 
cality, and  the  use  of  the  roads  in 
every  locality  will  reflect  the  life  and 
activities  of  the  people  in  the  locality. 
This  is  demonstrated  beyond  dispute 
by  the  traffic  census  which  we  are  now 
carrying  forward.  Despite  any  condi- 
tions political  or  otherwise,  highway 
improvement  in  this  country  must  go 
forward  on  an  increased  scale  because 
it  will  cost  more  to  do  without  the 
transportation  service  which  can  be 
supplied  through  the  building  of  high- 
ways than  it  will  cost  to  build  and 
maintain  them. 

Highway  Commodity  Movements  in 
Industrial  Section. — Here  is  an  exam- 
ple (Table  I)  taken  from  an  indus- 
trial section.  The  recent  traffic  counts 
in  Connecticut  and  Massachusetts, 
taken  in  October  which  is  an  average 
traffic  month  give  an  average  for  each 
of  four  stations  of  1,140  tons  of  com- 
modities per  day  of  nine  hours.  Add- 
ing one-third  as  a  very  conservative 
estimate  for  the  full  day,  we  have 
1,520  gross  tons  daily  commodity 
movement,  that  is,  the  weight  of  the 
commodity  and  the  carrying  vehicle. 

The  agricultural  tonnage  is  not 
large,  neither  is  that  of  a  number  of 
the  other  activities,  but  the  manufac- 
turing tonnage  is  the  big  and  import- 
ant item.  The  section  is  devoted  large- 
ly to  manufacturing,  and  we  find  re- 
flected the  life  and  activities  of  the 
section  in  the  highway  commodity 
movements.  Seventy-three  per  cent  of 
the  commodity  movement  consists  of 
the  products  of  manufacture,  the  bal- 
ance being  divided  between  the  prod- 
ucts of  agriculture,  mines  and  forests. 

From  figures  which  have  been  pub- 
lished by  the  Iowa  Experiment  Sta- 
tion, assuming  gasoline  to  cost  24  cts. 
per  gallon,  the  cost  of  the  fuel  alone 
for  moving  this  tonnage  per  mile  per 
day  would  be  $26.44  over  an  ordinary 
dirt  road,  assuming  the  impossible, 
that  such  traffic  could  be  carried  over 
a  dirt  road.    The  cost  of  fuel  for  mov- 


ing the  same  tonnage  over  a  paved 
road  would  be  $11.70,  a  difference  of 
$14.74  per  day.  On  the  basis  of  300 
days  per  year  the  actual  saving  in  fuel 
alone  moving  this  tonnage,  which 
comes  from  the  actual  weighing  of  the 
actual  movements,  would  be  $4,022. 
The  paved  highway  cost  approximate- 
ly $40,000.  The  average  interest  at  5 
per  cent  would  be  $1,000,  which,  de- 
ducted from  the  actual  saving  on  fuel, 
would  leave  a  balance  which  would 
retire  the  cost  of  the  road  in  a  little 
over  11  years.  The  maintenance  costs 
are  not  figured  in  either  case,  but  a 
greater  maintenance  charge  could  be 
deducted  than  the  roads  are  actually 
costing,  and  still  the  balance  of  the 
saving  would  be  sufficient  to  retire  the 
cost  within  which  we  believe  to  be  a 
reasonable  period  for  the  service  of 
the  road  without  extensive  repairs. 

Here  are  the  astonishing  figures  of 
the  cost  of  an  improved  highway  con- 
structed at  prices  which  are  above 
what  we  believe  will  be  the  general 
average  of  such  costs,  and  the  saving 
in  the  fuel  consumption  alone  is 
sufficient  to  pay  the  cost  of  the  high- 
way plus  interest  charges  plus  mainte- 
nance, and  the  tremendous  passenger 
traffic  is  carried,  on  this  basis,  free  of 
cost. 

Individually  the  cost  is  not  dis- 
tributed on  the  basis  of  commodity 
hauling,  but  the  public  as  a  whole, 
through  its  saving  in  fuel  alone,  is  en- 
abled to  build  highways  of  the  type 
demanded,  and  the  very  large  saving 
on  passenger  traffic  can  be  entirely 
neglected.  Similar  assumptions  could 
be  recited  for  other  parts  of  the  coun- 
try, and  in  each  case  the  cost  of  high- 
way improvement  would  justify  itself 
provided  the  roads  are  designed  for 
the  traffic  of  that  community  and  the 
traffic  units  which  they  ought  to  bear. 

Functioning  of  Federal  Aid. — Here, 
then,  is  the  functioning  of  federal  aid 
in  the  development  of  highway  trans- 
portation. The  Bureau  of  Public  Roads 
is  an  agency.  It  is  an  agency  repre- 
senting all  of  the  state  highway  de- 
partments, and  attempting  to  enforce 
the  average  ideals  and  standards 
which  are  the  general  average  of  the 
experience  and  the  practices  in  the 
states  which  are  making  the  best  prog- 
ress, and  these  standards  are  not  such 
that  they  impose  unjust  or  unneces- 
sary restrictions  or  requirements  on 
any  state  in  the  construction  of  the 
federal  aid  highways. 


(183) 


570 


Roads  and  Streets  Monthly  Issue  of 


March, 


The  principles  which  are  being  ad- 
ministered are  not  the  standards  of 
one  state,  but  rather  the  average 
standards,  and  it  would  be  manifestly 
unfair  to  those  states  which  are  stand- 
ing for  the  progressive  and  proper 
development  of  their  highways  to  meet 
their  transportation  necessities,  not  to 
insist  that  all  of  the  states  shall  come 
up  to  a  reasonably  uniform  standard 
considering  the  states  by  groups.  The 
bureau  has  no  apologies  to  make  for 
insisting  on  standards  which  have 
been  developed  through  this  expe- 
rience. There  is  no  question  that  the 
states  should  be  considered  in  groups, 
and  that  standards  of  one  group  should 
not,  and  in  many  cases  cannot  be  ap- 
plied in  other  groups,  but  within  the 
group  itself.  While  the  bureau  has 
full  sympathy  for  any  retarding  con- 
dition in  which  a  state  finds  itself  with 
respect  to  funds,  its  organization,  or 
its  own  lawns,  the  bureau  would  be 
open  to  the  most  just  criticism  should 
it  allow  that  state  to  fall  below  the 
standards  of  the  area  in  which  the 
conditions  are  common  and  continue 
to  participate  in  the  federal  road 
funds.  The  bureau  is  earnestly  en- 
deavoring to  define  the  areas  in  which 
like  conditions  prevail  and  to  place 
justly  the  states  in  those  areas.  So 
far  as  is  possible  only  those  standards 
which  are  necessary  to  the  develop- 
ment of  the  transportation  needs  of 
the  area  will  be  insisted  upon,  but 
there  is  little  sympathy  for  a  state 
which  lags  for  years  behind  the  other 
states  in  any  group.  It  would  not  be 
a  kindness,  and  it  would  only  result 
in  detriment  to  the  progress  of  high- 
way development  in  this  country  as  a 
whole,  to  condone  or  fail  to  enforce  in 
any  state  the  standards  that  are 
agreed  upon  as  necessary  to  the  group. 
This  position  seeks  only  to  express 
the  experience  and  viewpoint  of  the 
majority  of  the  states — the  foundation 
principle  upon  which  this  government 
was  built,  and  upon  which  all  our  in- 
stitutions have  been  developed.  It  is 
only  the  application  of  the  theory 
which  underlies  our  whole  form  of 
government. 

Fudnamental  Requirements  for  Fed- 
eral Aid. — It  is  not  my  wish  to  dwell 
in  detail  upon  any  particular  policies. 
There  are  certain  requirements  which 
are  fundamental — the  location,  align- 
ment, and  gradients  of  our  highways 
are  the  most  permanent  parts.  This 
axiom  has  been  repeated  over  and 
over  and  yet  the  bureau  is  confronted, 
time  after  time,  with  requests  to  ap- 


prove projects  which  violate  these  re- 
quirements without  regard  for  the  per- 
petuation of  bad  highway  standards 
for  generation  after  generation  into 
the  future. 

I  cannot  express  too  strongly  my 
appreciation  of  the  co-operation  which 
has  been  received  from  the  states 
without  exception,  in  putting  into  op- 
eration the  Federal  Highway  Act  of 
November,  1921,  which  imposed  many 
restrictions  and  requirements  which 
had  not  previously  existed. 

There  have  been  two  questions  in- 
volving the  design  of  highways  for 
which  it  has  been  difficult  to  establish 
proper  policies.  The  first  of  those  was 
met  by  the  establishment  of  the  policy 
of  stage  construction,  and  the  second 
was  met  by  the  establishment  of  the 
policy  of  classifying  railroad  crossings 
in  the  order  of  their  relative  import- 
ance for  elimination  or  improvement. 

Stage  construction  has  not  been 
developed  as  a  plan  to  accept  on  faith 
the  fulfillment  of  promises  which 
neither  the  past  performance  or  the 
present  indications  show  that  the  state 
contemplates.  Rather  it  is  a  plan  to 
assist  the  state  that  intends  to  im- 
prove its  federal  highway  system  ade- 
quately, and  has  established  methods 
of  financing  or  of  producing  revenues 
that  will  in  a  reasonable  time  com- 
plete the  improvement  by  stages,  The 
adoption  of  stage  construction  cannot 
nullify  the  provision  of  law  requiring 
maintenance.  It  is  axiomatic  therefore 
that,  if  the  maintenance  funds  are 
inadequate,  the  Bureau  must  require 
construction  that  can  be  maintained 
within  funds  available. 

The  cheapest  railroad  crossing  im- 
provement is  the  elimination  of  grade 
intersections  through  relocation.  This 
whole  question,  moreover,  is  one 
which  ought  to  lie  heavily  on  the  con- 
science of  every  highway  official.  The 
Bureau  has  been  frequently  accused  in 
the  past  of  holding  up  the  state's  pro- 
grams because  of  refusal  to  approve 
projects  having  grade  crossings.  There 
is  no  safe  grade  crossing.  Some  are 
relatively  less  dangerous  than  others. 
The  man  who  insists  on  carrying  main 
highways  across  main  line  railways  at 
grade  is  making  headway  with  his 
program  at  the  cost  of  human  lives. 

In  summary,  then,  it  is  apparent 
there  is  the  greatest  need  for  the  ex- 
ercise of  courage  and  imagination  in 
meeting  the  problems  of  highway  ad- 
ministration and  improvement  which 
are  ahead.     There  is  the  need  for  a 
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vision  of  the  future  encompassing  all 
that  the  development  of  a  perfected 
system  of  highway  transportation  can 
mean  to  this  country.  The  plans  must 
be  matured  and  policies  enforced  at 
this  time  when  the  whole  public  is 
suffering  an  economic  hurt.  There 
must  come  the  correlation  of  the  sys- 
tem of  highway  transportation  with 
other  transportation  systems,  and  par- 
ticularly must  the  highways  take  over 
the  burden  which  the  railways  now 
carry  only  with  loss,  as  evidenced  by 
the  testimony  of  the  railroads  them- 
selves. 

Federal  aid  is  functioning  in  a  major 
way  to  accomplish  these  larger  pur- 
poses by  fixing  our  efforts  for  the  time 
upon  the  completion  of  the  federal  aid 
highway  system.  It  is  requiring,  and 
must  in  the  future  be  more  strict  in 
requiring,  that  the  states  shall  main- 
tain adequate  highway  departments. 
The  application  of  federal  aid  has 
proved  to  be  sufficiently  flexible  to 
adapt  itself  to  the  needs  of  the  dif- 
ferent states,  and  to  be  readily  ad- 
justed to  the  character  of  highway 
development  needed  in  the  metropoli- 
tan areas  as  well  as  in  the  strictly 
rural  sections  of  the  country.  In  re- 
quiring adequate  maintenance  the  Bu- 
reau seeks  only  to  secure  the  maxi- 
mum of  highway  service  and  to  pro- 
tect the  investment  without  which  our 
highway  program  cannot  continue  to 
receive  the  support  of  the  public.  The 
Bureau  seeks  only  those  fundamental 
requirements  of  location,  alignment, 
and  freedom  from  railroad  grade  cross- 
ings that  are  essential  to  the  upbuild- 
ing of  an  adequate  highway  system. 
This  fact  must  never  be  lost  sight  of, 
that  as  the  present  stretches  of  high- 
ways are  connected  by  the  building  of 
intervening  sections,  the  traffic  over 
the  individual  highways  will  become 
greater  until  it  reaches  a  point  of 
stability  which  will  only  be  changed 
by  the  completion  of  new  routes  in 
contiguous  territory,  so  that  not  only 
freedom  from  danger  is  sought,  but 
economy  and  continuity  of  operation 
are  essential  requirements. 

Finally,  the  Bureau  does  not  attempt 
to  dictate  the  highway  policies  of  the 
several  states,  but  rather  to  reflect  the 
standards  and  policies  which  a  major- 
ity of  the  state  highway  departments 
are  using,  developing  out  of  experience 
and  the  expenditure  of  large  sums  of 
money,  as  necessary  and  essential  to 
the  proper  development  of  the  high- 
way systems  within  the  individual 
states. 


Opportunities    in    City    Planning 
for  the  Highway  Engineer 

BY  ERNEST  F.  AYRES. 

145   East  Bannock   St.,    Boise,  Idaho. 

Every  winter  the  highway  engi- 
neer renews  his  membership  in  the 
International  Order  of  the  Sons  of 
Involuntary  Leisure,  frequently  ab- 
breviated to  Sons  of  Leisure,  or  S.  O. 
L.  Just  as  he  feels  that  at  last  he  is 
sitting  pretty,  his  work  having  lasted 
two  weeks  longer  than  usual,  his  job 
is  ruthlessly  yanked  out  from  under 
him  and  he  is  sent  to  join  the  rest  of 
the  bears  in  winter  hibernation. 
Whether  he  eats,  or  whether  he 
breaks  all  records  for  the  hunger 
strike,  is  of  no  concern  to  the  heart- 
less commonwealth  which  employs, 
or  rather,  employed  him.  Yet  he 
sticks  to  his  chosen  vocation  year  af- 
ter year,  always  hoping  for,  but  never 
attaining  a  steady  twelve  months'  pos- 
ition. 

One  would  think  that  he  would  leave 
such  a  profitless  profession,  but  he 
doesn't.  He  is  a  victim  of  the  wan- 
derlust, else  he  would  not  be  an  en- 
gineer, and  this  is  the  only  field  where 
a  man  can  get  a  salary  for  hoboing. 

What  shall  he  do  ?  He  will  never  be 
happy  if  separated  from  his  beloved 
transit  and  rod,  yet  his  chosen  work 
will  never  get  him  anywhere  in  the 
estimation  of  his  banker,  if  he  hap- 
pens to  be  lucky  enough  to  have 
one.  He  may  get  into  politics 
and  draw  a  nice  salary  for  a 
while,  but  his  final  condition  is 
worse  than  his  first  if  he  tries 
that  road.  He  holds  his  job  just  as 
long  as  his  pet  administration  holds 
office.  When  the  other  fellows  win  an 
election,  he  is  incontinently  dumped 
out.  Under  ordinary  circumstances  he 
may  be  out  of  work,  and  out  of  luck, 
each  winter,  but  at  least  he  retains 
his  reputation.  Wait  and  see  what 
the  opposition  will  do  to  his  profes- 
sional standing  if  he  mixes  in  politics. 

If  he  must  stick  to  engineering, 
why  doesn't  he  get  into  business  for 
himself?  It  means  cutting  loose  from 
an  intermittent  salary,  an  operation 
which  few  engineers  seem  able  to  face 
with  equanimity,  but  on  the  other 
hand,  it  means  the  attainment  of  a 
professional  status  in  fact  as  well  as 
in  name.  Of  course  he  will  say  that 
his  locality  is  already  overcrowded 
with  practicing  engineers,  but  a  short 
survey  will  show  that  none  of  them  are 
really  hustling  after  new  business.  So 
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unethical,  you  know.  Yet  the  man 
who  comes  to  town,  talks  to  the  Com- 
mercial Club  and  the  Women's  Feder- 
ation into  installing  a  new  system  of 
parks,  and  walks  off  with  a  signed  con- 
tract, is  not  looked  upon  as  an  un- 
ethical interloper.  Everyone  consi- 
ders him  a  remarkable  lucky  chap. 

It  is  rarely  the  engineer  who  gets 
this  class  of  business,  more's  the  pity. 
The  architect,  and  the  landscape 
architect,  are  pushing  this  line  of 
work.  They  call  it  City  Planning,  a 
title  which  awes  the  average  engineer 
into  thinking  it  is  none  of  his  busi- 
ness.   How  about  it? 

There  are  few  new  towns  to  be  laid 
out  in  the  United  States.  Most  of  them 
just  grow  around  a  railroad  tank  and 
a  prospective  roundhouse.  But  there 
are  thousands  of  cities  which  need  re- 
modelling, which  want  playgrounds  in- 
stalled, which  are  looking  into  the  ad- 
vantages or  disadvantages  of  this  new 
fangled  zoning  system,  and  all  of  them 
are  only  waiting  for  some  live  wire 
to  come  along  and  show  them  how  to 
start.  Why  wait  for  the  landscape 
architect  to  visit  your  community  and 
wake  the  old  town  out  of  its  lethargy? 
Get  into  the  game  yourself. 

Nine-tenths  of  city  planning  is  en- 
gineering, pure  and  simple.  Mighty 
simple.  It  is  the  engineer  who  must 
make  the  map  on  which  the  landscape 
architect  lays  out  his  design.  The  en- 
gineer must  plan  the  type  of  paving, 
fix  the  grades,  and  look  out  for  the 
drainage  of  all  streets.  Just  as  soon 
as  he  learns  to  follow  contour  lines, 
instead  of  making  all  his  plats  look 
like  magnified  checker  boards,  the  en- 
gineer can  lay  out  a  new  town,  or  an 
addition  to  an  existing  city,  better 
than  the  architect.  It  is  the  engineer 
who  must  design  the  water  works  and 
the  sewer  system,  stake  out  the  lot 
lines,  build  the  sidewalks  and  curbs, 
and  gather  the  data  on  which  the  zon- 
ing regulations  will  be  used.  In  short, 
he  does  nine-tenths  of  the  field  work, 
and  three-fourths  of  the  office  work, 
but  always  as  a  subordinate.  The 
credit  for  the  job,  and  the  big  checks, 
go  to  the  architect.  This  is  right  and 
proper,  for  the  architect  promoted  the 
job,  financed  himself  while  it  was  go- 
ing on,  and  risked  his  professional 
reputation  on  the  accuracy  of  the  en- 
gineer's work. 

The  engineer  can,  and  will,  lay  out 
his  plat  with  a  view  to  easy  drainage, 
instead  of  trying  to  fit  a  sewer  scheme 
to  a  pretty  plan  that  never  condescend- 
ed to  bother  with  such  petty  details. 


He  will  need  the  services  of  the  land- 
scape architect  in  preparing  the  gen- 
eral design,  but  this  is  no  reason  for 
him  to  be  so  infernally  modest  that 
he  obliterates  himself  from  the  scene 
altogether.  Modesty  is  a  good  thing 
in  moderation,  but  it  can  be  carried 
to  excess. 

City  planning  is  a  science,  and  as 
such  it  should  appeal  to  the  engineer. 
And  it  can  be  applied  to  his  own  home 
town,  right  now.  He  will  have  plenty 
of  leisure  time  on  his  hands  for  the 
next  few  months.  Let  him  work  out 
a  comprehensive  plan  for  the  improve- 
ment of  his  own  city.  Here  are  a  few 
of  the  questions  which  must  be  an- 
swered before  he  can  even  get  started. 

What  portion  of  the  city  has  made 
the  greatest  progress  in  building  dur- 
ing the  past  ten  years?  How  have  as- 
sessed valuations  varied  in  the  dif- 
ferent sections  of  the  city  during  this 
same  period?  What  is  the  bonding 
limit  of  each  block  in  the  city?  How 
many  blocks  are  already  bonded  to 
the  limit?  How  fast  is  the  industrial 
section  of  the  city  growing,  and,  more 
important  still,  in  what  direction  is 
it  tending?  What  were  the  limits  of 
the  mercantile  district  a  decade  ago, 
and  what  are  they  today?  What  was 
the  best  residential  district  a  genera- 
tion ago?     Where  is  it  now? 

After  these  questions,  and  a  hun- 
dred others,  have  been  answered,  the 
job  is  barely  started.  The  big  query 
remains  to  be  solved.  Why  has  the 
city  grown  in  the  way  your  charts 
show  it  has  done?  There  is  a  reason. 
Find  it.  Without  it  you  can  not  go 
ahead  and  plan  for  the  future.  With 
it,  you  hold  the  key  to  the  growth  of 
the  community.  Is  this  a  job  for  the 
landscape  architect?  Or  for  the  en- 
gineer? Forget  all  about  the  "City 
Beautiful"  for  the  present.  Work  to- 
ward the  "City  Efficient,"  but  do  not 
lose  sight  of  the  fact  that  beauty  and 
efficiency  are  not  so  diametrically  op- 
posed as  many  of  our  steel  bridge  de- 
signers  would  seem   to   believe. 

Then  go  to  your  Commercial  Club, 
show  them  your  charts,  and  ask  them 
if  they  wish  their  community  to  grow 
haphazardly,  or  if  they  care  to  spend 
a  little  time  and  money  to  make  their 
town  a  better  place  to  live  in.  Show 
them  that  there  is  nothing  complex  in 
city  planning.  Give  them  the  defini- 
tion by  Mr.  Walter  Moody  of  the  Chi- 
cago Plan  Commission.  He  calls  it 
"the  simple  common  sense  procedure 
of  making  conditions  more  liveable 
for  the  dwellers  in  the  cities."    Make 
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them  understand  that  you  intend  to 
sacrifice  nothing  in  the  present  plan 
that  is  good,  but  that  everything 
which  tends  to  destroy  the  peace,  the 
comfort,  or  the  success  of  the  man 
who  has  already  made  his  investment 
in  your  city  must  be  eliminated  or  pre- 
vented. If  you  can  do  no  more,  gain 
their  permission  to  install  a  first  class 
zoning  ordinance,  based  on  the  figures 
you  have  obtained.  This  one  job  will 
keep  you  out  of  mischief  for  a  good 
long  time,  and  it  is  the  most  important 
question  which  the  city  can  consider. 

One  does  not  buy  a  lot  for  its  intrin- 
sic value.  If  he  did,  the  grassy  plot 
on  the  river  bank  a  couple  of  miles 
from  town  would  be  worth  far  more 
than  the  treeless  waste  in  the  heart  of 
the  business  district.  A  lot  is  valued 
by  its  surroundings,  its  facilities  for 
the  purpose  to  which  you  intend  to 
put  it,  and  for  its  convenience  to  the 
points  in  which  you  are  most  inter- 
ested. Your  residence  lot  should  be 
near  good  schools,  and  convenient  to 
your  place  of  business.  The  business 
lot  should  be  near  the  center  of  things, 
and  not  too  far  from  the  source  of 
supply,  the  wholesale  district. 

No  one  builds  his  home  next  door 
to  a  glue  factory,  nor  his  store  right 
beside  a  boiler  factory.  Yet  where 
there  are  no  zoning  regulations,  there 
is  nothing  to  prevent  an  enterprising 
butcher  from  building  his  slaughter 
house  on  the  next  lot  to  your  house, 
nor  to  hinder  the  factory  owner  from 
erecting  his  building  beside  your  of- 
fice. A  long,  expensive  fight  through 
the  courts  might  possibly  dispose  of 
the  slaughter  house  as  a  public  nuis- 
ance, but  you  would  have  no  relief 
from  the  factory — if  there  were  no 
zoning  regulations. 

Go  into  any  city  from  New  York  to 
San  Francisco  and  see  how  the  busi- 
ness district  has  encroached  on  the 
residence  section,  and  how  in  turn  the 
mercantile  has  been  driven  out  by  the 
industrial.  Part  of  the  trouble  lies  in 
the  fact  that  insufficient  room  was  al- 
lotted to  the  business  and  manufac- 
turing centres  at  the  start.  They  had 
to  grow,  and  in  most  cities  there  was 
but  one  direction  in  which  to  go.  But 
much  of  the  difficulty  lies  deeper  than 
mere  lack  of  room.  Look  at  the  many 
fine  residence  blocks  in  every  city 
whose  value  has  been  reduced  by  the 
addition  of  a  garage,  a  cheap  John 
grocery,  or  a  warehouse  on  one  cor- 
ner. Unfortunately,  the  type  of  build- 
ing to  be  placed  on  each  lot  has  been 
left  entirely  to  the  whim  of  the  own- 


er. He  could  do  as  he  wished,  regard- 
less of  the  rights  of  his  neighbors. 
Soon  the  home  owners  move,  and  an- 
other residence  block  has  been  added 
to  the  mercantile  district. 

Proper  zoning  protects  not  .only  the 
home  owner,  it  safeguards  the  mer- 
chant and  the  manufacturer  as  well. 
The  business  man  knows  that  he  can 
build  his  store  in  a  certain  block  with 
no  risk  of  having  a  skyscraper  take 
away  his  daylight,  or  a  machine  shop 
drive  away  his  trade.  The  manufac- 
turer can  build  his  factory  with  no 
danger  of  having  a  small  candy  and 
cigar  store  set  on  the  next  lot,  a  store 
that  must  be  purchased  at  gold  plated 
figures  when  the  plant  needs  to  be 
enlarged.  The  home  builder  must  be 
told  that  he  cannot  build  his  bungalow 
on  the  main  business  street,  even 
though  no  store  has  come  so  far  from 
the  center  of  town  as  yet.  That  lot  is 
reserved  for  the  inevitable  expansion 
of  the  mercantile  district.  Better  let 
it  remain  vacant  for  a  few  years  than 
to  have  an  irate  home  owner  when  the 
sanctity  of  his  dwelling  is  invaded  by 
a  meat  market  on  his  windward  side. 

Zoning  was  practiced  in  relation  to 
the  saloon.  It  had  to  be  Duilt  so  many 
feet  from  a  school,  a  church,  or  a 
library.  Certain  sections  of  the  city 
were  closed  entirely  to  the  liquor  traf- 
fic. Why  not  apply  similar  restrictions 
to  other  lines  of  business  which,  while 
they  may  not  present  the  moral  haz- 
ard of  the  pre-Volstead  gin  mill,  do 
appreciate  abutting  property  to  a  large 
extent?  They  have  their  place.  Make 
them  stay  there. 

Zoning  is  not  all  of  city  planning, 
but  it  is  a  very  important  part  of  it, 
and  the  study  on  which  the  regula- 
tions must  be  based  is  an  engineering 
job.  Go  get  it.  Then,  after  this  has 
been  installed,  both  you  and  your  city 
will  find  many  other  uses  for  your 
charts. 

Work  out  a  paving  chart.  Show 
how  heavily  each  lot  is  now  taxed  for 
improvements  and  find  just  how  much 
additional  strain  can  be  borne  by  the 
long  suffering  owner.  Paving  is  a 
good  thing,  if  a  community  can  afford 
it.  So  is  a  diamond  necklace  for  friend 
wife,  if  hubby  can  afford  it.  The  trou- 
ble comes  when  a  clever  salesman 
convinces  the  City  Council,  or  the 
doting  bridegroom,  that  neither  of 
these  investments  cost  anything.  The 
diamonds  are  a  brand  new  way  of  sav- 
ing money,  for  they  are  always  worth 
as  much  as  you  paid  for  them,  and  the 
cost  of  paving  is  ultimately  absorbed 
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in  the  increased  land  values.  Good 
arguments,  both  of  them,  but  the  man 
who  holds  onto  his  property  instead  of 
selling  soon  finds  that  he  is  paying  in- 
terest, or  taxes,  on  his  investment.  It 
is  all  right  if  he  can  afford  it.  Your 
charts  will  show  whether  he  can,  or 
whether  he  is  having  difficulty  in 
meeting  his  present  taxes,  plus  his 
water  and  sewer  assessments. 

The  engineer  must  determine  what 
is  the  proper  treatment  for  the  streets. 
Will  the  earth  sustain  the  light  traf- 
fic which  is  all  that  can  be  expected 
for  several  years?  Shall  gravel  or 
crushed  rock  be  added?  If  so,  how 
much?  If  paving  is  required,  what 
type  is  best  adapted  to  the  soil  and 
climatic  conditions  of  this  particular 
district?  With  a  good  zoning  regula- 
tion to  start  with,  future  traffic  can 
be  estimated  very  closely,  but  this  is 
also  an  engineer's  job. 

Sidewalks  are  also  an  engineering 
problem.  If  the  property  owner  and 
contractor  are  left  to  their  own  de- 
vices, they  will  put  in  a  nice  light 
concrete  slab,  with  no  foundation. 
Then  the  owner  will  wonder  why  it 
resembles  the  sad  sea  waves  after  the 
first  winter. 

When  it  comes  to  parkings,  play- 
grounds, and  amusement  centers,  call 
in  the  landscape  architect  and  give 
him  a  free  hand.  Let  him  build  up  the 
open  spaces.  This  is  his  work,  a  very 
important  work  in  city  planning.  But 
it  is  not  important  enough  to  give  him 
a  monopoly  on  the  entire  program. 

Neither  the  engineer  nor  the  arci- 
tect  can  handle  all  the  problems  of  the 
modern  city.  They  must  co-operate. 
But  it  is  time  that  the  engineer  woke 
up,  claimed  his  rightful  sphere  as  a 
co-worker  with  the  architect  in  this 
new  field,  and  ceased  to  be  a  subordi- 
nate, contented  with  a  draftsman's 
salary  and  a  rodman's  place  in  the 
scheme  of  things. 


Plane  Table  Manual 

The  U.  S.  Coast  and  Geodetic  Sur- 
vey, Department  of  Commerce,  has  is- 
sued a  revised  edition  of  the  manual 
of  instructions  for  topographical  sur- 
veying with  the  plane  table,  which  em- 
bodies the  most  recent  practice  and  is 
in  convenient  form  for  the  use  of  engi- 
neers, surveyors  and  others  engaged 
in  the  work  of  mapping  and  engineer- 
ing construction. 

This     publication,     known    as     the 


Plane  Table  Manual,  is  published  in  a 
small  volume  of  97  pages  as  Serial 
No.  179,  Special  Publication  No.  85.  It 
may  be  obtained  free  of  charge  by 
persons  interested  by  application  to 
the  office  of  the  Coast  and  Geodetic 
Survey,  or  from  the  Superintendent  of 
Documents,  Government  Printing  Of- 
fice, Washington,  at  the  nominal  price 
of  25  cents. 

The  plane  table,  which  is  fully  de- 
scribed in  this  publication,  has  been 
used  in  the  Coast' and  Geodetic  Survey 
since  the  commencement  of  the  work 
as  affording  the  most  simple,  direct 
and  expeditious  means  of  making  a 
topographical  survey,  and  it  is  used  to 
a  considerable  extent  by  other 
branches  of  the  Government  in  which 
surveying  work  is  done. 

The  principle  of  the  instrument  is 
very  simple.  In  its  primitive  form  the 
plane  table  consists  of  a  drawing 
board  over  which  a  sheet  of  paper  is 
stretched,  mounted  on  a  tripod  or 
other  support,  and  provided  with  a 
ruler  on  which  a  scale  of  equal  parts 
is  marked.  By  means  of  this  scale 
distances  may  be  laid  off  and  lines  of 
direction  drawn  on  the  paper.  The 
modern  instrument  is  of  more  compli- 
cated construction  and  is  fully  de- 
scribed in  the  manual. 

After  measuring  a  base  line  points 
are  located  from  the  ends  of  the  base 
by  the  intersecting  lines  of  direction 
to  various  objects  drawn  on  the  map 
and  forming  a  system  of  graphic  trian- 
gulation.  By  repeating  these  opera- 
tions the  survey  may  be  continued  in- 
definitely. The  contours  of  elevation 
are  sketched  in,  or  elevations  may  be 
determined  with  greater  precision  by 
the  use  of  the  level  and  rod  or  by 
measurements  of  vertical  angles.  The 
stadia  rod  is  now  generally  used  in 
preference  to  the  chain  or  wire  in 
measuring  distances.  In  extended 
work  the  survey  is  controlled  by  points 
previously  determined  by  triangula- 
tion. 

The  description  of  the  instrument  is 
preceded  by  a  historical  note  giving 
the  gradual  evolution  of  the  plane  ta- 
ble and  its  attachments,  and  is  fol- 
lowed by  an  explanation  of  the  various 
problems  occurring  in  practice  and  the 
methods  used  in  the  field  work. 

The  manual  is  illustrated  by  48  cuts 
and  diagrams  explanatory  of  the  in- 
strument, its  practical  use,  and  the 
symbols  used  in  representing  topo- 
graphical details,  and  includes  various 
useful  tables. 
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Highway  Views  and  News  in  Various  States 

Editorials  and  Articles  from  Official  Publications  of  State  Highway 

Departments. 

Extra  Mile  of  Road  with  500  Ve-  terest  on  $365,000.     The  use   of  the 

u:~lA.  P^..  n«*r  r«cf c  I  T««*.«  three-mile    detour    for    three    months 

hides ;  Per  Day  Costs  Users  looms  up  the  total  of  $13>500  expense 

$18,500  Per  Year  to  those  forced  to  travel  the  longer 

From     the     October-November-December  distance   simply   during   the   construc- 

Service  Bulletin   of   the  Iowa  tion  of  a  main  section  of  road. 

Highway  Commission.  A  study  of  figures  like  these  make 
Every  extra  mile  of  highway  on  a  it  plain  to  the  layman  that  it  is  some- 
road  carrying  an  average  of  500  ve-  times  economical  to  buy  expensive 
hides  per  day,  estimating  at  10  ct.  roadway  rather  than  to  continue  to 
per  mile,  costs  the  traffic  using  it,  use  even  good  highways  already  con- 
$18,500  per  year.  This  is  not  paid  structed  but  needlessly  long  in  route, 
out  in  a  lump  sum  by  the  county  or  It  will  explain  why  it  is  sometimes 
any  other  organization  and  it  is  prac-  economical  to  buy  new  right-of-way 
tically  impossible  to  effectually  point  and  build  a  new  road  rather  than  to 
out  to  the  individual  traveling  the  detour  traffic  while  the  old  is  being 
road  just  what  part  of  it  he  is  paying.  rebuilt.  Figures  like  these  will  ex- 
Nevertheless  it  is  a  bill  that  must  be  plain  many  things  that  may,  to  the 
paid  by  the  public,  either  in  the  form  layman,  seem  much  like  needless  ex- 
of  road  taxes  or  paid  individually  by  penditure  but  which  when  consid- 
the  motor  car  owner.  ered  in  the  light  of  the  traffic  census 

Two  extra  miles  of  such  a  road  en-  a.nd  aS^±m^    ""^ 
tail  an  additional  cost  of  $37,000.     A  the  actlon  highly  economical, 
three-months'    use   of    a   detour   road  „.   ,  -  ,  n 
involving    three    extra    miles'    travel  Highway  Improvement  and  Cost 
costs   the   users,  on  the  same  basis,            of  Motor  Vehicle  Operation 
$13,500        Highway     engineers,     with          ^^  the  December  Report  of  the  Ne 
figures  like  these  before  them,  are  to-  braska   Department   of    Public   Works, 
day  learning  the  lessons  railroad  en-          L  t                 t           Ml  con. 
gmeers  learned  years  ago      Railroad  gider  th/time  and  difficulty  it  took 
engineers  find  it  economical  to  spend  ,     mak         .               fiye     .    }  ag 
millions  of  dollars  cutting  out  every  compared  wJith  thayt  whic^  it  tak|s  to_ 
extra   mile    of   distance.      To    gam   a  d      *1   d      k  hini„plf  whprhpr  his  con- 
mile  of  distance  they  make  huge  cuts  ^&J^yf^^^!^^i^J^J^ 
0„a    fiiio     k««^    u,i4„00    nnA     *„«„«i  tributions  to  good  roads  have  not  so 
and   fills,    build    bridges    and     tunnel  f                             .        investment.     Let 

t^X  thTiS^Sva  «t  ZwntnZlt°  him  reca11  Wb  last  experience  of  be- 

this  in  the  first  days  of  railroad  build-  j  u  d        t     f        bad    gtretch     f 

ing      They    came    to    it   only    as    ac  roSad    and    consider    what    he    would 

curate       cost      accounting      methods  h  id   .  fd  it 

showed    clearly    the    extra     cost     of  have  paid  1°  av°ld  **•  A 

grery  extra  mile  in  transporting  their  ToS51  n0ufm?eprerat0'fng  £&?  Veh,C,e8' 

freight  and  passengers.  Highway  offi-  vehicles   in  Nebraska 250,000 

cials,   with   traffic   census   figures   and  Average  miles  traveled   per 

transportation  cost  data  piling  up  be-  T^  vVhicYe  miles  per' year     1,500,000.00 

fore  them  are  now  learning  the  same  Average  cost  operating  mo- 
lesson.    The  average  user  of  the  high-         tor    vehicle    in    Nebraska, 

way  seldom  thinks  of  the  extra  cost  Presen™1  annual' *' operating 

the  individual   mile   of   travel   causes         cost    $135,000,000.00 

him  because  in  the  individual  case  it  l0^1  miles   1,500,000,000 

seems  infinitesimal  to  even  consider.  Amount  already  saved '  each 
Multiply  the  individual  case  by  500  or  year  by  improvements  . . .  $30,000,000.00 
1,000  per  day,  total  the  figures  over  The  above  figures  were  derived 
a  week,  a  month,  or  a  year  and  the  from  compiling  costs  .  submitted  by 
results  assume  astonishing  propor-  1>2oo  dealers  in  Nebraska  and  can  be 
tions-  easily  checked  when  we  know  that 
An  extra  mile  of  road  with  500  ve-  the  gas  consumption  for  motor  ve- 
hicles per  day,  costs  $18,500  per  year  hides  in  the  state  for  the  past  12 
extra,   representing  a  5   per   cent  in-  months  is  125,000,000  gal.  and  multi- 
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plying  this  by  the  average  miles  per 
gallon  which  is  12  we  will  have  1,- 
500,000  vehicle  miles  which  checks 
with  the  reports  of  the  dealers  as  to 
miles  traveled  and  one  will  not  have 
to  investigate  very  far  to  find  that 
the  average  cost  of  operation  is  9  ct. 
per   mile. 

After  reviewing  the  above  figures 
it  is  easy  to  see  how  the  motor  vehi- 
cle owner  ca*n  well  afford  to  pay  all 
of  the  expense  of  meeting  Federal 
Aid  and  continue  the  maintenance 
work  that  has  already  been  started 
and  if  this  is  done  he  can  be  assured 
that  his  operating  expense  will  be  re- 
duced another  cent  per  mile  which 
would  mean  $15,000,000  saving  per 
year. 


1923  Road  Building  in  Colorado 

From   the   February  Colorado   Highways, 

Official  Publication  of  the  Colorado 

State  Highway  Department. 

The  dawn  of  a  new  road-building 
season  is  just  around   the  corner. 

In  another  two  months  road  work 
in  Colorado  will  be  in  full  swing  in  a 
score  or  more  of  counties.  Others 
will  fall  into  line  as  soon  as  weather 
permits. 

Even  now  work  is  being  done  in 
some  of  the  southern  Colorado  coun- 
ties, where  it  is  possible  to  work  all 
winter. 

"Get  an  early  start,  boys,"  is  the 
word  sent  to  all  of  the  Highway  De- 
partment division  heads.  As  a  re- 
sult the  engineers  and  draftsmen  have 
been  going  at  top  speed,  getting 
plans  ready  for  the  spring  work. 

Major  Blauvelt  has  emphasized  the 
fact  to  his  subordinates  that  the  con- 
struction season  in  Colorado  is  lim- 
ited to  a  few  summer  months.  There- 
fore it  is  essential  that  road  work  in 
this  state  be  started  with  the  first 
break  in  spring.  Otherwise  it  be- 
comes necessary  to  carry  over  a  good 
many  projects  into  the  following 
year. 

This  he  is  endeavoring  to  avoid 
wherever  possible.  Projects  carried 
over  are  costly  to  the  traveling  pub- 
lic through  inconvenience  of  detours. 

The  contractors  also  have  caught 
the  spirit  of  the  new  order  of  things 
about  the  Highway  Department. 

They  have  not  been  idle  this  win- 
ter. The  forced  layoff  has  been  em- 
ployed by  them  to  get  their  outfits  in 
tip-top  shape  for  the  big  road  cam- 
paign  that   is   coming. 

With   a   budget     of     $9,236,350    the 


Highway  Department  will  let  a  lot 
of  contracts  next  spring.  This  means 
much  work  for  the  road  builder.  And 
we  find  that  they  are  wide-awake  to 
the  situation. 

This  is  also  true  of  the  county  com- 
missioners all  over  the  state.  They 
have  learned  by  long  experience  that 
it  does  not  pay  to  wait  too  long  to 
get  their  work  under  way. 

State    Police    Needed    for    High- 
ways 

From   the   January   Texas  Highway   Bul- 
letin. 

There  are  many  reasons  why  state 
police  are  needed  in  every  state  and 
the  increase  in  accidents  at  railroad 
crossings  emphasize  this  need.  A  re- 
cent report  from  Nevada  indicates  that 
highway  vandals  are  operating  in  a 
way  to  endanger  highway  traffic. 
These  vandals  are  destroying  warn- 
ing lights  and  in  a  few  instances  have 
destroyed  red-light  danger  signals  on 
the  Reno-Carson  highway  thereby  im- 
periling the  lives  of  passing  motorists 
who  expect  the  red  flashing  signal  to 
give  warning  of  the  grade  crossings. 
State  police  could  report  destruction 
of  danger  signals,  signs  and  other 
warning  devices  and  would  be  a  val- 
uable agency  in  apprehending  van- 
dals and  other  law  breakers. 


Overloaded  Trucks  in  Nevada 

From  the  Jan.  20  Nevada  Highway  News. 

Just  recently  the  department  com- 
pleted a  series  of  weight  tests  on  va- 
rious trucks  using  the  highways  in 
the  vicinity  of  Reno,  and  the  tabulat- 
ed data  collected  during  this  cam- 
paign presents  some  interesting  in- 
formation regarding  the  practice  of 
overloading  trucks.  From  Table  I  it 
will  be  noted  that  not  only  is  there 
serious  overloading  of  the  trucks  but 
that  the  load  per  inch-width  of  tire 
as  recommended  in  a  majority  of  the 
states  has  been  seriously  exceeded  in 
almost  every  case.  The  department 
in  its  legislative  recommendations 
specifies  a  maximum  load  per  inch 
width  of  tire  of  600  lb.,  and  a  major- 
ity of  the  states  provide  700  lb.,  but  it 
will  be  noted  from  this  table  that  the 
weight  in  one  case  reached  1,440  lb. 
with  several  others  running  consider- 
ably over  1,000  lb.  The  weight  per 
inch-width  of  tire  gages  the  true 
overload  of  a  truck  and  should  be  the 
basis  for  determination  of  overloaded 
trucks  as  to  the  maximum  load  pro- 
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TABLE  I.— TRUCK  WEIGHTS 


Total 

Rt 

Per 

Lf. 

Per 

Rt. 

Per 

L,f. 

Per  vehicle 

rear. 

inch. 

rear. 

inch. 

front. 

inch. 

front. 

inch. 

weight. 

1 

7,000 

823.5 

5,800 

682.35 

2,700 

600 

2,700 

600 

18,200 

2 

... .     2,200 

880 
763.63 
1,440 

2,200 
4,300 
7,200 

880 
781.8 
1,440 

250 
1,000 
1,600 

363.63 
533 

250 
1,600 
1,600 

581.8 

533 

4,900 

3    

4,200 

11,100 

4 

....      7,200 

17,600 

5,600 

1,120 
1,345.4 

4,800 
5,500 

960 
1,000 

2,000 
1,200 

666.6 
400 

2,000 
1,200 

666.6 
400 

14,400 

6 

7,400 

15,300 

7 

6,000 

1,091 
909.1 
933.3 

1,000 

7,000 
5,400 
8,600 
6,000 

1,272.7 
981.8 
956 
857.14 

3,400 
1,900 
3,000 
4,000 

850 

633.3 

600 

888.9 

2,600 
1,800 
3,600 
2,000 

650 
600 
720 
444.5 

19,000 

8 

5,000 

14,100 

9 

8,400 

23,600 

10 

7,000 

19,000 

11 

....      8,350 

982.4 

8,455 

994.7 

2,600 

577.8 

2,600 

577.8 

22,005 

12 

....      5,000 

833.4 

5,000 

833.4 

2,400 

600 

2,400 

600 

14,800 

13 

3,450 

575 

3,450 

575 

2,300 

575 

2,300 

575 

11,500 

14 

....      2,900 

3,000 

1,800 

1,800 

9,500 

15 

....      7,300 

858.8 

7,300 

858.8 

2,800 

622.2 

2,800 

622.2 

20,200 

vided  in  the  statutes.  The  depart- 
ment's recommendation  for  gross  load 
is  22,000  lb.  and  it  will  be  noted  that 
this  gross  load  has  been  exceeded 
only  in  a  few  cases,  but  the  table  in- 
dicates a  serious  disregard  of  the 
proper  width  of  tires  for  carrying  the 
load  placed  on  each  of  these  trucks. 


Public     Highways     Are     Public 
Properties 

From  the  January  North  Carolina  High- 
way Bulletin. 

It  is  interesting  to  observe  the 
curiously  different  viewpoint  of  the 
average  man  with  regard  to  the  use 
of  public  highways  as  compared  with 
his  ideas  regarding  the  use  of  other 
forms   of  public   property. 

The  man  who  would  stand  aghast 
at  the  notion  of  erecting  an  expensive 
public  building  without  any  provision 
for  its  proper  maintenance,  operation 
and  control  of  its  use  seems  to  feel 
that  the  same  character  of  provision 
for  the  use  of  a  road  smacks  of  pa- 
ternalism and  the  circumscribing  of 
individual  rights. 

Imagine  the  use  of  a  room  or  corri- 
dor in  a  city  hall,  public  school  or 
public  library  being  pre-empted  for 
the  use  of  an  individual  citizen  to  the 
inconvenience,  discomfort  and  delay 
of  other  citizens  who  had  business  to 
conduct  in  that  structure. 

Why,  then,  is  it  not  equally  wrong 
to  permit  the  pre-empting  of  a  public 
highway  by  a  vehicle  of  such  huge 
dimensions  that  its  use  blocks  the 
road  to  normal  traffic  and- causes  de- 
lay and  inconvenience  (to  say  noth- 
ing of  danger)  to  others  who  have 
an  equal  right  on  the  roadway? 

There  has  been  some  legislation, 
and  must  be  more,  in  the  various 
states  with  regard  to  vehicle  loads. 
Why  not  also  the  regulation  of  vehi- 
cle  size? 


Why  should  the  individual  man  or 
a  business  institution  be  permitted  to 
move  a  house  along  a  public  high- 
way merely  because  it  is  mounted  on 
wheels  and  is  within  a  given  limit  of 
weight? 

Is  it  not  time  for  highway  officials 
to  make  vigorous  representations  to 
their  legislatures  on  this  subject  and 
to  arouse  public  sentiment  to  induce 
action? 

Highway  Maintenance  in   North 
Carolina 

From  the  January  North  Carolina  High- 
way Bulletin. 

Highway  maintenance  is  a  subject 
that  interests  everyone  connected 
with  highway  work.  North  Carolina 
has  one  of  the  most  efficient  mainte- 
nance departments  in  the  country 
and  one  which  has  been  organized  in 
a  very  short  period.  Maintenance  on 
the  state  highway  system  is  costing 
each  man,  woman  and  child  in  the 
state  less  than  %  of  a  cent  per  day 
or  approximately  3*4  ct.  per  motor 
vehicle  in  the  state.  This  is  remark- 
ably low  when  the  saving  in  gas,  oil 
and   tires   is   considered. 


Hint  for  Promoting  "Safety"  of  Job 
Lanterns. — To  minimize  the  theft  of 
lanterns  cast  a  cement  block  10  ins. 
square  and  4  ins.  thick  around  the 
base  of  the  lantern.  Remove  the  wire 
handle  and  any  thief  who  carries  it 
off  does  a  hard  job  and  has  a  prac- 
tically worthless  article,  states  The 
Scraper. 

Kentucky  Discontinues  Use  of  Con- 
vict Labor  on  Roads. — The  state  of 
Kentucky  announces  that  hereafter  it 
will  discontinue  the  use  of  convict  la- 
bor for  road  building.  The  lowering 
of  labor  costs  and  a  plentiful  supply 
of  labor  is  given  as  one  of  the  reasons 
for  the  change  in  policy. 
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The  Human  Factor  in  High- 
way Regulation  and  Safety 

Paper  Presented  Nov.  23  At  Meeting 

of  Advisory  Board  on  Highway 

Research 

BY   RAYMOND  DODGE, 

Chairman,    Division    of    Psychology    Na- 
tional Research  Council. 

Problems  of  the  maximum  useful- 
ness and  the  maximum  safety  of  high- 
ways are  of  two  main  varieties.  One 
variety  of  necessity,  the  first  and  one 
most  commonly  considered,  concerns 
the  speed,  direction  frequency  and 
weight  of  traffic  and  the  reactions  of 
the  road.  The  other  concerns  the  hu- 
man factor,  human  perceptions  and 
reactions,  human  attention,  frailties 
and  confusion.  The  first  variety  of 
problems  is  physical.  The  second  is 
mental  or  psychological. 

Notwithstanding  some  exceedingly 
valuable  special  investigation,  espe- 
cially by  Mr.  Eno  and  the  Eno  Founda- 
tion, as  far  as  I  am  aware,  no  syste- 
matic exploration  of  the  human  factor 
in  traffic  has  ever  been  undertaken. 
For  obvious  reasons  it  is  more  diffi- 
cult than  the  physical  factor.  With 
increasing  congestion  of  traffic  it  is 
certainly  not  less  important.  Many 
otherwise  useful  schemes  have  suf- 
fered from  a  lack  of  insight  into  the 
mental  processes  which  they  involve. 
At  the .  beginning  I  wish  to  disclaim 
any  special  wisdom  in  the  matter  of 
the  psychology  of  the  highway.  It 
needs  careful  analysis  and  expert 
thoroughgoing  experimental  investiga- 
tion. It  is  my  present  purpose  merely 
to  emphasize  the  importance  of  study- 
ing the  human  factor  and  to  illustrate 
my  points  by  fragrants  of  problems 
that  have  appeared  to  me  in  casual 
observation.  Mental  problems  of  the 
highway  seem  to  me  to  include  the 
following  classes: 

1.  The  nature  and  placement  of 
signs. 

2.  The  nature  and  time  of  signals. 

3.  The  visual  limitations  of  drivers 
and  pedestrians. 

4.  Limitations  of  attention  and 
sources  of  confusion  of  drivers  and 
pedestrians. 

5.  Minimum  reaction  times  consis- 
tent with  safety.  Reaction  time  and 
physical  momentum  bear  direct  rela- 
tion to  the  permissible  speeds. 

6.  The  development  of  standard 
tests  and  the  correlation  of  tests  with 
the  various  sorts  of  licenses  to  oper- 


ate at  different  speeds  and  in  different 
localities. 

7.  Education  for  Safety. 

If  I  may  be  permitted  to  call  atten- 
tion to  some  specific  cases  of  inade- 
quacies that  have  come  to  my  atten- 
tion I  can  perhaps  illustrate  some  of 
these  points  better  by  concrete  in- 
stances than  by  generalities. 

Concerning  Signs. — In  front  of  the 
offices  of  the  National  Research  Coun- 
cil there  stands  a  sign  with  "SLO" 
on  the  top  line  and  "SCHOOL"  on 
the  bottom  line.  I  do  not  know  the 
theory  under  which  that  "SLO"  was 
designed.  There  is  an  obvious  effort 
to  dodge  the  adjective  slow,  and  an 
equally  obvious  belief  that  words  are 
read  letter  by  letter,  that  a  strange 
word  of  three  letters  is  more  quickly 
read  and  grasped  than  a  familiar 
word  of  four  letters.  With  the  gram- 
matical issue  I  shall  not  quarrel,  al- 
though slow  as  an  abbreviation  for 
"slow  down"  or  "slow  up"  would  be 
reasonably  good  English.  The  real  ob- 
jections to  "SLO"  come  from  the 
known  facts  in  the  psychology  of 
reading.  It  has  been  thoroughly  dem- 
onstrated that  adults  do  not  read  fa- 
miliar words  letter  by  letter  but  by 
familiar  letter  groups.  Any  combina- 
tion of  letters  may  become  familiar  in 
time.  New  combinations  are  read  and 
understood  relatively  slowly.  When  I 
first  saw  that  strange  sign  it  took  me 
many  times  the  effort  and  time  to 
understand  and  interpret  it  that  would 
have  been  sufficient  for  "slow."  For 
the  average  stranger  in  Washington 
to  whom  that  sign  should  especially 
appeal  the  familiar  group  of  letters — 
slow — would  be  read  and  understood 
in  a  fraction  of  the  time  that  was 
necessary  for  the  interesting  and  in- 
genious configuration.  This  is  a  trivial 
case.  There  is,  however,  a  very  real 
and  important  problem  with  respect 
to  the  ideal  construction  of  a  traffic 
sign.  How  many  words  will  be  read 
in  the  available  time  by  a  passing 
autoist?  What  should  be  the  mini- 
mum size  of  letters?  Where  should 
signs  be  placed  so  that  they  will  get 
the  best  attention  of  drivers  or  pedes- 
trians? Uniformity  in  structure, 
placement,  color  and  content  is  a  real 
desideratum.  There  is  already  avail- 
able a  body  of  practical  experience 
and  a  considerable  body  of  scientific 
information  which  would  only  need  to 
be  adapted  to  highway  use  and  ex- 
perimentally verified. 

Another    case    that   fell   under    my 
notice  was  the  effort  to  increase  vis- 


(192) 


1923 


Engineering  and  Contracting 


579 


ibility  of  the  trolley  posts  on  Con- 
necticut avenue  by  painting  long 
white  bands  on  them.  By  an  unfor- 
tunate accident  these  bands  began 
several  feet  above  the  ground.  The 
optical  usefulness  of  the  white  bands 
would  have  been  enormously  in- 
creased if  they  had  run  to  the  ground. 
Then  the  position  of  the  posts  in  lines 
of  perspective  would  have  much  more 
clearly  defined  their  spatial  position. 
More  fundamentally,  which  is  better, 
white  posts  or '  alternating  bands  of 
black  and  white? 

Again  I  have  noted  the  relative  lack 
of  visibility  in  the  growing  dusk  of 
traffic  policemen  in  their  dark  uni- 
forms with  dark  gloves.  The  addition 
of  a  diagonal  white  sash  and  light 
gloves  would  enormously  increase 
their  usefulness  to  pedestrians  and 
their  visibility  to  drivers. 

The  Nature  and  Time  of  Signals. — 
As  far  as  I  can  learn,  Washington 
has  at  least  tentatively  adopted  hand 
and  arm  signals  considerably  ahead 
of  the  country  at  large.  It  is,  how- 
ever, conspicuous  that  these  signals 
have  no  definite  time  relation  to  the 
movements  they  indicate.  They  are 
sometimes  short  and  sometimes  long, 
sometimes  early  and  sometimes  late. 
It  seems  particularly  unfortunate  that 
at  a  time  when  both  hands  of  the 
driver  might  be  needed  for  the  oper- 
ation of  his  steering  device  and  emer- 
gency brake  he  is  supposed  to  be 
using  one  of  those  hands  for  signal- 
ing a  stop.  Some  one  of  these  proc- 
esses is  likely  to  be  poorly  executed. 
The  continuous  indication  of  a  driv- 
er's intentions  beginning  at  least  five 
seconds  before  a  movement  is  exe- 
cuted and  continuing  until  a  move- 
ment is  completed  would  be  a  great 
advantage.  It  is  mechanically  entirely 
possible  without  interrupting  the  driv- 
er's control  of  the  machine,  if  we 
settle  the  principle.  Similar  indica- 
tions by  pedestrians,  at  least  in 
crowded  places,  would  be  a  great  help 
to  the  drivers  and  should  be  enforce- 
able. It  is  often  quite  impossible  for 
a  driver  to  determine  when  a  pedes- 
trian is  going  to  start  a  movement 
across  the  street,  when  he  is  going 
to  retreat,  or  what  direction  he  is  go- 
ing to  take  next.  A  simple  scheme 
for  the  most  desirable  time  of  onset 
and  the  duration  of  signals  can  be 
worked  out  by  any  psychologist  who 
will  familiarize  himself  with  the  traf- 
fic situation,  and  knows  the  limita- 
tions of  attention  and  reaction  time. 

Visual  Limitations.  —  Perhaps  the 
most    obvious    psychological     service 


would  be  rendered  in  connection  with 
the  limitations  of  attention  and  the1 
extent  of  clear  vision.  In  the  present 
regulations  of  traffic  the  active  con- 
cern of  both  driver  and  pedestrian 
never  covers  less  than  45  degrees  of 
visual  angle  and  may  reach  an  angle 
of  200  degrees  and  over.  The  upper 
range  is  humanly  impossible  without 
moving  the  head  from  side  to  side. 
This  always  involves  the  interruption 
of  vision  in  some  part  of  the  field  of 
active  concern.  One  of  the  greatest 
dangers  in  crossing  the  street  comes 
from  vehicles  that  suddenly  emerge 
unseen  and  unheralded  from  a  side 
street.  Means  for  decreasing  the  vis- 
ual angle  of  active  concern  should  be 
carefully  scrutinized  and  adopted 
wherever  possible.  The  prohibition  of 
all  left-hand  turns  is  an  expedient  for 
which  a  splendid  brief  might  be  pre- 
pared. Another  brief  might  be  pre- 
pared for  the  use  of  all  parallel 
streets  as  one-way  traffic  streets. 
Safety,  maximum  speed,  maximum 
parking  facilities,  and  saving  of  time 
with  consequent  relief  of  congestion 
and  the  convenience  of  foot  traffic  are 
all  involved  in  one-way  streets.  Sim- 
ilar advantages  are  obtained  by  divid- 
ing wide  streets  by  zones  of  safety 
wherever  practicable. 

On  the  grounds  of  the  visual  angle 
of  active  concern  there  is  a  slight  but 
real  difference  between  different  sides 
of  the  street  for  pedestrians.  It  can 
be  demonstrated  that  the  left-hand 
sidewalk  is  safer.  It  is  well  known 
that  the  left-hand  side  of  the  street 
should  be  used  by  pedestrians  when 
there  is  no  sidewalk. 

As  a  matter  of  safety  there  are 
grave  doubts  as  to  whether  the  pres- 
ent regulations  that  limit  pedestrians 
to  a  narrow  street  crossing  at  exact 
intersections  of  streets  is  the  best 
practicable  solution.  It  may  be  more 
convenient  for  drivers  but  the  exact 
intersection  of  streets  is  certainly 
most  dangerous  for  pedestrians.  Be- 
hind waiting  cars  is  safer  than  in 
front  of  them.  Twenty  feet  from  a 
cross  street  would  diminish  the  prob- 
ability of  being  surprised  by  turning 
cars. 

Sources  of  Confusion. — Much  has 
been  done  to  diminish  the  sources  of 
confusion,  such  as  the  introduction  of 
signals  and  the  establishment  of  zones 
or  islands  of  safety  where  pedes- 
trians can  *  take  their  problems  in 
smaller  doses.  But,  if  I  am  correctly 
informed,  any  systematic  analysis  of 
confusion  of  pedestrians  or  drivers  has 
yet  to  be  made.    It  would  involve  the 
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practical  limits  of  attention  and  the 
facts  of  human  variability.  The  sud- 
den appearance  of  an  unheralded  ve- 
hicle coming  around  the  corner,  the 
convergence  of  vehicles  on  the  pe- 
destrian and  even  the  blatant  automo- 
bile horns  themselves  are  worth  con- 
sidering as  sources  of  confusion.  In 
this  connection  one  may  note  again 
the  advantages  that  would  be  derived 
from  one-way  traffic.  Confusion  would 
be  diminished  by  uniformity  of  traffic 
rules  and  signals,  by  training  in  time 
and  space  estimation,  by  better  light- 
ing of  cars,  and  a  better  system  of 
street  lighting.  Most  street  lighting 
involves  decrease  of  the  visual  acuity 
by  peripheral  glare. 

Minimum  Reaction  Times. — Aside 
from  the  purely  mechanical  conditions 
of  stopping  and  turning,  the  next  most 
important  factor  in  safety  is  the  reac- 
tion time  or  personal  equation,  the 
time  that  elapses  before  the  driver  or 
pedestrian  can  start  a  movement  that 
is  required  by  a  sudden  emergency. 
Slow  and  uncertain  or  wavering  re- 
actions are  undoubtedly  the  occasion 
of  many  accidents.  Long  reaction 
time  is  partly  due  to  natural  tenden- 
cies of  drivers  and  pedestrians,  the 
so-called  personal  equation.  It  is  also 
due  in  part  to  lack  of  practice  and 
training  in  appropriate  reactions.  Both 
of  these  factors  could  be  made  mat- 
ters of  test. 

Standardized  Tests. — An  even  more 
conspicuously  opportune  field  for  psy- 
chological co-operation  in  solving  the 
problems  of  safety  and  efficiency  on 
the  highway  is  the  matter  of  con- 
structing and  evaluating  a  series  of 
standardized  tests  for  drivers.  It  is 
possible  that  there  ought  to  be  tests 
for  pedestrians  as  well,  with  distin- 
guishing marks  for  incompetents.  It 
would  be  some  help  if  the  drivers 
could  know  that  the  man  trying  to 
cross  the  street  was  partially  para- 
lyzed, and  was  partially  blind  or  deaf, 
had  a  wooden  leg,  or  some  other  dis- 
ability which  made  it  difficult  to  take 
care  of  what  he  had  left.  As  it  is 
now  youth  and  old  age  are  the  only 
clearly  marked  incompetents. 

It  is  notorious  that  tests  of  drivers 
in  one  community  are  entirely  differ- 
ent from  tests  in  other  communities. 
Licenses  from  different  localities  are 
quite  incomparable  in  value. 

Standard  tests  would  be  a  real  help. 
But  standardization  of  tests  is  not 
the  only  service  that  can  be  rendered. 
It  is  entirely  thinkable  that  tests 
should    vary   for   the    sorts    of   tasks 


which  the  drivers  are  called  upon  to 
perform.  That  is  to  say,  tests  for 
drivers  of  light,  pleasure  vehicles 
might  conceivably  be  very  different 
from  tests  for  drivers  of  fast  ambu- 
lances, fire  appliances,  etc.,  and  they 
in  turn  might  be  quite  different  from 
tests  for  drivers  of  heavy  motor 
trucks.  High  powered  fast  machines 
obviously  should  not  be  entrusted  to 
poor  or  relatively  untrained  drivers.  A 
specific  form  of  test  for  various  types 
of  machines  is  good  common  sense 
and  good  science.  In  addition  to  tests 
for  mechanical  expertness  it  is  prob- 
able that  tests  for  drivers  of  motor 
vehicles  should  be  supplemented  by 
tests  of  knowledge  of  standardized 
traffic  regulations  and  automobile  lim- 
itations, and  possibly  by  some  check 
on  moral  tendencies  and  regard  for 
common  interests.  The  preparation 
and  standardization  of  a  series  of 
tests  for  drivers  would  be  a  task  of 
no  small  magnitude  and  of  conspicu- 
ous importance.  Forfeiting  a  license 
for  misconduct  on  the  road  should  be 
a  national  affair,  not  a  merely  local 
one.  Driving  after  license  is  with- 
drawn should  be  a  serious  offense. 

Education  for  Safety. — In  addition 
to  all  of  these  possible  services  of 
psychology  in  the  regulation  of  the 
highway  there  is  undoubtedly  need  of 
the  service  of  expert  educationists. 
The  pedestrian  must  be  trained  as 
well  as  the  driver  of  motor  vehicles 
and  the  proper  place  for  that  training 
is  in  the  school.  It  seems  reasonable 
to  suppose  that  one  of  the  important 
school  functions  in  fitting  the  child 
for  his  environment  is  the  ability  to 
take  care  of  himself  on  the  highway. 
This  task  obviously  can  be  under- 
taken only  when  the  regulation  of  the 
highways  has  reached  a  point  where 
it  is  uniform  in  all  the  states  and 
uniformity  should  only  be  aimed  at 
when  we  are  sure  that  from  the  stand- 
point of  space  and  time  as  well  as 
from  the  standpoint  of  the  human 
mind  the  proposed  regulations  have 
been  thoroughly  scrutinized  and  re- 
vised. Newspaper  and  movie  cam- 
paigns by  cartoons,  advice  and  stories 
should  be  continuous,  not  limited  to 
one  week  a  year. 


Executive  Board  American  Engi- 
neering Council  to  Meet. — A  meeting 
of  the  Executive  Board  of  the  Ameri- 
can Engineering  Council,  executive 
body  of  the  Federated  American  En- 
gineering Societies,  has  been  called 
for  March  23-24  in  Cincinnati. 
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A   Portable   Pumping   Plant   Es- 
pecially Designed  for  Road 
Builders 

The  duel  triplex  pump  shown  in  the 
cut  herewith  is  made  by  the  Barnes 
Manufacturing  Co.,  of  Mansfield,  Ohio, 
primarily  for  use  on  jobs  where  a  24- 
hour  supply  is  necessary,  although  it 


recognized;  and  the  elimination  of 
dust  from  the  air  entering  the  engine 
is  an  important  step  forward  in- the 
development  of  gasoline  power. 

The  device  here  described  has  on 
repeated  tests  shown  an  efficiency  of 
99.5  per  cent.  It  operates  centrifugal- 
ly,  the  dust  particles  being  thrown  to 
the   outside   of   the      chamber,     from 
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Dual    Pumping    Outfit    for    Road    Builders. 


has  obvious  advantages  on  work 
where  assurance  of  supply  when 
needed  is  of  especial  importance.  The 
two  units  may  be  run  simultaneously 
to  furnish  double  the  water  supply 
when  desired. 

As  indicated,  the  pumps  discharge 
into  a  common  pipe,  but  otherwise 
the  units  are  entirely  independent. 
The  triplex  outfit  is  made  in  two 
sizes — 4,800  gallons  per  hour  and 
5,400  gallons  per  hour,  respectively, 
while  a  quadruplex  outfit  has  a  capac- 
ity of  7,200  gallons. 

The  smaller  size  is  supplied  with 
Le  Roi  engines,  and  the  two  larger 
sizes  with  Hercules  Model  "O"  en- 
gines. The  pumps  all  have  3^-in. 
cylinders  and  6-in.  strokes.  The 
smallest  size  measures  13  ft.  over  all, 
weighs  6,500  lbs.,  and  will  work  up  to 
a  400-lb.  head.  The  largest,  or  quad- 
ruplex, measures  14^  ft.  over  all, 
weighs  8,200  lbs.,  and  will  work 
against  a  500-lb.  head. 

Air  Cleaners  for  Gasoline  Engines 

The  United  Air  Cleaner  illustrated 
herewith  is  a  simple  and  compact 
mechanism  for  the  removal  of  both 
coarse  and  fine  impurities  from  the 
air  before  it  enters  the  carburetor  of 
a  gasoline  engine.  -The  wear  of  pis- 
tons, cylinders,  and  gears  by  the 
abrasive  action  of  dust  taken  in 
through  the  carburetor,  even  under 
ordinarily  favorable  conditions,  is  fully 


which  they  fall  by  gravity  into  the 
open  air.  Power  is  supplied  by  a 
small  draft  turbine  shown  in  the  cen- 
ter, and  the  speed  at  full  load  is  be- 
tween 3,000  and  4,000  R.  P.  M.  The 
action  of  the  turbine  is  such  that  there 
is  no  reduction  whatever  in  power 
or  gasoline  efficiency.  The  cleaner  is 
furnished    in    many    sizes    and    types 


The    United    Air    Cleaner    Showing    Prin- 
ciple of  Operation. 

covering  the  whole  field  from  the 
smallest  automobile  to  the  large  size 
power  installations  of  crushers,  con- 
crete plants,  etc.  The  makers  are 
the  United  Manufacturing  &  Distrib- 
uting Co.  of  Chicago. 
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New  Underneath  Hand  Hoist  and 
New  Dump  Body  for  Trucks 

A  new  underneath  hand  hoist  of 
simple  mechanism,  for  dump  bodies 
has  been  brought  out  by  The  Heil  Co., 
Milwaukee,  Wis.  This  hoist  it  is 
stated  will   lift  a  3,000  lb.  load  to  a 


New  Heil  Underneath   Hand  Hoist  on  VA 
Cu.    Yd.    Body. 

45  degree  dumping  angle  with  15  turns 
of  the  crank,  applying  30  lb.  pressure 
to  the  crank  handle.  The  mechan- 
ism consists  of  a  series  of  driving 
gears  that  operate  gear  segments  to 
which  are  bolted  the  lifting  arms.  The 
body  can  be  locked  in  any  position 
so  that  only  part  of  the  loads  need 
be  dumped  at  a  time.  The  illustration 
shows  the  new  hoist  installed  on  a 
iy2  cu.  yd.  body. 

The  Heil  Co.  also  has  brought  out 
the  new  dump  body  shown  in  the  il- 
lustration. The  important  features  of 
this  body  include  extended  run  boards 
which  not  only  serve  as  mud-guards, 
but  also  as  a  protection  for  the  Heil 
tail-gate  mechanism  with  cab  control; 
and     a     heavy     gusset     plate     which 
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New  Heil  Truck  Body. 

strengthens  the  tail  gate  and  also 
protects  it.  The  upper  edges  of  the 
body  are  flanged  over  and  down  and 
the  front  end  is  crowned  to  prevent 
dirt  from  spilling  over  on  cab  and 
truck  mechanism.  The  tail-gate  is 
double  acting. 


Producing     Road     Gravel     With 
Small  Portable  Scraper  Outfit 

By  using  a  small  portable  mechan- 
ical scraper  outfit  Carl  Madsen,  a  gen- 
eral contractor  of  Denver,  Colo.,  was 
able  to  do  away  with  the  services  of  10 
team  scrapers  in  getting  out  sand  and 
gravel  for  his  road  contract  near  La 
Junta,  Colo.  In  building  two  miles  of 
concrete  highway  last  fall  he  had  to 
make  use  of  a  small  pit  located  about 
midway  along  the  right-of-way.  There 
was  no  commercial  gravel  plant  in 
that  section  so  the  use  of  material 
from  the  local  pit  was  taken  for  grant- 
ed when  the  contract  was  awarded. 

The  pit  had  been  utilized  previously 
at  odd  times  to  produce  small  quan- 
tities of  sand  and  gravel  for  road, 
sidewalk  and  bridge  jobs  in  and  about 
La  Junta.  Mr.  Madsen  erected  a  bin 
structure  and  a  somewhat  crude  but 
nevertheless  serviceable  arrangement 
for  screening  his  material  and  put  a 
large  gang  of  team  scrapers  in  the  pit. 
But  the  pit  was  800  ft.  in  length,  a 
long  haul  for  the  teams,  and  besides 
water  was  beginning  to  show  in  the 
bottom  of  the  pit,  giving  evidence  that 
the      water-level     had     about     been 


Portable     Scraper     Outfit    on     La    Junta, 
Colo.,    Road    Job. 

reached;  so  it  was  up  to  Mr.  Madsen 
to  adopt  some  mechanical  method  of 
excavating  and  conveying  his  sand 
and  gravel  to  the  plant.  As  a  conse- 
quence he  installed  the  outfit  shown 
in  the  illustration.  With  this  outfit 
operated  by  one  man,  he  is  stated  to 
have  done  the  work  that  previously 
required  10  team  scrapers.  The 
scraper  outfit,  which  is  made  by 
Sauerman  Bros.,  Chicago,  consumed 
only  10  gal.  of  gasoline  per  8-hour 
shift. 
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Why  Chicago  Yawns 

When  Water  Meter 

Is    Suggested 

Much  of  Harriman's  success  in  re- 
habilitating railway  systems  is  at- 
tributed to  his  following  the  advice  of 
his  chief  engineers.  Much  of  the  eco- 
nomic waste  that  characterizes  the 
management  of  many  municipalities  is 
attributed  to  a  policy  exactly  contrary 
to  that  of  Harriman,  namely,  to  a  pol- 
icy of  ignoring  the  advice  of  engi- 
neers. 

As  an  illustration,  take  Chicago. 
Again  and  again  -have  the  reports  of 
its  city  engineers  been  ignored  as  to 
the  advisability  of  universal  metering 
of  water  services.  It  has  been  shown 
that  during  the  next  30  years  Chicago 
can  save  $5,000,000  annually  by  meter- 
ing. This  is  equivalent  to  5  per  cent 
on  $100,000,000.  Where  a  Harriman 
would  bestir  himself  mightily  to  add 
the  revenue  from  a  hundred  million 
dollars  to  his  wealth,  a  Chicago  listens 
stupidly  and  yawns.  At  least  Chicago 
has  yawned  for  more  than  20  years 
over   any   suggestion   from   engineers 


that  a  vast  sum  of  money  could  be 
saved  annually  by  metering  all  the 
water  users.  Even  when  City  Engi- 
neer Murdoch  metered  one  district 
and  cut  the  daily  consumption  from 
433  gal.  down  to  75  gal.  per  capita,  the 
city  yawned  its  customary  yawn  and 
ignored  the  object  lesson. 

According  to  the  most  conservative 
estimates  Chicago  is  wasting  half  the 
water  that  is  pumped  through  the 
pipes.  Many  engineers  believe  that 
the  present  water  consumption  is 
three  times  a  reasonable  amount,  and 
point  to  such  cities  as  Milwaukee  in 
proof  of  their  contention.  But  all 
engineers  are  agreed  on  the  fact  that 
the  enormous  water  waste  in  Chicago 
can  be  economically  reduced  by  me- 
tering, without  inconveniencing  water 
users  and  with  great  profit  to  them. 

At  the  February  convention  of  the 
Western  Society  of  Engineers,  Mr. 
Louis  R.  Howson  said:  "The  city 
council  (of  Chicago)  reflects  the  feel- 
ing of  the  ordinary  householder  who 
is  either  antagonistic  or  apathetic  to 
the  meter  question,  due  to  his  misin- 
formed opinion  that  metering  will 
either  increase  his  bill  or  restrict  his 
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customary  use,  both  of  which  are  in- 
correct. The  problem  is  largely  edu- 
cational, and  one  in  which  the  West- 
ern Society  of  Engineers  should  be 
actively  identified. 


Why  Are  Plaster  Linings 

of  Reservoirs  Not  Used 

More  Frequently? 

Irrigation  canals  and  small  reser- 
voirs in  the  arid  states  are  often  lined 
with  1  to  iy2  in.  of  cement  mortar. 
Sometimes  the  mortar  is  reinforced 
with  chicken  wire,  sometimes  not. 
Occasionally  the  mortar  is  shot  on 
with  a  cement  gun.  A  gang  of  9  men 
(1  foreman,  1  engineman,  1  nozzleman, 
1  helper,  1  gun  man  and  4  laborers) 
will  mix  and  place  about  350  sq.  yds. 
of  1-in.  mortar  (1  to  4)  per  10-hour 
day.  The  cost  per  square  yard  is 
about  as  follows: 

0.08  bbl.   cement  at  $4.00 $0.32 

0.03  cu.   yd.  sand  at   $2.50 0.08 

Reinforcing   wire    0.08 

Labor    0.12 

Total   exclusive    of  plant.. $0.60 

This  is  one-third  the  usual  cost  of 
lining  reservoirs  with  concrete.  We 
suggest,  therefore,  that  eastern  engi- 
neers should  give  careful  considera- 
tion to  this  western  method  of  secur- 
ing watertight  embankments.  The 
plastering  method  is  not  new,  but  its 
adoption  spreads  with  astonishing 
slowness. 

The  fear  that  so  thin  a  lining  will 
crack,  particularly  in  freezing  weath- 
er, has  doubtless  deterred  many 
engineers  from  trying  it.  But  it 
should  be  remembered  that  cracking 
is  not  a  serious  injury,  unless  it  is  so 
extensive  as  completely  to  destroy  the 
lining.  An  occasional  crack  does  not 
ordinarily  result  in  appreciable  leak- 
age. Moreover,  cracks  can  be  filled 
with  tar  or  asphalt. 


Present  and  Prospective 
Prices  of  Pipe 

Between  January,  1922,  and  January, 
1923,  the  index  price  of  building  ma- 
terials rose  20  per  cent,  and  the  index 
price  of  metals  also  rose  20  per  cent, 
according  to  the  U.  S.  Bureau  of 
Labor.  Building  material  price  in  Jan- 
uary averaged  88  per  cent  above  the 
pre-war  level,  whereas  metal  prices 
averaged  only  33  per  cent  above  the 
pre-war  level.    During   the    past   two 


months,  however,  metal  prices  have 
been  rising  rapidly,  forecasting,  we  be- 
lieve, a  much  higher  level  of  prices 
for  all  the  metals. 

Cast  iron  pipe  (6  in.  or  larger)  is 
selling  at  $55  a  ton  in  Chicago,  which 
is  about  double  the  average  price  in 
1913. 

The  Iron  Age  predicts  a  further  rise 
in  cast  iron  pipe  prices,  due  to  the  rise 
in  pig  iron  prices;  but  pig  iron  prices 
are  now  about  twice  what  they  av- 
eraged in  1913,  which  indicates  that 
cast  iron  pipe  and  pig  iron  are  keeping 
place  in  price  movement. 

The  discount  from  list  prices  on 
butt-welded  galvanized  steel  pipe  (% 
to  6  in.)  at  Pittsburgh  is  now  52  per 
cent  as  compared  with  70  per  cent  in 
1913,  which  indicates  that  the  price  of 
steel  pipe  is  about  60  per  cent  above 
the  1913  price. 

It  is  probable  that  steel  pipe  will 
rise  considerably  in  price,  for  the  re- 
cent rise  in  pig  iron  prices  will  ulti- 
mately be  reflected  in  higher  prices 
for  steel  products. 

If  industrial  activity  continues  to 
increase,  metal  prices  will  undoubted- 
ly increase  proportionately.  We  sug- 
gest to  water  works  managers  that  it 
will  be  wise  to  place  their  orders  for 
1923  requirements  at  an  early  date. 


Meterage  at  Kalispell,  Mont. — White 
no  doubt  the  fact  that  meterage  as 
a  system  is  nearing  the  100  per  cent 
mark,  is  due  to  the  recognition  by 
water  users  that  it  is  the  only  fair  and 
equitable  method  of  payments,  and 
shows  that  the  justice  of  the  system 
has  carried  its  own  appeal.  We  be- 
lieve it  would  be  well  for  the  few  re- 
maining consumers  who  still  cling  to 
the  antiquated  flat  rate  system  to  com- 
pare their  monthly  water  statements 
with  their  metered  neighbors'.  Try 
it  and  see. — From  the  1922  report  of 
W.  H.  Lawrence,  Superintendent  of 
Water  Works  of  Kalispell,  Mont. 


Garbage  Disposal  in  58  Largest 
Cities. — A  survey  by  the  Chamber  of 
Commerce  of  Kansas  City,  Mo.,  of  58 
largest  cities  of  the  country  shows 
that  four  main  methods  of  garbage 
disposal  are  in  use  as  follows:  Twen- 
ty-two cities  use  incineration;  sixteen 
use  reduction;  fifteen  use  hog  feeding; 
three  use  dumping  or  filling.  In  all 
cases  the  disposal  of  garbage  is  out- 
side the  city  limits  and  the  distance 
from  the  city  averages  from  3  to  25 
miles. 


\ 
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The  Hydraulic  Principles  Governing  River 
and  Harbor  Construction. —  By  Curtis 
McD.  Townsend,  Colonel  United  States 
Army  (retired)-,  Member  American  So- 
ciety of  Engineers,  Western  Society  or 
Engineers,  St.  Louis  Society  of  Engi- 
neers, etc.,  late  President  Mississippi 
River  Commission.  New  York:  The 
Macmillan  Company.  Cloth;  6x9  ins.; 
pp.   189. 

One  wonders  how  the  author  has 
been  able  to  produce  a  work  so  read- 
able and  yet  so  full  of  technical  de- 
tails and  considerations  of  his  sub- 
ject that  practically  every  phase  of 
the  problem  has  been  touched  upon, 
all  without  the  aid  of  tabular  matter 
or  illustrations  and  with  only  an  oc- 
casional   formula. 

A  large  proportion  of  the  problems 
encountered  in  river  training  and  im- 
proving have  been  thought  out  and 
generally  solved  by  engineers  of  this 
and  other  countries  many  years  ago, 
but  many  engineers  of  today  have  not 
taken  the  time  nor  had  the  patience 
to  avail  themselves  of  the  experience 
thus  recorded.  This  is  due  princi- 
pally, the  author  thinks,  to  the  aver- 
age American  engineer's  unfamiliar- 
ity  with  foreign  languages  in  which 
many  of  the  most  valuable  experi- 
ences are  recorded. 

The  author  begins  with  a  chapter 
in  which  he  cautions  against  the  lit- 
eral application  to  stream  channels 
of  hydraulic  flow  formulae  which 
have  been  developed  largely  for 
pipes  and  conduits,  and  then  proceeds 
to  cite  many  examples  for  such  a 
statement.  The  next  few  chapters 
discuss  the  formation  of  rivers,  the 
general  methods  by  which  rivers  and 
their  sediment  are  formed,  and  the 
fundamental  laws  which  govern  the 
transportation  and  deposition  of  this 
sediment  so  as  to  form  bars  and 
pools  in  a  stream.  Next  follows  a 
chapter  on  flood  prediction  in  which 
are  discussed  the  extensive  data 
necessary  to  estimate  the  flood  or 
any  other  stage  of  a  river  accurately. 
A  great  deal  of  the  book  dwells 
upon  river  regulation  and  includes 
uch  topics  as  dredging,  bank  protec- 
ion,  the  use  of  dykes  and  other  ap- 
purtenances, canalization,  and  flood 
protection  with  reservoirs  and  levees. 
One  of  the  many  interesting  points 
which  are  discussed  is  the  relation 
of  forests  to  floods  in  which  the  au- 
thor comes  to  the  conclusion  that 
floods  are  very  little,  if  any,  affected 
by  forests. 

The    latter    section     of     the    book 


deals  with  the  development  of  har- 
bors in  ocean  ports  and  tidal  estua- 
ries. The  many  difficulties  which 
surround  the  development  of  a  chan- 
nel for  navigation  in  the  mouths  of 
tidal  rivers  have  been  very  fully  dis- 
cussed and  many  remedies  which 
have  proved  satisfactory  are  de- 
scribed. 

In  the  last  chapter  are  carefully 
presented  some  fundamental  com- 
parisons between  rail  and  water 
transportation.  Facts,  impartially 
presented  on  both  sides,  give  the 
reader  a  fairly  definite  opinion  as  to 
the  conditions  which  are  necessary 
to  fulfill  before  water  transportation 
can  bring  in  adequate  returns. 

The  book  closes  with  a  carefully 
prepared  bibliography  and  an  appen- 
dix illustratting  methods  of  actual 
flood  prediction. 


Mosquito  Eradication.— By  W.  E.  Harden- 
burg,  Sanitary  Engineer,  Certified 
Member  American  Association  of  En- 
gineers. First  Edition.  New  York: 
McGraw-Hill  Book  Company.  Cloth;  6 
x9   in.;   pp.   248;   illustrated. 

Relatively  a  small  proportion  of 
the  American  people  realizes  that  it 
is  possible  to  rid  a  community  of  the 
mosquito  pest  quite  as  easily  as  it  has 
been  to  eliminate  typhoid  fever.  In  the 
northern  tier  of  states  where  the  in- 
sect does  not  carry  the  disease  or- 
ganisms, mosquito  eradication  has 
been  accomplished  in  only  a  few 
isolated  cases,  but  in  the  states 
south  of  the  Ohio  River,  it  has  been 
repeatedly  demonstrated  that  elimi- 
nation of  the  malaria  mosquito  ne.ts 
returns  far  in  excess  of  expense. 
The  various  methods  of  eradication 
which  have  been  used  successfully  and 
the  results  obtained  form  the  content 
of  this  volume. 

The  first  chapter  tells  of  the  toll 
of  the  mosquito,  not  only  the  discom- 
fort and  vexation  caused  by  it,  but 
also  the  great  economic  loss  resulting 
from  its  ability  to  carry  four  dis- 
tinct diseases.  Then  follows'  a  mi- 
nute description  of  the  different  va- 
rieties of  mosquitoes  in  their  many 
stages,  with  many  cuts  and  illustra- 
tions for  purposes  of  identification. 

The  remainder  of  the  book  deals 
entirely  with  the  subject  of  eradica- 
tion. Three  chapters  tell  how  to  de- 
velop the  control  measures,  how  to 
launch  a  campaign  and  methods  for 
successful  prosecution.  Considerable 
space  is  devoted  to  ways  and  means 
of  arousing  the  ever  lethargic  public 
to  a  point  of  proper  co-operation.  The 
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public  aroused,  and  the  campaign  on 
its  way,  the  author  describes  the  va- 
rious methods  of  destroying  the  pest. 
Drying  up  a  swamp  or  draining  a 
pond  with  all  the  necessary  tiling  and 
ditching  involved  are  discussed  in  a 
chapter  on  inland  drainage.  The  diffi- 
culties to  be  overcome  in  salt  marsh 
drainage  have  been  solved  in  the 
chapter  on  this   subject. 

A  chapter  devoted  to  oiling  of  wa- 
ter surfaces,  gives  detailed  instruc- 
tions as  to  the  kind  of  oil  to  be  used, 
methods  and  frequency  of  application, 
and  some  data  on  actual  costs  in  dif- 
ferent localities. 

Fish  control,  or  destruction  of  the 
mosquito  by  means  of  certain  species 
of  fish  which  feed  on  the  larvae  is  a 
means  to  which  the  author  has  devot- 
ed a  number  of  pages.  He  names  and 
describes  the  advantages  and  limita- 
tions of  this  method,  the  various  types 
of  fish  employed  and  the  necessary 
procedure.  Incidentally,  where  condi- 
tions are  favorable,  the  author  be- 
lieves this  is  one  of  the  most  effective 
and  cheapest  methods  of  eradication. 
A  chapter  on  screening  is  of  interest 
to  the  housedweller. 

The  volume  as  a  whole  is  well  il- 
lustrated and,  wherever  necessary, 
there  are  included  specific  directions 
for  carrying  out  the  work  and  some 
idea  of  the  probable  costs  and  benefits 
to  be  derived.  It  is  a  book  which  can 
be  used  profitably  by  anyone  responsi- 
ble for  ridding  a  community  of  this 
needless   parasite. 

Elementary  Hydraulics  for  Technical 
Students.— By  F.  C.  Lea,  D.  Sc.  (Engi- 
neering, London),  Senior  Whitworth 
Scholar,  A.  R.  C.  Sc,  M.  Inst.  C.  E.,  M. 
I.  Mech.  E.;  Professor  of  Civil  Engi- 
neering in  Birmingham  University. 
New  York:  Longmans,  Green  &  Co.; 
London:  Edward  Arnold  &  Co.  Cloth; 
5x7  in.;  pp.  224;  illustrated.    $2.40. 

As  the  title  indicates,  this  book  has 
been  prepared  with  the  idea  of  giving 
elementary  hydraulic  instruction  to 
students,  and  is  for  use  primarily  in 
evening  and  day  technical  schools. 
The  book  contains  a  discussion  of  the 
principles  which  underlie  hydraulic 
phenomena.  There  are  chapters  on 
fluids  at  rest  and  in  motion,  and  on 
the  flow  of  water  through  orifices, 
pipes,  over  weirs  and  in  open  chan- 
nels. Each  subject  has  been  treated 
in  a  thorough  manner. 

Practically  the  last  half  of  the  book 
is  given  over  to  discussion  of  the 
theory  and  design  of  hydraulic  ma- 
chines in  common  use,   such  as   tur- 


bines, pumps  and  elevators,  items 
which  are  of  much  more  interest  and 
importance  to  competitive  manufac- 
turers of  hydraulic  equipment  than  to 
students. 

Many  of  the  problems  have  been 
taken  up  in  great  detail  and  the  math- 
ematics developed  to  an  extent  not 
found  in  American  books  on  the  sub- 
ject. Much  of  the  experimental  data 
presented  have  been  derived  from 
English  experience  and  the  formula, 
in  general,  are  developed  in  English 
units.  Nevertheless,  the  book  is  very 
useful  in  the  field  for  which  it  has 
been  written. 


Engines  and  Boilers.  —  By  Thomas  T. 
Eyre,  Dean,  College  of  Engineering, 
State  University  of  New  Mexico,  for- 
merly Assistant  Professor  of  Mechani- 
cal Engineering,  Purdue  University. 
New  York:  The  MacMillan  Company. 
Cloth;    6x9   in.;   pp.    234;    illustrated. 

This  book,  the  author  states,  is  a 
text-book  for  use  in  engineering  schools 
which  offer  an  elementary  course  in 
heat  engines,  and  does  not  attempt  to 
cover  more  advanced  work  in  thermo- 
dynamics. It  has  a  larger  field,  how- 
ever, than  in  class  room  work,  for  it 
contains  much  useful  data  that  should 
make  it  a  ready  reference  for  the 
practicing  engineer. 

The  first  chapter  takes  up  the  ques- 
tion of  fuels  and  gives  brief  descrip- 
tions of  the  various  kinds  and  meth- 
ods for  determining  the  heating  value. 
Flue  gas  analysis  is  also  discussed. 
A  short  chapter  follows  which  ex- 
plains the  use  of  steam  tables  and  the 
steam  calorimeter. 

Boilers  with  their  accessories  and 
appurtenances  are  next  taken  up  at 
some  length.  The  definitions  of  boiler 
terms  are  very  complete,  and  the 
rules  for  finding  the  heating  surface 
of  a  boiler  are  useful,  although  they 
are  taken  from  other  sources.  The 
description  of  boilers  takes  into  ac- 
count all  the  general  types  and  notes 
their  significant  points.  There  is  in- 
cluded the  A.  S.  M.  E.  Boiler  Test 
Code.  Under  boiler  accessories  and 
auxiliaries,  the  author  describes  the 
various  items,  such  as  grates  and 
stokers,  draft  regulation  and  smoke 
prevention,  safety  valves,  feed  water 
heaters  and  pumps,  condensers,  and 
other  minor  items.  The  aim  has  been 
to  describe  the  mechanical  principle 
involved  without  going  into  too  great 
detail  of  any  particular  device. 

Except  for  the  last  two  chapters,  the 
rest  of  the  book  is  devoted  to  the 
steam  engine  and   its  appurtenances. 
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The  general  operating  mechanism  of 
the  steam  engine  is  explained,  and  de- 
tailed instructions  are  given  for  use 
of  the  indicator  and  interpretation  of 
the  indicator  diagram.  A  general  de- 
scription of  the  common  types  of 
steam  engines  illustrates  the  princi- 
ples by  which  each  operates.  An  en- 
tire chapter  is  devoted  to  valves  and 
the  construction  of  valve  diagrams. 

The  last  two  chapters  describe  the 
steam  turbine  and  gas  engine,  respec- 
tively. Single  and  multi-stage  steam 
turbines  are  discussed  and  the  condi- 
tions under  which  they  operate  most 
economically  are  set  forth.  A  few 
pages  on  the  underlying  principles  and 
methods  of  operation  of  the  gas  en- 
gine complete  the  book. 

As  a  text  book,  with  the  numerous 
problems  which  are  included,  it  is  un- 
doubtedly all  the  student  can  assimi- 
late in  a  general  course  which  aims 
to  cover  the  subject  of  heat  engines 
in  a  few  months  or  a  year.  As  a  ref- 
erence book  for  the  practicing  engi- 
neer, it  contains  sufficient  general  in- 
formation for  him  to  brush  up  on  the 
general  principles  involved  and  the 
terms  used. 

Hydraulics. — By  Horace  W.  King,  Profes- 
sor of  Hydraulic  Engineering,  Univer- 
sity of  Michigan,  and  Chester  O.  Wis- 
ler,  Associate  Professor  of  Hydraulic 
Engineering,  University  of  Michigan. 
New  York:  John  Wiley  &  Sons,  Inc., 
London;  Chapman  &  Hall,  Ltd.  Cloth; 
6x9  in.;   pp.   237;   illustrated. 

This  book  on  hydraulics  is  designed 
as  a  text  book  for  engineering  stu- 
dents and  as  a  reference  book  for 
practicing  engineers  who  may  be  in- 
terested in  the  fundamental  principles 
of  the  subject.  Much  of  the  content 
is  found  in  any  standard  book  on  the 
subject,  but  in  presenting  such  fa- 
miliar data,  the  authors  have  tried  to 
emphasize  the  foundation  of  the  so- 
lution of  various  problems. 

The  first  six  chapters  may  be  de- 
scribed as  dealing  with  theoretical  hy- 
draulics and  the  last  five  with  applied 
hydraulics.  Under  theoretical  hy- 
draulics is  a  chapter  containing  defini- 
tions and  a  list  of  units  commonly 
used.  The  next  chapter  is  on  the 
principles  of  hydrostatic  pressure,  and 
contains  a  discussion  of  piezojneter 
tubes  and  differential  gages.  This  is 
followed  by  a  chapter  which  deals 
with  pressures  on  surfaces,  such  as 
submerged  gates,  dams,  and  the- like, 
and  is  the  beginning  of  all  calcula- 
tions for  the  design  of  a  dam.  Two 
short  chapters  which  take  up  the  prin- 


ciples of  buoyance  and  equilibrium  are 
followed  by  one  on  hydrokinetics.  In 
this  section,  the  authors  dwell  chiefly 
on  the  Bernoulli  theorem  and  its  ap- 
plication to  the  Venturi  meter,  and  the 
Pitot  tube. 

The  chapters  which  deal  with  ap- 
plied hydraulics  treat  with  the  flow 
of  water  through  orifices,  tubes,  pipes 
and  open  channels,  and  over  wiers.  In 
all  of  these  subjects  the  formula  or 
theoretical  side  has  been  developed, 
and  this  is  followed  by  the  discussion 
of  the  modifications  or  coefficients 
which  are  necessary  to  be  applied  be- 
fore the  formulae  fit  the  observed  flow. 
The  authors  have  tried  to  include  only 
that  data  which  have  been  proved  by 
practice  to  have  some  ultimate  value 
in  the  engineering  world.  There  are 
solutions  for  certain  special  prob- 
lems which  are  encountered  in  the 
hydraulics  of  pipe  lines  and  of  open 
channels.  For  the  practicing  engineer 
such  solutions  are  of  the  greatest 
value  except  that  only  certain  ones 
are  included  while  numerous  others 
equally  important  are  left  for  the  in- 
dividual to   solve. 

The  book  as  a  whole  treats  the  dif- 
ferent branches  of  hydraulics  in  a 
more  concise  way  than  the  average 
textbook  and  is  devoid  of  the  extra- 
neous problems  which  are  up  to  the 
manufacturer  of  hydraulic  equipment. 


Pocket    Piece    for    Demonstrating 
Water  Waste 

An  ingenious  device  for  showing  the 
waste  of  water  due  to  small  leaks,  or 
leaking  faucets,  has  been  brought  out 
by  the  H.  W.  Clark  Co.,  Mattoon,  111. 
It  consists  of  a  coin  pocket  piece  hav- 
ing holes  1/32  in.,  1/16  in.  and  Y8  in. 
in  diameter.  Underneath  each  hole 
are  figures  showing  the  water  waste 
due  to  that  hole  in  gallons  per  24 
hours  at  40-lb.  pressure.  The  pocket 
piece  should  be  of  service  to  water 
works  officials  in  suppressing  water 
waste,  and  it  also  will  assist  in  con- 
vincing the  consumer  as  to  the  cor- 
rectness of  the  registration  of  the 
meter  where  known  leaks  exist.  The 
Clark  Co.  will  send  the  pocket  piece 
gratis  to  any  water  works  superin- 
tendent or  official  on  request. 


Garbage  Reduction  at  Cleveland,  O. 

— Cleveland  reports  that  its  garbage 
reduction  plant  has  been  self-sustain- 
ing for  all  but  two  years  and  has 
showed  a  big  profit  from  its  by-prod- 
ucts. 


(113) 


588 


Waterworks  Monthly  Issue  of 

Retail   Prices   of  Materials 


March, 


Average  prices  paid  February  1,  1923,  by  contractors  for  building  materials  deliv- 
ered on  the  job.  These  prices  are  secured  through  the  Bureau  of  the  Census  and 
published  monthly  by  the  Division  of  Building  and  Housing  of  the  Bureau  of  Stand- 
ards, United  States  Department  of  Commerce. 

The  report  as   published   by   the   Division  of  Building  and   Housing  gives   prices 
at   48   cities,    24   of   which   are   included    in   the   table   herewith.     Boston,    New   York, 
Philadelphia,    Chicago,    San    Francisco   and    Los 
listed  in  the  Bureau's  report  for  February  1: 


Angeles   are   among  the    places   not 


*i  JL 


rt  0,0 

Iss 

Fitchburg.   Mass •. .  $8.25 

New  London,  Conn 3.68 

Syracuse,    N.    Y 3.30 

Poughkeepsie,    N.   Y .... 

Baltimore,    Md 3.25 

Richmond,    Va 2.85 

Columbia,    S.   C 3.75 

New  Orleans,  La 3.30 

Pittsburgh,   Pa 3.10 

Cleveland,    Ohio    3.40 

Dayton,    Ohio    3.52 

Detroit,  Mich 3.60 

Saginaw,    Mich 3.15 

Milwaukee,  Wis 2.80 

Waterloo,    Iowa    2.90 

Council  Bluffs,   Iowa 3.10 

St.    Louis,    Mo 2.85 

Kansas   City    

Grand   Forks,    N.    D 4.00 

San    Antonio,    Tex 3.00 

Tucson,   Ariz 4.28 

Sacramento,   Calif 3.40 

Portland,  Ore 3.40 

Seattle,    Wash 3.00 


„ti 

0>  o 


$52.50 
50.00 
46.00 
47.00 
37.50 
42.00 


45.00 
52.00 
57.00 
45.00 
55.00 
50.00 
46.00 
47.00 
50.00 
44.50 
54.00 

46.75 
60.00 


to 

2& 

Id 

fflg 
$1.80 
1.50 
2.50 
2.10 
2.00 
2.15 
1.00 
2.00 
2.50 
2.50 
1.90 
2.75 
3.00 
2.10 
1.50 
3.50 
2.60 
2.50 
3.00 
2.75 
1.15 
1.50 
1.80 
1.75 


035 
$3.00 

3.00 
2.80 
2.65 
3.40 
3.00 

6.00 
3.50 
2.50 
2.50 
3.25 
2.25 
3.00 
4.00 

2.00 

3.00 
3.00 

2.75 

2.'50 


11.00 
8.00 
9.00 

10.95 

10.37 
9.35 

10.70 
8.57 
9.00 
9.50 
9.87 

10.00 


10.50 
10.13 
11.95 
10.85 
16.00 
12.00 


3.25 
4.25 
3.35 
4.10 
4.25 
4.00 
3.50 

3.00 

4.00 

3.50 

3.15 


5.70 
3.60 
4.50 
3.78 
3.85 
3.50 


5.50 


4.35 
4.25 


3.25 

4.50 
5.00 
4.80 
4.50 


5.70 
4.50 


4.30 
5.00 


Iron  and  Steel  Prices 

(From  the   Iron   Age,   March   8,   1923.) 
Pig    iron,    No.    2X,    at    Philadelphia,    per 

gross  ton,    $31.14. 
Cast  iron  water  pipe,   6-in.  and  over,  net 

ton  at  New  York,  $57.50.    Class  A  $4.00 

extra. 
Cast  iron  water  pipe,  6-in.  and  over,  net 

ton   at   Chicago,    $53.20@55.20.     Class   A 

$3.00  extra. 


Welded    Pipe    Discounts, 
Pittsburgh. 
BUTT  WELD. 
Steel- 
In.  Black. 


f.    o.    b. 


%    

62 

1  to   3 

64 

Iron — 
%     ...... 

28 

1  to  114.. 

30 

Steel— 
2    

LAP    WELD. 
57 

2%   to  6.. 
7   to  8 

61 

58 

9   to  12... 

.      57 

Iron — ■ 

2    

23 

2%     

26 

3   to  6 

28 

7    to    12.. 

26 

Galv. 
50  % 

52  % 
11 

13 


45% 
49% 
45% 
44% 

7 
11 
13 
11 


To  the  large  jobbing  trade  the  above 
discounts  are  increased  by  one  point, 
with  supplementary  discount  of  5  per 
cent  on  black  and  1%  points,  with  a 
supplementary  discount  of  5  per  cent  on 
galvanized. 

Freight  Rates. 

All  rail  freight  rates  from  Pittsburgh 
on  domestic  shipments  of  finished  iron 
and  steel  products,  in  carload  lots,  to 
points  named,  per  100  lb.,  are  as  follows: 

Philadelphia    $0,325 

Baltimore    0.315 

New  York   0.34 

Boston    0.365 

Buffalo    0.265 

Cleveland     0.215 

Cleveland,    Youngstown,    comb 0.19 

Detroit    0.29 

Cincinnati    0.29 

Indianapolis     0.31 

Chicago    0.34 

St.  Louis   0.43 

Kansas   City 0.735 

Kansas   City    (pipe) 0.705 

St.  Paul  0.60 

Omaha    ., 0.735 

Omaha  (pipe)    0.705 

Denver 1.27 

Denver   (pipe) 1.215 

Pacific  Coast    1-50 

Birmingham     0.69 

Memphis    0.385 

Jacksonville   (all  rail) 0.50 

Jacksonville    (rail   and  water) 0.415 

New  Orleans   0.515 
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Convenient   Method   of 

Staking  Curves  With 

Surveyor's  Tape 

By  L.  G.  WILLIAMS 

A  method  of  determining  tangent 
distances  and  of  staking  curves  by 
using  no  instrument  except  a  measur- 
ing tape  and  employing  only  simple 
calculations  that  do  not  involve  trigo- 
nometric functions  has  been  found 
convenient  for  staking  the  tile  drains, 
open  ditches,  and  other  work  where 
precision  is  not  required. 

In  staking  a  curve  of  a  tile  drain, 
a  radius  is  computed  such  that  the 
extrados  opening  at  the  joint  due  to 
curvature  of  the  line  need  not  exceed 
1/8  in.,  or  0.01  ft.  Letting  "R"  equal 
radius  of  curvature  in  feet,  "1"  equal 
length  of  pipe  in  feet,  and  "d"  equal 
diameter  of  pipe  in  feet,  then  R  = 
100  1  d.  "R"  is  taken  any  convenient 
even  higher  than  that  computed  by 
the  formula. 

To  determine  the  tangent  distance, 
"T,"  temporary  stakes  are  set  at 
points  M  and  N,  on  the  tangent  line  at 

R 
a  distance  a,  =  — ,  from  the  point  of 

20 
intersection,  P.I.  A  stake  is  then  set 
at  a  point,  L,  such  that  LM  and  LN 
are  normal  respectively  to  the  two 
tangent  lines.  The  distance  MLN  = 
Y,  is  measured.  The  tangent  distance, 
T,  then  equals  10Y. 

The  point  of  curvature,  P.C.,  is 
located  at  the  tangent  distance,  T, 
from  the  P.I.  and  the  curve  is  staked 
by  chord  deflections.  Let  C  =  length 
of  chord  Dc  the  chord  deflection,  then 

CJ 
Dc  =  — .     The   deflection    from    the 

R 
tangent  of  the  first  and  last  stakes  on 
the  curve  is  1/2  the  chord  deflection. 

Example:  Required  to  stake  a  curve 


for  a  line  of  36-in.  drain  tile,  each  tile 
being  30  in.  long.  The  calculations  are 
as  follows: 

R  —  100  1  d  =  100  X  2.5  X3  =  750  feet 
use  800  feet 

R  800 

a  =  —  = =  40   feet. 

20  20 
Stakes  M,  N  and  L  are  set  and  the  dis- 
tance Y  measured.  T  =  10  Y.  The 
P.T.  and  P.C.  are  located.  Using  a 
chord  of  50  feet,  the  chord  deflection 
C2       50  X  50 

Dc  =  —  = s=  3.12  feet. 

R  800 

Deflection  from  the  tangent  equals  1/2 

Dc 
the  chord  deflections,  equals  — .    If  the 

2 
P.C.  falls  between  even  stations,  the 
curve  may  be  staked  by  either  of  two 
methods:  (1)  carrying  odd  stations 
around  the  curve,  or  (2)  using  a  sub- 
chord  for  the  first  stake  on  the  curve 
to  bring  the  stations  even.  If  the  first 
method  is  used,  no  further  calcula- 
tions are  necessary.  If  the  second, 
then  the  first  and  second  stakes  on  the 
curve  are  located  by  deflections  from 
the  tangent.  Suppose  the  P.C.  fell  at 
stations  46  +  28.  Then  the  first  stake, 
at  46  +  50,  would  be  22  ft.  from  the 
P.C.  and  the  second  stake,  at  47  -f  00, 
would  be  72  ft.  from  the  P.C.  The  de- 
flection from  the  tangent  for  a  chord 
of  22  feet  equals 

1  1         22  X  22 

—  Dc  =  —  X =  0.3 

2  2  800 

and  the  deflection  for  a  chord  of  72  ft. 
equals 

1  1    72  X  72 

—  Dc  = =  3.2 

2  2        800 

Having  located  these  two  points,  the 
remainder  of  the  curve  is  staked  by 
chord  deflections. 

The  table  gives  the  radii,  chord  de- 
flections and  values  of  "a"  for  various 
sizes  of  pipe. 


TABLE  OF  SIZE,   RADIUS,   CHORD  DEFLECTION,  AND    TANGENT    DISTANCE. 

Value  of  "A" 

Maximum   Size   for  Length   of               Radius,  Chord  deflection  for  chord  of  forT=10Y 

12"          18"         24"         30"         36"                   ft.  50  ft.  100  ft.            25  ft.  .  A. 

fi"            4"           3"         50  50.00             12.50  2.50 

12"     8"     6"     5"    4"        100  25.00  100.00      6.25  5.00 

18"    12"     9"     7"     6"        150  16.70  66.67      4.17  7.50 

24"    16"    12"    10"     8"        200  12.50  50.00      3.12  10.00 

20"    15"  '  12"    10"        250  10.00  40.00      2.50  12.50 

24"    18"    14"    12"        300  8.33  33.00      2.08  15.00 

32"    24"    18"    16"        400  6.25  25.00      1.56  20.00 

30"    24"    20"        500  5.00  20.00      1.25  25.00 

36"    28"    24"        600  4.17  16.67      1.04  30.00 

42"    32"    28"  •     700  3.58      14.30     35.00 

48"    38"    32"        800  3.12      12.50    40.00 

42"    36"        900  2.78      11.10     45.00 

48"    40"      1,000  2.50      10.00     50.00 

R  =  100  Id.  A  =  R  -=-  20.  Dc  =  C3  H-  R. 
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Aerator    of  Appleton,    Wis., 
Water  Works 

As  a  result  of  installing  an  aerator, 
said  to  be  the  first  of  its  kind  in  Wis- 
consin, the  Water  Works  department 
of  Appleton,  Wis.,  eliminated  the 
odors  and   taste  in  its  water  due   to 


Aerator  at  Appleton,  Wis.,  Water  Works. 

algae,  reduced  the  free  CO2  to  a  mini- 
mum, and  increased  the  saturation  of 
oxygen  60  per  cent. 

Taste  and  odor  of  Appleton  water, 
due  to  algae  have  always  been  par- 
ticularly disagreeable  during  the 
months  of  July  and  August,  but  since 
the  installation  of  the  aerator,  no  com- 
plaints have  been  received  by  the  Wa- 
ter Department. 

The  aerator,  which  was  erected  at 
the  suggestion  of  Arthur  J.  Hall,  Su- 
perintendent of  the  pumping  station 
and  filtration  plant,  is  located  outside 
the  water  plant.  The  water  which 
was  formerly  pumped  into  the  intake 
tank  in  the  filter  station  is  shut  off 
by  a  bipass  valve  and  forced  into  the 
stand  pipe  of  the  aerator,  from  which 
it  overflows  and  descends  through  a 
set  of  fire  perforated  plates.  From 
this  point  it  flows  into  the  tank  and 


then   is   passed    through    the   regular 
process  of  filtration. 

The  aerator  is  a  round  concrete 
tank  16  ft.  diameter  by  8  ft.  high  with 
a  flow  6  ft.  from  ground  level,  which  is 
high  enough  to  give  a  gravity  flow  in- 
to the  settling  tank.  A  12  ft.  length  of 
standard  12  in.  pipe  resting  on  its  floor, 
carries  five  perforated  plates.  These 
plates  are  6  ft.,  7  ft,  8  ft.  and  9  ft.  and 
the  bottom  one  10  ft.  in  size.  The 
plates  are  perforated  with  %  in.  holes 
staggered,  there  being  500  holes  to 
each  plate.  Water  is  pumped  into  the 
aerator  by  a  4,000,000  gal.  De  Laval 
centrifugal  pump,  driven  by  a  15  HP. 
direct  current  motor.  The  total  cost 
of  the  aerator  complete  was  $2,100. 


Cost  of  Water  Main  Maintenance 
in  Chicago 

During  1921  the  maintenance  cost 
of  the  water  distribution  system  of 
Chicago  was  $848,622,  or  $288.57  per 
mile  of  pipe.  In  1920  the  cost  was 
$287.07  per  mile  of  pipe.     The  accom- 
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Maintenance   Cost  of   Water   Distribution 
System,   Chicago. 

panying  diagram  from  the  1921  annual 
report  of  the  Department  of  Public 
Works  "of  Chicago,  shows  the  mainte- 
nance costs  from  1915  to  1921  inclu- 
sive. '■* 
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Eddies    in    Liquids    Flowing 
Through  Pipes  of  Uni- 
form Section 

By  F.   W.   MEDAUGH. 

Civil  Engineering  Department,  The  Johns 
Hopkins    University. 

Books  on  hydraulics  occasionally 
contain  the  statement  that  when  a 
liquid  flows  through  a  pipe  at  a  veloc- 
ity above  the  critical  point,  the  par- 
ticles of  liquid  move  in  a  haphazard 
fashion^ 

This  seems  to  be  a  rather  rash  as- 
sertion, considering  the  flimsiness  of 
the  evidence  upon  which  it  is  based. 
The  only  experiments  which  would 
lend  support  to  such  conclusions  were 
made  by  inserting  colored  liquids  or 
foreign  bodies  of  some  sort  into  a 
stream  of  water  flowing  through  a 
glass  tube,  and  by  watching  the  prog- 
ress of  the  coloring  matter  or  the  for- 
eign body.  The  progress  of  the  color- 
ing matter  reveals  little  for  it  is  dis- 
tributed almost  immediately  over  the 
entire  cross  section.  The  path  of  a 
foreign  body,  however,  can  be  definite- 
ly traced  but  it  is  of  questionable 
value  as  evidence.  It  is  doubtful  if 
it  will  behave  in  the  same  manner 
as  a  particle  of  liquid,  and  even  a 
single  particle  of  liquid  probably  could 
not  be  relied  upon  to  show  conclusive- 
ly the  conditions  existing  in  the  pipe, 
for  in  eddying  flow  there  is  constantly 
taking  place  more  or  less  diffusion  and 
accidental  interchange  of  single  parti- 
cles between  eddies. 

We  probably  have  more  available 
arguments  in  favor  of  than  we  have 
against,  the  existence  of  some  sort  of 
regularity  in  the  eddies.  The  experi- 
ments of  Reynolds,  Benzenberg  and 
others  prove  pretty  conclusively  that 
when  water  flows  through  a  pipe  at 
a  velocity  above  the  critical  point, 
there  is  a  constant  interchange  of  par- 
ticles between  the  central  and  the 
outer  stream  lines.,  It  is  hard  to  con- 
ceive of  such  movements  taking  place 
unless  a  difference  of  pressure  exists. 
In  that  case  we  can- in  a  measure  com- 
pare the  eddies  with  convection  cur- 
rents, for  both  occur  in  the  same  medi- 
um, and  result  from  somewhat  similar 
causes,  the  one  from  a  difference  in 
pressure  and  the  other  from  a  differ- 
ence in,  density. 

yftow  -we  have  good  evidence  as  to 
the*  existence  of  regularity  in  convec- 
tion currents.  The  art  of  weather  fore- 
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casting  depends  largely  upon  the  fact 
that  the  convection  currents  in  the 
atmosphere  over  continents  obey  cer- 
tain laws  with  a  reasonable  degree  of 
consistency.  The  geographer,  chiefly 
through  his'  knowledge  of  the  convec- 
tion currents  existing  in  the  atmos- 
phere of  the  earth  as  a  whole,  is  able 
to  intelligently  map  the  belts  of  pre- 
vailing winds,  to  explain  their  causes, 
and  to  explain  the  seasonal  changes 
and  climatic  conditions  which  they 
give  rise  to.  Even  the  convection  cur- 
rent is  regular  which  is  set  up  in  a 
glass  of  water  when  the  bottom  is 
heated,  the  heated  water  rising  in  the 
center  and  the  cool  water  descending 
at  the  sides. 

It  is  hard  to  believe  that  such  regu- 
larity of  movement  can  exist  in  con- 
vection currents  (prevailing  winds) 
moving  over  the  entire  earth,  with  so 
many  variable  and  we  may  say  acci- 
dental factors  affecting  the  motion, 
and  yet  that  no  regularity  can  exist  in 
the  movements  of  water  particles  in  a 
small  section  of  pipe.  Particularly  is 
this  true  since  the  conditions  in  the 
pipe  can  be  regulated  as  to  be  almost 
ideal  so  far  as  disturbing  factors  are 
concerned. 

While  discussing  the  subject  it  is 
interesting  to  note  the  similarity  be- 
tween water  flowing  in  a  pipe  below 
the  critical  velocity  and  the  familiar 
experiment  of  placing  a  lighted  can- 
dle in  a  water  bottle  with  a  small 
neck.  In  the  first  case  accidental  disr 
turbing  factors  are  not  sufficiently 
strong  to  break  the  equilibrium  exist- 
ing and  the  difference  in  pressure  be- 
tween inner  and  outer  stream  lines  is 
perhaps  transmitted  through  the  wa- 
ter as  through  a  solid.  In  the  second 
case  the  disturbing  factors  are  not 
sufficient  to  cause  a  circulation  and  the 
heat  is  dissipated  by  conduction  and 
radiation.  If  the  velocity  be  increased 
in  the  first  case  or  the  flask  neck  be 
made  wider  in  the  second  case,  cur- 
rents will  be  set  up. 

Metered  Water  Statistics  of  Bel- 
mont, Mass. — The  total  number  of 
metered  services  in  the  town  of  Bel- 
mont, Mass.,  is  2,242.  Of  this  num- 
ber, 2,037  services  averaged  less  than 
820  gal.  per  day,  the  total  revenue 
from  this  being  $25,528;  145  services 
averaged  between  82Q  and  8,200  gal. 
per  day,  a  total  consumption  for  the 
year  of  45,103,  500  gal.  for  which  $8,999 
was  paid;  and  9  services  averaged 
more  than  8,200  gal.  per  day,  or  a 
total  of  20,816,250  gal.  for  the  year, 
the  cost  of  which  was  $4,175. 
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Marine  Sounding  by  Sound: 
The  Sonic  Depth  Finder 

Research     Narrative    of     Engineering 
Foundation,    Based    Upon     Infor- 
mation Supplied  by  Dr.  H.  C. 
Hayes,    Physicist    and 
Sound  Aide,   U.   S. 
Navy 

At  the  U.  S.  Navy  Engineering  Ex- 
periment Station,  Annapolis,  there  has 
recently  been  developed  a  practical 
instrument  for  quickly  and  accurately 
measuring  both  small  and  great 
depths  in  water  by  reflection  of  sound. 
Its  use  is  coupled  with  the  hydro- 
phone, and  it  is  known  as  the  Sonic 
Depth  Finder. 

For  many  purposes,  man  has  need- 
ed knowledge  of  the  depth  of  great 
and  small  bodies  of  water.  For  un- 
told centuries,  he  has  "heaved  the 
lead"  or  lowered  other  weights  at  the 
ends  of  cords  or  wires.  Some  refine- 
ments in  method  and  equipment  and 
corresponding^  improvements  in  re- 
sults have  been  achieved,  but  high 
accuracy,  or  great  speed,  could  never 
be  attained  because  of  inherent,  in- 
surmountable difficulties.  Use  of  the 
hydrophone,  a  world  war  invention  for 
detecting  submarines,  coupled  with 
certain  physical  laws,  led  to  the  devel- 
opment of  methods  for  sounding  in 
water  of  all  depths  which  have  amaz- 
ing possibilities.  Great  precision  may 
now  be  combined  with  speed  of  ob- 
servation. It  would  seem  feasible  to 
chart  the  bottom  of  an  ocean,  a  lake, 
or  a  river,  to  any  practically  needed 
accuracy  with  a  celerity  and  facility 
comparable  to  that  of  land  topography. 
With  the  hydrophone  properly  in- 
stalled in  the  forward  part  of  a  ves- 
sel, an  operator  can  determine  depths 
to  bottom  rapidly  and  continuously, 
while  proceeding  at  full  speed,  utiliz- 
ing the  reflection  of  the  sound  of  the 
vessel's  propeller.  Such  soundings 
have  been  made  successfully  on  "de- 
stroyers" traveling  at  36  knots.  But 
with  this  equipment  alone,  depths 
greater  than  three  times  the  length  of 
the  vessel  cannot  be  measured  with 
satisfactory  precision.  If  a  high- 
pitched  underwater  sound  signaling 
apparatus   be   added,   any   depths   ex- 


ceeding 80  fathoms  can  be  measured 
with  acceptable  accuracy. 

Sound  travels  through  water  (and 
through  all  liquids  and  many  solids) 
with  great  velocity.  If,  however,  the 
substance  through  which  the  sound  is 
traveling  is  interrupted  by  one  of  very 
different  density,  the  sound  is  at  least 
partially  reflected  from  the  surface 
at  which  the  density  changes,  for  ex- 
ample, the  surface  of  rock,  or  earth 
under  water,  or  of  mineral  deposits 
in  the  earth.  By  utilizing  well  estab- 
lished mathematical  and  physical 
laws,  the  new  instrument  makes  re- 
flected-sound  distance  measurements 
possible  with  great  precision.  Many 
mechanical  difficulties  had  to  be  over- 
come in  designing  the  instrument. 
Simplicity  and  accuracy  were  obtained 
by  basing  the  design  upon  the  meas- 
urement of  a  time  interval  which 
could  be  controlled  and  whose  rela- 
tion to  the  sound  reflection  interval 
of  time  could  be  mathematically 
known.  Measurements  can  be  made 
from  a  vessel  traveling  at  any  speed 
or  from  a   stationary  base. 

Possessed  of  the  sonic  depth  finder, 
Man  can  now  determine  with  ease, 
precision  and  speed,  the  configuration 
of  land  under  any  depth  of  water. 
Harbors  and  their  approaches,  "sea 
lanes,"  routes  of  existing  or  proposed 
deep-sea  cables  or  submarine  pipe 
lines,  and  anchorage  grounds  can  be 
charted  with  a  completeness  of  detail 
heretofore  beyond  the  realm  of  engi- 
neering. Underwater  topography  can 
be  mapped  as  an  aid  to  studying  rea- 
sons for  the  courses  of  ocean  cur- 
rents, for  earthquakes  and  many  an- 
other scientific  problem.  Bottoms  of 
streams  and  lakes  can  be  investigat- 
ed in  a  manner  never  before  practi- 
cable. Indeed,  it  may  be  possible  to 
study  the  shifting  bed  of  a  river  dur- 
ing flood,  thus  gaining  knowledge  that 
will  facilitate  flood  control.  The  en- 
gineering-economic possibilities  of 
this  instrument  as  well  as  its  contri- 
butions to  pure  science,  cannot  be 
grasped  at  once.  The  vista  is  fasci- 
nating. The  mariner  may  have  maps 
of  his  course  and  means  for  checking 
his  position  by  "landmarks"  anywhere 
in  the  wide  sea,  just  as  roads  and 
trails  on  terra  firm  may  be  followed. 


Municipal  Swimming  Pools  at  To- 
ledo, O. — The  city  of  Toledo,  O.,  has 
two  municipal  bathing  beaches  and 
five  swimming  pools,  and  three  new 
pools  under  construction. 
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Special  Water  Works  Tools  and  Equipment 


Labor  and  Time  Saving  Devices  and  Machines  Described  in  Paper 

Presented  Feb.  23   Before  Canadian  Section  of 

American  Water  Works  Association 

By  ALEXANDER  MILNE 

Superintendent  of  Water  Works,   St.   Catharines,  Ont. 


The  Wireless  Pipe  Locator.— In  the 
majority  of  well  organized  water  works 
systems,  complete  records  are,  or 
should  be,  kept  of  the  location  of  all 
piping  valves,  etc.,  but  occasionally 
these  records  get  mixed  and  the  exact 
location  of  a  fitting  is  not  known,  ex- 
cept perhaps  to  the  man  who  laid  it 
40  or  more  years  ago,  and  who  may 
have  passed  to  another  sphere  of  op- 
erations. In  such  cases  the  wireless 
pipe  locator  has  proved  a  boon  to 
many  operators.  The  word  "wireless" 
is  rather  a  misnomer  in  the  operation 
which,  while  quite  a  simple  one,  is 
performed  by  means  of  a  set  of  4,  8, 
or  12  dry  cells,  depending  on  the 
length  and  size  of  mains  you  put  in 
circuit,  a  high  frequency  buzzer,  some 
light  copper  wire,  and  an  induction 
coil  connected  by  an  insulated  wire 
to  a  sensitive  receiver  fitted  to  a  head 
piece.  The  process  is  to  place  your 
"lost"  pipe  within  a  certain  circuit 
made  by  connecting  to  two  fixtures 
on  the  mains,  couple  the  battery  and 
buzzer  anywhere  on  the  wire  circuit 
line,  turn  on  the  current,  adjust  the 
buzzer  contact  to  obtain  the  loudest 
sound,  then  adjust  the  head-piece  re- 
ceiver, hold  the  induction  coil  at  arm's 
length  towards  the  ground.  A  loud 
buzzing  will  be  heard  everywhere 
within  the  produced  circuit  except 
when  the  coil  is  immediately  above 
the  pipe,  which  once  being  found,  can 
be  followed  by  swinging  the  coil  right 
and  left  across  the  pipe,  and  the  ex- 
act location  readily  determined.  Many 
lours  labor  in  hunting  with  pick  and 
movel  may  be  saved  by  a  10  minute 
jperation  of  the  instrument,  and  as 
is  natural,  after  a  few  practice  oper- 
itions  the  operator  will  soon  become 
)roficient  in  its  use. 

The  Magnetic  Dipping  Needle. — The 
magnetic  dipping  needle  is  another 
simple  little  instrument  whose  rela- 
tion to  erratic  records  of  location 
bears  more  particularly  on  valve  and 


service  boxes,  which  sometimes  get 
covered  up  in  pavement  construction 
by  careless  contractors,  change  of 
grades,  etc.  It  is  a  very  useful  instru- 
ment in  such  cases.  The  writer  has 
had  them  for  several  years,  and  founi 
them  a  great  timesaver  in  locating 
the  exact  position  of  street  boxes, 
even  where  covered  by  ice,  earth  or 
concrete  to  the  depth  of  12  ins.  or 
more. 

Electric  Leak  Locator. — The  electric 
leak  locator  is  also  very  valuable  in 
locating  leaks  particularly  under 
paved  streets  where  the  water  will 
sometimes  follow  the  soft  fill  of  the 
trench  many  feet  before  finding  an 
outlet  along  the  curb  or  gutter.  This 
is  another  type  of  wireless  apparatus, 
but  unlike  the  pipe  locator,  it  has  no 
wiring  or  attachment  to  the  piping. 
The  outfit  consists  of  a  2-cell  battery 
intensifier  connected  to  a  sensitive  re- 
ceiving disc  or  microphone  mounted 
on  a  metal  base  plate,  with  tripod  and 
a  receiver  somewhat  similar  to  the 
locator.  The  operation  of  the  machine 
is  purely  by  vibration  and  it  does  its 
work  well.  In  case  of  a  leak  in  a 
joint  under  the  pavement,  you  simply 
slide  the  tripod  along  and  you  will 
have  no  trouble  in  determining  when 
directly  over  the  leak,  the  sound  be- 
ing very  clear  and  distinct,  even 
though  the  main  be  six  to  eight  feet 
down. 

Steam  and  Electric  Thawing  Appa- 
ratus.— In  the  earlier  days  of  his  ex- 
perience, the  writer  thawed  out  frozen 
services  with  a  small  hand  pump,  a 
pail  and  hot  water  from  the  house 
holder's  teakettle  and  40  to  60  feet 
of  %-in.  pipe,  which  was  sometimes 
a  rather  tedious  operation.  In  1902, 
very  severe  weather  brought  an  epi- 
demic of  freeze-ups  and  we  had  a 
boiler  maker  make  up  a  steam  boiler, 
22  ins.  in  diameter,  30  ins.  long  with 
4  vertical  flues,  fitted  with  inlet  and 
outlet  valves,  steam  gauge,  and  safety 
valve.  This  was  mounted  on  a  lead 
melting  fire  pot  and  with  50  ft.  of  V2 
in.  steam  hose  and  the  Vs  in.  brass 
pipe  did  efficient   service  for  several 
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winters.  The  boiler  was  operated  at 
75  to  100  lbs.  pressure  and  where  the 
services  were  accessible  in  basements, 
without  elbows,  it  took  only  a  few  min- 
utes to  thaw  25  to  40  ft.  of  pipe,  but 
often  much  longer  to  warm  up  the 
2%  ft.  of  lead  goose-neck.  Many 
cities  today  use  equipment  of  this 
type  in  larger  size,  transported  on 
truck  or  sleigh,  which  gives  efficient 
service  in  thawing  pipes,  hydrants, 
catch  basins,  etc. 

The  more  modern  method,  however, 
for  thawing  frozen  service  pipes  or 
mains  is  by  the  use  of  electric  current, 
which  after  considerable  experimental 
work  is  now  practically  standardized 
as   to   equipment. 

The  writer  uses  a  specially  made 
20  kw.  transformer,  2,200  to  220-110-55 
volts,  with  oil-immersed  rheostat  for 
controlling  the  amount  of  current,  tak- 
ing the  current  from  the  primary 
2,200.  For  ordinary  service  thawing 
where  only  a  short  distance  of  main  is 
in  circuit,  he  has  found  55  volts  at 
175  to  225  amperes  to  be  most  effi- 
cient, the  average  period  of  applica- 
tion being  about  six  minutes  to  start 
the  water  flowing.  This  outfit,  with 
about  1,000  ft.  of  No.  6  wire  is  carried 
on  a  light  truck  or  sleigh,  and  the  op- 
erating crew  consists  of  a  lineman  ob- 
tained from  the  power  company  to 
make  the  primary  connections,  and 
three  men  from  the  water  department 
for  the  work  on  the  ground,  this  crew 
thawing  from  15  to  30  services  in  a 
day.  In  some  instances  three  or  more 
are  thawed  from  one  primary  connec- 
tion, while  frozen  services  at  long  dis- 
tances from  a  2,200  line  have  caused 
considerable  loss  of  time/  and  expense 
to  reach. 

A  rather  unique  and  efficient  outfit, 
is  now  obtainable  which  places  the 
water  department  independent  of  the 
electric  companies,  viz.,  a  small  gen- 
erator, coupled  direct  to  a  gasoline 
motor,  which  can  be  mounted  oh  a 
truck,  and,  having  its  entire  equip- 
ment as  a  unit,  will  doubtless  prove 
very  serviceable,  particularly  in  dis- 
tricts remote  from  electric  service. 

The  more  recent  apparatus,  with 
which  the  writer  is  now  experiment- 
ing claimed  by  the  makers  to  be  effi- 
cient, although  slower,  takes  the  cur- 
rent from  the  house  wiring  at  115 
volts  to  a  transformer,  reducing  it  to 
11  volts,  the  claim  being  made  that 
an  ordinary  service  can  be  thawed  in 
15  to  20  minutes.  This,  while  slower 
than  the  results  from  higher  voltage, 
is  offset  by  the  reduced  cost  of  outfit 


and  operating  crew,  and  the  facility  of 
making  connections,  the  whole  outfit 
being  readily  carried  if  need  be  by 
two  men. 

In  electrical  thawing,  as  in  all  elec- 
trical work  the  prime  factor  is  in  mak- 
ing proper  contacts  with  wires  to  the 
house  piping  or  fixtures. 

Pipe  Pushing  Jacks. — Due  to  the 
construction  of  permanent  pavements, 
the  necessity  for  tools  of  this  type  is 
fast  becoming  more  evident,  the  road- 
ways departments  naturally  objecting 
to  the  frequent  cutting  of  pavements. 
Even  when  so  cut,  the  cost  of  replace- 
ment is  an  expensive  item  in  con- 
struction or  maintenance  of  piping; 
hence  any  tool  that  will  economically 
drill,  bore  for  or  force  a  pipe  through 
the  soil  under  a  roadway  becomes  a 
labor  saving  and  cost  saver. 

The  writer's  experience  has  been 
that  the  pushing  jack  can  be  profit- 
ably used  in  any  sandy  or  loamy  soil 
which  can  be  dug  with  a  spade  or 
shovel,  but  he  did  hot  find  it  useful 
in  hard  stratified  clays,  or  in  gravelly 
soils  with  large  stones  or  hard  pan 
formations,  the  clay  soils  being  bored 
with  a  2y2  in.  augur,  and  the  coarse 
stoney  gravel  dug  out.  If  the  soil  is 
too  hard,  there  is  always  the  danger 
of  using  too  great  a  pressure  and 
thereby  causing  splitting  of  the  pipe 
used. 

Leadite  and  Composite  Joints. — This 
portion  of  the  topic  is  one  of  which 
the  writer  cannot  speak  from  per- 
sonal experience,  although  he  has  seen 
these  jointing  materials  being  used 
and  has  seen  mains  laid  with  them 
when  uncovered  after  several  years 
service.  No  special  tools  were  in>evi- 
dence  in  the  handling  of  the  materials 
used,  just  the  ordinary  fire  and  melt- 
ing pot,  ladles,  etc.,  being  used,  the 
only  difference  noted  being  in  the 
building  up  of  the  pouring  mould  to 
a  height  of  seyeral  inches  above  the 
joint,  when  after  pouring  and  cooling 
the  sprue  was  broken  off  flush  with 
the  hub  of  the  pipe.  The  prime  fac- 
tor was  said  to  be  the  proper  tempera- 
ture of  the  material  when  poured. 

Tapping  Machines. — The  use  of  the 
service  tapping  machine  has  become 
so  general  in  recent  years  that  it 
seems  needless  to  elaborate  on  its 
many  advantages  over  the  old  method 
of  making  connections  to"  the  main, 
where  not  infrequently  several  blocks 
of  water  had  to  be  shut  off  while  the 
main  was  drilled.  If  the  old  style 
drive  cock  was  used,  and  not  proper- 
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ly  driven,  or  a  careless  laborer 
touched  it  with  his  foot  or  shovel,  the 
not  infrequent  result  was  a  trench 
filled  with  water  that  had  to  be 
pumped  and  the  whole  operation  re- 
peated, while  numerous  angry  con- 
sumers expressed  their  opinions  of  the 
department  and  its  staff  in  language 
not  generally  published.  There  are 
a  number  of  different  makes  of  these 
machines  on  the  market  today,  each 
claiming  their  good  points,  any  of 
which  will  render  good  service  if  in- 
telligently operated  and  taken  care 
of,  and  no  water  works  system  can 
afford  to  be  without  their  use  where 
continuous  service  and  economical 
operation  is  to  be  maintained. 

Main  tapping  machines  are  also 
equally  necessary  in  the  operation  of 
a  water  works  system  where  continu- 
ous service  and  fire  protection  is  to 
be  furnished  to  the  community.  The 
writer  was  the  first  user  of  this  ma- 
chine in  Ontario,  and  still  uses  the 
first  one  imported  and  having  been 
well  taken  care  of  it  looks  good  for 
another  20  years  of  service.  Of  the 
many  connections  so  made  during  that 
period,  not  one  has  required  any  at- 
tention, connections  being  made  on 
sizes  6  in.  to  36  in.  in  some  instances, 
where,  without  the  use  of  the  machine, 
the  work  would  have  entailed  the  shut- 
ting off  the  entire  supply  for  a  period 
of  three  to  six  hours  under  the  most 
favorable  operations,  and  perhaps, 
much  longer  should  a  bad  hand  cut 
of  a  24  in.  or  36  in.  have  been  made. — 
a  condition  that  should  not  be  toler- 
ated in  modern  service  and  one  which 
our  friends  the  underwriters  would 
quickly  and  justly  resent  should  a  fire 
occur  in  the  meantime.  The  operation 
of  the  machine  Is  very  simple,  and 
the  cost  of  the  connection  is  only 
slightly,  if  any,  more  than  the  cutting 
out  and  connecting  a  branch,  while 
the  element  of  safety  from  fire  danger 
and  continuity  of  service  is  a  factor 
not  to  be  estimated  in  a  few  dollars. 

Meter  Testing  Apparatus. — Regular 
periodic  tests  of  meters  may  be  done 
by  two  methods  customarily  employed, 
viz. 

(A).  The  use  of  a  portable  test 
meter  of  small  size  which  may  be 
coupled  up  to  the  service  meter  on 
the  inside  and  the  water  wasted  by 
a  short  section  of  hose  to  the  sewer. 
These  test  meters  may  be  had  from 
any  of  the  meter  manufacturers,  and, 
for  the  smallest  domestic  service  met- 
ers are  a  very  convenient  and  efficient 


method  of  checking  such  meters,  the 
accuracy  of  the  test  meter  being 
readily  proven  by  running  a  measured 
test  on  it  at  any  time. 

(B).  For  the  larger  sized  meters, 
however,  a  more  accurate  test  may  be 
had  by  using  one  of  the  many  shot- 
testing  outfits  now  in  general  use, 
where  both  slow,  small  and  volume 
tests  can  be  made  and  accurately 
checked  by  both  weight  and  measure- 
ment. 

Portable  Air  Tools. — On  the  larger 
systems,  where  mains  of  12  ins.  and 
upwards  are  to  be  laid,  pavements  to 
be  cut,  backfilling  tamped  properly 
and  economically,  the  portable  air 
compressor  is  a  great  labor  and  time 
saver,  and  produces  infinitely  better 
results  than  can  be  had  by  hand  work 
on  the  larger  sized  mains. 

These  portable  compressors  are  now 
made  by  several  firms  in  sizes  from 
20  ft.  of  air  per  minute  upwards, 
strong,  compact  and  serviceable  re- 
quiring but  very  little  attention  and 
very  economical  as  to  operative  cost. 

In  caulking,  30  ft.  of  air  will  operate 
two  hammers,  which  on  large  sized 
mains  will  do  the  work  of  six  to  eight 
men,  and  do  it  much  better.  In  cut- 
ting pavements  one  heavy  hammer 
with  proper  tools  will  perform  the 
work  of  a  dozen  or  more  laborers  with 
sledge  and  drill  or  picks. 

Trenching  Machines. — Where  soil 
and  other  conditions  permit  their 
operation,  the  trenching  machine  has 
become  a  very  important  factor  in 
trench  excavation,  both  as  to  cost  per 
foot  and  amount  of  work  done,  com- 
pared with  manual  excavation  under 
present  day  labor  results. 

There  are  several  of  these  machines 
on  the  market,  all  being  good  for  their 
respective  sized  work  from  the  small- 
est rotary,  digging  a  drain  12  in.  x  36 
in.  for  conduit  laying  to  the  more  pon- 
derous largest  sized  "leg"  machine 
cutting  a  trench  5  ft.  by  24  in.  or 
more,  while  one  machine  with  drag 
line  equipment,  is  limited  in  width 
and  depth  of  cut  only  by  the  size  of 
bucket  and  length  of  cable  with  which 
it  is  fitted. 


$12,000,000  Supplementary  Water 
Supply  for  St.  Louis. — At  the  recent 
election,  St.  Louis,  Mo.,  voted  to  spend 
$12,000,000  for  a  supplementary  water 
supply  to  be  taken  from  the  Missouri 
River,  eight  miles  north  of  the  St. 
Charles. 
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A  General  Account  of  This  Important  Feature  of  New  York's  Water 

Supply — Slightly  Condensed  from  an  Article  in  the  Stone 

&  Webster  Journal  for  February,  1923 

By    G.    E.    HINES 
Chief  Engineer,   Ulen  Contracting-  Corporation. 


Driving  a  tunnel  is  about  the  least 
spectacular  of  all  classes  of  construc- 
tion work.  Viewed  from  the  surface 
about  all  there  is  visible  to  the  naked 
eye  is  a  yawning  hole  and  a  few  men 
in  oilskins.  Beneath  the  surface 
greater  activity  is  present  but,  due  to 
the  limited  working  space,  there  are 
not  the  hordes  of  seething* humanity 
that  characterize  dams  and  other  sim- 
ilar structures. 

D.  S.  M—  The  driving  of  the  Shan- 
daken Tunnel  is  the  same  story  as 
for  all  tunnels — drill,  shoot  and  muck, 
and  then  drill,  shoot  and  muck  some 
more.  The  work  is  rather  prosaic,  but 
the  secret  of  success  is  the  D.  S.  M., 
and  the  crime  to  lose  a  shot. 

General  Features. — The  Shandaken 
Tunnel,  as  will  be  seen  from  the  ac- 
companying map  and  profile,  is  18 
miles  long.  The  bore  is  horse  shoe 
in  shape  and  when  lined  with  con- 
crete will  be  11  ft.  6  ins.  high  and 
10  ft.  3  ins.  wide.  The  purpose  of  the 
tunnel  is  to  divert  the  waters  from 
the  Schoharie  watershed  through  the 
tunnel  to  the  Esopus  Creek,  the  main 
artery  of  supply  to  the  great  Ashokan 
Reservoir,  which  is  the  principal  stor- 
age reservoir  of  New  York  City's  vast 
waterworks  system. 

Contract  and  Contractors. — The  con- 
tract for  building  the  tunnel  was 
awarded  to  the  Degnon  Contracting 
Co.,  Nov.  9,  1917,  for  $12,138,738,  and 
work  was  begun  sinking  the  shafts  in 
June,  1918.  The  Degnon  Contracting 
Co.  assigned  the  contract  to  the 
Shankaken  Tunnel  Corporation  on 
Nov.  11,  1920.  This  corporation  was 
organized  by  Stone  &  Webster,  Inc., 
the  Ulen  Contracting  Corporation,  the 
National  Surety  Co.  and  the  Fidelity 
&  Deposit  Co.,  to  consolidate  all  inter- 
ests and  prosecute  the  work  in  ac- 
cordance with  the  schedules  as  laid 
down  by  the  Board  of  Water  Supply 
of  New  York  City.  The  Shandaken 
Tunnel  Corporation  designated  the 
Ulen  Contracting  Corporation  as  their 
agents  and  the  work  in  its  entirety 
was  turned  over  to  them. 

Six  Construction  Shafts. — The  tun- 
nel is  far  too  long  to  be  bored  from 
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the  two  ends  and  in  order  to  expedite 
its  construction,  intermediate  shafts 
were  sunk.  The  intake  shaft  is  locat- 
ed about  a  mile  up  stream  from  the 
Gilboa  Dam,  which  will  impound  the 
waters  of  the  Schoharie  Creek.  The 
control  gates  in  the  intake  shaft  are 
so  located  that  water  can  be  drawn 
from  the  reservoir  80  feet  below  the 
spillway  crest  of  the  dam.  In  addition 
to  the  intake  shaft  there  are  seven 
other  shafts,  which  vary  in  depth  from 
165  ft.  to  641  ft.,  all  sunk  through 
solid  rock  and  lined  with  concrete 
with  a  finished  inside  diameter  of  14 
ft.  The  distance  between  the  shafts 
varies  from  10,447  to  14,311  ft,  while 
the  distance  from  the  last  shaft  to  the 
outlet  portal,  which  comes  out  at 
water  level  of  Esopus  Creek,  is 
8,450  ft. 

Tunnel  driving  was  carried  on  from 
six  shafts.  Shaft  No.  2,  due  to  its  in- 
accessibility, was  never  equipped  and 
in  order  to  permit  driving  of  tunnels 
of  nearly  equal  length,  the  intake  shaft 
was  not  used  for  driving  purposes. 

Materials  Excavated. — The  rock 
structure  through  which  the  tunnel 
passes  is  mostly  sandstone  and  shale, 
all  laid  down  in  almost  horizontal 
strata.  The  sandstone  is  mostly  blue 
is  color,  and  before  the  advent  of  con- 
crete was  used  extensively  for  side- 
walks, curbs  and  gutters  in  the  cities. 
The  "bluestone"  business  was  the 
chief  source  of  income  of  the  Catskill 
Mountain  residents  years  ago — the 
scars  upon  the  mountain  sides  bear 
mute  testimony  as  to  how  extensive 
this  industry  was  at  one  time.  The 
shales  are  blue  and  red  in  color,  are 
very  treacherous  and  require  heavy 
timbering. 

One  of  the  peculiarities  of  some  of 
the  rock  formations  was  the  grunting 
and  groaning  noise  it  made  before 
falling.  The  negro  drill  runners  were 
responsible  for  many  witticisms  re- 
garding the  "ole  hog"  and  its  grunting 
proclivities.  By  the  same  token,  the 
geologists  were  greatly  puzzled  as  to 
what  caused  the  "grunts"  and  theories 
were  advanced  as  to  internal  stresses, 
air    slacking    and    gas,    but   the    con- 
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tractor  was  mostly  interested  in  keep- 
ing it  from  making  knights  of  the 
workmen. 

Heading     and     Bench. — From    each 
shaft  two  headings  were  operated.   In 


Map  and   Profile. 

the  good  ground  that  did  not  require 
roof  supports  the  top  heading  and 
bench  method  was  used.  The  full  face 
heading  method  was  used  in  the  very 
bad  rock,  where  the  timber  had  to  be 
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carried  at  the  face.  In  the  top  head- 
ing and  bench  method  two  shots  per 
day  per  heading  were  fired,  while  in 
the  full  face  headings  the  swing  shift 
was  used,  which  gave  an  advance 
equal  to  a  shot  and  a  half  per  heading 
per  day. 

Drilling  and  Blasting. — Pneumatic 
drills  were  used  throughout.  The 
headings  of  the  top  heading  and 
bench  method  were  drilled  with 
four  water  Leyner  drills  mount- 
ed on  vertical  columns,  two  drills 
per  column.  The  bench  was  drilled 
with  Jackhammer  drills.  In  the 
full  face  headings  six  water  Ley- 
ner drills  were  used,  three  drills  per 
column.  Hollow  drill  steel  was  neces- 
sary and  water  under  pressure  was 
forced  through  the  cored  steel  to  allay 
the  dust  and  clean  the  hole. 

After  all  holes  are  drilled  the  dril- 
lers load  and  shoot  them.  It  usually 
requires  three  shots  to  pull  the  head- 
ing, the  first  shot  for  the  cut,  the  sec- 
ond for  the  relievers  and  break-downs 
and  the  last  for  the  rim  and  lifters. 
The  cut  shot  does  not  always  pull  out 
the  "big  piece  of  pie,"  so  that  it  is 
necessary  to  reload  and  shoot  until  it 
is  pulled.  An  average  of  28  holes  is 
drilled  in  the  heading  and  eight  in 
the  bench  for  the  top  heading  and 
bench  method.  In  the  full  face  head- 
ings about  34  holes  are  drilled.  The 
length  of  the  holes  naturally  vary  with 
the  nature  of  the  rock,  as  each  drill 
crew  is  required  to  drill,  load  and 
shoot  the  heading  in  eight  hours. 
During  the  year  1921  the  average  pull 
for  every  shot  fired  was  8.1  ft.,  while 
for  the  current  year  the  average  to 
date  is  about  9.2  ft. 

In  the  timbered  sections  there  are 
about  6.6  cu.  yd.  of  rock,  solid  meas- 
urement, per  linear  foot  of  tunnel  and 
in  the  untimbered  about  5.7  cu.  yd.  per 
linear  foot.  In  actual  driving  these 
amounts  are  slightly  exceeded,  due  to 
over  breakage,  which  runs  from  2  to 
0.3  cu.  yd.  per  foot.  The  amount  of 
powder  used  per  shot  will  average 
about  5  lb.  to  the  cubic  yard.  The 
uninitiated,  when  under  fire  for  the 
first  time  in  the  tunnel,  will  swear, 
after  he  has  recovered  his  hat,  that  a 
whole  magazine  was  fired.  All  hats 
are  alike — curious  headpieces — they 
always  wing  their  way  toward  the 
heading;  the  shot  loosens  them  and 
the  surging  air  current  does  the  rest. 

Machine  and  Hand  Mucking. — The 
M.  of  the  D.  S.  M.  is  the  piece  de  re- 
sistance— the  heading  must  be  mucked 
out  before  the  drill  gang  can  get  in 


and  set  up.  The  hand  method  of 
mucking  was  used  in  the  top  heading 
and  bench  system.  A  double  track 
was  laid  to  the  toe  of  the  bench  and 
muck  cars  spotted  on  each  track. 
Runways  are  laid  on  telescoping  pipe 
supports  from  the  heading,  such  that 
the  muck  as  it  is  wheeled  out  in 
barrows  can  be  dumped  directly  into 
the  cars.  The  muck  at  the  toe  of  the 
bench  is  shoveled  into  the  cars.  The 
amount  of  muck  from  the  full  face 
headings  is  so  great  and  the  points 
of  attack  are  so  limited  that  it  is 
necessary  to  use  mucking  machines 
in  order  to  clean  up  before  the  drill 
crew  shift  comes  on.  Four  mucking 
machines  were  used  to  good  advant- 
age, the  average  capacity  being  about 
15  cu.  yd.  each  per  hour.  The  ma- 
chines shovel  the  muck  onto  a  con- 
veyor belt,  which  discharges  into  a 
muck  car.  The  mucking  machines  are 
electrically  operated  and  furnish  their 
own  traction. 

Large  Electrical  Installation. — The 
entire  job,  save  for  three  steam  shovels 
and  two  steam  hoists,  is  electrically 
operated.  The  contractor  built  a  three 
phase  33,000  volt  transmission  line  48 
miles  long  which  touches  at  each 
shaft.  At  each  shaft  is  located  an  out- 
door substation  which  steps  the  volt- 
age down  from  33,000  to  440  volts. 
Everything  above  ground  is  operated 
on  440  volts.  For  use  below  ground  the 
voltage  is  stepped  down  to  220  and 
distributed  through  the  tunnels  over 
three  4/0  B  &  S  rubber  covered  wires. 
Lights  are  spaced  from  35  ft.  to  50  ft. 
apart — power  for  operating  pumps, 
mucking  machines,  etc.,  is  taken  from 
this  line. 

A  typical  plant  layout  at  each  shaft 
consists  of: 

Two  750  cu.  ft.  per  minute,  two 
stage  short  belt  drive  air  compressors. 

Two  150  h.p.  synchronous  motors 
for  driving  the  compressors. 

One  single  drum  electric  shaft  hoist 
directly  connected  to  112  h.p.  motor. 

One  800  cu.  ft.  per  minute  blower 
for  tunnel  ventilation  belting  to  50 
h.p.  motor. 

One  35  kilowatt  motor  generator 
set  for  charging  the  storage  battery 
locomotives. 

One  drill  steel  sharpener  complete 
with  shank  and  bit  punch. 

Hoisting  and   Hauling   Equipment. — 

Each  shaft  is  equipped  with  two 
balanced  steel  platform  cages,  pro- 
vided with  safety  dogs.  A  head  frame 
about  50  ft.  high  is  built  over  each 
shaft  and  the     muck     is     hoisted   to 
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the  tipple  platform  and  dumped  into 
four  cubic  yard  cars. 

All  haulage  above  and  below  ground 
is  done  with  storage  battery  locomo- 
tives. The  track  gauge  below  ground 
is  30  in.,  and  36  in.  above  ground. 
Each  tunnel  locomotive  is  equipped 
with  a  48  cell,  21  plate  storage  battery, 
which  is  charged  in  the  tunnel  from 
wires  dropped  down  the  shaft  from 
the  motor-generator  set.  In  order  to 
keep  all  locomotive  chassis  in  oper- 
ation spare  batteries  are  provided  in 
each  tunnel.  It  is  only  a  matter  of 
a  few  minutes  to  replace  the  dead  bat- 
tery with  a  freshly  charged  set. 

The  top  locomotives  are  equipped 
with   a  44   cell   13   plate   battery  and 


Water  Disposal. — Very  little  water 
was  encountered  in  the  tunnel,  the 
maximum  flow  at  any  one  shaft  not 
exceeding  175  gal.  per  minute.  To 
take  care  of  this  water  a  125  gal. 
per  minute  triplex  motor  driven  pump 
is  located  in  a  pump  chamber  at  the 
foot  of  each  shaft.  As  a  standby  or 
reserve  there  is  also  installed  in  each 
chamber  a  200  gal.  per  minute  air 
driven  pump. 

The  piping  in  each  shaft  consists 
of  an  8  in.  ventilating  line,  a  6  in. 
high  pressure  air  line,  a  4  in.  pump 
discharge  line  and  a  2  in.  water  supply 
line.  The  piping  in  each  tunnel  con- 
sists of  a  6  in.  ventilating  line,  a  4 
in.  high  pressure  air  line,  2  in.  water 


Roof  Timbering, 
successfully   haul  a   four   cubic   yard      supply  line  and  a  pump  discharge  line 


Western  dump  car  loaded  with  tunnel 
muck  up  a  3  per  cent  grade. 

The  muck  cars  in  the  tunnel  are 
provided  with  roller  bearing  wheels 
and  are  of  the  end  dump  type.  They 
have  a  capacity  of  about  1*£  cu.  yds. 
loose  muck. 

Timbering. — The  roof  timbering 
consists  mostly  of  three  segment 
rings  of  10x10  supported  on  wall  pins 
set  in  the  haunch  of  the  tunnel.  These 
rings  are  spaced  approximately  7% 
ft.  apart,  and  the  space  between  is 
covered  with  3x6  in.  lagging.  Rock 
from  the  tunnel  is  dry  packed  between 
the  lagging  and  roof. 


which  varies  in  size  depending  upon 
the  quantity  of  water  to  be  handled. 
In  general  the  pipes  are  supported 
on  the  side  of  the  tunnel  by  pins  set 
in  the  wall. 

Driving  Schedule  and  Progress. — At 
the  time  the  contract  was  assigned 
all  shafts  were  sunk  and  a  little  over 
11,300  ft.  of  tunnel  had  been  driven. 
The  progress  attained  by  the  first  con- 
tractor was  greatly  in  arrears  as  re- 
gards the  schedule  stipulated  in  the 
specifications.  Shortly  after  the  as- 
signment was  made  the  contractor 
arbitrarily  established  a  driving  sched- 
ule  which    would    pick    up    the    lost 
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ground  and  permit  the  contract  to  be 
concluded  in  the  time  specified.  This 
schedule  was  kindly  characterized  by 
the  knowing  ones  as  "very  ambitious" 
— it  is  pleasing  to  say  this  schedule 
has  been  greatly  exceeded.  At  one 
time  when  all  12  headings  were  in 
full  swing  the  actual  driving  was 
8,139  ft.  ahead  of  the  schedule.  The 
scheduled  driving  rate  per  heading- 
varied  from  225  ft.  per  month  for  the 
treacherous  rock,  to  400  ft.  for  the 
good  rock — the  maximum  for  all  head- 
ings was  3,825  ft.  During  the  month, 
of  February,  1922,  an  advance  of  6,040 
ft.  was  made,  or  an  average  of  500, 
ft.  per  heading,  while  during  the  eight 
months  period  when  all  12  headings 
were  hitting  it  up  the  average  monthly 
advance  was  424^ -ft.  per  heading,  as 
against  319  ft.  scheduled.  This  is  con- 
sidered a  pretty  fair  --batting  average 
when  it  is  known- that  about  45  p<Ir 
cent  of  the  length  of  the  tunnel  re- 
quires timbering.  The  maximum 
advance  for  a  single  .month  intone 
heading  was  620  ft.- and  the  longest 
shot  pulled,  14  ft,  5  in.       *  ,.'\  .  '  * 

The  end  is  almost  •  in^sighfexhj^re,, 
remain  but  two .  mojre  rock  headings., 
and  these  ought  to  come  together  ^be- 
fore Washington's  birthday.  But  the 
end  of  one  operation  opens  up  the  be-, 
ginning  of  another— the  tunnel  must 
be  lined  with  concrete. 

Lining. — After  careful  consideration 
it  was  deemed  advisable  not  to  con- 
crete while  excavation  work  was  in 
progress.  The  plan  adopted  was  to 
start  concreting  as  soon  as  a  heading 
"holed  through"  and  thus  avoid  the 
general  disorganization  that  would 
result  in  transportation,  handling  ma- 
terials and  overloading  the  plant. 

Crushing  Plant. — At  each  shaft 
where  concrete  operations  are  carried 
on  it  was  necessary  to  install  a  crush- 
ing plant.  Two  systems  of  crushing 
have  been  used  successfully.  The  first 
was  to  crush  and  store;  the  second 
crush  and  use.  In  the  first  system  the 
muck  as  it  comes  from  the  tunnel  is 
dumped  directly  into  the  crushers  and 
the  product  stored  in  separate  piles. 
In  the  crush  and  use  system  the  muck 
is  recovered  from  the  dump  and  the 
product  from  the  crushers  is  stored 
in  the  mixer  bins  and  used  as  needed. 
In  every  case,  however,  it  was  neces- 
sary to  manufacture  the  sand  as  there 
are  no  deposits  of  natural  sand  avail- 
able, while  the  cost  of  transportation 
is  excessive. 

The  thickness  of  the  tunnel  lining 
naturally  varies  due  to  the  manner  in 


which  the  rock  broke.  The  mini- 
mum thickness,  however,  is  3  inches 
for  the  side  walls  and  5  in.  for 
the  roof  and  this  only  over  a  limited 
area.  In  general  the  thickness  will 
average  about  10  to  12  ins.  The  theo- 
retical amount  of  Concrete  per  linear 
foot  of  tunnel  ranges  from  1.79  cu. 
yd.  for  the  untimbered.  sections  to 
2.02  cubic  yards  for  the"  timbered  sec- 
tions. The  mix  used  is  1  to  7  consist- 
ing of  1  part  cement,  2y3  parts  sand 
and  4%  parts  stone.  The  cement  ratio 
is  about  1.4  bbl.  to  the  cubic  yard. 

-Mixing  and  Hauling  Plants. — The 
mixing  plant  is  located  at  the  mouth 
of  the  shaft  and  consists  of  one  cubic 
yard    motor    driven   mixer.     A    5-bag 
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batch  mix  is  discharged  into  a  hopper 
which  is  provided  with  a  gate.  An 
8  in.  extra  strong  pipe  is  supported 
in  the  shaft,  the  lower  end  of  which 
at  the  foot  of  the  shaft  opens  into  a 
two  cubic  yard  storage  hopper  pro- 
vided with  an  extra  strong  gate.  At  a 
given  signal  from  below  the  mixer 
operator  opens  the  gate  and  the  fire- 
works start.  The  workmen  on  the 
receiving  end  do  not  require  any  sig- 
nals because  they  know  the  concrete 
is  dropping  down  that  eight  inch  .pipe 
at  a  mile  a  minute — the  noise  is  amply 
telegraphed. 

The  concrete  is  hauled  in  special 
U-body  side  dump  cars  that  are  loaded 
with  about  0.8  cu.  yd.     The  concrete 
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train  is  usually  made  up  of  six  cars 
hauled  by  a  storage  battery  locomo- 
tive. The  cars  are  loaded  from  the 
hopper  and  the  amount  placed  in  each 
car  is  controlled  by  the  gate.  It  takes 
about  seven  minutes  to  load  a  train. 

Placing  the  Bottom. — The  invert  or 
bottom  lining  is  placed  first,  the  usual 
procedure  being  to  throw  the  tunnel 
track  to  one  side  and  pour  one-half 
of  the  invert  and  footings  and  then 
after  finishing  again  throw  the  track 
and  pour  the  other  half.  After  the 
concrete  is  properly  set  the  track  then 
is  centered  in  the  tunnel.  The  forms 
for  the  footings  are  so  designed  that 
about  six  inches  of  the  sidewall  are 
poured  with  the  footing  course  which 


special  form  hoist  on  a  separate  car- 
riage at  the  other  end  hoists  the  cars. 
The  arch  form  differs  slightly  from 
the  sidewall  forms,  inasmuch  as  con- 
crete is  placed  by  hand  in  the  side- 
walls  and  "shot"  into  the  arch  by  a 
pneumatic  gun. 

The  arch  forms  have  attached  to 
them  a  gun  carriage  about  38  ft.  long, 
which  carries  the  gun  and  the  hopper 
for  charging  the  gun  and  in  addition 
a  car  storage  platform  30  ft.  long  for 
storing  the  cars  as  they  are  dumped. 
The  hopper  holds  the  contents  of  six 
cars  and  a  gate  in  the  bottom  controls 
the  amount  of  the  charge  placed  in 
the  gun. 

The  pneumatic  gun  used  is  purely 


Headworks  at  Shaft  Five. 


serves  as  a  key  or  lug  against  which 
the  sidewall  forms  are  aligned. 

Walls  and  Arch.— The  balance  of  the 
tunnel  is  lined  in  two  operations,  first 
the  sidewall  and  second  the  arch.  The 
forms  for  the  sidewall  and  arch  are 
built  entirely  of  steel,  are  mounted  on 
double  flanged  wheels  and  are  moved 
on  a  special  form  track  of  30  lb.  T 
rails  set  on  the  invert.  The  sidewall 
and  arch  forms  are  each  120  ft.  long 
and  the  deck  or  floor  is  about  five  feet 
nine  inches  above  the  invert.  In 
order  that  the  train  may  be  hoisted 
up  to  the  deck  an  incline  about  60  ft. 
long  is   provided  at  one   end,   and   a 


a  Western  product  and  is  making  its 
debut  in  Eastern  society.  Its  behavior 
has  been  exemplary  and  the  results 
obtained  very  gratifying — it  is  noisy, 
but  noise  is  a  virtue  when  the  song  is 
progress. 

Moving  Forms. — The  inclines  to  the 
forms  can  be  raised  in  order  that 
trains  may  pass  through  the  forms. 
Jacks  and  turnbuckles  are  so  arranged 
that  the  forms  can  be  collapsed  suf- 
ficiently to  permit  pulling  without  dis- 
mantling—it is  quite  a  sight  to  see  a 
260  ft.  long  arch  form  being  pulled 
along  the  tunnel  in  one  piece. 

Camps     and     Sanitation. — At     each 
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shaft  ample  camps  are  provided, 
equipped  with  shower  baths,  wash 
stands  and  kaustines.  The  central 
mess  hall  is  a  scene  of  great  activity 
and  few  fail  to  respond  to  the  tinkling 
triangle.  The  bunk  houses  are  well 
heated  and  divided  into  rooms  such 
that  but  two  men  occupy  one  room. 
Every  sanitary  precaution  is  taken, 
the  water  as  it  is  pumped  from  the 
shaft  is  dosed  with  liquid  chlorine. 
Sanitary  toilets  are  provided  for  the 
men  in  the  tunnel  which  are  kept 
clean,  the  waste  is  taken  on  top, 
dumped  into  pits  and  treated  with 
kaustine. 

Transporting  Materials. — It  might 
be  said  without  contradiction  that  the 
greatest  single  problem,  outside  of 
labor,  is  transportation.  The  Ulster 
&  Delaware  R.  R.  serves  both  the 
north  and  south  ends,  the  siding  for 
the  south  section  is  about  a  mile  from 
the  portal,  while  the  siding  for  the 
north  section  is  about  five  miles  from 
Shaft  1.  All  materials  must  be  hauled 
to  all  the  shafts  from  either  of  these 
two  sidings.  The  distance  by  road 
from  south  siding  to  Shaft  1  is  about 
22  miles,  all  over  a  country  road  in  a 
mountainous  district,  with  the  excep- 
tion of  about  nine  miles.  Deep  Notch 
is  the  name  of  the  pass  in  the  moun- 
tains that  separates  the  Esopus  water- 
shed from  the  Schoharie  watershed. 
During  winter  this  Notch  gets  a  lot 
of  profane  advertising  for  it  has  a 
habit  of  "snowing  in."  The  two  things 
that  will  throw  the  whole  job  into  tur- 
moil are  "Power  Off"  or  "Notch 
Snowed  In.  After  the  material  has 
been  delivered  to  the  shaft  it  must  be 
put  down  "the  hole"  and  then  trans- 
ported to  the  place  where  it  is  to  be 
used.  The  excavated  material  must 
be  hauled  out  and  the  concrete  must 
be  hauled  in — it  is  a  case  of  constantly 
overhauling  the  hauling  equipment. 

Comfort  and  Amusement. — The  main 
office  is  situated  at  Allaben,  the  south 
portal  of  the  job.  A  staff  house  pro- 
vides for  the  comfort  of  the  unat- 
tached, while  a  colony  with  commodi- 
ous and  comfortable  houses  with  all 
modern  conveniences  provide  for  the 
attached  ones  and  their  families. 

A  large  theatre  building  with  a  spa- 
cious garage  beneath  was  built  by  the 
former  contractor  between  the  office 
and  staff  house.  This  theatre  has  an 
excellent  dancing  floor  and  is  the 
scene  of  a  weekly  dance,  just  to  keep 
the  boys  and  girls  going. 

The  main  storage  yard  is  also  locat- 
ed on  this  end  as  well  as  the  machine 


shop,  storeroom,  electric  and  carpen- 
ter shops.  An  adequate  telephone  sys- 
tem permits  communication  between 
all  shafts  and  departments  through 
an  exchange  located  in  the  office. 

The  work  is  being  built  under  the 
plans,  specifications  and  supervision 
of  the  Board  of  Water  Supply  of  New 
York  City,  of  which  Mr.  Thaddeus 
Merriman  is  chief  engineer.  Mr.  T. 
S.  Shepperd  is  general  manager  for 
the  contractor.  Mr.  M.  R.  Keefe  is 
general  superintendent,  and  Mr.  R.  H. 
Keayes,  assistant  general  superin- 
tendent. 

In  the  final  analysis  all  are  striving 
to  keep  the  D.  S.  M.  cycle  free  from 
bumps  and  dumps  and  to  fill  up  part 
of  the  "hole"  with  concrete  as 
quickly  as  it  is  made. 


Removing   Algae   Odors   from   Water 

Very  simple  methods  are  used  at 
the  Waco,  Tex.,  waterworks  to  remove 
the  slight  odor  resulting  from  growth 
of  algae,  according  to  an  article  by 
Edmund  Taylor,  Secretary  of  the 
Water  Department,  in  Texas  munici- 
palities. In  the  first  place,  extreme 
vigilance  and  attention  is  always 
given  throughout  the  entire  plant  and 
when  the  presence  of  Algae  becomes 
noticeable — which  is  the  case  even 
when  small  quantities  are  present — 
the  basin  is  let  down  and  the  sides 
and  other  affected  areas  are  scrubbed 
with  a  steel  brush.  In  extreme  cases 
a  combination  of  lime  and  copper  sul- 
phate has  been  used,  but  usually  the 
application  of  the  steel  brush  and  the 
subsequent  washing  with  a  high  pres- 
sure stream  of  water  is  enough  to  in- 
sure a  clean  supply  for  some  time. 
The  clear  water  reservoir  is  entirely 
enclosed  and  is  covered  in  such  a  way 
as  to  render  it  perfectly  dark,  which 
in  itself  in  inhibitive  to  the  growth  of 
Algae. 


The  Reclassification  Bill  for  Govern- 
ment Employes. — The  Sterling  Re- 
classification Bill  was  passed  by  both 
houses  of  Congress  during  the  last  day 
of  the  session  just  closed.  It  provides 
that  salary  schedules  should  not  be 
effective  before  July,  1924,  and  in- 
cludes only  employees  in  the  District 
of  Columbia.  As  passed  it  provides 
practically  the  same  schedules  as  the 
Sterling  Bill  for  technical  employees 
except  that  the  salaries  of  the  full  pro- 
fessional grade  have  been  increased 
about  $400  or  $500  and  the  higher 
grades  have  also  been  increased. 
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Development  of  Well  Water 
Supplies 

Abstract   of   a    Paper   Presented    Feb, 

15    at    the    16th    Annual    Meeting 

of    the    Indiana    Sanitary    and 

Water  Supply  Association 

By  JOHN  W.  TOYNE, 
Engineer,    South  Bend,    Ind. 

The  scope  of  this  subject  does  not 
contemplate,  neither  does  the  time 
allotted  permit  of  even  a  brief  outline 
of  the  investigations  necessary  to  the 
determination  that  a  well  water  sup- 
ply is  most  economical  or  desirable 
for  any  particular  community  or  lo- 
cality, although  such  study  must  in 
most  cases  be  carefully  and  intelli- 
gently made.  It  assumes  that  these 
studies  have  been  made  and  that  a 
well-water  supply  has  been  decided  on. 

In  some  cases  there  is  no  choice  as 
between  a  rock  formation  and  gravel 
strata  for  the  development  of  the  well 
water  supply,  and  this  simplifies  the 
studies  necessary.  In  other  cases,  one 
has  to  determine  which  of  the  two 
sources  is  most  desirable,  and  this 
can  be  done  only  after  the  most 
thorough  investigation  and  careful 
study  of  the  geological  formation  and 
surface  topography. 

No  greater  fallacy,  I  think,  has 
ever  been  so  generally  believed  than 
that  to  secure  a  permanent  well  water 
supply  it  was  necessary  to  develop  it 
in  rock.  I  have  known  of  cases  where 
an  ample,  safe  and  permanent  supply 
in  gravel  has  been  cased  off  and  a 
less  desirable  water  for  all  general 
purposes  secured  in  the  underlying 
rock  simply  because  the  driller  rec- 
ommended that  "If  you  want  a  real 
well,  put  her  dewn  into  the  rock,  she's 
always  wet  there." 

Earlier  Wells  of  South  Bend  Water 
Supply. — My  own  personal  experi- 
ences and  my  observations  have  made 
me  partial  to  the  gravel  strata  as  a 
source  of  supply,  if  the  conditions  ob- 
taining permit  of  a  safe,  ample  and  de- 
pendable supply  being  developed. 
Perhaps  a  brief  summary  of  the  stud- 
ies made  of  the  water  supply  in  con- 
nection with  a  new  pumping  station 
for  the  city  of  South  Bend,  Ind.,  hav- 
ing an  ultimate  capacity  of  25,000,000 
gal.  daily,  in  addition  to  the  present 
supply  of  24,000,000-gal.  daily,  which 
I  now  have  under  design,  may  be  of 
interest. 

The  history  of  the  well  water  supply 
in  the  city  of  South  Bend  dates  back 


to  1880  when  a  few  wells  were  sunk, 
on  suspicion,  to  the  gravel  strata  over- 
laying the  shale  at  a  depth  of  about 
140  ft.  below  the  general  level  of  the 
central  part  of  the  city  and  near  the 
St.  Joseph  River,  the  theory  being  at 
that  time,  and  still  held  by  some,  that 
the  leakage  from  the  river  bed  sup- 
plied the  wells;  subsequently  addi- 
tional wells  were  sunk  until  at  pres- 
ent the  city  has  about  100  wells,  all 
close  to  the  river  and  all  having 
about  the  following  characteristic 
log: 

0  to  10-ft.  top  soil. 

10  to  40-ft.  clay. 

40  to  60 -ft.  sand. 

60  to  100-ft.   gravel. 
100  to  110-ft.  fine  sand. 
110-ft.  -shale. 

The  surface  level  at  the  site  of  the 
wells  is  about  30  ft.  below  the  gen- 
eral level  of  the  city. 

These  wells,  as  stated,  were  sunk 
with  no  special  investigation  having 
been  made  as  to  the  source  of  sup- 
ply, direction  or  rate  of  flow  in  the 
vein,  but  on  the  generally  accepted 
theory  that  the  supply  was  brought 
to  the  gravel  bed,  underlying  the  city, 
by  the  St.  Joseph  River  or  was  col- 
lected from  the  precipitation  over  a 
rather  restricted  area,  comprising  ap- 
proximately 60  square  miles,  as  indi- 
cated by  the  topography  in  the  imme- 
diate vicinity.  This  theory  was  sat- 
isfactory, in  that  computations  indi- 
cated an  ample  supply  to  meet  the 
requirements  of  a  comparatively  small 
atility. 

The  growth  of  the  city  has  been 
such  that  an  increased  supply  is  im- 
perative, and  this  future  development, 
to  be  economically  sound,  required  a 
more  specific  knowledge  of  the 
source  and  extent  of  the  supply. 

A  study  was  made  of  the  direction 
and  density  of  growth  of  the  city,  and 
the  incident  extensions  necessitated 
to  serve  the  increased  population,  in 
order  to  determine  the  most  economi- 
cal location  for  a  new  station.  This 
was  followed  by  test  borings  to  as- 
certain the  geological  formations. 

Tests  to  Determine  Direction  and 
Rate  of  Flow. — After  locating  a  suit- 
able gravel  strata  for  the  develop- 
ment, a  test  was  authorized  to  deter- 
mine the  direction  and  rate  of  flow 
together  with  the  volume  obtainable 
from  a  typical  well  with  the  amount 
the  head  ,was  lowered  for  different 
quantities  pumped. 

For  this  purpose  a  central  12-in. 
well  was  used,  surrounded  by  2%-in. 
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wells  at  a  radius  of  6  ft.,  all  sunk  to 
a  depth  of  155  ft.  into  a  gravel  forma- 
tion having  the  following  character- 
istics: 


30%  by  volume  retained  on  No.  10  screen 
25%  by  volume  retained  on  No.  20  screen 
40%  by  volume  retained  on  No.  40  screen 
17%  by  volume  retained  on  No.  60  screen 
7%%  by  volume  retained  on  No.  80  screen 
2y27o  by  volume  retained  on  No.  100 
screen 

1%  by  volume  retained  on  No.  110  screen 

The  wells  were  equipped  with 
strainers  to  suit  this  formation. 

The  central  well  was  charged  with 
200  lb.  of  salt  and  Basic  Fuchsin,  and 
the  surrounding  wells  were  equipped 
with  electro  couples  connected  with 
the  110-volt  lighting  circuit  through  a 
sensitive   ammeter. 

Current  readings  were  taken  hourly 
and  to  insure  true  sampling  of  the 
vein,  1  gal.  of  water  was  pumped  from 
each  well  at  the  time  of  taking  the 
readings  and  examined  by  compari- 
son with  the  original  samples  for 
traces  of  coloi. 

The  time  required  for  the  flow  of 
6  ft.  was  82  hours  as  evidenced  by  the 
drop  in  electrical  resistance  and  posi- 
tive traces  of  color  and  the  direction 
of  flow  just  north  of  true  northwest. 

While  the  result  of  this  test  is  not 
conclusive,  it  is  confirmation  of  my 
belief  that  the  water  supply  enjoyed 
by  the  city  of  South  Bend  is  in  no 
sense  local  in  character,  but  a  part  of 
the  general  underground  movement  of 
water  across  northern  Indiana  toward 
Lake  Michigan,  and  this  theory  is  fur- 
ther corroborated  by  the  logs  of  some 
200  wells  in  Northern  Indiana  and 
Northern  Ohio  with  which  I  have  come 
in  contact  in  the  past  15  years. 

The  result  of  this  test  thoroughly 
justifies  the  development  of  the  ad- 
ditional supply  as  economically  sound 
and  permanent.  As  to  the  safety  of 
the  supply  from  a  sanitary  standpoint, 
an  interesting,  to  me  at  least,  condi- 
tion was  discovered  in  connection 
with  the  tests  made.  The  surface  flow 
is,  at  this  point,  toward  the  St.  Jo- 
seph River,  or,  at  almost  exactly  right 
angles  to  the  lower  flow  and  at  suffi- 
cient velocity  to  indicate  that  a  part 
at  least  is  supplied  from  the  lower 
vein.  This  would  have  a  tendency  to 
maintain  the  purity  of  the  supply  to 
the  wells  by  washing  the  surface  con- 
tamination off  into  the  river;  in  any 
event,  the  strata  is  covered  by  a  slow 
sand  filter  over  100  ft.  deep,  and  in 
my  judgment  absolutely  safe. 

The  investigations  made  up  to  this 
point  will  determine  the  details  of  de- 


sign as  to  the  size,  locations  and  spac- 
ing of  the  wells,  if  more  than  one  well 
is  necessary  to  furnish  the  required 
supply.  Nor  is  the  engineer's  work 
completed  when  this  determination  is 
made  and  the  specifications  drawn. 

The  Strainer. — The  strainer  must  be 
selected  to  fit  the  gravel  strata  and 
the  character  of  the  water.  Right 
here  I  want  to  call  attention  to  the 
necessity  for  avoiding  a  combination 
of  metals  in  a  strainer  that  will  set 
up  electric  chemical  action  tending  in 
a  few  years  to  render  the  well  use- 
less, or  at  least  entail  a  heavy  expense 
to  correct  a  fault  that  would  have 
been  avoided   by  careful  design. 

With  the  setting  of  a  carefully  se 
lected  strainer  the  real  work  of  com- 
pleting the  well  is  commenced,  the 
finer  particles  forming  the  strata  must 
be  worked  through  the  strainer  and 
removed  from  the  well,  and  for  this 
purpose  I  know  of  no  agency  as  ef- 
fective as  air. 

Increasing  Supply  by  Clearing 
Strainer. — I  could  cite  a  number  of 
cases  where  the  supply  has  been  in- 
creased from  50  per  cent  to  100  per 
cent  by  finishing  a  well  after  the  drill 
er  was  through.  As  one  example,  at 
the  St.  Joseph  County  Tuberculosis 
Sanitarium,  a  well  was  drilled  and 
completed  by  the  driller  and  produced 
approximately  GO  gal.  per  minute; 
after  15  hours'  work,  clearing  the 
strainer  of  fine  sand,  the  supply  was 
130  gal.  per  minute,  with  the  same 
loss  of  head.  Only  a  mechanical  an- 
alysis of  the  gravel  from  the  strata 
can  determine  just  how  much  of  the 
sand  can  be  cleaned  from  the  well 
without  damage,  or,  in  other  words, 
the  proper  mesh  of  the  strainer. 

Some  Interesting  Cases. — In  the 
past  20  years  I  have  had  the  pleasure, 
and  it  has  been  a  real  pleasure,  es- 
pecially in  retrospect,  of  developing 
well  water  supplies  over  the  greater 
part  of  the  country  from  Pennsylvania 
to  Colorado,  from  Dakota  to  Arkan- 
sas, and  in  going  back  through  my 
note  books,  I  find  a  number  of  inter- 
esting cases  in  both  types  of  wells. 

At  Fountain,  Minn.,  the  formation 
is  limestone  and  very  open,  making 
the  surface  supplies  absolutely  unsafe. 
However,  a  barren  strata  is  reached 
at  the  300-ft.  to  350-ft.  level  and  im- 
mediately below  this  a  good  supply 
is  found  having  a  static  head  of  about 
10  ft.  below  the  surface  and  a  very 
slight  loss  of  head  in  operation.  The 
well  at  this  place  was  drilled  to  a 
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depth  of  385  ft.,  and  on  test,  an  ample 
supply  developed. 

Just  prior  to  placing  the  order  for 
pumping  equipment,  the  bottom  liter- 
ally dropped  out  of  the  well  and  the 
entire  supply  dropped  to  405  ft.  and 
all  efforts  to  plug  the  break  failed. 

At  Linden,  Wis.,  in  the  zinc  coun- 
try, the  well  was  sunk  to  the  300-ft. 
level  to  avoid  the  sulphur  in  the  upper 
strata,  and  a  supply  of  as  beautiful 
red  paint  as  could  be  imagined  was  de- 
veloped. No  amount  of  pumping 
seemed  to  have  any  effect  on  it. 

At  Fort  Branch,  Ind.,  considerable 
money  had  been  spent  trying  to  de- 
velop a  water  supply  in  sand  too  fine 
to  strain.  Prior  to  my  connection  with 
the  work,  an  ample  supply  was  devel- 
oped by  sinking  porous  collecting 
wells  sufficiently  close  together  to 
avoid  any  considerable  reduction  in 
the  head  and  flowing  from  these  to  a 
receiving  well. 

Another  interesting  case  was  in  the 
same  part  of  this  state,  at  Owensville, 
A  4-in.  test  well  was  sunk  in  rock  and 
a  supply  of  35  gal.  per  minute  secured 
at  the  45-ft.  level.  Inasmuch  as  this 
particular  place  seems  rather  barren 
it  was  decided  that  an  open  well  5  ft. 
in  diameter  was  justified,  and  sunk. 
It  produced  the  same  35-gal.  per  min- 
ute. 


Concrete    Barrier    Dam    for 

Intercepting  Drifting 

Gravel  and  Sand 

In  connection  with  its  flood  preven- 
tion project  for  the  Miami  Valley, 
Ohio,  the  Miami  Conservancy  District, 
of  Dayton,  O.,  completed  last  fall  a 
concrete  overflow  dam  across  the 
Miami  River  at  the  upper  end  of  the 
river  improvement  at  Hamilton,  O. 
The  purpose  of  the  barrier  is  to  pre- 
vent gravel  from  drifting  down  into 
the  improved  channel  through  the 
city,  there  to  form  bars  that  would 
be  expensive  to  remove.  This  dam 
will  check  the  velocity  of  the  Miami, 
and  the  basin  above  will  form  the  pit 
in  which  the  gravel  and  sand  will 
drop.  A  sand  and  gravel  plant  will 
excavate  the  deposited  material, 
screen  it,  and  sell  it  for  building  ma- 
terial. We  are  indebted  to  the  Miami 
Conservancy  Bulletin  for  the  follow- 
ing particulars  of  the  dam. 

Figure  1,  which  is  a  cross-section 
of  the  highest  section,  will  give  the 
principal  dimensions.  The  dam  is 
built  on  a  previous  foundation.     The 


central  part  is  an  ogee  weir,  and  is  a 
gravity  section.  The  Abutments, 
built  against  the  natural  banks  of  the 
stream,  vary  in  thickness  from  36  ins. 
at  the  bottom  to  12  ins.  at  the  top. 
The  east  abutment  is  on  a  2  to  1  slope, 
and  the  west  one  is  a  3  to  1  slope. 
Both  abutments  are  supported  by  toe 
walls  3  ft.  thick,  which  in  turn  are 
supported  by  a  row  of  wooden  piles 
3  ft.  apart.  The  foundation  material 
is  sand  and  gravel,  similar  to  the  ma- 
terial under  the  main  dam. 

The  aprons  are  re-inforced  with  % 
in.  iron  bars,  laid  18  ins.  apart,  and 
running  up  and  down  stream.  The 
upper  apron  caps  the  tight  wall  of 
sheet  steel  piling,  the  lower  apron 
caps  the  wooden  piling.  The  cables 
for  the  flexible,  concrete  block  mat 
are  anchored  into  the  toe  of  the  down- 
stream apron. 

Construction  Methods. — A  dragline 
excavated  one-half  of  the  foundation, 
threw  up  an  earth  dyke  around  the  ex- 
cavation, and  did  the  pile  driving.  An 
8-in.  centrifugal  pump  unwatered  the 
pit,  and  had  to  run  less  than  one  half 
the  time  to  keep  the  water  down.  A 
wooden  trestle  was  built  just  above 
and  2  ft.  higher  than  the  upstream 
crest  of  the  dam.  Narrow  gauge  track 
was  laid,  and  concrete  cars  were 
handled  over  it  by  gasoline  locomo- 
tives. The  concrete  mixing  plant  was 
on  the  bank.  The  foundation  and  the 
aprons  were  poured  ahead  of  the  spill- 
way sections,  with  joints  every  30  ft., 
to  provide  for  expansion  and  contrac- 
tion. Beginning  at  the  east  end  90 
ft.  of  the  spillway  section  was  run  in 
three  30  ft.  sections.  Then  alternate 
sections  30  ft.  long  were  poured,  leav- 
ing gaps  24  ft.  long  between,  until  five 
gaps  were  formed. 

Then  the  coffer  dam  was  cleared 
away,  and  the  river  was  turned 
through  the  five  gaps.  Then  the 
foundation  for  the  remainder  of  the 
dam  was  dug,  a  dyke  thrown  up 
around  it,  the  water  pumped  out,  and 
the  concreting  operations  repeated, 
save  that  no  further  gaps  were  left 
out. 

When  the  last  half  was  completed, 
the  coffer  dams  were  cleaned  up.  The 
dam  was  now  completed  save  for  the 
five  gaps.  These  were  closed  one  at 
a  time.  A  small  timber  coffer  dam 
on  the  upstream  side  -shut  off  the 
water  until  the  section  could  be  filled 
with  concrete. 

When  the  last  section  was  reached 
the  water  was  very  low  in  the  river, 
as  the  Ford  Plant  was  using  nearly 
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all  of  it.  After  the  opening  was 
closed  by  the  timber  bulkhead  it  took 
60  hours  for  the  water  to  rise  to  the 
top  of  the  dam.  This  allowed  suf- 
ficient time  for  completing  the  forms, 
pouring  the  concrete  and  removing 
the  forms.  On  this  last  section  a 
hand  pump  was  used  to  remove  the 
water  between  the  forms  and  the  tim- 
ber bulkhead,  until  the  concrete  had 
been  poured  and  had  set  up. 

An  average  day's  work  was  100  cu. 
yds.  On  the  abutments  and  on  the 
end  walls  for  the  flexible  mat  a  small 
mixer  and  wheelbarrows  were  used. 
Work  was  started  June   1,  1922,  and 


isfled  and  feel  free  to  call  our  atten- 
tion to  any  grievance  that  they  may 
have.  We  would  suggest  that  all  con- 
sumers read  their  meters  often,  to 
convince  themselves  that  no  leaks 
exist  (leaks  in  house  plumbing  usual- 
ly found  in  flush  tanks  to  toilets  and 
stop  and  waste  cocks).  Also  see  that 
the  stop  cock  on  service  pipe  is  in 
good  working  condition.  This  is  im- 
portant for  the  protection  of  your 
property.  We  ask  the  reasonable  citi- 
zen to  consider  the  character  and 
quality  of  the  service  we  render  and 
then  divide  the  annual  cost  to  him  by 
365;   the  low  cost   per   day  may  sur- 


Flexible  Concrete  Block  Revetment 


15-0  Iq.  Timber  P,les      ,  '11 1  * 
J'-O" CtoC- 


„ 


Fig.     1 — Cross    Section     of    Concrete     Overflow    Dam    at    Hamilton. 


was  completed  Nov.  9th.  There  are 
about  3,000  cu.  yds.  of  concrete,  and 
16,000  blocks  in  the  structure. 


Suggestions  for  Water  Consum- 
ers 

The  financial  management  of  a  mu- 
nicipal water  department  is  a  matter 
of  much  importance  to  a  community; 
inasmuch  as  upon  this  management 
depends  largely  the  question,  of  suc- 
cess or  failure  of  the  plant  to  properly 
function.  The  public  should  neither 
knock  or  shield  the  management  of 
the  water  works  system,  but  should 
equip  themselves  with  sufficient 
knowledge  to  assist  and  help  remedy 
any  defects.  It  is  impossible  to  pre- 
pare a  code  of  rules  and  regulations 
that  will  apply  to  individual  cases.  We 
will  appreciate  at  any  time  sugges- 
tions that  would  be  for  the  benefit  of 
our  consumers,  and  for  the  best  inter- 
ests of  the  water  department. 

Our  collections,  as  a  whole,  have 
been  very  satisfactory.  We  would 
appreciate  consumers  always  bringing 
their  water  cards,  as  it  saves  much 
annoyance  in  keeping  others  waiting 
while  making  duplicate  bills.  We 
want  every  patron  of  water  to  be  sat- 


prise  you.  We  are  striving  to  increase 
the  efficiency  curve — to  make  the 
water  service  of  Kaiispell  as  near  the 
100  per  cent  mark  as  possible,  and 
we  welcome  suggestions  for  improve 
ment—  From  the  1922  Report  of  W.  H. 
Lawrence,  Superintendent  of  Water 
Works  of  Kaiispell,  Mont. 


$27,000,000  Port  Development  in  Ja- 
pan.— A  harbor  and  port  construction 
program  calling  for  an  appropriation 
of  $27,945,975,  under  the  terms  of 
which  most  of  the  more  important 
ports  of  Japan  will  be  improved,  is  to 
be  introduced  into  the  present  session 
of  the  Diet.  The  principal  ports  that 
will  benefit  by  the  bill  if  it  is  approved 
are  Yokohama,  Kobe,  Nagasaki,  Moji, 
Tsuruga  and  Shimonoseki.  Under  the 
terms  of  the  bill  as  originally  written 
the  port  of  Kobe  will  receive  the 
greatest  part  of  the  appropriation  and 
it  is  reported  that  approximately 
$14,489,975  will  be  allotted  for  im- 
provement at  this  port.  The  proposed 
outlay  for  the  other  ports  are:  Yoko- 
hama, $6,145,775;  Moji,  $2,569,875; 
Tsuruga,  $1,958,000;  Nagasaki,  $1,174,- 
800,  according  to  a  report  to  the  U.  S. 
Commerce  Department  from  Consul 
M.  D.  Kirjassoff,  Yokohama. 
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A    New    Ditcher    with    Vertical 
Boom 

A  new  ditcher  having  a  vertical 
boom  which  digs  straight  down  and 
buckets  of  special  design  has  been 
brought  out  by  the  Barber-Greene  Co., 
Aurora,  111.  The  machine  digs  straight 
down  to  a  depth  of  5  ft.  and  a  width 
of  either  IV2  or  15  ins.  The  buckets 
are  part  of  the  chain,  built  to  break  as 
they  pass  over  the  head  sprocket.  Dur- 


The  ditcher  is  mounted  on  the  stand- 
ard chassis  as  used  in  the  Barber- 
Greene  self-feeding  bucket  loader.  The 
power  is  furnished  by  a  Buda  gasoline 
engine,  four  cylinders,  25HP,  with  full 
force  feed,  removable  cylinder  head, 
water  pump,  three-  point  suspension, 
giving  the  machine  traveling  speeds  of 
36  ft.,  72  ft,  and  144  ft.  A  reverse 
speed  of  42  ft.  per  minute  also  is  avail- 
able.    The  machine  is  13M»  ft.  long,  8 


Barber-Greene     Ditcher     Trenching     for    Gas   Mains. 


ing  the  summer  of  1922  after  many 
tests  at  the  factory,  the  ditcher  shown 
in  the  accompanying  illustration  was 
put  to  work  digging  ditches  for  the 
gas  mains  at  the  new  grounds  of  the 
Central  States  Fair  and  Exposition 
near  Aurora.  Here  it  is  stated  to  have 
dug  two  miles  of  ditch  for  gas  mains, 
averaging  600  ft.  per  day  through  all 
kinds  of  soil,  such  as  black  loam, 
gravel,  yellow  clay,  and  white  clay. 
During  this  digging  the  machine  en- 
countered construction  work  on  foun- 
dations which  necessitated  running 
the  gas  pipe  around  the  foundations. 
To  do  this,  the  machine  turned  four 
successive  corners,  each  at  an  angle 
of  about  70  degrees  without  removing 
the  boom  from  the  ditch.  During  this 
time  the  machine  was  operated  by 
only  one  man.  After  the  machine  fin- 
ished its  work  at  the  Fair  Grounds, 
it  was  brought  to  Aurora  and  used  by 
the  Western  United  Gas  &  Electric 
Co.  to  replace  a  labor  gang  in  extend- 
ing the  gas  mains  of  this  company  on 
Pierce  street,  Aurora.  Here  one  op- 
erator replaced  a  whole  digging  gang, 
doing  the  work  of  20  men. 


ft.  wide,  11  ft.  high,  and   weighs  ap- 
proximately 12,000  lbs. 

Auxiliary    Cutter    Gives    New 
Range  of  Trench  Widths 

A  new  trench  excavator  attachment, 
by  means  of  which  the  cutting  range 
of  Buckeye  excavators  is  greatly  in- 
creased without  changing  the  buckets, 
has  been  perfected  by  The  Buckeye 
Traction  Ditcher  Co.,  of  Findlay,  Ohio. 
The  new  rotary  auxiliary  cutter,  as 
the  device  is  called,  makes  it  possible 
to  cut,  with  one  machine,  trench 
widths  which  would  formerly  have  re- 
quired two  different  models,  thus  in- 
creasing the  variety  of  trench  work  on 
which  the  average  contractor  can  af- 
ford to  bid.  The  value  of  this  new  de- 
vice is  indicated  by  the  new  cutting 
widths  now  possible  with  various 
Buckeye  Models.  For  instance,  the 
Model-C-10  now  has  a  range  from  24 
to  48  in.,  the  C-15  from  24  to  60  in.,  and 
the  C-20  from  40  to  76  in.  The  cutter 
consists  of  two  shafts,  one  on  each 
side  of  the  boom.  Each  shaft  is  fitted 
with     steel     cutting     teeth.     As     the 
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shafts  revolve,  these  teeth  dig  into  the 
trench  side  walls  outside  of  the  buck- 
ets, giving  an  extra  cut  on  each  side. 
The  shaft  supports  are  adjustable,  per- 
mitting variation  of  cutting  widths  as 
desired.  No  additional  power  is  re- 
quired as  the  auxiliary  cutters  take  the 
load  off  the  regular  bucket  side  cut- 
ters. Power  is  transmitted  by  heavy 
steel  roller  chain  operating  from  the 
shaft  that  drives  the  digging  buckets. 
It  is  stated  that  four  men,  in  two 
hours,  can  attach  or  remove  the  cut- 


Auxiliary    Cutter    Attachment 
cavator. 


on    Ex- 


ter,  which  can  be  used  with  any  Model 
C  Buckeye  Excavator.  The  new  de- 
vice has  been  used  with  success  during 
the  past  year  by  the  McHugh-Cole  Co., 
contractors  of  Lima,  Ohio,  in  every 
variety  of  soil.  Their  C-15  Buckeye, 
with  the  new  auxiliary  cutter,  has  eas- 
ily handled  30  to  60  in.  trench,  and 
dug  satisfactory  yardage  per  day. 


City  Owns  Oil  Wells. — Long  Beach, 
Cal.,  owns  some  oil  wells  which  bring 
in  so  much  revenue  that  there  is  talk 
of  making  the  city  of  60,000  a  "tax- 
less town." 


Method     of     Repairing     Broken 
Foundation  Bolt  of  Engine 

After  an  oil  engine  was  installed,  it 
was  found  that  the  four  holding-down 
or  foundation  bolts  had  a  tendency  to 
work  loose,  writes  Colin  K.  Lee  in 
Power.  One,  especially,  seemed  al- 
ways insecure.  Finally,  one  day  the 
engine  began  leaping  up  and  down,  and 
investigation  showed  that  this  bolt  had 
broken  off  close  down  to  the  concrete 
and  had  fractured  the  bedplate  at  the 
boss.  The  engine  could  not  be  moved 
off  of  the  foundation  to  place  a  new 
bolt,  and  it  was  practically  impossible 
to  operate  it  with  but  three  bolts. 

Upon  the  suggestion  of  an  engineer 
a  yoke  was  made  at  welding  shop  from 


Yoke  Takes  Place  of  Broken  Bolt, 
an  old  street-car  brakebeam.  This  yoke 
was  passed  diagonally  across  the  cor- 
ner of  the  base  and  was  held  down 
with  two  bolts,  one  at  each  end,  to 
which  V-shaped  straps  had  been  weld- 
ed. These  straps  in  turn  were  secured 
to  the  sides  of  the  foundation  by  bolts 
sunk  in  lead.  The  yoke  showed  a  lit- 
tle play  but  not  enough  to  harm.  The 
design  of  any  engine  should  provide 
for  more  than  four  bolts  or  in  all 
events   bolts   heavy  enough   to   avoid 

breakage.     . . 

Health  Promotion  in  Michigan.— 
The  latest  innovation  in  health  pro- 
motion   has    been    adopted      by      the 


Michigan  State  Board  of  Health  who 
are  broadcasting  a  series  of  short 
talks  of  a  non-professional  nature  re- 
garding health  conditions  in  the 
state.  These  health  talks  are  sent 
out  every  Thursday  evening  from  the 
capital  by  radio. 
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Chicago  Water  Works  and  Effect  of  Meters 


The  Need  for  and  Savings  that  Would  Result  from  Universal  Meter- 
age Described  in  Paper  Presented  Feb.  14  at  Meeting  of 
Indiana  Sanitary  and  Water  Supply  Association 

By   L.   R.   HOWSON, 

Of  Alvord,   Burdick  &  Howson,   Consulting  Engineers,    Chicago. 


The  topic,  "The  Chicago  Water 
Works  and  Effect  of  Meters,"  was  not 
chosen  to  illustrate  the  magnitude  of 
the  Chicago  water  works  or  the  extent 
of  water  waste  in  that  city,  but  be- 
cause the  Chicago  water  works  fur- 
nishes an  extreme  and  exaggerated 
example  of  the  fact  that  water  waste 
is  an  economic  loss.  Water  waste 
seriously  impairs  the  character  of  wa- 
ter service  and  results  in  greatly  in- 
creased costs  to  the  community  at 
large. 

The  Chicago  water  works  at  the 
present  time  has  seven  cribs  and 
about  60  miles  of  tunnels  from  5  ft. 
to  14  ft.  in  diameter,  and  with  a  nom- 
inal capacity  of  over  1,400  million  gal- 
lons per  day.  There  are  10  major 
pumping  stations  with  a  nominal 
pumping  capacity  of  1,150  million  gal- 
lons per  day,  and  an  average  daily 
pumpage  of  nearly  800  million  gallons 
per  day.  It  serves  a  population  of 
nearly  three  million  people  scattered 
over  an  area  of  approximately  200 
square  miles  through  a  network  of 
cast  iron  mains  from  4  in.  to  48  in.  in 
diameter,  having  an  aggregate  length 
of  nearly  3,000  miles. 

Pumpage  of  Chicago  Water  Works. 
—One  day's  pumpage  of  the  Chicago 
water  works  would  fill  the  block  oc- 
cupied by  the  Chicago  City  Hall  and 
the  Cook  County  Courthouse  to  a 
height  of  900  ft.,  or  3%  times  the 
height  permitted  by  the  Chicago  build- 
ing ordinances. 

All  of  the  water  in  the  Washington 
Park  lagoons  would  last  the  city  of 
Chicago  approximately  40  minutes  of 
an   average   day. 

All  of  the  water  in  the  Jackson 
Park  lagoons,  the  old  World's  Fair 
grounds,  including  the  boat  harbor, 
would  last  the  city  of  Chicago  less 
than  four  hours. 

The  Chicago  pumpage  is  equivalent 
to  the  entire  run-off  from  a  drainage 
area  in  this  part  of  the  country  of 
over  1,500  square  miles,  an  area  al- 
most as  large  as  the  state  of  Dela- 
ware. 

Chicago    pumps    more    water    than 


Greater  New  York,  Milwaukee,  Cleve- 
land, and  Newark  combined,  although 
the  total  population  served  in  these 
four  systems  is  nearly  7,000,000. 

The  city  of  Chicago  is  in  the  water 
transportation  business.  Water  in  it- 
self is  free.  Anyone  can  go  to  the 
lake  and  dip  up  what  he  wants  with- 
out molestation  or  charge.  The  cost 
results  from  transporting  it  under 
pressure  to  the  point  of  withdrawal. 

Chicago  pumps  over  3,200,000  tons 
of  water  per  day,  and  transports  it  an 

52G  PD  Ptr  Capi+o 

5  GPD  Per  CapHa 


Distribution  of  Chicago's  Pumpage 
Undo?  Present  Conditions 
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Distribution  of  Chicago's  Pumpage 
With  all  Services  Metered 

Fig.  1 — Distribution  of  Chicago's  Pumpage 

average  of  approximately  eight  miles 
up  an  average  grade  of  0.3  per  cent. 
The  tonnage  daily  handled  by  the  Chi- 
cago water  works  is  four  times  the 
total  tonnage  of  freight  hauled  out  of 
Chicago  by  all  of  the  railroad  systems 
operating  in  this  city. 

The  coal  required  for  pumping  this 
water  amounts  to  nearly  200,000  tons 
per  year.  This  is  equivalent  to  a 
solid  train  of  50-ton  gondolas  nearly 
30  miles  in  length. 

Revenues  of  Water  Department. — 
The  revenues  of  the  Water  Depart- 
ment of  approximately  $8,000,000  per 
year,  are  the  equivalent  of  but  about 
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2%  ct.  per  1,000  gal.  pumped.  The  rev- 
enues of  the  Chicago  water  works  for 
transporting  water  is  approximately 
0.1  ct.  per  ton  mile,  as  compared  to 
the  average  railway  revenue  of  slight- 
ly more  than  1  ct.  per  ton  mile. 

Restriction  of  Water  Waste  All  Im- 
portant.:— About  six  years  ago  the 
Chicago  Bureau  of  Public  Efficiency 
made  a  study  of  the  Chicago  water 
works  and  engaged  the  firm  of  which 
the  speaker  is  a  member,  to  make  the 
engineering  investigation.  The  sev- 
eral departments  of  the  water  works, 
such  as  pumping  station  operation, 
water  pipe  extension,  valve  and  hy- 
drant manufacture  and  water  works 
control  were  all  studied  to  ascertain 
their  relative  efficiencies.  The  study 
showed  that  so  far  as  both  the  eco- 
nomics to  be  effected,  and  improve- 
ments of  the  water  service  were  con- 
cerned, the  all-important  problem  of 
the  Chicago  water  works  was  the  re- 
striction of  water  waste.  It  was  esti- 
mated that  over  85  per  cent  of  all  the 
economies  that  could  be  effected  in  the 
Chicago  water  works  could  be  se- 
cured by  universal  metering. 

Forecast  of  Future  Consumption. — 
Any  investigation  of  what  can  be  ac- 
complished by  universal  metering 
must  necessarily  involve  a  forecast  of 
the  future.  Losses  of  the  past  cannot 
be  recovered,  and  it  is  only  the  possi- 
ble savings  of  the  future  in  which  we 
are  interested. 

Ordinarily,  water  supply  demands 
increase  at  approximately  the  same 
rates  as  the  population  which  is  being 
served.  Accordingly,  in  a  study  such 
as  this,  it  is  important  to  know  the 
population  which  is  likely  to  make  de- 
mands upon  the  Chicago  supply  in  the 
future.  It  is  estimated  that  the  Chi- 
cago population  will  be  approximately 
3,500,000  in  1930,  and  4,900,000  by  1950. 

It  is  further  estimated  that  unless 
the  present  policy  of  waste  control  is 
materially  altered,  the  pumpage  will 
amount  to  about  two  billion  gallons 
per  day  by  1950,  or  approximately  2V2 
times  what  it  is  at  the  present  time. 
The  population  at  that  time  will  prob- 
ably be  only  about  1%  what  it  is 
now.  From  1860  to  1890  the  consump- 
tion per  service  increased  very  little, 
although  the  consumption  per  capita 
increased  very  materially.  This  is  due 
to  the  fact  that  in  1860  probably  less 
than  half  of  the  city's  population  was 
utilizing  the  municipal  water  supply, 
while  by  1890  the  saturation  of  the 
community  with  water  service  had 
been  practically  reached.     Since  that 


time  the  consumption  per  capita  and 
the  consumption  per  live  service  have 
been  approximately  parallel.  With 
the  present  conditions  of  waste  con- 
trol, the  daily  consumption  of  water 
per  service  will  be  approximately  3,- 
800  gal.  per  day,  and  the  consump- 
tion per  capita  415  gal.  per  day  by 
1950.  The  present  per  capita  use  is 
276  gal.  per  day. 

Growth  of  Investment. — In  the  ordi- 
nary water  works  plant,  the  growth 
in  investment  is  approximately  pro- 
portional to  the  growth  in  population, 
and  prior  to  the  war  the  average  in- 
vestment was  about  $30  per  capita 
A  diagram  has  been  prepared  to  show 
the  facts  relative  to  the  growth  of 
the  Chicago  water  works  from  1890 
to  1920.  This  curve  shows  that  the 
population  served  and  the  miles  of 
mains  increased  approximately  150  per 
cent  each  during  that  period.  The  tons 
of  pipe,  due  to  the  necessity  for  heavy 
reinforcing  mains,  increased  270  per 
cent,  the  pumpage  400  per  cent,  and 
the  investment  in  the  plant  about  404 
per  cent.  In  other  words,  in  the  Chi- 
cago plant  the  investment  has  paral- 
leled the  pumpage,  and  during  the 
past  30  years  has  increased  at  a  rate 
over  two  and  a  half  times  as  fast  as 
the  population  and  the  mileage  of 
main  extensions. 

Somewhat  the  same  facts  are  shown 
by  comparing  the  expansion  during 
the  last  10-year  period,  during  which 
time  the  population  and  number  of 
consumers  increased  approximately 
25  per  cent.  During  this  same  period 
the  pumpage  increased  58  per  cent, 
and  the  investment  56  per  cent,  again 
illustrating  that  the  pumpage  is  the 
controlling  factor  in  the  investment 
in  the  Chicago  water  works  plant. 
Anything,  therefore,  that  will  reduce 
the  pumpage  will  correspondingly  af- 
fect the  construction  required  and 
will  result  in  making  investment 
heretofore  made,  adequate  for  a  long- 
er period  of  time,  as  well  as  post- 
poning the  time  when  additional  in- 
vestment for  water  supply  structures 
and  feeder  mains  is  necessary. 

"Use"  and  "Waste"  Defined.— It 
might  be  advisable  to  define  what  is 
meant  by  "use"  and  "waste"  in  this 
paper.  The  word  "use"  is  intended 
to  cover  every  legitimate  application 
to  which  water  can  be  put  for  domes- 
tic, commercial,  or  municipal  purpos- 
es, including  such  water  as  is  re- 
quired for  sprinkling  lawns,  flushing 
sewers,  the  extinguishment  of  fires, 
and   any    other    purpose    for    which 
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water  has  any  real  value.  It  also  in- 
cludes an  allowance  for  unavoidable 
losses  which  occur  even  under  rigid 
waste  control. 

By  "waste"  is  meant  the  preventa- 
ble losses  occurring  either  through 
faulty  or  careless  operation  of  the 
water  fixtures,  and  represents  that 
part  of  the  water  pumped  which  does 
not  produce  results  of  value  to  the 
consumer  or  the  community.  Losses, 
each  small  in  themselves,  become  im- 
portant in  the  aggregate  when  it  is 
considered  that  there  are  at  the  low- 
est estimate  2,500,000  fixtures  con- 
nected to  the  Chicago  Water  System. 

It  is  important,  in  a  consideration 
of  this  paper,  to  bear  in  mind  that  no 
effort  should  be  made  to  curtail  the 


services  which  were  metered  used 
25  per  cent  of  the  water  pumped  and 
paid  over  58  per  cent  of  the  total  rev- 
enue. The  metered  consumers  paid 
at  an  average  rate  of  G1^  ct.  per  1,- 
000  gal.  for  all  the  water  used. 

The  remainder  of  the  supply  un- 
metered  yielded  a  revenue  of  but  1.6 
ct.  per  1,000  gal.,  or  materially  less 
than  the  actual  cost  of  supplying  it. 

Results  of  Water  Waste.  — The 
waste  of  water  is  important  from  all 
viewpoints.  Pumping  an  unnecessar- 
ily large  amount  of  water  involves  the 
construction  of  costly  cribs,  intakes, 
pumping  stations,  and  large  feeder 
mains.  In  addition  to  the  investment 
cost,  it  involves  the  necessity  of  pump- 
ing against  greater  heads  to  overcome 
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legitimate  uses,  which  include  a  cer- 
tain amount  of  unavoidable  leakage, 
but  that  every  effort  should  be  made 
to  overcome  the  actual  waste  of  wa- 
ter which  results  in  no  economic 
good,  and  which  does  result  in  a  cur- 
tailment of  the  service,  and  the  ex- 
penditure of  large  sums  in  addition. 

Chicago  Now  but  10  Per  Cent  Me- 
tered.— The  Chicago  water  works  now 
furnishes  service  to  approximately 
325,000  premises.  Of  this  number  less 
than  10  per  cent  are  taking  water 
through  meters.  The  remaining  90 
per  cent  take  water  on  a  so-called 
"flat  rate"  or  frontage  assessment 
basis. 

In   1921,    the   9Yz    per  cent   of   the 


friction  in  the  mains,  requiring  heav- 
ier equipment  and  greater  consumption 
of  fuel. 

The  effect  upon  the  character  of 
service  rendered  by  the  water  works 
is  even  greater.  The  average  pressure 
in  Chicago  at  present  is  approximate- 
ly 20  lb.  Nearly  three-quarters  of  the 
city  is  suffering  from  deficient  pres- 
sure; that  is,  the  pressure  will  not 
enable  fixtures  on  the  third  floor  to 
be  used  at  all  times.  This  is  due  pri- 
marily to  the  friction  due  to  passing 
an  excessive  amount  of  water  through 
the  mains.  It  is  well  known  that  fric- 
tion in  mains  increases  as  the  square 
of  the  quantity.  Accordingly,  if  the 
quantity  of  water  passing  through  the 
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mains  can  be  reduced  one-half,  the 
friction  loss  will  be  reduced  to  one- 
fourth  of  the  original  amount. 

Water  pumped  and  wasted  vitally 
affects  the  ability  of  the  plant  as  a 
whole  to  furnish  the  fire  protection 
necessary  for  great  conflagrations. 

Water  pumpage  is  directly  reflected 
in  the  dry  weather  sewage  flow. 
"Waste"  therefore  has  an  important 
bearing  on  sewage  disposal  and  its 
cost. 

Another  effect  of  water  waste  is  to 
postpone  indefinitely  the  further  puri- 
fication of  the  Chicago  water  supply 
by  filtration.  Based  upon  an  estimat- 
ed cost  of  filtration  at  the  present 
time  of  $35,000  per  million  gallons 
capacity,  the  cost  of  the  plant  required 
to  filter  only  the  water  which  Chi- 
cago now  wastes  would  be  approxi- 
mately $30,000,-000.  The  cost  of  alum, 
chlorine,  and  other  operating  ex- 
penses directly  chargeable  thereto 
would  be  correspondingly  large. 

The  reduction  of  waste  is  therefore 
necessary,  from  the  standpoint  of  fi- 
nancial cost,  protection  from  fire 
hazard  and  most  of  all  in  order  to 
provide  adequate  service,  and  safe 
properly  purified  water  supply  for  the 
city. 

Universal  Metering. — A  study  of  the 
results  of  many  attempts  to  control 
waste  has  demonstrated  that  the  only 
practicable  means  of  controlling  it  is 
by  the  system  of  universal  metering, 
in  which  every  water  service  is  me- 
tered and  every  consumer  pays  in 
proportion  to  the  water  used. 

"House  to  house  inspection"  has 
usually  failed  due  to  its  being  periodic 
and  to  the  physiological  fact  that  it 
does  not  enlist  the  consumer  as  an  ac- 
tive agent  in  its  success. 

Under  metering,  each  consumer  is 
made  a  partner  in  the  business.  He 
has  an  incentive  to  curtail  waste,  but 
on  account  of  the  cheapness  with 
which  an  adequate  water  supply  can 
be  secured  there  can  be  no  incentive 
to  reduce  actual  use.  The  average 
bill  for  all  legitimate  uses  of  water 
by  a  family  of  five,  based  upon  the 
Chicago  meter  rates,  would  be  only 
about  1  ct.  per  day. 

A  meter  is  on  the  job  day  and  night, 
and  assists  the  water  user  in  being 
his  own  inspector.  A  metered  sys- 
tem, therefore,  makes  a  house  to 
house  inspection  continuous,  and  in 
Chicago  would  provide  some  300,000 
inspectors,  all  serving  without  cost 
to  the  city  of  Chicago. 


Meters,  once  installed,  work  con- 
tinuously. If  the  householder  neg- 
lects his  premises,  he,  rather  than  the 
city,  is  penalized.  This  obviously  is 
as  it  should  be. 

Metering,  in  addition  to  producing 
the  most  effective  permanent  method 
of  controlling  waste,  provides  the 
only  equitable  method  of  apportioning 
water  payments  among  the  consum- 
ers. It  recognizes  the  actual  uses  of 
water  by  all  consumers,  taking  into 
consideration  the  quality  of  plumbing, 
expenditures  for  repairs,  etc.  There 
is  no  reason  why  one  householder 
should  buy  ice  for  refrigeration  in  the 
summer  while  his  next  door  neighbor 
allows  the  water  faucet  to  run  con- 
tinuously ror  that  purpose,  and  both 
pay  the  same  water  bill  as  they  do 
under  the  flat  rate  system;  neither  is 
there  any  reason  why  on  two  exactly 
similar  premises,  one  occupied  by  a 
family  of  two  and  another  by  a  fam- 
ily of  ten,  both  should  pay  the  same 
rate  for  water  as  they  do  under  the 
flat  rate  system.  There  is  no  other 
commodity  sold   on  that  basis. 

Popular  Objections  to  Metering. — 
There  are,  of  course,  popular  objec- 
tions to  metering,  none  of  which  will 
stand  the  test  of  economic  analysis. 

One  objection  is  that  in  such  a  city 
as  Chicago,  where  there  is  a  large 
tenant  population,  the  landlords  are 
fearful  that  the  tenants  will  have  no 
incentive  to  be  economical  in  the  use 
of  water,  and  that  the  landlords'  bills 
will  therefore  be  increased.  The  an- 
alysis of  statistics  in  other  cities  has 
entirely    disproved    this. 

Another  objection  to  metering  is 
that  it  will  tend  to  restrict  the  real 
use  of  water.  One  of  the  arguments 
advanced  is  that  the  poor  washwoman 
will  be  charged  an  undue  amount  for 
water  service.  When  it  is  pointed 
out  that  some  75  ordinary  wash  boil- 
ers of  water  can  be  purchased  for  1 
ct.,  this  argument,  too,  will  have  little 
force. 

The  third  objection  to  metering  is 
that  water  bills  In  general  will  be  in- 
creased. This  also  is  far  from  the 
truth.  In  Milwaukee,  where  the  water 
rate  is  practically  the  same  as  Chi- 
cago, nearly  80  per  cent  of  the  con- 
sumers pay  less  than  the  Chicago  flat 
rate  for  a  house  with  one  set  of  fix- 
tures, and  90  per  cent  less  than  the 
Chicago  flat  rate  for  two-flat  building 
with  one  complete  set  of  fixtures  in  I 
each  apartment. 

At    Lexington,    Ky.,    about    40    per 
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cent  of  the  consumers  use  less  than 
2,000  gal.  per  month,  each,  which  at 
the  Chicago  meter  rate  would  be 
equivalent  to  an  annual  bill  of  $1.50 — 
approximately  one-quater  of  Chicago's 
flat  rate  for. houses  with  one  set  of 
fixtures.  Over  70  per  cent  would  have 
an  annual  bill  at  the  Chicago  meter 
rate  of  less  than  $3  and  .97  per  cent 
less  than  $15  per  year. 

In  Terre  Haute  over  60  per  cent 
of  the  consumers' pay  at  the  minimum 
rate  which  covers  the.use  of  3,000  gal. 
per  month.  .This  is.  equivalent  to  an 
annual  payment  of  $2.25  at  the  Chi- 
cago meter  rate. 

In  Cleveland  65  per  cent  of  all  the 
consumers  pay  less  for  their  water 
than  the  Chicago  flat  rate  for  a  house 
with  one  set  of  fixtures,  and  20  per 
cent  pay  less  than  half  as  much. 

In  Oak  Park,  which  is  a  residential 


uled  rates  it  is  probable  that  the  con- 
sumers' bills  would  be  so  reduced  as 
to  seriously  impair  the  revenues  of 
the  water  department  rather  than  in- 
crease the  consumers'  bills.  Meter- 
ing assumes  an  equitable  adjustment 
of  rates. 

Effect  of  Metering  in  Other  Cities. — 
Much  can  be  learned  from  intelligent 
study  of  what  metering  has  accom- 
plished in  other  cities,  consideration 
being  given  to  fundamental  conditions 
before  utilizing  the  figures  in  each 
case. 

A  number  of  years  ago  Milwaukee 
started  the  installation  of  meters. 
When  metering  was  started  the  con- 
sumption of  water  per  service  was 
approximately  2,250  gal.  per  day.  Me- 
tering reduced  this  to  approximately 
800  gal.  per  day;  in  other  words,  near- 
ly a  two-thirds  reduction. 


Fig.  3— Past  Cost  and 


Forecasted   Cost  of  Chicago  Waterworks  Under  Various  Meth 
ods  of  Waste  Control. 


community,  the  equal  at  least  of  the 
average  of  Chicago,  75  per  cent  of 
the  consumers  would  pay  less  than  $5 
per  year  at  the  Chicago  meter  rate. 
This  is  less  than  the  Chicago  flat  rate 
for  a  house  with  6ne  set  of  fixtures 
($5.64).  Ninety-five  per  cent  would 
pay  less  than  $10  per  year  on  the  Chi- 
cago rates,  which  is  a  dollar  lower 
than  the  Chicago  flat  rate  for  a  two- 
flat  building. 

In  these  towns  the  use  of  water  is 
not  restricted.  Waste  is  practically 
eliminated.  The  consumers  would 
Pay  at  the  Chicago  meter  rates  very 
much  less  for  water  than  Chicagoans 
are  now  paying  on  the  flat  rate  sys- 
tem. 

If  meters  were  placed  on  all  serv- 
ices in  Chicago  at  the  present  sched- 


At  Fall  River,  Mass.,  when  meter- 
ing was  started,  the  consumption  of 
water  was  760  gal.  per  day  per  serv- 
ice. This  was  reduced  to  520  gal. 
per  day  when  15  per  cent  metered. 

At  Poughkeepsie,  N.  Y.,  the  con- 
sumption before  metering  was  1,475 
gal.  per  service  per  day.  This  was 
reduced  when  86  per  cent  metered,  to 
490  gal.  per  day,  a  reduction  of  about 
two-thirds. 

At  Madison,  Wis.,  when  metering 
was  started,  the  consumption  per 
service  was  780  gal.  per  day.  This 
was  reduced  to  300  gal.  per  service 
per  day,  but  has  since  increased 
somewhat. 

At  Cleveland,  before  the  introduc- 
tion of  meters,  the  per  capita  con- 
sumption was  170  gal.  per  day.    This 


<ia» 


614 


Waterworks  Monthly  Issue  of 


March, 


was  reduced  to  slightly  less  than  100 
gal.  per  day,  when  completely  me- 
tered, and  has  since  increased  about 
10  per  cent. 

In  the  46th  annual  report  of  the  De- 
partment of  Public  Works  of  Chicago 
for  the  year  1921,  Mr.  Murdoch,  City 
Engineer,  gives  the  results  of  meter- 
ing in  the  Hegewisch  district.  A  dis- 
trict supplying  850  families  was  isolat- 
ed and  metered.  Before  metering  in 
1920  this  district  used  an  average  of 
2,730,000  gal.  per  day,  and  after  de- 
ducting 130,000  gal.  used  industrially 
and  by  Burnham,  the  daily  per  capita 
use   was   433   gal. 

In  November,  1920,  when  about 
half  the  meters  were  installed,  the 
average  consumption  had  dropped 
from  2,730,000  gal.  to  1,640,000  gal.  per 
day. 

In  October  of  1921,  with  complete 
waste  reduction,  the  pumpage  had 
been  reduced  to  620,000  gal.  per  day. 
Allowing  for  industrial  and  Burnham 
use  the  domestic  use  was  460,000  gal. 
per  day,  the  equivalent  of  75  gal.  per 
capita.  In  other  words,  in  this  dis- 
trict in  iy2  years'  time  the  consump- 
tion had  been  dropped  from  433  gal. 
per  capita  per  day  to  75  gal.  per  cap- 
ita per  day,  or  to  approximately  one- 
sixth  of  that  when  metering  was 
started. 

This  report  further  states  that  over 
60  per  cent  of  the  services  used  less 
than  23  gal.  per  capita  per  day,  which 
at  the  Chicago  meter  rate  would  cost 
52  ct.  per  capita  per  year,  or  $2.60  per 
year  for  a  family  of  five. 

What  Is  a  Reasonable  Water  Con- 
sumption for  Chicago?  —  The  total 
pumpage  of  the  Chicago  water  works 
is  made  up  of: 

1.  Industrial  uses:  The  meter  rec- 
ords show  the  equivalent  of  about  50 
gal.  per  capita  to  be  used  by  the  in- 
dustries. 

2.  Domestic  uses:  It  is  believed 
from  a  study  of  all  available  data 
that  45  gal.  per  day  is  ample  for  all 
domestic  uses. 

3.  Public  uses:  About  20,000,000 
gal.,  the  equivalent  of  7  gal.  per  cap- 
ita per  day,  has  been  allowed  for 
street  flushing,  fires,  etc. 

4.  Unavoidable  losses:  It  has  been 
found  that  no  matter  how  rigid  the 
system  of  water  waste  control,  there 
is  a  considerable  percentage  of  all 
water  leaving  the  pumping  stations 
which  cannot  be  made  a  revenue  pro- 
ducer. This  water  is  lost  through 
leakage  in  the  mains,  leakage  in  the 


services  between  the  mains  and  the 
consumer's  meters,  under-registration 
of  meters,  and  similar  causes,  and  a 
careful  study  of  many  cities,  where 
complete  waste  control  is  in  effect, 
has  led  to  the  use  of  23  gal.  per  capita 
per  day  as  a  reasonable  allowance  for 
the  unavoidable  loss  in  the  Chicago 
water  works. 

It  is  believed  that  a  total  of  125  gal. 
per  capita  per  day  represents  the  use 
and  unavoidable  loss  of  water  in  Chi- 
cago. The  gross  pumpage  in  1921 
averaged  276  gal.  per  capita  per  day, 
leaving  the  preventable  waste  at  151 
gal.  per  capita  per  day,  or  approxi- 
mately 55  per  cent  of  the  total  pump- 
age. It  is  the  elimination  of  this  55 
per  cent  that  we  are  vitally  interest- 
ed in. 

This  amount  of  preventable  waste 
in  Chicago,  amounting  to  approxi- 
mately 425  million  gallons  at  the  pres- 
ent time,  is  more  than  the  gross 
pumpage  in  Cleveland,  Cincinnati, 
Newark,  New  Orleans,  Providence, 
Atlanta,  Boston,  and  Columbus,  serv- 
ing a  population  of  over  3,000,000  peo- 
ple. A  waste  so  large  as  this  is  cer- 
tainly worth  investigating  and  elimi- 
nating. 

It  is  estimated  that  if  waste  is  al- 
lowed to  continue  as  at  present  the 
per  capita  consumption  of  water  in 
Chicago  will  be  approximately  415  gal. 
in  1950. 

If  meters  are  placed  on  all  new 
services  and  a  careful  leakage  sur- 
vey inaugurated,  it  is  believed  that 
the  daily  per  capita  consumption  can 
be  reduced,  and  not  exceed  approxi- 
mately 275  gal.  per  capita  per  day  in 
1950. 

If  meters  are  placed  on  all  services 
in  the  next  10-year  period,  it  is  be- 
lieved that  the  consumption  can  be 
reduced  to  125  gal.  per  capita  per  day 
by  1930,  and  thereafter  maintained 
practically  constant. 

Figure  2  shows  that  with  the  water 
waste  as  at  present  the  pumpage  will 
reach  two  billion  gallons  per  day  by 
1950.  If  meters  are  placed  on  all  new 
services  and  a  careful  leakage  survey 
made,  the  daily  pumpage  is  estimated 
at  1,400,000,000  gal.  by  1950.  If 
meters  are  placed  on  all  new  devices 
and  all  old  services  in  the  next  10 
years,  it  is  estimated  that  the  pres- 
ent pumpage  of  800  million  gallons 
can  be  reduced  to  500,000,000  gal.  by 
1930,  and  be  but  slightly  over  600,000,- 
000  gal.  by  the  year  1950. 

Figure  3  has  been  prepared  to  show 
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the  effect  of  the  various  methods  of 
waste  regulation  upon  the  expendi- 
tures required  for  construction.  The 
cost  of  construction  from  1870  to  1921 
has  been  taken  from  the  annual  re- 
ports of  the  Department  of  Public 
Works.  The  curves  beyond  this 
point  are  forecasted  from  a  study  of 
construction  expenditures,  and  fore- 
casted pumpage.  It  will  be  noticed 
that  it  is  estimated  that  investment 
in  the  plant  will  aggregate  200  million 
dollars  by  1950,  if  the  present  condi- 
tions of  waste  are  allowed  to  con- 
tinue. 

The  investment  will  approximate 
145  million  dollars  if  all  new  services 
are  metered,  and  will  be  112  million 
dollars  if  all  new  services  are  me- 
tered, and  in  addition,  all  of  the  ex- 
isting services  metered  within  the 
next  10  years.  In  other  words,  an  ex- 
penditure of  88  million  dollars  can  be 
saved  in  the  next  30  years  in  plant 
additions  if  universal  metering  is  put 
into   effect  within  the  next  10  years. 

The  savings  in  operating  expenses 
have  likewise  been  computed,  and  it 
is  estimated  that  the  savings  in  op- 
eration prior  to  1950  will  amount  to 
over  145  million  dollars.  This  results 
from  the  saving  in  interest  and  depre- 
ciation, which  has  been  computed  at 
5  per  cent,  the  saving  in  fuel,  labor, 
and  supplies,  repairs  and  maintenance 
resulting  from  the  reduction  in  pump- 
age. 

Total  savings:  The  total  savings 
in  both  operation  and  deferred  con- 
struction expenditures  prior  to  1950 
will  be  approximately  $233,000,000,  or 
an  average  of  over  $7,500,000  per 
year. 

Summary  of  What  Meters  Would 
Accomplish  for  Chicago. — The  adop- 
tion of  universal  metering  in  Chicago 
would : 

1.  Double  the  average  pressure  in 
the  city,  making  adequate  pressure 
for  all  consumers,  whereas  but  25 
per  cent  now  enjoy  it. 

2.  Metering  would  give  the  entire 
city  good  service  at  a  cost  much  less 
than  at  present  paid  for  very  inade- 
quate service. 

3.  Metering  would  save  88  million 
dollars  in  construction  expenditures 
prior  to  1950  in  addition  to  paying  for 
the  complete  cost  of  installing  all 
meters. 

4.  Metering  would  save  145  million 
dollars  in  operation  prior  to  1950. 


5.  The  total  saving  in  construction 
expenditures  and  operation  prior  to 
1950  will  exceed  $225,000,000,  an  aver- 
age of  over  $7,500,000  per  year  over 
the   30-year  period. 

6.  Metering  would  enable  the  city  to 
Alter  its  supply  at  a  reduction  in  cost 
of  construction  of  approximately  30 
million  dollars.  The  savings  effected 
by  metering  would  provide  a  complete 
filtration  plant  for  the  city  of  Chi- 
cago within  10  or  12  years  in  addition 
to  paying  for  all  meters  and  the  cost 
of  maintaining  and  reading  them. 

7.  Greatly  reduce  the  cost  of  sewage 
disposal. 

8.  Enable  the  existing  plant  to  fur- 
nish materially  better  fire  protection 


Hydro    Electric    Progress    in    Canada 

From  figures  compiled  by  the  Do- 
minion Water  Power  Branch,  Depart- 
ment of  the  Interior,  Ottawa,  it  is 
shown  that  during  1922  the  total  water 
power  installation  in  Canada  grew  to 
approximately  3,000,000  HP.,  of  which 
240,000  were  installed  during  the  year. 
This  figure  does  not  include  190,000 
HP.  installed  during  1921  but  only 
brought  into  operation  after  that  year 
closed. 

The  most  significant  feature  of  1922 
from  the  hydro-electric  standpoint 
was  the  initiation  of  new  develop- 
ment. Projects  are  under  way  which 
will  have  an  ultimate  capacity  of  over 
1,000,000  HP.  The  outstanding  fea- 
tures of  the  1922  work  were:  The 
storage  developments  on  Stave  Lake 
and  Falls  Creek  in  British  Columbia 
to  increase  the  output  of  existing 
plants;  the  development  of  the  Mani- 
toba Power  Co.  at  Great  Falls  on  the 
Winnipeg  River  where  the  first  unit 
of  a  168,000  HP.  development  was  put 
into  service  in  December;  the  rapid 
increase  of  installation  by  the  Ontario 
Hydro-Electric  Commission  at  Queens- 
town;  the  great  activity  in  Quebec, 
which  includes  immense  develop- 
ments under  way  on  the  Saguenay 
River  and  at  Gres  Falls  on  the  St. 
Maurice,  also  the  steadily  maintained 
progress    in    the   Maritime    provinces. 

Convention  of  Southwest  Water 
Works  Association. — The  annual  con- 
vention of  the  Southwest  Water 
Works  Association  will  be  held  June 
18  to  22  at  Wichita  Falls,  Tex.  R.  D. 
Morgan,  Mexia.  Tex.,  is  secretary  of 
the    association. 
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Lime  and  Soda,  Cold  Process  for  General  Municipal  Purposes  Dis- 
cussed in  Paper  Presented  Feb.  15  at  Annual  Meeting  of 
Indiana   Water   Supply   and   Sanitary    Asociation 

By  CHARLES  P.  HOOVER 

Chemist  in  Charge,   Water   Softening  and  Purification  Works,  Columbus,   O. 


The  difference  in  cost  between  pro- 
ducing water  satisfactorily  soft  as 
against  the  cost  for  water  safe  and 
desirable  for  drinking  purposes  only 
is  so  small  when  distributed  over  the 
entire  population  of  a  community,  and 
the  advantages  of  soft  water  over 
hard  water  are  so  evident  to  all  water 
works  men  that  I  cannot  refrain  from 
asking  the  question: — "Why  not  have 
the  best?" 

If  I  were  to  change  the  form  of 
the  question  somewhat  and  ask  ''Why 
are  not  all  hard  municipal  water  sup- 
plies softened?",  the  answer  would 
very  likely  be,  first,  on  account  of  the 
cost,  and  second,  the  fear  of  deposits 
of  carbonates  in  the  distribution  sys- 
tem, meters  and  hot  water  systems. 
These  two  reasons  for  not  softening 
hard  municipal  water  supplies  are 
really  the  only  two  that  I  know  of 
that  merit  consideration.  The  soften- 
ing process  introduces  nothing  into 
the  water,  nor  does  it  take  anything 
from  the  water  that  will  injure  the 
health  or  comfort  of  the  consumer, 
softened  water  being  very  palatable. 

A  Columbus  physician  recently  ad- 
vised me  to  boil  the  city  water  before 
giving  it  to  our  infant  child,  then  re- 
membering my  connection  with  the 
water  department,  assurell  me  that 
he  did  not  mean  to  infer  that  the 
water  was  not  safe  from  a  bacterial 
standpoint,  but  reminded  me  that  boil- 
ing precipitated  the  lime  salts.  Later 
on  I  was  advised  to  add  a  table  spoon 
full  of  saturated  lime  water  to  each 
feeding  of  milk,  and  I  figured  out  that 
the  child  would  have  to  drink  almost 
3  gals,  of  city  water  to  get  the  equiv- 
alent of  calcium  added  to  one  feeding 
of  milk.  An  analysis  of  the  milk, 
without  the  addition  of  lime,  showed 
that  it  contained  54  times  as  much 
calcium  as  the  city  water,  so  that  I 
was  well  convinced  that  water  was 
not  intended  as  a  source  of  supply  for 
mineral  constituents  needed  by  the 
human  body. 

Losses  Due  to  Hardness. — These 
losses  may  be  classified  as  follows:  — 

(1)  Extra    cost   of   soap   and    other 


preparations  for  softening  water. 
(Saving  in  soap  alone  to  a  community 
will  pay  for  all  costs  of  softening.) 

(2)  Extra  charges  of  cisterns  and 
double  plumbing  systems. 

(3)  Effects  on  fabrics. 

(4)  Heat  losses  in  hot  water  heaters 
and  boilers. 

(5)  Extra  expense  for  operating 
steam  boiler  plants. 

In  addition  to  these,  numerous  in- 
dustries require  soft  water,  a  few  of 
which  are:  — 

(1)  The  paper  industry  destroys 
large  quantities  of  sizing  chemicals  by 
using  hard  water. 

(2)  In  the  tanning  industry  soft 
water  prevents  the  formation  of  soap 
"curds"  which  are  difficult  to  rinse 
from  the  wool. 

(3)  Ice  manufacturers  are  able  to 
manufacture  a  satisfactory  quality  of 
ice  from  softened  filtered  water. 

Manufacturing  interests  will  be 
more  easily  induced  to  locate  in  cities 
having  soft  water,  other  things  being 
equal,  rather  than  in  locations  having 
a  hard  water  supply.  The  added  com- 
forts which  the  citizens  will  surely 
experience  by  the  change  from  hard 
to  soft  water  cannot  be  fully  appreci- 
ated until  after  the  change  has  been 
made. 

Water  treatment  practices  differ  for 
general  municipal  purposes,  for  the 
exclusive  use  for  launderies  and  for 
the  exclusive  use  of  boiler  feed  pur- 
poses, but  I  shall  confine  my  discussion 
to  the  lime  and  soda,  cold  process  for 
general  municipal  purposes. 

Lime-Soda  Process. — It  is  easy  to 
set  down  the  chemical  reactions  that 
take  place  when  lime  and  soda-ash 
are  added  to  a  hard  water  containing 
free  C02,  calcium  and  magnesium  car- 
bonates and  calcium  and  magnesium 
sulphates  and  chlorides,  but,  unfor- 
tunately, concentrations  of  these  salts, 
time  factors,  temperature,  mass  ac- 
tion, colloidal  precipitates  and  pH 
values,  if  you  please,  all  enter  for 
their  consideration,  and  it  is  these 
factors  that  make  the  operation  of  a 
water  softening  plant  interesting  and 
sometimes    puzzling.      These    phases 
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will  be  taken  up  a  little  later  on.    The 
reactions  are  as  follows: 

(1)  Reactions  that  take  place  when 
lime  is  added  to  a  hard  magnesium 
water: 


The  analytical  data  necessary  to  de- 
termine the  approximate  quantities  of 
lime   and   soda-ash   required   to   soften 
a  hard  magnesium  water  are: 
Free  CO. 


CaC03 

CO- 

+ 

Ca(CH).. 

— 

2CaC03 

+ 

H,0 

Mg(CO, 

CO., 

+ 

Ca(CH)., 

— 

MgCO, 

+ 

CaC03 

MgCO, 

+ 

Ca(CH)., 

= 

Mg(OH)3 

+ 

CaC03 

CO, 

+ 

Ca(CH), 

— 

CaC03 

+ 

H20 

MgS04 

+ 

Ca(CH)., 

= 

Mg(OH)2 

+ 

CaSO, 

+ 


H20 


(2)  Reactions  that  take  place  when 
soda-ash  is  added  to  a  hard  magnesium 
water. 

MgSO,     +     Na2C03     +      Ca(CH).,     = 
CaSO,     +     Na,C03  = 

In  order  to  follow  the  discussion  of 
water  softening  it  is  essential  that 
the  terms,  total  alkalinity,  bicarbonate 
alkalinity,  normal  carbonate  alkalinity 
and  caustic  alkalinity  be  understood. 

The  data  necessary  to  calculate 
these  various  forms  of  alkalinity  are 
obtained  by  two  simple  titrations. 

(1)  Titrate  100  cc.  portion  of  water 
to  end  point  with  methyl  orange  indi- 
cator, using  N/50  acid. 

(2)  If,  on  adding  phenolphthalien 
indicator,  the  water  does  not  turn  red, 
the  alkalinity  is  all  present  as  bicar- 
bonate, but  if  it  does  turn  red,  normal 
carbonates,  or  normal  carbonates  and 
caustic  alkalinity  are  present.  The 
quantities  that  are  present.  are 
determined  by  titration  with  N/50 
acid.  If  the  alkalinity  to  phenolphthal- 
ien is  more  than  y2  of  the  alkalinity 
to  methyl  orange,  caustic  alkalinity 
is  present.  If  the  alkalinity  to  phe- 
nolphthalien is  less  than  %  the  alka- 
linity to  methyl  orange,  bicarbonates 
are  present. 

Table  I  shows  the  relations  between 
alkalinity  to  phenolphthalien  and  alka- 
linity to  methyl  orange. 

Procedure  at  Columbus. — In  addition 
to  the  results  obtained  by  alkalinity 
determinations,  other  data  are  neces- 
sary to  determine  how  much  lime  and 
how  much  soda-ash  are  required  to  ac- 
complish the  softening  reactions  de- 
sired. The  procedure  followed  at 
Columbus  is  as  follows: 


Half  bound   CO,    (44%   of  the 
alkalinity) 


CaCO,        + 
CaCO:;        + 


Mg(OH), 
Na,SO+ 


+     Na,S04 


Incrustants* 
Total  magnesium. 

By  incrustants  hardness  is  meant 
the  sulphates,  chlorides  and  nitrates 
of  calcium  and  magnesium. 

Lime  Required  (Grains  CaO  per  Gal- 
lon).— The  sum  of  the  free  and  half 
bound  C02  (expressed  as  parts  per 
million)  multiplied  by  .074=  grains 
of  lime  per  gallon  necessary  to  absorb 
the  free  and  half  bound  C02. 

Total  magnesium  (expressed  as 
parts  per  million)  multiplied  by  .136  = 
grains  per  gallon  of  lime  necessary  to 
precipitate  the  magnesium. 

Soda-Ash  Required  (Grains  NaXO, 
per  Gallon). — Incrustments  (expressed 
in  parts  per  million)  (minus  the  quan- 
tity of  incrustants  it  is  desired  to  leave 
in  the  water)  multiplied  by  0.62  = 
grains  per  gallon  of  NanCO:!  required. 

During  the  four  years  that  the 
Columbus  plant  has  been  in  operation 
10.7  lb:  of  lime  per  million  gallons  of 
water  has  beeri  required  to  reduce  the 
hardness  one  part  per  million,  and 
11.5  lb.  of  soda-ash  per  million  gal- 
lons has  been  required  for  each  part 
per  million  of  hardness  reduced.  Of 
this  2.3  lb.  has  been  neutralized  by 
alum  added  for  coagulation  purposes, 
leaving  9.2  lb.  as  against  a  theoretical 
9.1  lb.  actually  required. 

Total  hardness  is  obtained  by  adding 
the  temporary  hardness  (alkalinity)  to 
the  permanent  hardness  (incrustants) 


TABLE    I— RESULTS 

EXPRESSED    IN 

PARTS  PER  MILLION. 

Suppose  the  al- 

And  the  alka- 

Then   tl 

ie 

analysis 

would  show 

Sample 

kalinity  to  methyl 

linity  to  phen- 

Normal 

Excess 

number. 

orange  or 

olphthalien 

Bicar- 

car- 

lime or 

erythrosine    to    be 

to    be 

bonates 

bonates 

causticity 

1 

44 

0 

44 

0 

0 

2 

44 

20 

4 

40 

0 

3 

44 

22 

0 

44 

0 

4 

44 

24 

0 

40 

0 

Sample 

No.    1  contains   no  lime. 

Sample 

No.   2  contains   too   small   quant  ity  of   1 

ime. 

Sample 

No.   3   contains  the   theoretically   correct 

quantity 

of 

lime. 

Sample 

No.    4   contains   excess  lime   or    caustic 

alkalinity. 
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(as   determined    by   the   soda  reagent       TABLE  II— COST  OP  OPERATION  AND 
method,  given  in  the  Standard  Methods  !^W™nance  OF  water  soft- 

r»f  WQflr    Anolvaial  EN1NG   AND  PURIFICATION  WORKS, 

of  Water  Analysis).  COLUMBUS,    OHIO,    per    million 

In  order  to  find  out  whether  or  not  GALLONS  treated. 

this  method  of  determining  the  total  F  Entire 

hardness  was  accurate,  the  results  ob-       Year.  plant      Chemicals.    chemteaff 

tained    from     756     samples     by    this       1909 $18.35  $9.75  $8.60 

method  were  checked  against  the  re-  }?*0 i1?'??  in'cS  10'06 

suits  obtained  by  calculating  the  hard-  88".'.'.'.'.!     14.58  8.90  I'll 

ness  from   calcium    and    magnesium.  1913 i6!oo  10I50 

Comparative  results  are  shown  in  the  }JJJ J7.46  12.20  6.26 

following  table,  81*;;;;;;    |f;f|  a|.|o  5.54 

River  Filtered  1917 25.50  21.00  4.42 

water,  water.  1918 36.81  30.78  6.03 

Haidness,  alkalinity  +   in-  1919 27.44  21.64  8  80 

crustants,      soda-reagent  1920 26.33  19.45  6  88 

method     254  96  1921 37.32  29.04  8  28 

Hardness    calculated    from  1922 29.22  2122  8  00 

calcium  and   magnesium.     257  97  ! ' 

(Both  determined   volumetrically.)  Average.     $22.91  $16.38  $6.53 

If  excess  soda-reagent  amounting  to 

50  per  cent  more  than  is  required  to  water    were    treated    daily,    and    5487 

neutralize  the  incrustants  is  used,  and  tons  of  quick  lime  were  used,  at  a  cost 

if  in  the  case  of  the  softened  water,  it  of  $60,575.00.    Had  hydrated  lime  been 

does  not  contain  excess  lime  or  excess  used  in  place  of  quick  lime,  the  differ- 

soda-ash,  then  the  method  is  accurate  ence  in  cost  would  have  amounted  to 

for  routine  purposes.  $39,506.40,   or   more    than   $108.00   per 

Quick  Lime  Versus  Hydrated  Lime  day. 
in  Water  Softening.— While  a  plant  to  Cost  of  Water  Softening.— The  cost 
handle  quick  lime  costs  more  than  one  of  operation  and  maintenance  of  the 
for  hydrated  lime,  the  saving  in  opera-  water  softening  and  purification  plant 
tion  effected  justifies  the  additional  at  Columbus,  O.,  is  shown  in  Table  II. 
first  cost,  estimated  at  10  per  cent  at  The  cost  of  chemicals  at  the  Colum- 
the  Newark,  O.,  plant.  Quick  lime  bus  plant  is  shown  in  Table  II. 
averages  90  per  cent  water  soluble  Graphic  Scheme  for  Studying  Water 
CaO,  while  the  hydrate  averages  65  Softening  Reactions. — Routine  meth- 
per  cent.  The  average  current  price  'ods  of  analysis  for  controlling  the  op- 
for  hydrated  lime  paid  by  Ohio  water  eration  of  a  water  softening  plant  have 
works  plants  is  0.65c  per  pound,  while  already  been  discussed,  but  they  are 
quick  lime  costs  the  Columbus  plant  not  as  adequate  for  studying  water 
0.55c.  On  the  basis  of  the  CaO  con-  softening  reactions  as  a  graphic 
tent,  hydrated  lime  having  the  equival-  scheme  recently  explained  to  me  by 
ent  amount  of  CaO  in  one  pound  of  Mr.  W.  D.  Collins,  Chief  of  the  Quality 
quick  lime  costs  0.91c;  or  in  other  of  Water  Division  of  the  United  States 
words,  quick  lime  costs  $11.00  per  ton,  Geological  Survey.  The  scheme  con- 
whereas  its  equivalent  in  the  form  of  sists  in  dividing  the  parts  per  million 
hydrated  lime  costs  $18.20.  At  the  of  each  radical  shown  in  the  analysis 
Columbus  plant,  during  the  past  year,  by  the  combining  weight  of  such  radi- 
an   average   of   22   million   gallons   of  cal.     The   result    gives    an    arbitrary 


TABLE  III— COST  OF  CHEMICALS  AT  COLUMBUS  PLANT. 


Million 

gallons 

Year.  treated. 

1909 5,176 

1910 5,545 

1911 5,766 

1912 6,414 

1913 6,658 

1914 6,888 

1915 6,479 

1916 7,246 

1917 7,901 

1918 8,627 

1919 8,182 

1920 8,655 

1921 7,795 

1922 8,030 

Total 99,362 

Average 7,090 


Cost    of 

Cost  per 

Cost  per 

chemi- 

million 

1,000  cu. 

Cost  per 

cals. 

gallons. 

ft. 

1,000  gal. 

$      50,576 

$  9.75 

$0,073 

$0.0098 

43,306 

7.80 

0.058 

0.0078 

61,110 

10.60. 

0.080 

0.0106 

57,146 

8.90 

0.067 

0.0089 

69,999 

10.50 

0.079 

0.0105 

83,827 

12.20 

0.092 

0.0122 

63,702 

9.80 

0.073 

0.0098 

168,346 

23.20 

0.174 

0.0232 

156,546 

19.80 

0.149 

0.0198 

253,159 

29.70 

0.223 

0.0297 

169,870 

20.80 

0.156 

0.0208 

160,976 

18.60 

0.140 

0.0186 

215,548 

27.60 

0.207 

0.0276 

170,342 

21.22 

0.169 

0.0212 

$1,723,453 

123.104 

$16.38 

$0,124 

$0.0164 
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Combining 

weight  or 

ence. 

equivalent. 

2 

20 

2 

12 

1 

23 

1 

61 

2 

48 

1 

35 

figure,  which,  for  the  purpose  of  plot- 
ting, may  be  called  inches  or  spaces 
on  section  paper.  The  combining 
weight  of  any  element  is  obtained  by 
dividing  the  atomic  weight  by  its  val- 
ence. Following  is  an  example  show- 
ing how  combining  weights  or  equiv- 
alents of  elements  and  compounds  de- 
termined in  water  analyses  are  com- 
puted: 

COMBINING  WEIGHTS  CALCULATED. 

Element 

or  Atomic 

compound,    weight. 

Calcium     40 

Magnesium     ...     24 

Sodium     23 

HCOs*     61 

SC-4    96 

Chlorine     35 

*HCOs  is  obtained  from  alkalinity  by 
multiplying  by  1.22.  (See  Standard  Meth- 
ods of  Water  Analyses,   page   38.) 

Example  from  Actual  Experience. — 
Analysis  of  Scioto  River  Water  at  Co- 
lumbus, O.: 

Calcium     96  +  20  =  4.8 

Magnesium    35  +  12  =  2.9 

Alkalinity     200  X   1.22   +  61  =  4.2 

S04     168  +  48  =  3.5 

The  hypothetical  combination  is 
based  oh  the  theory  that  the  total  al- 
kalinity should  first  be  calculated  to 
calcium.  If  the  carbonates  exceed  the 
necessary  amount  of  calcium,  the  rest 
of  the  alkalinity  may  be  calculated  to 
magnesium  carbonate,  and  sulphates, 
chlorides,  etc.,  combined  with  mag- 
nesium until  the  latter  is  exhausted. 
But  if  the  calcium  exceeds  the  amount 
necessary  to  take  care  of  the  alkalin- 
ity, there  is  no  magnesium  carbonate, 
and  the  excess  of  calcium  may  be  cal- 
culated to  sulphate  first,  then  chloride 


and  nitrate  until  exhausted,  and  the 
magnesium  is  combined  with  the  re- 
maining acid  radicals  until  exhausted. 
Any  remaining  chlorides,  nitrates  or 
sulphates  may  be  calculated  to  sodium 
and  potassium  salts. 

Table  IV  shows  the  results  of  a  typi- 
cal water  softening  experiment  made 
to  determine  the  advisable  quantities 
of  lime  and  soda-ash  to  add  in  order 
to  get  the  most  economical  results. 

ANALYSIS   OP    RIVER   WATER. 

Alkalinity    228 

Incrustants    188 

Total    hardness     416 

Calcium    99 

Magnesium     41 

It  will  be  noticed  that  Sample  No. 
10,  having  been  treated  with  14  grains 
of  lime  and  10  grains  of  soda-ash 
shows  a  lower  hardness  than  Sample 
No.  7,  having  been  treated  with  13 
grains  of  lime  and  12  grains  of  soda- 
ash. 

The  cost  per  million  gallons  by  each 
treatment  is  shown  below. 


Quantity 
of  water 
treated. 

1,000,000   gal. 

1.000,000   gal. 


Grains  per  gal., 
chemicals  added: 
Lime.    Soda-ash. 

13  12 

14  10 


Cost  per 

million 

gallons. 

$36.33 

33.63 


Twenty-four  million  gallons  daily 
(average  quantity  treated  daily  at  Co- 
lumbus) =  $88.80  saved  by  using  the 
proper  combination  of  chemicals. 

Temperature  and  Time  Factors. — 
The  effect  of  temperature  is  more  pro- 
nounced in  water  having  a  hardness 
of  more  than  400  parts  per  million 
than  in  water  having  a  hardness  of 
less  than  300  parts  per  million. 

At  higher  temperatures  less  calcium 


TABLE    IV— SOFTENING   EXPERIMENT 
Treat   15   samples   of  water  as   follows: 
-—Grains    Per    Gal. 
Lime.      Soda 


Dec.    14,    1923. 


Sample 
number 
1 


I  6. 

IT. 


Alum. 
1 

1 
1 
1 
1 
1 
1 


Alkalinity N 

Total.    Phenol.    Caus. 


SO 

84 

92 

95 

103 

106 

137 

60 

72 

80 

108 

54 

62 

77 

90 


10 

Ul 

[12 

13 

14 

115 

Procedure: — 

To  5  gal.   of  water  add  5  cc.  of  the  alum    solution 

1.55  grams  of  lime.    Make  7 

From    the   5-gal.    bottle   take    5    liters    and   add 

liter  samples  and  add  soda-ash  as  indicated 

From    the    5-gal.    bottle    take    5    liters    and  add    1.28   g«am 

liter   samples   and   add   soda-as^  as    indicated. 

Make  soda-ash   solution   3.43   grains    in   200   cc 

per  gallon. 


Ca. 
36 
33 
30 
26 

24 

23 
38 
31 
23 
19 
44 
36 
28 
20 


Total 
Mg.  hardness. 


172 

152 

145 

135 

131 

114 

107 

136 

122 

90 

64 

135 

136 

78 

70 


Take    out    7    liters    and    add 
one  liter   samples  and   add    soda-ash  as   indicated. 

1.2    grams    of    lime.     Make    4    one 

of   lime.     Make    4   one 

1    cc.    per   liter    equals   one    grain 
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and    magnesium    remain     in   solution  3,  1917;   page  304,  May  10,  1917;   and 

than  at  lower  temperatures.  page  251,  May  17,  1917. 

At  high  temperatures   the   reaction  Excelsior  niters    are    used    at    the 

between  the  lime  and  the  soda-ash  and  Oberlin     municipal     water     softenini 

the  calcium  and  magnesium  salts  re-  Plant.     and     in     numerous     industrial 

suits  in  a  more  crystalline  and   thus  Plants,  and  crystallization  and  absorp- 

less  soluble  precipitate  than  at  lower  tion  of  colloids  is  apparently  satisfac- 

temperatures  torily  accomplished.     Excelsior  filters 

*,    thp    temnerature    lowers     more  W0uld  not  be  suitable>  however,  as  a 

As    the    temperature    lowers,    more  finishing  process  for  river  water  that 

and  more  colloidal  and  soluble  is  the  ig  some*times  muddy. 

precipitate  formed.  In     softening    water>    it    has    been 

Results  at  Columbus  indicate  that  shown  that  the  temperature  is  the 
the  period  of  reaction  between  the  prime  factor  causing  the  precipitates 
softening  chemicals  and  the  calcium  to  be  crystalline,  but,  as  this  is  a  fac- 
and  magnesium  is  short.  Ninety  per  tor  over  which  we  have  no  control  in 
cent  of  the  reaction  accomplished  the  operation  of  a  large  plant,  it  be- 
takes place  in  the  mixing  tanks  (2  comes  necessary  to  take  advantage  of 
hours);  3  per  cent  in  the  15  hours  an  other  factors  that  can  be  con- 
through  the  settling  basins,  and  7  per  trolled.  At  the  Columbus  plant  and 
cent  in  passing  through  the  filters.  at  the  new  plant  at  Newark,  O.,  all  of 
These  are  the  results  of  daily  averages  the  chemical  required  to  soften  the 
for  the  past  11  years  and  represent  water  are  added  to  a  portion  of  the 
12,000  determinations.  water,  approximately  25  per  cent,  and 

pressed  hi  tnis  suPPly  is  subsequently  mixed  with 

parts  per  the  75  per  cent  undosed  portion  of  the 

million.  supply.    This  over-treatment  gives  the 

Av.    hardness  of  river   water....       275  effect     of     mass     action,     resulting     ill 

Av.  hardness     of    water    at     en-  ,   ,*    .            ,.             „    .     '           „                   , 

trance   to  settling-   basins 119  quick    formation    of    large     floes     and 

Av.  hardness    at    outlet    of    set-  crystalline  precipitates. 

a  uirlg  basins   •  •  «i7  '"*  — ;  " "       !1?  After  mixing    the    undosed    portion 

Av.  hardness  of   filtered   water..       101  .TT    7,        ,         j.          ?.         „.,           .    . 

with  the  dosed  portion,  the  mixture  is 

These  figures    are    rather  startling  made   to   pass   slowly  through   baffled 

because  they  indicate  that  large  set-  mixing  tanks.     The  large  floes  already 

tling  basins  are  not  so  necessary  for  formed  serve  as  a  nucleus  upon  which 

water   softening   as   has   always   been  the   newly   forming     precipitates    can 

supposed.  build,  and  as  the  water  rolls  over  and 

The    results   indicate    that   the    col-  under    the   baffles,   the   floe   seems   to 

loidal  precipitates  crystallize  in  pass-  grow  in  size,  very  much  the  same  as 

ing  through  the  settling  basins  and  are  roiling  up  a  snowball,  and  by  the  time 

thus  removed,   but  that   it  is  not  the  the  water  reaches  the  settling  basins, 

place  where  chemical  reactions     take  it  is  so  well  coagulated  that  sedimen- 

place.     The  filters  are  more  effective  tation    takes    place    almost    instantly, 

in  removing  colloids  than  the  settling  The  suspended  matter  in  well  softened 

basins,   and,   in  addition  to  removing  water    should    settle    in    five   minutes' 

7  per  cent  of  the  hardness,  I  believe  time,   but  I  have  never  been  able  to 

would   also   have  removed   the   3   per  duplicate  plant  results  in  this  respect 

cent  lost,  in  the  settling  basins.     Sand  in  bottle  experiments, 

filters     beds     become     encrusted    un-  Addition    of    Aluminum    Sulphate  — 

der    services  of  this  kind  and  the  ef-  Another  factor  that  tends  to  improve 

feet  on  sand  is  shown  by  the  following  coagulation  is   the  addition  of  alumi- 

exhibit.      (Sand    from    Grand    Rapids  num  sulphate  applied  to  the  raw  water 

softening  plant  )  •  at  the  same  point  that  the  lime  and 

1st    layer '. .' Original  sand  soda-ash    are    added.      When    the    Co- 

2nd   layer Sand  after  1  yr.  lumbus  plant  was  built,  provision  was 

3rd    layer Sand  after  2  yrs.  made  for  applying  coagulant  at  the  en- 

■£  1S£: ::: :::::::::: :  ISS  28S  *  lit  trAn„ce  l°  erh,  f,et  ,ot  fsett"nf  hKH 

6th    layer Sand  after  5  yrs.  at  the  outlet  of  the  last  set  of  settling 

7th   layer Sand  after  6  yrs.  basins,  or  in  the  softened  water  chan- 

8th    layer Sand  after  7  yys-  nel   on  the    way  to   the  filters.     The 

Details  of  experiences  with  after  de-  process    of   adding    the    coagulant    to 

posits  at  Columbus,  O.,  Grand  Rapids,  the  water  in  the  settling  basins  was 

Mich.,  and  McKeesport,  Pa.,  are  given  sooii  changed  and  better  results  were 

in  a  series  of  three  articles  in  Engi-  obtMned  by  adding  most  of  the  coag- 

neering  News-Record,   page  250,  May  ulant  to  the  raw  water  as  it  entered 
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the  plant  and  a  small  additional  dose 
to  the  settled  water  as  it  passed  to  the 
filters.  The  small  amount  added  to 
the  water  before  it  was  applied  to  the 
filters  was  for  the  purpose  of  precipi- 
tating a  secondary  turbidity  of  very 
fine  calcium  carbonate  that  developed 
in  the  settling  basins.  This  practice 
was  soon  given  up  and  all  of  the  alum 
was  added,  and  is  now  being  added, 
to  the  raw  water  as  it  enters  the  plant. 
The  lime,  soda-ash  and  alum  are  all 
added  at  practically  the   same  point. 

It  is  interesting  to  note  that  on  Oct. 
26,  1915,  Patent  No.  1,158,225  was  is- 
sued on  "Applying  Coagulant  to  Soft- 
ened Water  Before  Applying  It  to  Fil- 
ters." It  is  stated  in  this  patent  that 
the  purpose  of  feeding  the  coagulant 
at  this  point  was  to  neutralize  the  at- 
tractive tendency  of  the  more  or  less 
finely  divided  particles  forming  the  fil- 
tering beds,  to  the  cementatious  pre- 
cipitates, to  thereby  maintain  in  nor- 
mally operative  condition  the  said  par- 
ticles forming  the  filter  bed  against 
impairment  by  cementation. 

The  effect  of  alum,  when  added  to 
the  raw  water,  causing  the  calcium 
carbonate  and  magnesium  hydroxide 
precipitates  to  be  flocculent  and  crys- 
talline, is  hard  to  demonstrate,  be- 
cause, as  I  have  already  said,  plant 
conditions  have  not  been  duplicated  in 
the  laboratory.  We  hope  to  confirm 
our  impressions  gained  by  observation 
in  plant  operation  and  may  have  some- 
thing more  definite  tc  report  on  this 
at  a  later  time 

Results  of  Mass  Action. — The  re- 
sults of  mass  action  are,  seen  in  the  re- 
sults of  the  following  bottle  experi- 
ments, made  Feb.  13,  1923.  Two  sam- 
ples were  treated  as  follows:  To  sam- 
ple No.  1,  7  grains  of  lime,  6  grain? 
of  soda-ash  and  1  grain  of  alum  per 
gallon  were  added.  Sample  No.  2  was 
divided  into  two  portions  of  25  per 
cent  and  .  75  per  cent,  respectively. 
Seven.grains  of  lime,  6  grains  of  soda- 
ash  and  1  grain  of  alum  per  gallon 
were  added  to  the  25  per  cent  portion 
and  after  30  minutes'  time  the  treated 
portion  was  added  to  the  75  per  cent 
or  untreated  portion.  The  results  are 
as  follows : 

Chemicals  added, 


fei« 

71       &«  1. 

la 

5wi 

£•5 

2i  <v 

■1 

3.S 

"3  3 
g| 

BQ 

09 

as 

6 

s 

d 
•a 

o    . 

w 

5j 

si 

1 

7 

(\ 

] 

22" 

19 

133 

2.... 

7 

6 

1 

22 

10 

96 

The  above  are  simply  the  results  of 
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one  test  and  perhaps  should  not  be  in- 
cluded in  this  paper,  but  too  much  re- 
liance should  not  be  credited  to  this 
one  test.  However,  plant  operation 
over  a  period  of  10  years  has  shown 
that  good  results  are  obtained  by  this 
practice  of  treatment. 

The  conclusions  that  I  draw  from 
the  foregoing  comments  are: 

1.  That  it  is  necessary  to  get  the 
precipitates  into  a  flocculent  crystal- 
line condition  so  that  they  will  settle 
out  almost  instantly. 

2.  That  it  is  necessary  to  provide 
settling  basins  only  sufficiently  large 
to  retain  the  sludge,  say,  5  hours  at 
Columbus,  I  believe,  would  be  satisfac- 
tory, or  perhaps  a  Dorr  Thickener 
from  which  the  sludge  is  removed  con- 
tinuously, would  be  sufficient.  More 
data  can  be  given  on  this  process 
after  the  results  of  operation  of  the 
thickeners  at  Highland  Park,  111.,  and 
Newark,  O.,  are  available. 

3.  That,  after  the  sludge  has  been 
separated  from  the  water,  then,  in  or- 
der to  produce  stability,  carbonation 
with  CO2  gas  should  follow  or  the  nor- 
mal carbonates  may  be  converted  to 
bicarbonates  by  the  acid  treatment. 
(See  experiments  by  writer  on  phos- 
phoric acid  in  Engineering  News  Rec- 
ord, Jan.  13,  1921.) 

4.  That,  after  carbonation,  the  water 
may  or  may  not  need  filtering,  defend- 
ing on  the  nature  of  the  water  being 
treated. 

Phosphoric  Acid. — In  treating  lime 
softened  water  with  phosphoric  acid, 
it  is  very  necessary  to  add  exactly  the 
amount  of  phosphoric  acid  needed  to 
produce  the  insoluble  dicalcium  phos- 
phate. If  an  excess  amount  of  phos- 
phoric acid  is  added,  the  soluble  mono- 
calcium  phosphate  is  produced.  We 
also  found  that  the  water  treated  with 
phosphoric  acid  seemed  to  be  per- 
fectly stable  when  cold,  but  a  slight 
precipitate  developed  on  boiling.  This, 
together  with  the  high  cost  of  the 
treatment,  led  us  to  abandon  the  ex- 
periments. 

Carbonation. — Experiments  on  car- 
bonation with  COu  gas  have  been  stud- 
ied in  an  experimental  way  during  the 
past  year.  The  first  experimental  plant 
consisted  of  CO,,  gas  in  cylinders,  ap- 
plied to  the  water  by  means  of  an 
Electro  Bleaching  Gas  Co.  chlorinator. 
A  second  plant  consists  of  a  burner 
for  burning  coke,  a  blower  sucking 
the  gases  from  the  burning  coke  and 
forcing  them  to  the  absorber.  This  ab- 
sorber is  manufactured  by  the  Chem- 
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ical  Equipment  Co.,  Chicago,  111.,  and 
is  known  as  the  CeCo  spray. 

The  COc  gas  enters  at  the  bottom 
and  the  water  is  fed  in  at  the  top.  The 
water  drops  onto  a  disc  which  re- 
volves at  the  rate  of  1,800  r.p.m.,  and 
the  gas  meeting  this  film  of  water  is 
absorbed.  The  carbonated  water,  dis- 
charged from  the  absorber,  during  a 
few  of  our  tests  contained  at  high  as 
600  to  700  parts  per  million  of  free 
CO,. 

This  process  consists  in  highly  car- 
bonating  a  portion  of  the  water  and 
feeding  this  highly  carbonated  portion 
into  the  balance  of  the  supply. 

There  is  a  carbonator  on  the  market 
used  by  the  soft  drink  bottling  plants, 
that  handles  about  500  gal.  of  water 
per  hour,  and  when  operated  at  30  lb. 
pressure,  produces  an  effluent  show- 
ing approximately  24  lb.  of  CO,  in  500 
gal.  Theoretically,  one  of  these  car- 
bonators  would  produce  enough  CO« 
gas  to  carbonate  two  million  gallons 
of  water,  and  the  cost,  including  a  2 
HP.  motor,  is  about  $900. 

Theoretically,  171  lb.  of  CO..  gas 
would  be  required  to  carbonate  one 
million  gallons  of  Columbus  softened 
water.  At  the  water  softening  plant 
at  Defiance,  however,  450  lb.  of  CO* 
gas  are  prepared  for  each  million  gal- 
lons of  water  treated  and  on  this  basis 
one  carbonator  would  absorb  enough 
gas  for  one  million,  gallons  of  water 
only. 

Our  attempt  here  at  Columbus  has 
been,  as  has  already  been  stated,  to 
highly  carbonate  a  portion  of  the  wa- 
ter and  feed  this  highly  carbonate  por- 
tion into  the  balance  of  the  supply, 
whereas  at  Defiance,  O.,  CO2  gas  is 
produced  by  burning  coke  and  is  made 
to  pass  through  porous  filtrose  plates, 
submerged  in  about  4  ft.  of  water.  The 
CO;  gas,  by  passing  through  the  fil- 
trose plates  is  broken  up  into  small 
bubbles  and  is  readily  absorbed  by  the 
water. 

The  city  of  Columbus  uses  about  6,- 
000  tons  of  lime  per  year,  in  the  treat- 
ment of  its  water  supply,  and  serious 
consideration  has  been  given  the  in- 
stallation of  lime  kilns,  using  the  lime 
produced  for  water  softening  purposes 
and  the  carbon  dioxide  gas  for  car- 
bonation,  similar  to  the  process  used 
in  the  sugar  industry;  lime,  stone  or 
lime  slude  to  be  used  as  the  source 
of  the  lime.  The  CO,  experiments 
were  not  started  until  late  in  the  fall 
and  had  to  be  discontinued  through 
the  cold  weather,  as  there  was  no  way 
to  heat  the  building  in  which  the  treat- 


ment plant  is  located, 
the  experiments  will 
later. 


but  results   01 
be     published 


Ninth  Annual  Convention  of  A.  A.  £. 

Plans  have  been  approved  by  the 
Board  of  Directors  of  the  American 
Association  of  Engineers  for  the  Ninth 
Annual  Convention,  which  will  be  held 
in  Norfolk,  May  7*9.  The  convention 
is  primarily  composed  of  delegates  of 
chapters,  whose  expenses  are  borne 
from  association   funds. 

The  work  being  done  by  the  na- 
tional committees  and  the  formulation 
of  work  to  be  undertaken  will  be  pre- 
sented by  speakers  of  national  repu- 
tation, and  will  constitute  the  major 
part  of  the  convention  program.  The 
annual  report  of  a  national  commit- 
tee has  been  assigned  to  each  direc- 
tor, who  will  review  it  for  the  Board 
of  Directors  and  will  be  informed  in 
order  to  work  in  co-ordination  with 
the  committee  chairman  at  the  con- 
vention. It  is  expected  that  this 
method  will  afford  opportunity  for  full 
consideration  and  discussion  of  each 
report. 

Internal  affairs  and  amendments  to 
the  constitution  and  by-laws  of  the 
association  are  expected  to  take  a  lit- 
tle of  the  time  of  the  Norfolk  con- 
vention. As  a  further  means  to  per- 
mit mature  consideration  of  important 
matters  and  yet  to  expedite  business, 
it  is  planned  to  have  committees  hold 
hearings  on  all  resolutions  and  to 
bring  recommendations  to  the  conven- 
tion. No  business  will  come  before 
the  convention  other  than  that  which 
appears  on  the  printed  program  un- 
less introduced  in  writing  before  the 
evening  recess  of  the  first  day. 

The  social  features  of  the  conven- 
tion will  be  in  the  hands  of  the  Nor- 
folk Chapter. 


Simple  Water  Rates  at  Belmont, 
Mass.— The  water  rates  of  the  town 
of  Belmont,  Mass.,  are  very  simple— 
a  minimum  charge  of  $3  for  six 
months,  for  which  1500  cu.  ft.  of  wa- 
ter may  be  used;  and  a  price  of  15  ct. 
per  100  cu.  ft.  for  all  water  in  excess 
of  this  allowance.  The  town  hall,  li- 
brary, school,  etc.,  pay  the  water  de- 
partment for  the  water  used  by  them 
at  the  above  rates.  The  only  water 
supplied  without  charge  is  that  used 
for  fires;  by  the  street  department  for 
its  road  roller,  etc.;  by  the  moth  de- 
partment; for  sewer  construction;  for 
sewer  flushing,  and  for  the  swimming 
pool. 
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Apparatus  Used  in  Treatment  of  Water  with  Liquid  Chlorine  and 

Methods   of   Control  Described   in   Paper   Presented   Feb.    23 

Before  Canadian  Section  of  Amer.  Water  Works  Assn. 

By  A.  E.  BERRY  and  A.  H.  BURN, 

Sanitary    Engineering    Division,    Provincial   Board   of    Health   of   Ontario. 


The  use  of  chlorine  in  the  purifica- 
tion of  public  water  supplies  is  a  de- 
velopment of  the  past  two  decades. 
Following  its  introduction  to  this  con- 
tinent in  1908  as  a  sterilizing  agent  in 
the  treatment  of  municipal  water  sup- 
plies, its  efficiency  was  quickly  re- 
alized by  water  works  authorities. 

The  first  installations  were  designed 
to  use  calcium  hypochlorite  only.  As 
the  necessity  for  more  adequate  pro- 
tection of  municipal  supplies  became 
evident,  and  the  field  of  usefulness  for 
chlorine  in  water  purification  widened, 
the  process  gradually  developed  from 
one  using  chloride  of  lime  to  present- 
day  liquid  chlorinators.  The  extensive 
use  of  this  process  is  well  indicated 
by  the  fact  that  today  in  the  province 
of  Ontario,  the  municipal  water  sup- 
plies which  are  protected  either  whol- 
ly or  in  part  by  chlorination  equip- 
ment, represent  over  80  per  cent  of 
all  water  supplied  to  municipalities 
for  domestic  consumption.  At  the 
present  time  there  are  over  2,000 
liquid-chlorine  machines  in  operation 
in  the  United  States. 

Calcium  hypochlorite  —  commonly 
known  as  bleaching  powder,  or  chlo- 
ride of  lime — is  produced  by  the  action 
of  chlorine  gas  on  slaked  lime  in  lead- 
lined  chambers.  The  gas  itself  was 
originally  manufactured  by  chemical 
means,  but  the  present-day  method 
consists  in  the  electrolytic  decomposi- 
tion of  salt  brine.  Coincident  with  the 
development  of  the  electrolytic  meth- 
od came  the  development  of  machin- 
ery for  liquifying  the  gas  so  that  it 
could  be  readily  transported,  as  it  is 
today,  in  steel  cylinders. 

Bleaching  Powder  Apparatus. — The 
original  bleaching  powder  equipment, 
and  that  normally  used  today,  consists 
essentially  of  a  primary  mixing  tank 
in  which  the  powder  is  mixed  with 
water  either  by  hand  or  by  mechanical 
means,  and  a  secondary  solution  tank 
from  which  the  clear  liquid  containing 
the  available  chlorine  is  fed  through 
a  small  orifice  at  a  definite  rate.  This 
solution  may  be  introduced  directly  to 
the  supply,  or  may  first  be  diluted  with 


more  water  to  facilitate  thorough  mix- 
ing with  the  water  under  treatment. 

One  of  the  chief  disadvantages  in 
the  use  of  this  bleaching  powder  meth- 
od is  due  to  the  variation  in  the 
strength  of  the  powder.  Chloride  of 
lime,  as  prepared  by  the  manufactur- 
er, contains  as  an  average  35  per  cent 
by  weight  of  available  free  chlorine, 
but  this  figure  is  far  from  standard, 
and  is  often  considerably  lower.  When 
large  containers,  or  drums,  are  al- 
lowed to  stand  exposed  to  the  atmos- 
phere, or  only  partially  covered,  the 
chlorine  content  rapidly  diminishes. 

These  figures  do  not  hold  at  all  for 
bleach  supplied  in  paper  cartons, 
where  the  available  free  chlorine  is 
often  as  low  as  10  per  cent.  The  water 
works  plant  where  the  daily  require- 
ment of  bleach  is  small  must  either 
run  the  risk  of  loss  in  strength 
through  the  lengthy  exposure  of  a 
large  container,  or  use  small  cartons 
of  low  chlorine  content.  Where  the 
operator  has  no  practical  means  at  his 
disposal  for  estimating  the  chlorine 
content  of  the  bleach,  he  must  rely 
upon  the  flexibility  of  the  orifice  dis- 
charge to  obtain  the  correct  dosage. 
The  use  of  bleach  of  a  low  chlorine 
content  mixed  in  water  in  the  same 
proportion  by  weight  as  the  stronger 
powder,  will  necessitate  a  more  rapid 
discharge  through  the  orifice,  which  in 
turn  will  require  chlorine  solution 
tanks  with  greater  storage  capacity  to 
last  the  desired  period. 

A  further  decided  disadvantage  in 
the  use  of  chloride  of  lime  is  due  to 
the  difficulties  encountered  in  the 
preparation  and  handling  of  the  solu- 
tion. The  chlorine  fumes  from  full 
strength  powder  are  most  disagree- 
able to  the  operator,  and  will  also  rap- 
idly corrode  and  deteriorate  nearby 
machinery  unless  it  be  well  protected. 
The  corrosive  action  on  the  orifices, 
which  are  of  necessity  small,  renders 
uniform  operation  extremely  difficult 
where  metal  parts  are  used.  Constant 
supervision  is  required  to  prevent  con- 
tinual clogging,  due  to  small  particles 
of  lime  in  the  solution.     In  those  mu- 
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nicipalities  where  the  pumps  are  left 
to  operate  in  the  absence  of  an  at-  • 
tendant,  this  method  will  not  ensure 
safe  treatment  of  the  supply.  It  should 
be  regarded  more  as  a  temporary  de- 
vice to  be  used  only  until  a  liquid- 
chlorine  machine  can  be  put  in  opera- 
tion. 

Liquid-Chlorine  Machines. — The  dif- 
ficulties met  with  in  the  use  of  chlo- 
ride of  lime  are  for  the  most  part  over- 
come by  liquid-chlorination  equipment. 
The  development  of  these  machines 
has  now  reached  a  point  where  the  ap- 
paratus has  become  so  perfected  as  to 
make  possible  the  application  of  an 
exceedingly  uniform  dosage  and  one 
which  can  be  conveniently  adjusted  to 
fulfill  the  requirements  of  the  par- 
ticular water. 

The  great  majority  of  the  municipal- 
ities of  this  province  who  are  using 
liquid  chlorine  in  the  treatment  of 
their  water  supplies  are  provided  with 
machines  of  a  similar  make,  namely, 
the  "Wallace  &  Tiernan."  In  view  of 
this  description  of  the  main  parts, 
with  their  functions,  of  this  make  only 
will  be  considered. 

Other  machines  now  on  the  market 
include  the  Paterson  Chloronome  and 
the  Candy  machine.  While  these  ma- 
chines vary  considerably  in  detail 
from  the  "Wallace  &  Tiernan,"  they 
are  designed  under  the  same  general 
principles,  with  main  parts  intended 
for  similar  functions. 

The  chief  parts  of  a  liquid  chlorine 
machine  are  as  follows: 

1.  The  cylinder  of  chlorine. 

2.  The  compensator. 

3.  Gas-measuring  devices. 

4.  The  mixing  and  feeding  equip- 
ment. 

The  Cylinder  of  Chlorine.  —  The 
chlorine  supplied  to  the  water  works 
station  is  in  a  liquid  condition  due  to 
the  high  pressure  in  the  container. 
The  steel  cylinders  are  of  two  sizes, 
containing  100  and  150  lb.  of  chlorine 
respectively.  Although  the  liquid 
chlorine  in  these  is  practically  pure, 
some  substances  are  very  often  pres- 
ent, and  unless  these  are  first  blown 
off  by  slightly  opening  the  tank  valve 
in  the  top  of  the  cylinder,  clogging  of 
the  small  orifices  may  occur. 

The  auxiliary  tank  valves  are  made 
in  two  different  styles— the  "yoke"  and 
the  "union."  In  view  of  this  it  would 
be  advisable  for  plant  operators  to 
procure  both  styles,  so  that  regardless 
of  from  what  company  the  chlorine 
was  purchased,  no  difficulty  would  be 
experienced  in  making  the  connection 
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to  the  tank.  The  chlorine  from  the 
cylinder  passes  through  an  auxiliary 
tank  valve  and  a  flexible  metal  con- 
nection to  the  pressure  compensator. 
Pressure  Compensator. — The  pur- 
pose of  the  pressure  compensator  is 
two-fold:  First,  to  reduce  the  pressure 
of  the  chlorine  suppply  leaving  the 
cylinder;  and,  second,  to  maintain  a 
constant  delivery  of  chlorine  under 
varying  tank  pressures  resulting  from 
two  fatcors: 

1.  Reduction  in  the  amount  of 
chlorine  in  the  cylinder. 

2.  Variations  in  temperature. 

As  the  amount  of  chlorine  in  the 
cylinder  decreases,  the  pressure  falls 
off  considerably;  especially  is  this  the 
case  when  the  cylinder  is  nearly 
empty.  The  pressure  in  the  cylinder; 
and,  second,  to  maintain  a  constant 
delivery  temperature  of  the  room. 
Pressure  variations  range  from  about 
75  lb.  at  50°  F.  to  150  lb.  at  95°  F.  The 
common  practice  is  to  adjust  the  pres- 
sure from  the   compensator  to  25   lb. 

The  compensator  is  a  somewhat 
complex  piece  of  mechanism,  and  so 
constructed  as  to  be  very  sensitive  to 
slight  changes  in  pressure.  The  gas 
entering  the  compensator  is  throttled 
by  a  Tungsten  needle-point  valve  actu- 
ated by  a  silver  diaphragm  which  is 
held  in  position  by  adjusted  springs 
and  operated  by  the  pressure  varia- 
tions on  the  diaphragm.  The  release 
of  the  pressure  on  one  side,  following 
the  opening  of  the  chlorine  control 
valve,  causes  the  spring  and  chlorine 
pressure  on  the  opposite  side  of  the 
diaphragm  to  move  the  latter,  which 
in  turn  raises  the  needle  off  its  seat, 
allowing  the  chlorine  gas  to  flow 
through  the  opening. 

Variations  in  the  capacity  of  ma- 
chines are  met  by  varying  the  size  of 
the  compensator  seat  and  container. 
These  are  made  in  four  sizes.  The 
first  size  has  a  capacity  that  will  pass 
20  lb.  of  chlorine  per  24  hours,  and  is 
used  only  on  the  "Solution  A"  type  ma- 
chines. 

The  second  size  will  pass  up  to  75 
lb.,  and  the  third  size  up  to  200  lb., 
while  the  fourth  has  a  capacity  of  300 
lb.  per  24  hour.*?. 

The  sensitiveness  of  the  various  ma- 
chines is  not  from  zero  to  their  capac- 
ity, but  only  over  a  stated  range  which 
bears  a  definite  relation,  to  the  final 
orifice. 

In  case  of  emergency  due  to  failure 
of  the  compensator  to  function  prop- 
erly, it  may  be  removed  and  chlorine 
fed    directly    to    the    orifice    or    gas- 
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measuring  device,  and  the  rate  adjust- 
ed by  the  auxiliary  tank  valve  on  the 
small  "Solution  A"  type.  On  all  other 
types  of  machines  a  jumper  valve  can 
be  inserted  in  place  of  the  compensa- 
tor, and  the  flow  of  gas  adjusted  by  a 
control  valve.  This  does  not  give 
nearly  so  uniform  a  feed,  and  will  re- 
quire constant  supervision  and  adjust- 
ment of  the  valve  opening  to  meet  the 
changes  of  pressure  in  the  chlorine 
cylinder.  Some  of  these  fluctuations 
can  be  overcome  by  enclosing  the 
cylinder  of  chlorine  so  as  to  main- 
tain a  somewhat  constant  tempera- 
ture. 

Gas-Measuring  Devices. — For  meas- 
uring the  amount  of  gas  passing 
through  the  apparatus,  different  meth- 
ods can  be  used,  depending  on  the 
type  of  machine.  On  the  smaller 
equipment  a  volumetric  method  is 
adopted.  This  consists  of  either  of 
two  tyes:  (1)  A  bubbler  for  a  capac- 
ity of  from  1/100  to  ■%  lb.  of  chlorine 
per  day;  and  (2)  a  syphon  or  pulsat- 
ing meter  for  a  capacity  of  from  y2 
to  10  lb.  per  24  hours.  Both  of  these 
are  used  only  on  the  small  machines 
("Solution  A"  type).  The  amount  of 
chlorine  passing  the  machine  is  esti- 
mated either  by  the  number  of  bubbles 
in  the  former  or  the  number  of  pulsa- 
tions in  the  latter  in  comparison  with 
a  table  supplied  with  the  equipment. 

On  the  larger  machines  the  gas  is 
measured  by  a  glass  orifice  used  in 
conjunction  with  a  manometer.  These 
orifices  are  made  of  a  size  suitable  for 
the  particular  dosage  capacity  of  the 
machine,  and  should  bear  a  particular 
relation  to  the  needle-point  valve  of 
the  compensator.  The  glass  orifices 
are  calibrated  empirically,  and  a  cal- 
ibration scale  should  accompany  each 
orifice.  These  scales  are  numbered 
the  same  as  that  etched  on  the  glass 
orifices.  The  orifice  and  scale  are  in- 
terchangeable with  any  machine 
where  the  compensator  needle  valve 
and  seating  have  been  made  for  a 
capacity  similar  to  that  of  the  orifice. 

The  rate  of  flow  of  gas  is  indicated 
by  the  manometer,  the  principle  of  op- 
eration being  one  indicating  the  drop 
in  pressure  of  the  gas  passing  through 
the  orifice.  This  device  is  made  up 
of  a  small  tube  with  bottom  end  open 
in  a  larger  one.  A  liquid  (carbon 
tetrachloride)  is  placed  in  the  mano- 
meter, and  when  the  chlorine  begins 
to  flow,  this  liquid  rises  in  the  inner 
tube,  and  the  rate  of  flow  is  indicated 
on  the  scale.  The  pressure  in  the 
larger  tube  is  that  of  the  gas  before 


passing  the  orifice,  while  that  in  the 
inner  tube  is  the  pressure  of  the  gas 
after  passing  the  orifice.  This  differ- 
ence in  pressure,  which  registers  the 
actual  working  pressure  of  the  orifice, 
causes  the  manometer  liquid  to  rise 
in  the  inner  tube,  and  the  correspond- 
ing flow  is  indicated  on  the  scale. 

Mixing  and  Feeding  Equipment. — 
In  some  of  the  older  and  direct  feed 
type  installations,  the  chlorine  gas 
was  fed  through  a  diffuser  directly  to 
the  suction  main  or  pump  well,  but  the 
present  practice  is  to  dissolve  the  gas 
in  water  before  feeding  it  to  the  sup- 
ply. Where  the  bubbler  or  pulsating 
meter  is  used,  the  gas  is  dissolved  in 
the  mixing  jar  surrounding  the  meter. 
Where  a  manometer  is  used,  the  gas 
may  be  dissolved  either  in  a  separate 
solution  jar  or  in  an  injector. 

Injectors. — Injectors  are  now  used 
very  largely  on  chlorinators.  The  prin- 
ciple made  use  of  is  that  a  supply  of 
water  is  passed  at  a  high  velocity 
through  a  narrow  throat  and  in  doing 
so  sucks  in  chlorine  gas  through  a 
small  opening.  The  injector  is  very 
advantageous  in  that  it  is  of  substan- 
tial construction,  and  not  easily  brok- 
en, and  can  be  used  where  small  pres- 
sures occur  on  the  suction  side  of  the 
pumps.  They  work  successfully  where 
the  water  pressure  available  is  three 
times  as  great  as  that  against  which 
the  chlorine  solution  is  to  be  intro- 
duced. The  throats  of  injectors  are 
universally  made  of  vulcanized  rub- 
ber. A  screen  placed  in  front  of  the 
injector  prevents  clogging. 

Water  Pressure  Reducing  Valve. — A 
water  pressure  reducing  valve  is  usual- 
ly placed  on  the  water  line  leading  to 
the  injector.  It  reduces  the  pressure 
to  a  convenient  figure  for  operation  of 
the  injector,  and  keeps  it  uniform  re- 
gardless of  varying  pressures  in  the 
main. 

Chlorine  Check  Valve. — The  chlorine 
check  valve  is  an  essential  part  of 
.every  chlorinator.  Its  function  is  two- 
fold. First,  it  prevents  the  possibility 
of  water  backing  up  into  the  chlorina- 
tor, and  thus  eliminates  subsequent 
corrosion.  It  also  acts  as  a  check 
against  the  escape  of  chlorine  until  a 
definite  pressure,  usually  about  25  lb., 
has  been  built  up  in  the  machine. 
This  serves  to  maintain  uniformity  of 
discharge  through  the  orifice  or  pul- 
sating meter. 

The  essential  parts  of  the  check 
valve  are  a-  reinforced  silver  corrugat- 
ed disc,  to  which  is  attached  a  Tung- 
sten  needle,    and   the   back    pressure 
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valve  seat  and  container.  As  the  pres- 
sure of  the  chlorine  gas  builds  up 
against  this  disc,  it  pushes  it  upwards 
and  raises  the  needle  from  its  seat, 
which  in  turn  allows  the  escape  of 
gas  through  the  orifice. 

The  back  pressure  valve  seat  and 
container  is  made  in  two  sizes.  The 
smaller  has  a  capacity  up  to  100  lb. 
per  24  hours,  and  the  larger  up  to 
300  lb. 

Feed  Devices.  —  Conditions  about 
the  water  works  plant  will  influence 
largely  the  point  at  which  the  appli- 
cation of  the  chlorine  to  the  supply  is 
to  be  made.  It  can  either  be  delivered 
to  the  pump  suction-well,  or  directly 
to  the  suction  main.  The  advantages 
of  the  former  lie  in  the  possibility  of. 
a  more  uniform  mixing.  The  most 
suitable  point  in  the  well  for  delivery 
of  the  chlorine  solution  appears  to  be 
directly  in  front  of  the  pipe  carrying 
water  to  the  well.  This  will  insure  a 
thorough  mixing  of  chlorine  with  all 
parts  of  the  raw  water.  When  the 
chlorine  can  be  fed  only  to  the  suction 
main,  difficulty  may  be  experienced 
where  there  are  many  separate  suc- 
tion lines.  Alteration  in  the  dosage, 
however,  can  be  more  quickly  noted 
when  this  method  is  used.  To  feed 
the  solution  to  the  suction  pipe,  a  spe- 
cial corporation  cock  and  silver  solu- 
tion tube  is  used.  This  permits  of  the 
closing  of  the  corporation  cock  before 
the  solution  tube  is  entirely  with- 
drawn. 

Water  Seal.— The  majority  of  chlori- 
nators  are  provided  with  water  seals 
through  which  a  small  amount  of 
water  is  allowed  to  flow  constantly. 
This  device  is  intended  to  serve  two 
purposes: 

1.  To  prevent  air  getting  into  the 
pumps,  when  the  suction  is  temporar- 
ily greater  than  is  supplied  by  the 
chlorine  solution. 

2.  To  carry  off  the  chlorine  in  case 
of  loss  of  pressure  of  water  or  an  in- 
sufficient supply  of  water  in  the  mix- 
ing chamber  to  properly  dissolve  the 
gas. 

While  a  water  seal  is  undoubtedly 
of  particular  advantage  it  might  well 
be  so  designed  as  to  provide  a  supply 
of  water  which  will  always  be  ade- 
quate and  yet  prevent  any  overflowing. 

Automatic  Control  of  Chlorinator. — 
While  the  manufacturers  have  provid- 
ed equipment  for  the  automatic  con- 
trol of  chlorination,  the  use  of  this  in 
smaller  installations  is  of  doubtful  ad- 
vantage because  of  the  delicacy  of  the 
mechanism  and  the  difficulty  of  having 


operators  sufficiently  trained  to  make 
minor  repairs.  It  is  most  desirable, 
however,  that  every  water  works  sys- 
tem be  provided  with  a  venturi  meter 
to  enable  the  operator  to  know  at  all 
times  the  rate  of  pumpage. 

Pedestal  or  Vacuum  Type. — Recent- 
ly a  new  vacuum  type  of  chlorinator 
has  been  put  on  the  market,  which  is 
entirely  different  in  principle  of  opera- 
tion and  design  than  any  previous 
equipment.  This  type  gives  much 
promise  of  overcoming  the  difficulties 
experienced  in  the  operation  of  the 
old-style  units.  The  machine  is  ex- 
tremely rugged  in  construction  and 
the  several  delicate  and  often  trouble- 
some features  of  former  types  have 
been  entirely  eliminated,  such  as  the 
pressure  compensator,  control  and 
blowoff  valves,  manometers,  check 
valves,  etc. 

Instead  of  being  designed  to  work 
under  a  pressure  of  chlorine,  as  is  the 
case  with  former  types,  this  unit  func- 
tions under  a  vacuum,  a  feature  which 
immediately  minimizes  the  nuisance 
of  chlorine  leaks. 

The  vacuum  is  maintained  within 
a  transparent  and  water-sealed  dome 
by  the  flow  of  water  through  a  hydrau- 
lic injector  attached  to  the  base  of  a 
vulcanite  tray  on  which  the  inverted 
glass  dome  rests. 

Under  the  glass  dome,  but  connected 
directly  to  the  chlorine  supply  is  a 
chlorine-pressure-reducing  valve  con- 
sisting only  of  a  needle  valve  and  hard 
rubber  float.  The  chlorine  supply  is 
reduced,  in  passing  this  needle  valve, 
from  full  tank  pressure  to  a  slight  vac- 
uum, and  the  action  of  this  part  in  con- 
junction with  other  units  serves  as  a 
compensator  in  maintaining  a  constant 
delivery  of  chlorine  regardless  of  fluc- 
tuating temperature  and  pressure  of 
the  chlorine  supply. 

The  flow  of  chlorine  is  varied  by  in- 
creasing and  decreasing  the  vacuum 
within  the  glass  dome,  this  latter  oper- 
ation being  accomplished  by  an  adjust- 
able silver  meter  tube  which  is  in  turn 
directly  connected  to  a  large  rack  and 
hand-wheel,  all  of  which  is  enclosed 
within  the  cast-iron  case  of  the  ped- 
estal. 

Factors  Affecting  Control  of  Chlor- 
ination.— The  conditions  affecting  the 
control  of  water  chlorination  vary  con- 
siderably in  the  different  water  works 
plants.  Under  those  conditions,  where 
the  pumpage  is  continuous  over  24 
hours  of  the  day,  and  the  supply  is 
fed  directly  to  the  mains  rather  than 
to   a   reservoir  or  elevated   tank,  dif- 
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ficulty  is  encountered  in  providing  uni 
formity  of  treatment,  owing  to  the 
variations  in  the  consumption  through- 
out the  24-hour  period.  If  the  supply 
is  unmetered,  the  plant  operator  can 
only  make  a  rough  estimate  of  the 
hourly  consumption. 

Very  large  municipalities  are  able 
to  take  care  of  this  fluctuation  by  the 
setting  of  the  machine.  Smaller  ones 
should  be  provided  with  an  elevated 
tank  or  reservoir  as  a  means  of  econ- 
omy. The  difficulties  in  the  variation 
of  pumpage  in  small  installations  may 
be  overcome  by  placing  a  pressure-re- 
lief valve  on  the  discharge  side  of  the 
pump  and  providing  a  by-pass  to  waste 
or  to  some  part  using  water  at  a  lower 
pressure. 

In  some  of  the  smaller  municipali- 
ties where  a  reservoir  or  elevated  tank 
is  included  in  the  system,  the  service 
pumps  frequently  have  a  large  capac- 
ity and  are  operated  for  only  a  short 
period  each  day.  The  rate  of  pump- 
age  here  is  normally  quite  uniform, 
but  the  operator  and  those  officials 
purchasing  new  machines  should  bear 
in  mind  the  fact  that  the  daily  con- 
sumption is  pumped  at  a  high  rate  and 
that  sufficient  chlorine  must  be  applied 
to  sterilize  the  water  at  this  hourly 
rate.  The  size  of  orifices  in  the  chlor- 
inator  should  correspond  to  the  capa- 
city of  the  pumps  rather  than  to  the 
daily  consumption.  As  a  result  of  these 
conditions  and  the  previous  lack  of 
knowledge  of  the  chlorine  require- 
ments of  the  water,  instances  have 
occurred  at  Haileybury  and  Timmins, 
in  Northern  Ontario,  where  machines 
of  too  small  a  capacity  to  effectively 
chlorinate  the  supply  have  been  in- 
stalled and  were  afterwards  removed. 

Fire  and  Dual  Supplies. — Practically 
all  water  works  are  provided  with 
service  and  fire  pumps,  the  latter  of 
which  are  used  in  case  of  fires  only. 
Normally  the  chlorine  dosage  is  set  for 
the  service  rate.  In  case  the  fire 
pumps  are  put  into  operation,  the  dos- 
age should  be  immediately  increased 
to  meet  this  rate.  The  operator  should 
know  through  consultation  with  the 
Provincial  Board  of  Health,  as  a  rea- 
sonable protection  against  his  liability 
in  a  Court  action,  the  rate  at  which 
chlorine  should  be  applied  to  fire  sup- 
plies. Where  the  fire  supply  is  un- 
fortunately obtained  from  a  seperate 
source,  regulations  now  require  the 
provision  of  dual  check  valves  or  ade- 
quate storage  tanks  to  provide  for  fire 
conditions. 

Meters.- -All     public    water     supply 


systems  should  have  a  venturi  meter 
for  recording  the  consumption.  The 
plant  operator  can  then  check  up  vari- 
ations in  the  rate  of  consumption  and 
adjust  his  chlorine  dosage  when  neces- 
sary. Knowing  definitely  this  increase 
or  decrease,  he  can  at  once  regulate 
the  dosage  and  will  not  be  required 
to  make  such  frequent  tests  upon  the 
treated  supply  to  determine  whether 
or  not  he  is  adding  the  correct  amount 
of  chlorine. 

Chlorine  Dosage.— Changes  in  the 
physical  and  chemical  characteristics 
of  the  water  supply  itself  have  to  be 
considered  in  controlling  the  chlorine 
dosage.  Chlorine  is  a  very  active  sub- 
stance chemically,  and  in  addition  to 
its  germicidal  action  in  destroying  bac- 
teria, it  is  absorbed  by  certain  sub- 
stances which  may  be  present  in  the 
raw  water,  either  in  suspension  or 
solution. 

Municipalities  which  have  supplies 
derived  from  springs,  wells  or  lakes 
where  there  is  very  little  change  in 
the  dissolved  and  suspended  solids  of 
the  supply,  will  not  find  any  great 
variation  in  the  organic  demand  of  the 
raw  water.  Other  supplies,  which  are 
subjected  to  wide  ranges  in  turbidity, 
color,  amount  of  dissolved  organic 
matter,  or  amount  of  industrial-waste 
pollution,  will  be  found  to  require 
varying  amounts  of  chlorine  to  main- 
tain sterility  in  the  tap  water. 

Increases  in  turbidity  inhibit  the 
sterilizing  action  of  chlorine  and,  in 
addition,  the  suspended  matter,  caus- 
ing the  turbidity  usually  contains  a 
percentage  of  organic  matter  which 
reacts  with  chlorine.  Hence  increases 
in  turbidity  require  increases  in  the 
amount  of  chlorine  applied. 

The  highly  colored  waters  which  are 
characteristic  of  many  of  the  Northern 
municipal  supplies,  require  large 
amounts  of  chlorine  (often  between 
2  and  3  parts  per  million)  to  meet  this 
demand  of  the  organic  content.  Plant 
operators  who  are  called  upon  to  treat 
supplies  whose  physical  and  chemical 
characteristics  vary  considerably, 
should  request  the  co-operation  of  the 
Provincial  Board  of  Health  in  making 
a  study  of  the  chlorine  dosage. 

The  many  factors  which  either  di- 
rectly or  indirectly  affect  the  amount 
of  chlorine  which  must  be  applied  to 
ensure  a  safe  water,  make  it  imprac- 
tical to  adopt  arbitrarily  an  exact  dos- 
age to  be  applied  at  all  times.  During 
the  earlier  period  of  chlorination,  the 
dosage  was  frequently  set  upon  the 
advice  of  the  manufacturers  of  chlor- 
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ine  equipment,  This  tended  to  an 
under-dosage,  1/10  p.p.m.  being  a 
common  figure. 

Ortho-Tolidin  Method  for  Detecting 
Free  Chlorine. — Fortunately  the  cor- 
rect dosage  of  chlorine  which  will  pro- 
duce a  water  of  recognized  quality  is 
always  associated  with  a  residual 
chlorine,  and  the  dosage  may  be  regu- 
lated by  this  residual  rather  than  the 
bacteriological  test. 

With  this  end  in  view,  the  Board  of 
Health  of  Ontario  has  made  available 
the  ortho-tolidin  method  for  the  detec- 
tion of  free  chlorine.  This  method  has 
been  chosen  on  account  of  its  sim- 
plicity, its  delicacy  (as  small  an 
amount  of  chlorine  as  one  part  in  one 
hundred  million  can  be  detected),  and 
the  definite  range  of  colors  which  are 
produced,  enabling  the  adoption  of 
permanent  standards. 

The  ortho-tolidin  solution  for  the 
test  is  prepared  as  follows: 

One  gram  of  o-tolidin  purified  by  be- 
ing recrystallized  from  alcohol,  is  dis- 
solved in  1  litre  of  10%,  hydrochloric 
acid. 

The  colorimetric  standards  are  pre- 
pared as  follows: 

(a)  Copper  Sulphate  Solution.  Dis- 
solve 1.5  grams  of  copper  sulphate  and 
1  c.c.  of  concentrated  sulphuric  acid 
in  distilled  water  and  dilute  the  solu- 
tion of  100  c.c. 

(b)  Potassium  Bichromate  Solution. 
Dissolve  0.025  grams  of  potassium 
bichromate  and  0.1  c.c.  of  concentrated 
sulphuric  acid  in  distilled  water  and 
dilute  the  solution  to  100  c.c. 

The  o-tolidin  solution  reacts  with 
any  free  chlorine  in  the  water  tested, 
producing  a  characteristic  yellow  color 
which  is  compared  with  standards  pre- 
pared with  the  potassium  bichromate 
and  copper  sulphate  solutions. 

Test  for  Doubtful  Waters. — Numer- 
ous research  experiments  have  estab- 
lished the  fact  that  the  sterilizing 
action  of  chlorine  is  practically  com- 
plete after  15  minutes  contact.  Acting 
upon  this  basis,  the  Provincial  Board 
of  Health  has  adopted  the  standard 
that  for  all  doubtful  water  supplies 
where  chlorine  alone  is  used,  there 
shall  be  maintained  a  residual  chlorine 
content  of  not  more  than  0.3  p.p.m. 
and  not  less  than  0.2  p.p.m.  after  fif- 
teen minutes  contact. 

Color  Standards. — The  minimum 
color  standard  is  prepared  by  using 
20  c.c.  of  standard  potassium  bichro- 
mate solution  and  1.9  c.c.  of  standard 
copper  sulphate  solution,  which  is 
made   up  to   100  c.c.  with   the   water 


which  is  being  treated.  The  maximum 
color  standard  is  made  in  the  same 
manner  except  that  30  c.c.  of  the 
potassium  bichromate  solution  is  used. 

To  perform  the  test,  a  Nessler  tube 
is  filled  to  the  100  c.c.  mark  with  tap 
water  procured  as  close  to  the  point 
of  application  of  the  chlorine  solution 
as  possible.  This  is  allowed  to  stand 
for  15  minutes,  when  1  c.c.  of  the 
o-tolidin  solution  is  added  to  it.  It  is 
now  allowed  to  stand  for  a  further  5 
minutes  to  give  the  o-tolidin  a  chance 
to  react  with  all  the  available  chlorine 
present..  In  the  meantime  the  two 
standards  are  poured  into  two  other 
Nessler  tubes. 

After  the  5-minute  period  has 
elapsed,  the  depth  of  color  produced 
in  the  tap  sample  treated  with  o-toli- 
din is  compared  with  the  standard  by 
looking  down  through  them  over  a 
sheet  of  white  paper.  The  resulting 
color  in  the  treated  tap  sample  should 
have  a  depth  not  less  than  that  of 
the  minimum  standard  and  not  greater 
that  that  of  the  maximum.  If  this  is 
not  the  case,  adjustment  of  the  chlo- 
rine dosage  is  necessary.  If  the  color 
is  deeper  than  the  maximum,  then  the 
dosage  must  be  reduced,  and  vice 
versa. 

After  the  tests  are  completed  the 
standards  should  be  poured  back  into 
bottles  provided  for  the  purpose,  care 
being  taken  that  they  are  not  mixed, 
and  the  Nessler  tubes  should  be  rinsed 
out. 

A  close  check  upon  the  amount  of 
chlorine  added  to  the  water  is  neces- 
sary not  only  to  ensure  a  sterile  sup- 
ply, but  also  to  eliminate  the  com- 
plaints which  sometimes  arise  as  a 
result  of  over-dosage. 

Tastes  and  Odors. — The  greatest  ob- 
jection that  has  been  raised  against 
the  chlorination  of  water,  has  been 
the  production  of  tastes  and  odors  in 
certain  supplies.  These  tastes  and 
odors  may  be  roughly  attributed  to 
two  causes: 

(1)  An  excess  of  free  chlorine. 

(2)  Combination  of  free  chlorine 
with  complex  organic  compounds  or 
certain  industrial-waste  compounds, 
forming  highly  complicated  substances 
the  exact  nature  of  which  is  not  defin- 
itely known  but  which  impart  a  very 
disagreeable  taste  to  the  water. 

Tastes  and  odors  due  to  excess 
chlorine  with  the  present-day  know- 
ledge and  equipment  should  rarely  oc- 
cur. Undoubtedly  many  of  the  trou- 
bles of  the  early  bleaching-powder  in- 
stallations  were   due   to   lack   of  ade- 
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luate  means  for  feeding  the  solution 
at  a  uniform  rate  or  in  proportion  to 
the  water  treated;  to  the  failure  to 
determine  the  actual  strength  of  the 
chemical;  to  the  failure  to  make  tests 
for  residual  chlorine  on  the  treated 
water. 

The  supplanting  of  the  older  method 
by  liquid  chlorine  has  done  away  with 
many  of  these  difficulties,  but  even  yet 
tastes  and  odors  sometimes  arise 
where  proper  attention  is  not  given 
to  making  the  doses  follow  closely  the 
variations  in  the  quality  of  the  water 
treated  or  in  the  rate  of  pumpage. 

There  are  many  instances  on  record 
of  tastes  and  odors  arising  from  the 
second  cause,  the  majority  of  which 
arise  out  of  contamination  of  a  supply 
with  trade  wastes  containing  a  certain 
phenolic  content,  e.g.  wastes  arising 
from  the  destructive  distillation  of 
coal  and  wood.  The  solution  of  this 
problem  at  present  appears  to  lie  in 
the  retention  of  all  such  offensive  ma- 
terial on  the  premises  of  the  offending 
parties.  It  is  a  difficult  matter  to  re- 
move such  taste  once  it  occurs,  and  it 
is  therefore  best  to  prohibit  the  pollu- 
tion of  water  supplies  by  such  wastes. 

Several  obscure  tastes  mentioned  in 
literature  have  not  been  referred  to 
here,  as  these  occur  only  under  condi- 
tions peculiar  to  certain  supplies. 


Tourist  Camp  Sanitation 

The  sanitary  precautions  which 
should  be  observed  in  the  establish- 
ment of  camping  places  for  motor 
tourists  are  outlined  as  follows  in 
Kansas  Municipalities  by  Albert  H. 
Jewell,  Chief  Engineer,  Kansas  State 
Board  of  Health: 

With  the  increased  number  of  auto- 
mobiles and  the  increase  in  the  num- 
ber of  good  roads,  there  has  been  an 
increase  in  tourists  throughout  the  en- 
tire country,  and  with  the  tourist  has 
come  the  problem  of  providing  satis- 
factory camping  places.  The  problem 
is  by  no  means  a  standard  one  and 
will  be  found  different  for  each  sec- 
tion of  the  country.  For  instance, 
some  of  our  northern  states  will  have 
a  very  large  number  of  summer  re- 
sorters,  while  in  Florida  the  tourist 
season  is  in  the  winter.  In  either  of 
these  cases,  the  tourists  come  with  the 
idea  of  staying  in  the  camp  and  mak- 
ing it  headquarters  for  several  days 
or,  possibly,  weeks.  In  Kansas  the 
problem  is  entirely  different, — there  is 
very  little  natural  beauty  or  climate 
to  appeal  to  the  resorters.     However, 


there  are  a  number  of  highways  lead- 
ing east  and  west  which  form  a  gate- 
way between  the  two  extremes.  Many 
people  from  New  England  and  eastern 
coast  states  spend  their  vacations  in 
a  tour  to  California  and  other  western 
states,  while  people  from  California 
may  be  on  their  way  back  east.  In 
the  majority  of  cases,  therefore,  the 
tourist  desires  to  stay  over  night  and 
be  on  his  way  again  the  next  day. 

In  contrast  to  this,  there  are  some 
who  are  neither  going  nor  coming  but 
are  using  this  means  to  save  paying 
rent,  moving  from  one  location  to 
another  wherever  they  can  find  a 
means  of  livelihood. 

Some  may  consider  that  it  is  not 
the  duty  of  the  city  to  provide  ade- 
quate facilities  for  camping;  but  from 
a  standpoint  of  public  health  and  pro- 
tection to  the  citizens  of  the  com- 
munity itself,  it  seems  that  this  is  the 
best  way  in  which  to  control  the  situ- 
ation. If  sanitary  facilities  are  not 
afforded,  then  it  will  mean  that  the 
tourists  will  be  camping  here  and 
there  like  gypsies,  resulting  in  very 
bad  sanitary  conditions  and  the  danger 
of  fly  infections,  to  say  nothing  of 
other  nuisances.  The  small  cost  of 
providing  these  features  can  be  taken 
care  of  by  any  city,  no  matter  what 
its  size,  without  placing  a  burden  on 
the  tax  payer.  In  some  cases,  the 
business  men  of  the  city  have  financed 
the  proposition,  feeling  that  even  from 
a  business  standpoint  the  camp  is  a 
good  investment. 

In  considering  the  tourist  camp,  the 
first  thing,  naturally,  is  that  of  loca- 
tion. If  possible,  the  camp  should  be 
located  where  it  will  be  accessible  to 
the  municipal  water  and  sewerage  sys- 
tems. The  municipal  water  supplies 
of  the  state  are  analyzed  at  least  twice 
a  year  by  the  State  Board  of  Health 
and  are  therefore  kept  in  very  good 
condition  and  can  be  used  by  tourists 
without  any  danger  of  water-borne 
disease.  If  the  toilets  are  connected 
to  the  sewer  system  this  removes 
the  grave  danger  of  fly  infection  and 
the  possible  contamination  of  water 
supplies.  The  location  should  be  well 
drained  and  where  it  will  not  be  a 
nuisance  to  surrounding  property  own- 
ers. In  some  cases  the  surrounding 
property  may  be  a  nuisance  to  the 
camp. 

If  there  is  no  municipal  water  or 
sewerage  system,  then  it  will  be  neces- 
sary to  resort  to  the  use  of  a  private 
well  and  sanitary  fly-proof  privies. 
The  well  should  be  properly  protected 
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against  surface  drainage  and  should 
be  located  above  any  source  of  con- 
tamination and  as  far  away  from  the 
privies  as  possible.  Water  from  pri- 
vate wells  should  not  be  used  until 
after  it  has  been  analyzed  and  ap- 
proved by  the  State  Board  of  Health. 
Tourists  should  regard  all  such 
sources  of  supply  as  dangerous  or 
questionable,  and  should  either  boil 
the  water  or  treat  it  with  sterilizing 
tablets  for  that  purpose. 

It  is  very  often  found  that  one  part 
of  the  municipal  park  can  be  devoted 
to  a  tourist  camp,  thereby  making  the 
water  supply  and  toilet  facilities  serve 
a  double  purpose  for  both  park  and 
the  tourist  camp. 

Garbage  and  trash  should  be  kept 
in  covered,  fly-proof  cans  and  removed 
daily  to  some  remote  spot  where  it  can 
be  either  burned  or  buried. 

It  is  impossible  to  construct  a  tour- 
ist camp  that  will  not  need  daily  care. 
The  best  that  can  be  done  is  to  build 
the  camp  in  such  a  way  as  to  make 
this  maintenance  as  easy  as  possible. 
In  general,  floors  of  buildings  should 
be  made  of  concrete  and  properly 
drained  and  this  will  facilitate  the 
flushing  and  scrubbing  to  keep  them 
in  a  clean  condition.  Openings,  both 
for  ventilation  and  light,  and  en- 
trances to  buildings  should  be 
screened.  Plenty  of  placards  should 
be  placed  around  the  camp  directing 
the  tourists  as  to  water  supply,  toilets, 
what  is  to  be  done  with  trash  and 
garbage,  where  wood  can  be  obtained, 
and  regulations  regarding  the  conduct 
of  the  camp.  The  attendant  should 
also  be  vested  with  the  power  to  regu- 
late the  length  of  stay.  It  is  not  alto- 
gether advisable  to  set  a  hard  and  fast 
rule  since  in  some  cases  there  may 
be  a  very  good  excuse  for  a  tourist 
remaining  several  days,  while  in  other 
cases,  there  might  be  sufficient  reason 
for  not  allowing  the  tourist  to  stop 
at  all. 

There  are  a  number  of  things  which 
add  to  the  convenience  of  the  tourist 
that  are  not  absolutely  essential,  yet 
can  be  provided  at  a  very  minimum 
of  expense,  such  as  tables,  benches, 
stoves,  shelter  houses,  sinks,  electric 
lights,  wash  tubs,  clothes  lines  and 
shower  baths.  If  flies  can  be  prevent- 
ed by  the  proper  disposal  of  waste, 
garbage  and  sewage,  and  if  water  sup- 
ply can  be  protected  from  contamina- 
tion, the  camp  can  be  maintained  in 
a  sanitary  condition  with  a  very  rea- 
sonable amount  of  care. 


Sanitary    Engineering    Course 
Leading  to  B.  S.  Degree 

The  College  of  Engineering  of  the 
Newark  (N.  J.)  Technical  School,  ac- 
cording to  an  announcement  by  Allan 
R.  Cullimore,  Director,  in  New  Jersey 
Public  Health  News,  has  arranged  a 
course  of  study  terminating  in  a  de- 
gree of  Bachelor  of  Science,  in  Munici- 
pal and  Sanitary  Engineering.  For 
this  purpose  the  school  will  request 
the  State  Board  of  Education  to  give 
the  college  the  right  to  grant  this 
degree,  beginning  in  the  year  1926. 

The  preliminary  educational  re- 
quirements to  be  met  are  as  follows: 
Admission  to  the  course  may  be  either 
by  a  certificate  showing  the  satisfac- 
tory completion  of  four  years  of  high 
school  work  or  by  an  entrance  exam- 
ination held  by  the  Technical  School. 
Such  examination  will  cover  the  work, 
usually  making  up  the  curriculum  of  a 
good  high  school. 

The  scientific  course  will  embrace  a 
period  of  four  years,  including  at- 
tendance at  lectures  and  practical  in- 
structions, field  work  and  laboratory. 
The  attendance  and  number  of  counts 
required  will  be  made  known  to  the 
student  upon  his  enrollment. 

The  engineering  courses  in  the  col- 
lege are  the  same  for  the  first  year, 
and  therefore  students  may  enter 
upon  their  work  under  existing  re- 
quirements. The  work  for  the  first 
two  years  parallels  closely  that  in  the 
first  two  years  of  engineering  colleges 
the  country  over  and  will  comprise 
mathematics,  physics,  chemistry,  Eng- 
lish and  a  foreign  language. 

The  third  year's  course  will  include 
the  following:  Applied  mechanics, 
organic  chemistry,  bacteriology,  indus- 
trial water  analysis,  biology,  political 
economy,  geology,  minerals. 

The  fourth  year  will  embrace  the 
subjects  more  nearly  allied  to  public 
health,  as  follows:  Hydraulic  labora- 
tory, bacteriology  of  water  and  sew- 
age, sanitary  science,  sanitary  engi- 
neering, heat  engineering,  vital  statis- 
tics, planktonology,  water  supply  and 
waste  disposal,  structures. 

The  cost  of  tuition  to  the  residents 
of  the  state  who  fulfill  the  require- 
ments of  preliminary  education  will  be 
$130  per  year. 


No  Frozen   Mains  at  Rutland,  Vt.— 

For  the  first  time  in  the  history   of 
the  water  department  of  Rutland,  Vt.,  j 
there    has    not   been    a    frozen    water 
pipe  in  that  town  this  winter. 
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An   Example   of  "Paralysis"   of   Purpose  Due  to  Lack  of  Use  and 

Neglect 


By   LEON   B.    REYNOLDS, 
Member  of   firm   of   Burns   &   McDonnell  Engineering  Co. 


Kansas  City,  Mo. 


Independence  is  a  city  of  about  12,- 
000  population,  situated  about  9  miles 
east  of  Kansas  City,  Mo.  The  to- 
pography of  the  city  is  rather  rough, 
with  an  extreme  range  of  over  150  ft. 
in  elevation.  The  business  section  oc- 
cupies the  highest  ground  and  the 
drainage  flows  in  five  different  direc- 
tions. These  draws  fall  rapidly  and, 
of  course,  do  not  carry  much  water 
except  during  wet  weather,  and  are 
often    entirely    dry. 

The  Original  Sewer  System. — The 
original  sewer  system  was  designed 
about  1899  and  four  outlets  were  pro- 
vided with  sewage  disposal  plants. 
The  backbone  of  the  system  has  re- 
mained unchanged  and  lateral  ex- 
tensons  have  been  added  as  the  city 
has  grown.  The  original  sewage  dis- 
posal plant  for  each  outlet  consisted 
of  a  shallow  septic  tank  and  a  contact 
bed,  one  of  the  earliest  installations 
of  this  type  in  the  country.  The  sep- 
tic tanks  were  circular  radial  flow 
tanks  5  to  8  ft.  deep;  the  contact  beds 
were  orginally  filled  with  alternate 
layers  of  brick  and  coke  breeze.  By 
the  year  1908  the  coke  breeze  had 
broken  down  and  the  beds  had  become 
clogged.  At  that  time  the  filling  ma- 
terial was  removed  and  the  beds  were 
filled  with  layers  of  sand,  stone,  gravel 
and  brick.  At  the  west  plant  a  dosing 
tank  and  sprinkling  filter  were  later 
constructed  in  order  to  purify  the  sew- 
age more  thoroughly.  The  contact 
beds  were  later  abandoned  entirely, 
the  septic  tanks  ceased  to  function, 
due  to  their  filling  up  with  solids,  and 
the  sprinkling  filter  became  clogged, 
due  to  excess  of  solid  matter  being 
carried  over  from  the  septic  tank. 

What  a  Sanitary  Survey  Showed. — 
Early  in  1921  the  city  engaged  the 
firm  of  which  the  writer  is  a  member 
Ho  examine  the  sewer  system  and 
plants  for  treatment  of  sewage  and  to 
recommend  the  necessary  improve- 
ments. A  sanitary  survey  of  the  city 
was  made  to  determine  the  number 
of  houses  connected  to  the  present 
sewers.  The  authorities  were  startled 
to  find  that  1,500  houses,  or  more 
than  half  the  total  number  in  the  city 
were    not    connected    to    sewers.      Of 


these  1,500  houses  not  connected,  700 
fronted  on  streets  where  sewers  were 
already  laid  and  sewer  service  was 
available,  and  800  were  in  localities 
where  no  sewers  had  been  laid.  The 
amazing  discovery  that  nearly  one- 
quarter  of  the  population  occupied 
residences  unconnected  with  the 
sewers  started  an  agitation  to  com- 
pel the  use  of  sewers  where  available. 

Practically  all  or  the  existing  lateral 
sewers  were  found  to  be  provided 
with  flush-tanks,  101  being  the  total 
number.  Of  this  total  only  32  were 
found  to  be  operating,  41  were  receiv- 
ing no  water  due  to  the  inlet  being 
stopped  up  or  turned  off,  and  28  were 
not  flushing  due  to  leakage  through 
the  siphon  or  the  walls  of  the  tank. 
In  addition  to  the  waste  by  leakage 
in  the  28  which  were  not  flushing,  the 
water  used  by  the  32  operating  tanks 
would  have  been  sufficient  to  allow 
each  of  the  101  tanks  to  discharge 
once  every  16  hours.  This  condition 
was  also  rather  startling  to  the  city, 
and  may  be  common  to  other  cities. 

Conditions  Below  Sewage  Plants. — 
Due  to  the  small  amount  or  lack  of 
flow  during  the  summer  in  the  draws 
used  as  final  outlets  the  conditions 
below  the  sewage  plants  were  very 
offensive.  The  north,  east  and  south 
plants  consisting  or  septic  tanks  and 
contact  beds,  were  practically  not 
functioning  at  all  and  were  entirely 
neglected,  while  the  west  plant,  con- 
sisting of  septic  tank  and  sprinkling 
filter  was  neglected  and  its  efficiency 
was  low.  Damage  suits  had  been 
threatened  and  one  suit  had  already 
been  filed  by  landowners  below  the 
outlets  and  the  city  was  facing  con- 
siderable   litigation. 

The  most  startling  discovery  of  all 
was  that  the  effluent  from  the  ineffi- 
cient west  plant  discharged  into  a 
draw  about  a  mile  and  one-half  above 
Fairmount  Lake,  located  in  one  of 
Kansas  City's  amusement  parks,  on 
whose  shore  is  the  best  natural  bath- 
ing beach  in  the  city.  Physicians 
stated  that  they  had  treated  numer- 
ous infections  among  bathers  but  the 
cause  seemed  to  be  unknown,  and  the 
public   generally   was  not  aware  that 
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the  sewage  from  the  west  district  in 
which  the  city  hospital  was  located 
found  its  way  into  this  lake.  As  soon 
as  the  real  condition  became  public 
the  owners  of  the  amusement  park 
threatened  suit  for  damages  unless 
the  city  installed  a  sterilization  plant, 
and  the  city  promptly  installed  a  tem- 
porary plant  of  this  kind  to  treat  the 
effluent  with  liquid  chlorine.  In  ad- 
dition the  owners  of  the  amusement 
park  treated  the  lake  with  liquid 
chlorine  applied  from  a  plant  installed 
in  a  row-boat.  The  effect  of  these 
precautions    was    quickly    noticed    in 


1921,  to  Ray  &  Son  of  Baxter  Springs, 
Kans.,  for  the  construction  work,  and 
to  Simplex  Ejector  Co.  of  Chicago  for 
the  ejector  equipment.  The  construc- 
tion  work   was  completed   in   August, 

1922,  and  the  plants  have  all  been  lift 
operation  since  that  time. 

The  south  plant  is  designed  for  a 
flow  of  500,000  gal.  per  day,  the  north 
plant  for  200,000  gal.  per  day,  and  the 
east  plant  for  100,000  gal.  per  day. 
The  settling  chambers  of  the  Tmhoff 
tanks  are  designed  for  a  two-hour 
retention  period  on  the  basis  of  the 
entire  daily  flow  occurring  during  18 


Sprinkling    Filter    at    South    Plant    During    Construction. 


the  reduced   bacterial  content  of  the 
lake  water. 

The  New  Plant. — A  bond  issue  was 
put  up  to  the  people  on  the  basis  of 
the  preliminary  report  by  the  engi- 
neers recommending  new  treatment 
plants  consisting  of  Imhoff  tanks, 
sludge  beds,  dosing  tanks  and  sprin- 
kling filters  for  the  north,  east  and 
south  districts  and  ejector  pumping 
plants  for  the  west,  southwest,  and 
southeast  districts.  The  engineers 
conducted  an  educational  campaign 
for  the  bonds  and  they  were  voted  in 
June,  1921,  by  a  vote  of  7  to  1.  Con- 
tracts   were    awarded    in    September, 


hours   with   provision    for   reversal   of 
flow. 

The  velocity  of  now  through  the  set- 
tling chambers  varies  from  .003  to, 
.008  ft.  per  second;  the  total  depth  be- 
low sewage  level  ranges  from  19  ft. 
8  in.  to  23  ft.  6  in.  The  ratio  between 
gas  vent  surface  and  sludge  room  sur- 
face is  approximately  1:4.  Sufficient 
capacity  is  provided  in  the  sludge 
compartment  up  to  IS  in.  below  the 
slot  for  storage  of  150  days'  sludge. 

Sludge  is  withdrawn  under  hydro- 
static head  of  5  ft.  6  in.  to  6  ft.  uponi 
sludge  beds  having  areas  of  280  to| 
360  sq.  ft.  per  1,000  population.    ThJ 
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sludge  beds  have  a  surface  sand  layer 
6  In.  thick  and  underdrains  are  4-ln. 
drain  tile. 

The  dosing  tanks  are  of  the  ordi- 
nary tapered  type.  The  sprinkling 
niters  are  designed  to  operate  at  the 
rate  of  2,500,000  gal.  per  acre  per  day. 
The  best  local  limestone  in  sizes  from 
%  to  2y2  in.  was  used  for  filling  mate- 
rial with  a  depth  varying  from  5  ft. 
to  5  ft.  6  in.  Distributors  are  of  vitri- 
fied pipe  encased  in  concrete:  Mer- 
ritt  square  spray  nozzles  are  used  and 
underdrains  are  6-in.  split  drain  tile. 


ing  lake.  The  southwest  and  south- 
east districts  are  too  low  to  drain  by 
gravity  into   existing  sewers. 

At  each  ejector  station  there  are 
two  Simplex  ejectors  of  75  gal.  capac- 
ity, two  motor-driven  Gardner  vertical 
compressors  with  short  belt  and  idler 
drive  and  Westinghouse  automatic 
pressure  regulator  control.  The  dis- 
charge iines  are  6-hi.  cast  iron  pipe. 
At  the  west  station  the  static  head  is 
60  ft,  at  the  southwest  24  ft.  and  at 
the  southeast  56  ft.  A  moderate  speed 
of    250    r.p.m.    was    specified    for    the 


Sludge    Bed    and    Sprinkling    Filter   at    South    Plant. 


The  total  head  through  the  plants 
from  the  sewage  level  in  the  Imhoff 
tanks  to  the  invert  of  the  main  drain 
from  the  filters  is  14.6  ft.  at  the  north 
plant,  14.4  ft.  at  the  east  plant  and 
i'7.8  ft.  at  the  south  plant. 

The  Ejector  Pumping  Stations. — 
Ejector  sewage  pumping  stations 
were  constructed  to  pump  the  sewage 
from  the  west,  southwest,  and  south- 
east districts  into  sewers  draining  by 
gravity  into  the  south  treatment  plant. 
The  west  district  is  relatively  small 
and  Us  sewage,  including  that  from 
the  city  hospital,  is  now  prevented 
from  being  discharged  into  the  bath- 


compressors  in  order  to  secure  maxi- 
mum service  and  reliability  with  a 
minimum  of  maintenance  and  attend- 
ance. 

The  total  cost  of  the  three  sewage 
treatment  plants  was  $87,950,  includ- 
ing land  and  the  cost  of  the  ejector 
equipment  was  $11,735.  The  plants 
are  under  the  supervision  of  the 
sewer  superintendent,  E.  M.  Riddle, 
who  was  formerly  city  engineer  and 
who  is  giving  the  plants  the  attention 
which  they  deserve.  Some  difficulty 
has  been  experienced  thus  far  with 
the  Imhoff  tanks  due  to  foaming,  but 
the  sludge  is  being  kept  down  by  rak- 
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ing  and  spraying  with  water,  and  con- 
ditions are  improving.  A  removal  of 
from  70  to  75  per  cent  of  the  settlea- 
ble  solids  is  being  secured  and  a  good 
quality  of  sludge  is  being  produced. 
The  relative  stability  of  the  final  ef- 
fluent is  showing  a  gradual  improve- 
ment as  the  bacterial  action  in  the 
filter  beds  becomes  better  established. 
The  failure  to  use  sewers  after  they 
are  built  and  the  lack  of  proper  han- 
dling of  sewage  treatment  plants  as 
was  found  at  Independence  is  a  com- 
mon fault  and  really  defeats  the  good 
results  in  sanitation  that  might  be 
obtained  by  full  use  and  proper  op- 
eration of  sanitary  works. 


Cleaning  Out  Sewage  Ponds 

with  Portable  Power 

Scraper  Outfit 

By  PERRY  T.  NAYLOR, 

City  Engineer,  Hastings,  Neb. 

Hastings,  Nebraska,  like  many  other 
cities,  has  no  river  nor  lake  into  which 
it  may  discharge  its  sewage.  It  has 
not  even  a  brook  of  any  kind.  The 
city  is  located  on  the  Great  Nebraska 
Plain  about  half  way  between  the 
Platte  and  the  Little  Blue  Rivers.     It 


The  sewer  system  was  constructed 
about  30  years  ago.  Laterals  and 
mains  were  built  in  the  city  and  a  24- 
inch  outfall  sewer  was  laid  from  the 
city  in  a  northeasterly  direction  to 
some  low  ground  which  the  city  pur- 
chased for  sewage  disposal  purposes. 

The  ground  consisted  of  70  acres 
on  each  side  of  a  dry  run  which  event- 
ually empties  into  the  South  Branch 
of  the  Big  Blue  River.  On  this  land 
ponds  were  constructed  about  3  ft. 
deep  and  about  %  acre  in  area.  Gates 
were  constructed  on  the  outfall  sewer 
to  control  the  flow  of  sewage  into  the 
ponds.  When  a  pond  became  about 
2  ft.  deep  with  sewage  the  gate  was 
closed  and  another  pond  was  filled. 

The  solid  matter  soon  settles  to  the 
bottom  and  the  bacterial  action  is 
free  to  go  on.  The  water  content 
seeps  away  and  evaporates  quite  rap- 
idly in  the  dry  climate  of  Hastings 
and  in  from  2  to  3  weeks  the  pond 
is  ready  for  more  sewage.  From  time 
to  time  a  pond  is  allowed  to  dry  out 
so  that  the  sludge  can  be  removed 
from  the  bottom.  Until  last  year  sev- 
eral ponds  were  dried  at  a  time,  taking 
over  a  month  to  dry  them  enough  to 
put  the  teams  in  with  scrapers.  The 
capacity  of  the  ponds  has  been  taxed 


Road     Frame    and     '/2    Cu.     Yd.     Crescent 
Type  Scraper  Used  in  Deepen- 
ing   Pond. 

is  about  18  miles  down  to  Lie  Little 
Blue  River  and  2j  miles  up  to  the 
Platte  River  from  Hastings. 

The  name  given  to  the  soil  on  this 
plain  is  loess.  It  is  a  sediment  of  fine 
loam  and  clay.  It  is  about  30  feet 
deep  except  where  it  has  been  washed 
out  by  the  surface  drainage.  Practi- 
cally all  of  the  soil  will  go  through  a 
200  mesh  sieve.  It  is  yellow  in  color 
and  velvety  in  texture.  Beneath  the 
top  soil  is  a  deep  bed  of  sand  and 
gravel.  Water  in  large  quantity  can 
be  found  at  100  feet  below  the  sur- 
face. 


View     from     Pond     Showing     Dykes     and 
Scraper   Outfit. 

in  late  years  and  the  time  could  not 
well  be  spared  to  dry  them. 

Last  year  the  city  purchased  a 
Sauerman  dragline  scraper  outfit  with- 
out the  motor.  A  Fordson  tractor  was 
bought  for  a  very  little  more  than  the 
cost  of  the  attached  motor  and  this 
was  belted  to  the  outfit.  It  made  a 
very  flexible  piece  of  equipment.  No 
team  was  necessary  to  pull  the  heavy 
machinery  around  as  the  tractor  could 
handle  the  work  with  ease.  We  de- 
cided that  it  would  pay  to  buy  a 
Sauerman  dragline  after  the  expense 
of  team  work  was  demonstrated  to  us 
during  the  early  part  of  the  summer 
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when  a  new  pond  started  with  team 
scrapers  cost  the  city  65  cts.  per 
cubic?  yard. 

The  expense  of  two  men  and  the 
gas  and  oil  for  the  Fordson  and  the 
repairs  and  extra  equipment  was  $672 
and  the  material  moved  was  estimated 
at  4100  cu.  yds. 

The  way  we  cleaned  the  ponds  was 
to  set  the  pulling  apparatus  in  the 
field  on  one  side  of  the  pond  and 
stretch  the  cable  across  to  the  other 
side  through  a  sheave.  This  sheave 
was  chained  to  another  rider  pulley- 
on  a  cable  on  the  opposite  shore.  This 
cable  was  fastened  at  right  angles  to 
the  scraping  operations  and  allowed 
the  scraper  to  be  shifted  to  a  new  loca- 
tion by  simply  loosening  a  bolt  in  a 
clamp.  In  this  way  we  skimmed  off 
the  sludge  and  piled  it  in  a  long  pile 
in  the  field  to  be  hauled  off  for  fertil- 
izer. This  skimming  was  about  a  foot 
deep  in  some  ponds  and  wras  without 
the  least  bit  of  odor. 

After  the  sludge  was  removed  2  ft. 
of  soil  was  removed  from  the  bottom 
of  the  ponds  and  deposited  on  the 
dykes  around  the  ponds.  We  are  mak- 
ing the  dykes  wide  enough  to  have  a 
roadway  on  top  ana  also  have  a  slope 
which  can  be  grassed  over  and  kept 
cut  with  a  horse  drawn  mower. 

For  many  years  the  ponds  have 
been  neglected  through  a  misconcep- 
tion of  the  services  they  are  to  per- 
form. I  believe  that  with  the  proper 
attention  they  will  take  care  of  the 
sewage  of  Hastings  for  several  years 
more. 

Turbine  Centrifugal  Pumps  with 
Water- Lubricated,  Rubber- 
Lined  Bearings 

The  development  of  the  turbine  cen- 
trifugal pump  has  progressed  very 
rapidly  within  the  last  10  years,  un- 
til the  efficiencies  and  economy  of 
this  type  of  pump  have  reached  a 
most  satisfactory  point.  The  diffi- 
culty in  the  past  with  the  turbine  cen- 
trifugal pump  has  been  in  handling 
water  containing  grit.  Within  the 
last  few  years  this  difficulty  is  stated 
to  have  been  overcome  by  the  use 
of  water-lubricated,  rubber-lined  bear- 
ings. These  bearings  are  vulcanized 
into  brass  sleeves,  and  are  grooved  as 
the  rifles  in  a  modern  rifle  barrel. 
The  action  of  the  water  when  flowing 
upwards  in  the  turbine  drop-pipe  cir- 
culates through  the  grooves  and  not 
only  serves  as  a  lubricant,  but  carries 
the  grit  in  suspension  through  the 
grooves.     The  bearings  also  offer  re- 


siliency to  the  revolving  shaft,  which 
is  very  necessary  in  a  pump  of  this 
type.  The  Aurora  Pump  &  Mfg.  Co. 
of  Aurora,  111.,  which  has  done  much 
pioneer  work  with  this  type  of  bear- 
ing, has  made  working  tests  on  these 
bearings  and  has  been  using  them  in 
its  deep  well  turbine  pumps  for  three 
years.  Their  claim  is  that  in  that 
time,  and  using  them  in  pumps  un- 
der the  most  severe  conditions,  they 
have  never  replaced  any  bearings. 
They  are  using  them  in  countries 
where  the  condition  of  the  water  dam- 
aged other  bearings  in  a  few  months. 
The  construction  of  the  pump,  when 
using  the  water-lubricated  bearing,  is 
stated  also  to  be  simplified  to  a  great 
extent,  facilitating  quick  assembly,  or 
removal  when  necessary.  The  use  of 
rubter  bearings  is  not  new  to  users 
of  horizontal  sand  and  gravel  pumps, 
as  they  have  been  used  in  this  type 
of  pump  for  a  number  of  years,  but 
until  only  recently  have  they  been 
adapted  to  vertical  installations.  This 
bearing  has  been  used  on  the  Pacific 
Coast  very  successfully  for  some  time. 
The  suspension  of  sharp  beach  sand 
in  the  water  there  necessitated  their 
use. 

Changes  in  Retail  Cost  of  Food. — 
The  U.  S.  Department  of  Labor, 
through  the  Bureau  of  Labor  Sta- 
tistics, has  completed  the  compila- 
tions showing  changes  in  the  retail 
cost  of  food  in  22  representative 
cities  of  the  United  States.  During 
the  month  from  Jan.  15  to  Feb.  15, 
1922,  all  of  these  cities  showed  a  de- 
crease. They  are  as  follows:  Salt 
Lake  City,  3  per  cent;  Denver,  Phila- 
delphia, San  Francisco,  Scranton,  2 
per  cent.  Fifteen  cities  decreased  1 
per  cent.  Baltimore,  Boston,  Butte, 
Little  Rock,  Manchester,  Mamphis, 
Milwaukee,  Norfolk,  Omaha,  Pitts- 
burgh, Portland,  Me.,  Providence,  St. 
Louis,  St.  Paul,  and  Washington,  D. 
C,  Dallas  and  Kansas  City,  decreased 
less  than  five-tenths  of  1  per  cent. 
For  the  year  period,  Feb.  15,  1922,  to 
Feb.  15,  1923,  14  of  these  cities 
showred  increases.  Pittsburgh,  4  per 
cent;  Denver,  Little  Rock  and  Port- 
land, Me.,  3  per  cent;  Boston,  Kansas 
City  and  Providence,  2  per  cent;  Bal- 
timore, Butte,  Dallas,  Milwaukee,  St. 
Louis,  and  St.  Paul,  1  per  cent.  Phila- 
delphia increased  less  than  five-tenths 
of  1  per  cent.  Eight  cities  showed  a 
decrease  as  follows:  Omaha,  Salt  Lake 
City  and  Scranton,  2  per  cent;  Mam- 
phis   and    Washington,    D.    C. 


(161) 


r>36 


Waterworks  Monthly  Issue  of 


March 


Personals 

Eugene  Young,  formerly  secretary  of 
the  Builders  Exchange,  has  been  ap- 
pointed secretary  of  the  Associated  Gen- 
eral Contractors  of  America. 

Walter  G.  Black  of  Mandan,  N.  Dak., 
has  been  appointed  state  engineer  and 
chief  engineer  of  the  North  Dakota  State 
Highway  Commission.  Mr.  Black  is  a 
member  of  the  firm  Black  &  Griffin,  Con- 
sulting Engineers,  Mandan,  N.  Dak.,  and 
has  had  extensive  experience  in  the  con- 
struction of  highways.  In  the  world  war 
he  served  as  a  commissioned  officer  in 
the  engineers  and  in  the  reserves  is  in 
command  of  the  522nd  Engineers  Train 
(Heavy  Bridge). 


Obituary. 

Dr.  H.  H.  Stoek,  professor  of  Mining 
Engineering  and  head  of  that  depart- 
ment at  the  University  of  Illinois,  died 
suddenly  March  1  of  heart  failure.  He 
was  born  Jan.  16,  1866,  in  Washington, 
D.  C.  He  was  graduated  from  Lehigh 
University  in  1887  with  the  degree  of 
Bachelor  of  Science  in  Mining  and  in 
1888  received  the  degree  of  Engineer  of 
Mines  after  a  year  of  postgraduate  study 
at  Lehigh  University  in  mining  and 
metallurgy.  From  June,  1888,  to  Janu- 
ary. 1900,  was  assistant  engineer,  Sus- 
quehanna Coal  Co.,  Wilkes-Barre,  Penn. 
From  January.  1900,  to  June.  1903,  he  was 
instructor  in  mining,  metallurgy  and  ge- 
ology, Lehigh  University.  From  January, 
1898,  to  September,  1909,  he  was  manag- 
ing editor  of  "Mines  and  Minerals."  He 
had  been  professor  of  mining  engineering 
and  head  of  the  department  of  mining 
engineering,  University  of  Illinois,  since 
1909. 

David  A.  Decrow,  manager  of  the  West- 
ern works  department  of  the  Worthing- 
ton  Pump  &  Machinery  Corporation,  died 
in  East  Orange,  N.  J.,  Feb.  15.  Born  in 
Bangor,  Me.,  he  graduated  from  Maine 
State  College  of  Mechanic  Arts  of  the 
University  of  Maine  at  Orona  in  the  class 
of  1879.  He  went  from  Maine  to  Lock- 
port  in  the  early  '80s  and  became  asso- 
ciated with  the  Holly  Mfg.  Co.  as  a  me- 
chanical draftsman.  Here  his  engineer- 
ing and  business  ability  was  evident  from 
the  start  and  his  promotions  with  the 
Holly  Co.  were  rapid.  In  1893  he  was 
made  designing  engineer;  1900,  chief  en- 
gineer, and  1903  secretary  of  the  Holly 
Mfg.  Co.  During  his  connection  with 
that  plant  he  became  known  as  a  water- 
works engineer  of  national  prominence 
and  continued  his  work  as  a  specialist  in 
that  line  to  the  time  of  his  death.  Some 
years  ago  the  Holly  Mfg.  Co.  was  com- 
bined with  the  Snow  Steam  Pump  Works 
at  Buffalo,  N.  Y.,  as  part  of  the  Inter- 
national Steam  Pump  Co.  Mr.  Decrow 
came  to  Buffalo  at  the  time  of  this  change 
and  took  charge  of  the  pumping  ma- 
chinery manufactured  by  boti  companies 
The  International  Steam  Pump  Co.  was 
succeeded  by  the  Worthington  Pump  & 
Machinery  Corporation  in  April,  1916. 
Soon  thereafter  Mr.  Decrow  was  called 
to  the  head  office  in  New  York  as  man- 
ager of  the  waterworks  department  and 
continued  in  this  position  until  his  un- 
timely death. 


Industrial  Notes. 

The  Eastern  Paving  Brick  Manufactur- 
ers' Association,  Lincoln  Bldg.,  Philadel- 
phia,   announces    that   A.    S.    Mirick    has 
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been  appointed  district  engineer  of  west- 
ern Pennsylvania,  with  headquarters  ai 
Pittsburgh,  Pa.  Mr.  Mirick  is  a  gra/luate 
of  Cornell  University  and  has  had  an  .  n- 
gineering  experience  extending  over  a 
period  of  more  than  20  years,  a  large 
portion  of  that  time  being  in  charge  of 
road  and  street  paving.  Among  other 
connections,  he  has  been  with  the  New 
York  State  Highway  Commission,  the 
State  of  Nebraska  as  chief  road  engineer 
and  lately  in  private  practice  as  consult- 
ing engineer  on  municipal  and  highway 
construction. 

James  R.  Valk,  district  manager  in  the 
South  for  the  Asphalt  Association  and 
for  30  years  widely  known  as  an  eminent 
asphalt  pavement  engineer,  died  on  Feb. 
9  following  an  operation  for  appendicitis 
at  Atlanta,  Ga.  Mr.  Valk,  a  native  of 
South  Carolina,  was  60  years  of  age  at 
the  time  of  his  death.  Prior  to  his  ac- 
ceptance of  the  position  with  the  Asphalt 
Association  in  December,  1921,  he  had 
been  connected  with  the  Alcatraz  As- 
phalt Co.,  Warren  Bros.,  Carson  Petrol- 
eum Co.,  Standard  Asphalt  and  Rubber 
Co.  and  the  United  States  Asphalt  Refin- 
ing Co. 

On  March  first,  exactly  on  schedule 
time,  the  first  pipe  was  made  at  the  new 
pressure  pipe  works  of  the  McWane  Cast 
Iron  Pipe  Co.  in  Birmingham,  Ala.  Con- 
struction was  begun  on  this  plant  last 
September  and  record  time  made  in  push- 
ing it  through  to  completion  on  the  time 
schedule  set  then,  which  called  for  opera- 
tions to  begin  March  1,  1923.  The  new 
works,  which  add  many  thousand  feet  a 
day  to  the  country's  pressure  pipe  pro- 
duction, will  specialize  on  the  McWane 
precalked  joint  cast  iron  pipe  in  sizes 
ranging  from  1%  in.  upward.  The  plant 
is  in  sight  of  the  coke  ovens  and  blast 
furnaces  supplying  its  raw  materials. 
Announcement  is  also  made  of  the  open- 
ing of  sa!es  offices  for  the  McWane  pipe 
at  Philadelphia,  Birmingham,  Dallas  and 
Los  Angeles,  with  warehouse  stocks  at 
other  convenient   centers. 

The     Heil    Co.,     Milwaukee,     Wis.,    has 

moved  its  Chicago  offices  from  2718  Went- 
worth  Ave.  to  2422-26  Cottage  Grove  Ave., 
where  the  new  service  and  sales  room  of 
the  Chicago  Heil  distributors  has  three 
times  more  floor  space  than  the  old  of- 
fices. Twenty  men  are  employed  at  this 
Chicago  service  station  to  mount  the  Heil 
hoist,  Heil  body  and  the  Heil  quality 
tank  equipment.  H.  F.  Kneppreth  is 
manager  of  the  Chicago  branch,  assisted 
by  Joseph  Wais.  The  Heil  Company  of 
Milwaukee  has  established  daily  truck 
service  from  Milwaukee  to  Chicago. 
This  service  enables  customers  to 
get  immediate  delivery  on  their  or- 
ders. The  home  office  of  the  Heil  Co. 
has  also  announced  a  change  of  address 
in  the  New  York  distributing  station.  The 
Motive  Parts  Corp.,  Heil  distributors  in 
New  York  territory,  have  moved  from 
136  West  55th  St.  to  their  new  offices, 
796  10th  Ave.,  near  53rd  St.  The  H.  P. 
Wilson  Co.  of  Denver,  Colo.,  has  recently 
been  engaged  as  the  Heil  Distributor  in 
that  district.  The  office  of  the  Wilson 
Co.  is  a;t  17th  and  Blake  Sts.,  where  thev 
are  able  to  give  complete  service  on  all 
Heil  equipment. 

Wm.  H.  Schutte,  who  has  been  identi- 
fied for  a  long  time  with  the  Chicago  sell- 
ing force  of  the  Blaw-Knox  Co.,  has  been 
promoted  to  managership  of  its  Chicago 
office. 
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Does  the  Farmer  Pay  the 
Freight? 

The  Secretary  of  Agriculture  re- 
cently said:  "The  cost  of  transporta- 
tion is  essentially  a  part  of  the  cost 
of  production,  so  far  as  agriculture  is 
concerned,  and  any  increase  in  trans- 
portation cost  must  come  out  of  the 
price  the  farmer  receives."  Then  be 
added  that  in  this  respect  the  farmer 
differs  from  "the  manufacturer,  the 
jobber,  or  the  retailer,  all  of  whom 
as  a  rule  are  able  to  add  increased 
transportation  costs  to  the  price  they 
get  from  the  buyer."  But  Secretary 
Wallace  failed  to  show  why  the  farm- 
er idiffers  so  radically  from  other 
producers  in  ability  to  pass  the  freight 
bill  on  to  the  ultimate  consumer. 

The  fact  is  that,  in  the  long  run, 
the  ultimate  consumer  pays  the  entire 
cost  of  production  inclusive  of  freight: 
and  no  facts  can  be  adduced  in  sup- 
port of  the  contention  that  the  aver- 
age farmer  must  bear  the  freight  part 
of  the  cost. 

The  price  of  wheat  is  determined 
by  the  relation  of  supply  to  demand, 


and,  in  the  long  run,  the  price  is 
equal  to  the  entire  cost  of  production 
and  transportation  incurred  by  the 
least  economic  and  most  remote  farms 
that  can  be  operated  without  loss.  In 
consequence  of  this  economic  fact, 
the  least  economic  and  most  remote 
grain  farms  show  no  profit  and  there- 
fore have  no  land  value  as  grain  pro- 
ducers; whereas,  the  most  economic 
and  nearest  grain  farms  show  a  large 
profit  and  have  high  land  value. 

If  a  fertile  farm  is  so  close  to  mar- 
ket that  the  freight  rate  is  low,  it 
will  show  a  higher  profit  than  an 
equally  fertile  farm  more  remote  from 
market.  This  seems  to  support  the 
theory  that  farmers  in  general  pay 
the  freight;  whereas  the  fact  remains 
that  the  ultimate  consumer  pays  tbr 
freight  in  every  case  to  the  most 
remote  farm,  and  that  the  farm  mos* 
near  to  market  enjoys  an  "unearned 
increment"  of  profit  ascribable  to  its 
nearness  to  market. 

It  is  strange  that  a  Secretary  of 
Agriculture  is  so  little  versed  in  th*< 
elementary  principles  of  economics 
that  he  seriously  contends  that  farm- 
ers pay  all  Increases  in  agricultural 
freights. 
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Can  the  Head  Resistance 
of  Trains  Be  Re- 
duced? 

It  has  long  been  known  that  the 
resistance  of  air  varies  greatly  with 
the  shape  of  the  body  moving  through 
it.  More  than  23  years  ago  an  Italian 
engineer,  Canovetti,  made  some  ex- 
periments that  showed  that  a  pear- 
shaped  body  moving  through  the  air 
at  40  ft.  a  second  encountered  only 
15  per  cent  as  great  resistance  as 
that  encountered  by  a  disk  of  equal 
diameter.  The  pear-shaped  body  in 
his  experiments  had  a  hemispherical 
front,  and  a  conical  tail,  the  tail  being 
five  times  as  long  as  the  diameter. 
The  resistance  of  a  hemisphere  with- 
out a  conical  tail  was  25  per  cent  that 
of  a  disk  of  equal  diameter,  and  near- 
ly 70  per  cent  greater  than  that  of 
the  pear-shaped  body.  When  the  pear- 
shaped  body  was  propelled  with  its 
conical  end  at  the  front,  its  resistance 
was  nearly  50  per  cent  greater  than 
when  the  hemispherical  end  was  at 
the  front. 

A  few  weeks  ago  it  was  announced 
that  American  army  experts  have  de- 
signed a  rifle  bullet  that  will  travel 
40  per  cent  farther  than  the  present 
style  of  bullet.  The  new  bullet  is 
called  a  "boat-tail  bullet,"  and  has  a 
6  degree  taper  at  the  tail,  from  which 
it  would  seem  that  it  is  pear-shaped, 
with  a  very  elongated  tail.  Thus, 
nearly  a  quarter  of  a  century  after 
Canovetti  had  demonstrated  the  re- 
markable efficiency  of  a  pear-shaped 
body  as  a  device  for  reducing  air 
friction,  the  idea  is  to  be  applied  to 
rifle  bullets. 

The  resistance  of  a  fast  moving 
passenger  train  is  mainly  "head  re- 
sistance," that  is  the  resistance  of 
the  air  that  is  pushed  aside  by  the 
front  end  of  the  train.  Could  this 
resistance  be  greatly  reduced,  it 
would  be  not  only  possible  to  operate 
passenger  trains  economically  at  high- 
er velocities,  but  freight  trains  as 
well.  Surely  the  possibility  of  such 
an  achievement  warrants  experi- 
ments. 

For  some  reason  the  tapering  tail 
of  a  pear-shaped  body  is  instrumental 
in  reducing  air  resistance.  May  it  not 
be  due  to  the  fact  that  the  air  cur- 
rents that  sweep  around  the  body 
strike  the  conical  tail  at  such  an 
angle  as  to  assist  in  propelling  the 
body  forward?     If  so,  may  it  not  be 


possible  to  design  a  car  that  would 
greatly  reduce  head  resistance  if 
placed  in  front  of  a  locomotive? 


Some  Changes  in  Rail- 
way Management  Un- 
der the  Fascisti 

Under  the  socialistic  government  of 
Italy  the  railways  were  run  at  an 
enormous  loss  which  the  new  Fascisti 
government  is  endeavoring  to  reduce. 

About  14,000  useless  railway  em- 
ployes have  been  discharged.  It  is 
estimated  that  operating  expenses 
will  be  $100,000,000  less  in  1923  than 
in  1922,  despite  the  fact  that  the 
salaries  of  employes  in  the  higher 
ranks  will  be  raised.  Indeed,  it  is 
anticipated  that  the  very  act  of  rais- 
ing such  salaries  will  stimulate  the 
recipients  to  effect  greater  economies. 
The  leveling  of  railway  wages  during 
the  socialistic  administration  had  a 
very  bad  effect  upon  the  intellectual 
part  of  the  railway  staff  and  also 
lowered  the  respect  for  their  author- 
ity. When  a  section  hand  has  an  in- 
come almost  as  great  as  a  division 
superintendent,  the  section  hand  is 
apt  to  regard  his  own  judgment  as 
being  upon  a  parity  with  that  of  the 
superintendent,  for  there. is  a  strong 
inclination  to  measure  ability  in 
terms  of  income.  Contrariwise,  a  su- 
perintendent who  is  paid  little  more 
than  a  laborer,  is  apt  to  despise  the 
employer  who  rates  mental  ability  no 
higher  than  manual  strength;  and  an 
employer  who  is  despised  for  lack  of 
discernment  is  quite  likely  to  receive 
a  service  that  is  inefficient. 


An  Old  Quack — Dr.  Law 

Whenever  a  large  class  of  citizens 
of  a  democracy  finds  itself  in  eco- 
nomic trouble,  a  hurried  call  for  Dr. 
Law  is  sent  to  the  legislature.  Is  the 
wheat  crop  so  abnormally  large  as  to 
reduce  the  price  per  bushel?  Then 
send  for  Dr.  Law  to  raise  the  price. 
Are  the  banks  charging  high  interest 
rates?  Summon  Dr.  Law.  Are  the 
sugar  refiners  raising  the  price  of 
sugar?     Phone  to  Dr.  Law. 

Last  year  more  than  10,000  new 
laws  were  placed  upon  the  statute 
books  by  our  legislators.  How  many 
bills  failed  to  secure  the  necessary 
majority  of  votes,  we  do  not  know, 
but  venture  a  guess  that  it  was  fully 
50,000.    Bills  to  prohibit  smoking,  bills 
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to    regulate    the    length    of    women's  ^     Change      from     State      to 

skirts,    bills    to-  abolish    teaching    ot  -          -  -f        -      .             n~~U 
evolution,  fool-made  bills  by  the  thou-  JLocal  Regulation  a  tSaCK- 
sand  were  voted  upon,  and  many,  alas,  Ward   Step 
are  now  part  of  the  "law  of  the  land."  „.»,*.«.     «,    7  .'     «  «           T           . 
AfteTall,    a    modern    democracy    is  Editorial   in  Electric  Railway  Journal, 
very  much  like  an  Indian  tribe  which,  Feb-   17>   1923- 
when  in  trouble,  summons  its  "medi-  If  reports  from  Albany  are  correct 
cine    man."      The    counterpart    voodo  there    is    growing    opposition    in    the 
doctor  is  the  legislature  with  its  torn-  Assembl      to    Governor    Smith's    plan 
torn   debates.     But  there   is   this   su-  -                                    •          * 
periority  of  the  "medicine  man"  over  to  turn  the  clock  back  in  the  state, 
a   legislature:    He    can   force   no   one  as    regards     utility     regulation.      The 
but  the  patient  to  swallow   his  pow-  governor  reiterated  his  program  at  a 
rtered   snake  skin,  whereas  a  legisla-  meeting  on  Feb.  3  of  the  New  York 
ture     can     compel     an     economically  Board  of  Trad       t  which  he  wag  the 
healthy  person,  as  well  as  one  that  is  .      .,    ,                 TT          ,                   „  .. 
ill    to    take    the    cure.      Witness    the  invited  guest.    He  spoke  again  of  the 
railways  after    fifteen  years  of  dosing  large  number  of  changes  which  there 
by  the'  Interstate  Commerce  Commis-  had   been    in    the   personnel   of   colli- 
sion.    Fifteen  years  ago  the  farmers  missions   since   1907,  about  56   differ- 
and   some   other   classes   of   shippers  ent  commissioners  having  served  dur- 
were  economically  sick,  so  they  called  mg  that  time.     He  also  spoke  of  mu- 
old   Dr.   Law  and   asked  him  to  pre-  nicipal    operation    of   the    water   sup- 
scribe.    His  prescription  was  the  Hep-  piy  as  an  argument  in  favor  of   the 
burn   bill,   under  which   the    I.   C.   C.  municipal   operation   of  the   transpor- 
began  its  rate  reduction  and  manager-  tation   utilities.      He    failed    to    point 
ial  restriction  treatment.    As  a  result.  out,     however,    that     the     operating 
the   railways   are   so   economically  ill  problems    of    the    v^ater    supply    sys 
that  few  of  them  can  sell  any  com-  tems  and  street  railways  are  entirely 
mon    stock    for    necessary    improve-  different,  and  that  if  there  have  been 
ments  and  extensions.    No  one  wants  frequent  changes  in  the  commissions 
to  risk  capital  in  an  industry  that  is  ^  is  the  fault  of  the  law  by  which 
being  dosed  to  death  by  old  Dr.  Law.  such  changes  can  be  made,  not  of  the 

— : principle. 

Locomotive    Shipments    Decline,  If    New    York    state    changes    from 
Orders  Increase  state   to    municipal    regulation    of   its 
.  ■•    „    '        .            ..  Aa  utilities  it  is  safe  to  say  there  will  be 
Shipments    of   railroad    locomotives  an   out         from   local   politicians    all 
from     the     principal     manufacturing  oyer  tfce  count       for  what  they  wil] 
plants  declined  slightly  in  February,  caU    <<home    rule„    oyer    these    same 
according  to  figures  published  by  the  corporations.     Naturally  the  local  pol- 
Department  of  Commerce  from  com-  itician  wm  want  to       t  these  utlllties 
pilations  by  the  Bureau  of  the  Census.  ,n   imder   his   thumb>   but   such   a 
Unfilled    orders    however,   reached    a  lan  wouM  tend  to  bring  a  return  of 
new  high  record  at  2,220  locomotives  h     abugeg  which   existed   when   this 
at  the  end  of  February  an  increase  of  method   of  utmty  regulation  was  be- 
432    during    the    month.    Both    ship-  .        followed  before, 
ments  and  unfilled  orders  on  foreign  Governor  Smith  speaks  about  state 
account    continue  to  decline  and  now  regulation— as    involving    divided   re- 
form  but  a  small  proportion   of   the  sponsiDilities.  Actually,  when  aboard 
total.     The  following  table  compares  Qf  aldermen  or  a  common  council  is 
the  February,   1923    figures  with  the  in  charge  of  regulation,  responsibility 
previous   month   and  with  the   corre-  ,g  much  more  divided  than  where  the 
sponding  month  last  year,  in  number  regulation    is    in    charge   of    a    state 
of  locomotives:  commission.     Moreover,  with  a  state 
1923!      1923!      1922!  commission     acting     under     definite 
Shipments:  rules,  with  proceedings  conducted  en- 
Domestic    196        217          40  tirely  in  public  and  with  politics  ex- 

Foreign    __2l      _ll      !  eluded,   there   is    much   more   chance 

Total    207        229          44  for  both  utilities  and  public  that  jus- 

Unfllled  orders:  tice  will  be  administered.     With  the 

SSSSn10    2Mn     hQH        ^1  introduction  of  the  governor's  bill  for 

Forelgn    ••••••_79      _89      __bb  n^    ^^    cuy     developments    may 

Total    2,220      1,788        239  De  expected. 
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Some   Figures   on    Watered 
Stock  in  Railroad  Cap- 
italization 

Editorial  in  American  Machinist,  Feb.  22, 
1923. 

One  of  the  first  arguments  brought 
forth  by  a  condemner  of  the  railroads 
of  the  United  States  relates  to  the 
sinful  amount  of  water  in  their  cap- 
ital stock.  Without  accurate  figures 
to  back  his  contentions  their  defender 
is  hard  put  to  refute  the  generalization 
because  everyone  knows  of  the  bonus 
stock  issued  in  the  early  days  when 
the  roads  were  being  built. 

In  a  recent  address,  George  E.  Rob- 
erts of  the  National  City  Bank  of  New 
York  gave  figures  on  stock  watering 
that  are  interesting.  He  pointed  out 
that  most  of  the  roads  have  been  prac- 
tically rebuilt  in  the  last  twenty  years. 
So  much  money  has  been  spent  on 
them  that  the  original  stock  issues  are 
quite  insignificant.  If  all  the  common 
stock  issued  by  one  big  railroad  prior 
to  a  reorganization  twenty-five  years 
ago  had  been  water,  it  would  be  but 
four  per  cent  of  the  present  capital 
obligations.  The  deferred  dividends 
for  four  years  at  six  per  cent  on  the 
stock  sold  at  par  since  the  reorganiza- 
tion would  cover  it. 

On  another  trunk  line  road  enough 
stock  has  been  sold  to  the  public  at 
more  than  par  for  the  premiums  thus 
obtained  to  aggregate  more  than  all 
the  stock  issued  for  any  other  consid- 
eration than  cash. 

There  is  no  possibility  of  any  wat- 
ered value  in  the  valuation  surveys 
conducted  by  the  I.  C.  C.  Equities 
under  this  official  valuation  run  from 
$133  to  over  $200  per  share  of  com- 
mon stock  on  such  roads  as  the  Santa 
Fe\  Rock  Island  and  Illinois  Central. 

When  politicians  and  bureaucrats 
are  willing  to  accept  the  result  of  ex- 
pert investigations  and  stop  follow- 
ing surmises  and  guesses  in  framing 
restrictive  legislation,  we  may  hope 
that  the  railroad  managements  will 
have  a  chance  to  raise  the  money 
they  so  urgently  need  for  new  equip- 
ment for  their  shops  and  for  trans- 
portation. 


Dust  Explosion  Prevention  Engi- 
neers.— The  U.  S.  Civil  Service  Com- 
mission, Washington,  D.  C,  will  hold 
open  competitive  examinations  April 
24  and  25  for  dust  explosion  preven- 
tion engineers  in  U.  S.  Bureau  of 
Chemistry. 


Steam  and  Electric  Interests 
Combine    to    Develop    Elec- 
tric Locomotive  in  Sup- 
plying Increasing 
Demand 

An  interesting  and  pertinent  com- 
mentary on  the  advances  in  railway 
electrification  to  which  references 
were  made  in  last  month's  Railways 
Issue  of  Engineering  and  Contracting 
is  afforded  in  the  announcement  of 
the  co-operative  plan  of  the  General 
Electric  Co.  and  the  American  Loco- 
motive Co.,  made  in  the  February  17 
issue  of  Railway  Review,  which  we 
quote  in  full  as  follows: 

The  General  Electric  Co.  and  the 
American  Locomotive  Co.  have  made 
an  agreement  to  co-ordinate  more 
closely  their  efforts  in  the  design  and 
manufacture  of  electric  locomotives 
for  use  on  steam  or  electric  railways. 
A  notice,  under  date  of  February  15th, 
sent  to  railroad  executives,  and  signed 
jointly  by  Andrew  Fletcher,  president 
of  the  locomotive  company  and  Ger- 
ard Swope,  president  of  the  General 
Electric  Co.  says:  "General  Electric 
Co.  and  American  Locomotive  Co.  take 
pleasure  in  announcing  that  they  have 
entered  into  an  arrangement  providing 
for  close  co-operation  between  the  en- 
gineering organizations  and  manufac- 
turing facilities  of  the  two  companies 
in  the  design  and  manufacture  of 
electric  locomotives  for  use  on  steam 
or  electric  railways.  Inquiries  ad- 
dressed to  either  company  will  receive 
prompt  attention." 

In  making  the  arrangement  at  this 
time  both  companies  have  been  in- 
fluenced by  the  increased  interest  and 
business  in  railway  electrification  both 
in  the  United  States  and  abroad  which 
is  manifesting  itself  and  which  indi- 
cates a  considerable  volume  of  work 
of  this  character  in  the  near  future. 
A  recent  survey  of  the  locomotive  de- 
partment of  the  Erie  works  of  the 
General  Electric  Co.  indicates  that 
at  present  there  are  a  larger  number 
of  orders  from  various  customers  than 
has  been  the  case  at  any  time  since 
the  beginning  of  the  world  war.  For- 
eign business  appears  even  more 
active  than  domestice.  Spain,  France, 
Chile,  Japan,  Mexico  and  South  Africa 
are  engaged  in  extensive  projects 
while  other  countries  including  Italy 
and  Great  Britain  are  seriously  con- 
sidering large  scale  electrifications. 

For  a  number  of  years  the  Ameri- 
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can  Locomotive  Co.  and  the  General 
Electric  Co.  have  collaborated  in  the 
development  of  electric  locomotives. 
The  locomotive  company  has  applied 
its  knowledge  and  experience  in  the 
locomotive  building  art  particularly 
to  the  design  of  the  mechanical  ele- 
ments in  the  fabrication  of  which  its 
manufacturing  facilities  were  utilized, 
while  the  knowledge  and  experience 
of  the  General  Electric  Co.  were  ap- 
plied to  the  design  of  the  electrical 
elements. 

It  is  the  satisfactory  results  of  this 
collaboration  which  has  led  to  the  for- 
mal relationship  just  announced,  both 
companies  believing  that  progress  in 
the  art  can  most  effectively  be  as- 
sured by  such  means.  The  arrange- 
ment relates  only  to  co-operation  in 
design,  development  and  manufacture 
and  does  not  comprehend  any  finan- 
cial relationships  between  the  two 
companies. 


Specifications     for     Highway 
Grade  Crossing 

In  connection  with  a  committee  re- 
port presented  March  13  at  the  24th 
annual  convention  of  the  American 
Railway  Engineering  Association  the 
following  general  specifications  for 
highway  grade  crossings  approaches 
other  than  those  for  which  require- 
ments are  stipulated  by  law,  were  sub- 
mitted: 

A  railroad  grade  crossing  should  be 
so  constructed  that  it  will  not  limit 


NOT  MORE  THAN  S  HISHDJ^ 
NOR  9"  LOWER  TWA/1  TOP  Of  RNL. 
J-  lOWtR  TfWI  TOP  or  rail— 


Fig.      1. — Method      of      Fixing      Approach 
Grades  for  Highway  Crossings. 

the  traffic  on  a  highway,  in  respect  to 
the  number  of  vehicles  or  load  carried 
by  the  highway. 

The  grade  of  the  surface  of  the 
highway  should  be  level  with  the  top 
of  the  near  rail  for  a  distance  of  1  ft. 
outside  thereof;  should  be  3  in.  lower 
10  ft.  outside  of  the  rail;  and  should 
be  not  more  than  3  in.  higher  nor  9  in. 
lower  than  the  top  of  the  rail  at  points 
30  ft.  from  it,  measured  at  right 
angles  thereto.  The  grade  beyond 
these  30-ft.  points  should  not  exceed 
that  which  prevails  in  the  section  of 


the  country,  for  highways  of  the  class 
under  consideration. 

This  is  illustrated  in  Fig.  1. 

When  a  highway  crosses  a  railroad 
at  an  angle  less  than  a  right  angle, 
consideration  should  be  given  to 
changing  the  alignment  of  the  high- 
way, so  that  the  portion  within  the 
limits    of    the    railroad    right-of-way 


Fig.    2.— Method    of    Relocating    Highway 

Grade    Crossings   to    Cross    Tracks 

at    Right   Angles. 

would  be  at  right  angles  to  the  track. 

This  is  illustrated  in  Fig.  2. 

The  width  of  embankments  at  the 
crown,  and  of  cuts  exclusive  of 
ditches,  should  not  be  less  than  20  ft. 

Ample  drainage  for  track  and  high- 
way should  be  provided. 

A  crossing  should  be  constructed 
with  continuous  surface  between 
points  not  less  than  8  in.  outside  of 
each  rail.  The  surface  should  be  not 
more  than  XA  in.  below  the  top  of  the 
rail  and  should  be  beveled  at  each  end. 
Flangeways  2^4  in-  wide  should  be 
provide^  on  straight  track  and  on 
curves  of  8°  and  under,  and  2y2  in. 
wide  on  curves  in  excess  of  8°.  They 
should  be  flared  at  the  ends  to  3%  in. 
As  far  as  it  may  be  practicable  to 
avoid  them,  there  should  be  no  rail 
joints  within  the  limits  of  the  cross- 
ing. 


Changes  in  Retail  Prices  of  Food.— 

The  retail  food  index  issued  by  the 
United  States  Department  of  Labor 
through  the  Bureau  of  Labor  Statis- 
tics, shows  that  there  was  a  decrease 
of  1  per  cent  in  the  retail  cost  of  food 
to  the  average  family  in  February, 
1923,  as  compared  with  January,  1923. 
In  January,  1923,  the  index  number 
was  144;  in  February,  1923,  142. 
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Electrification     of     Steam 
Railways 

Progress  Report  of  Special  Committee, 

by  American  Society  of  Civil  En- 
gineers,    Presented     Jan.     17, 
at  Annual  Meeting  of 
the  Society. 

This  committee  was  appointed  in 
February,  1922,  but  as  all  the  original 
appointees  did  not  qualify,  the  com- 
mittee, as  now  constituted,  was  not 
finally  formed  until  later.  Although 
it  has  had  no  meeting,  there  has  been 
an  exchange  of  views  by  correspon- 
dence, which  has  resulted  in  a  general 
understanding  as  to  the  scope  of  the 
work  to  be  undertaken.  Considerable 
information  regarding  the  subject  to 
be  investigated  has  been  collected. 
The  committee  hopes  that  in  its  sub- 
sequent reports  it  may  have  its  in- 
vestigations in  hand  to  such  an  extent 
as  will  justify  the  statement  of  some 
underlying  principles  governing  the 
electrification  of  steam  railroads. 

Several  societies  and  associations 
have  special  committees  considering 
various  phases  of  the  electrification 
of  steam  railroads.  The  committee 
understands  that  under  its  instruc- 
tions it  is  privileged  to  confer  with 
such  committees  and,  in  due  time,  will 
doubtless  desire  to  establish  some 
contacts  of  this  nature.  However,  so 
far,  this  has  not  been  attempted, 
pending  a  decision  as  to  the  extent  to 
which  this  committee  should  attempt 
to  investigate  this  quite  large  subject, 
especially  as  it  appears  that  other 
similar  committees  are  generally  con- 
fining their  investigations  largely  to 
the  more  technical  phases  of  this 
problem. 

The  committee  inclines  to  the  opin- 
ion that  the  broad  question  of  the 
electrification  of  steam  railroads  is 
not  primarily,  or  even  largely,  a  ques- 
tion of  the  choice  of  a  particular  sys- 
tem or  type  of  electrification;  but,  on 
the  contrary,  and  especially  at  this 
time,  is  more  largely  dependent  on 
financial  and  economic  conditions; 
that  if  these  conditions,  in  any  case, 
justify  the  cost  of  electrification,  little 
or  no  difficulty  would  be  had  in  the 
selection  of  the  system  or  type  of 
electrification  which  would  reasonably 
meet  the  requirements.  The  commit- 
tee proposes,  therefore,   to  study  the 


subject  first  from  the  viewpoint  of  the 
economics  of  the  problem. 

Doubtless,  there  are  cases  which 
would  result  in  benefits  alike  to  the 
pubHc  and  to  the  railroads.  That  this 
applies,  in  general  terms,  to  any  large 
number  of  localities  or  railroads  is 
probably  riot  true.  Public  interest  in 
electrification  is  mostly  confined  to 
large  urban  districts,  in  the  expecta- 
tion that  a  material  reduction  of 
smoke  and  noise  would  result.  Al- 
though it  is  true  that  there  would  be 
some  advantages  in  these  regards,  it 
is  possible  that  the  results  would  be 
comparatively  small  in  view  of  the 
many  sources  of  smoke  and  noise 
other  than  railroads.  There  are  doubt- 
less situations,  principally  in  large 
terminals  and  in  thickly  populated 
urban  districts,  where  electrification 
may  be  very  desirable,  perhaps  even 
necessary,  and  where  the  question  of 
the  economies  resulting  from  the 
change  may  have  to  be  made  a  sec- 
ondary consideration.  Such  situations 
are  in  a  class  by  themselves  and  must 
have  consideration  independently  of 
the  larger  and  broader  problem  of 
the  electrification  of  railroads  over 
considerable  distances,  in  order  that 
they  may  be  made  more  efficient  and 
economical  transportation  agencies. 
The  electrification  of  railroads  by  op- 
erating divisions  becomes,  therefore, 
a  somewhat  different  and  more  im- 
portant problem  than  the  greater 
number  of  electrifications  thus  far 
made  in  the  United  States. 

The  economies  which  are  usually 
effected  by  electrification  do  not  often 
enter  into  the  whole  range  of  trans- 
portation costs,  but  are  confined 
largely  to  the  cost  of  power  and  its 
applications,  and  those  items  of  trans- 
portation cost  which  are  affected  by 
a  change  in  form  of  motive  power  and 
changes  in  operating  conditions  made 
possible  thereby.  One  of  the  condi- 
tions affecting  the  quantity  and  cost 
of  power  is  the  volume  of  traffic.  If 
this  conclusion  is  correct,  the  electri- 
fication of  steam  railroads,  where  un- 
dertaken primarily  as  a  means  of 
increasing  efficiency  and  economy, 
can  be  expected  first  on  those  roads, 
or  parts  of  such  roads,  where  the 
volume  of  traffic  is  large,  or,  where 
the  volume  of  traffic  in  connection 
with  ruling  gradients  calls  for  large 
expenditures  of  power.  It  also  ap- 
pears probable  that  a  further  condi- 
tion necessary  to  economy  would  be 
that  the  change  from  steam  to  electric 
power  should  be  made  effective  over 
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^continuous  stretches  of  railroad  of 
Considerable  length. 
F  To  change  a  railroad  from  steam  to 
electric  operation  requires  not  only  a 
large  expenditure  of  new  capital,  but 
also  the  abandonment  and  retirement 
of  many  existing  facilities.  Under 
conditions  such  as  have  existed  dur- 
ing the  last  few  years,  and  still  exist, 
the  additional  capital  for  electrifica- 
tion would  be  difficult  to  arrange  for 
and,  in  the  case  of  many  railroads, 
would  be  impossible.  The  wiping  out 
of  existing  investments  by  retire- 
ments, although  largely  a  matter  of 
accounting,  presents  a  practical  diffi- 
culty of  no  small  magnitude.  As  a 
practical  matter,  therefore,  the  elec- 
trification of  steam  railroads  may  be 
expected  to  be  effected  only  on  a 
showing  of  substantial  benefits  which 
would  result  in  lowering  transporta- 
tion costs  and  leave  the  railroads  a 
return  somewhat  more  than  sufficient 
to  justify  the  increased  financial  bur- 
dens which  the  change  would  involve. 
!  If  made  to  include  one  or  more  op- 
erating divisions,  electrification  would 
most  likely  also  include  the  urban 
terminals  where  the  public  benefits 
arising  from  it  would  be  enjoyed.  On 
§he  contrary,  the  electrification  of 
large  terminals  only,  brought  about 
solely  by  local  conditions,  would  not 
extend  the  benefits  of  electrification 
for  the  public  beyond  that  immediate 
locality,  and  might  prove  to  be  an 
added  burden  rather  than  an  economy 
for  the  railroad. 

The  committee  is  desirous  that  it 
be  understood  as  making  the  preced- 
ing statements  as  generalities;  they 
are  not  to  be  considered  at  this  time 
even  as  tentative  conclusions.  They 
indicate  some  of  the  phases  of  the 
subject  to  which  the  committee  will 
give  careful  consideration. 


What  the  Employer  Expects  of 

the  New  Graduate  Engineer 

{  It  is  believed  to  have  been  demon- 
strated by  the  replies  to  question- 
naires sent  to  employers,  by  conversa- 
tions with  employers,  and  by  printed 
Statements  that  have  appeared  occa- 
sionally that  the  demand  of  the  em- 
ployer is  for  men  thoroughly  educated 
in  the  fundamental  principles  of  engi- 
neering, and  trained  to  reason  correct- 
7  when  using  these  principles.  Em- 
ployers seem  to  be  aware  that  engi- 
neering schools  are  not  trade  schools, 
nor  schools  for  the  teaching  of  the 
details  of  the  art  of  engineering,  such 


as  schools  of  dentistry  and  medicine, 
which  teach  the  details  of  the  art  of 
the  practice  as  well  as  the  science. 
The  art  of  engineering  is  so  extensive 
and  varied  and  is  so  constantly  chang- 
ing in  many  branches  that  any  person, 
whether  he  is  a  teacher  or  an  em- 
ployer, who  is  familiar  with  the  work 
of  the  engineers  must  realize  that,  in 
four  years  of  college  work  it  is  im- 
possible to  teach  both  the  funda- 
mental theory  on  which  the  practicing 
engineer  must  rely  for  the  develop- 
ment of  his  art,  and  also  the  details 
of  that  art,  which  to  a  considerabe 
degree  vary  with  each  particuar  com- 
mission in  which  such  art  must  be 
appied,  if  indeed  it  can  be  taught  at1 
all  in  college.  Colleges  of  dentistry 
and  medicine  have  their  clinics  and 
hospital  practice,  law  schools,  their 
practice  courts,  but  engineering 
schools  cannot  build  bridges,  locomo- 
tives, railroad  track,  generators,  tele- 
phone lines,  etc.,  for  the  purpose  of 
student  practice. 

The  inquiring  faculties  think  they 
have  discovered,  also,  that  the  engi- 
neer is  rapidly  coming  into  what  may 
be  called  "his  own";  that  the  public 
is  recognizing  more  and  more  the 
value  of  his  advice  on  public  enter- 
prises— often  not  purely  engineering 
enterprises.  It  is  recognized  that  his 
training — narrow  as  it  has  been — and 
his  professional  experience,  when  it 
has  been  somewhat  broader  than  his 
training,  has  fitted  him  peculiarly  to 
reason  correctly  on  economic  ques- 
tions as  well  as  on  questions  of  the 
technical  application  of  the  laws  of 
physics,  mathematics,  and  chemistry; 
and  it  seems  to  be  more  and  more 
desirable  that  in  college  the  young 
engineer  should  be  trained  somewhat 
in  the  fundamental  principles  of  eco- 
nomics and  accounting,  and  should 
have  brought  to  his  attention  some- 
what of  the  results  of  historic  events. 

The  discovery  or  development  of 
these  things  and  one  other  circum- 
stance have  brought  about  the  move- 
ment among  the  mid-western  schools 
for  a  more  extended  college  training, 
"for  those  engineering  students  whose 
aim  is  to  become  qualified  to  take 
positions  among  the  creative  leaders 
in  the  profession."— From  a  paper, 
"The  Outlook  for  the  Engineering 
Schools  of  the  Middle  West,"  pres- 
ented Jan.  17  at  annual  meeting  of 
the  American  Society  of  Civil  Engi- 
neers, by  Wililam  G.  Raymond,  dean, 
College  of  Applied  Science,  State  Uni- 
versity of  Iowa. 
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Current  Material  Prices 


Iron  and  Steel  Prices 

(From  the  Iron  Age,  March  15,  1923.) 

Prices  as  of  March   13,   f.   o.    b.   Pitts- 
burgh : 
Open  hearth  rails,  heavy,   per  gross 

ton $43.00 

Light   rails    (25-45    lb.    section),    per 

lb 2.15c 

Track    spikes,    9/16    in.    and    larger, 

base,  per  100  lb 3.15 

Track    spikes,    %    in.,    7/16    in.    and 

%  in.,   100   lb 3.75 

Track,  spikes,   5/16  in 3.75 

Spikes,    boat    and    barge,    base,    per 

100  lb 3.50 

Track  bolts,  %  in.  and  larger,  base, 

per   100   lb 4.00  to  4.50 

Track  bolts,   y2  in.  and  %   in.,  base, 

per   100    lb 5.00  to  5.50 

Tie  plates,  per  100  lb 2.55  to  2.60 

Angle  bars,  base,  per  100  lbs 2.75 

Finished  Iron  and  Steel. 

„  Per  lb.  to 

large  buyers. 

Cents. 

Iron   bars,    Philadelphia 2.725 

Iron   bars,   Chicago 2.50 

Steel  bars,  Pittsburgh 2.35 

Steel   bars,    Chicago 2.35 

Steel  bars,  New  York 2.69 

Tank   plates,    Pittsburgh 2.35 

Tank   plates,    Chicago 2.50 

Tank  plates,  New  York 2.69 

Beams,   Pittsburgh    ,2.35 

Beams,   Chicago    2.45 

Beams,    New   York 2.69 

Steel  hoops,   Pittsburgh 3,05 

Freight  Rates. 

All   rail   freight   rates  from   Pittsburgh 

on    domestic    shipments    of    finished    iron 

and    steel    products,    in    carload    lots,    to 

points  named,  per  100.1b.,  are  as  follows: 

Philadelphia     $0,325 

Baltimore 0.315 

New  York   0.34 

Boston     0.365 

Buffalo 0.26 

Cleveland 0.21 

Cleveland,   Youngstown,    comb......  0.19 


Pacific  Coast    1.50 

Pacific  Coast,   ship  plates 1.20 

Birmingham    0.69 

Memphis     0.385 

Jacksonville,    all   rail 0.50 

Jacksonville,   rail  and  water 0.415 

New   Orleans    0.515 

Rails  and  Track  Supplies  at  Chicago. 

Standard  Bessemer  and  open-hearth 
rails,  $43;  light  rails,  rolled  steel,  2.15c, 
f.  o.  b.  makers*  mills. 

Standard  railroad  spikes,  3.15c  mill 
track  bolts  with  square  nuts,  4.15c  mil 
iron  tie  plates,  2.75c;  steel  tie  plat€ 
2.60c,  f.  o.  b.  mill;  angle  bars,  2.75c,  f. 
b.  mill. 

Jobbers   quote    standard    spikes   out 
warehouse  at  3.80c  base  and  track  bolt 
4.80c  base. 

Cross  Tie  and  Lumber  Prices 

(Prom    Lumber,    March    9,    1923.) 

F.  o.  b.  cars,  Chicago,  March  7. 

White   Oak   Ties. 

No.    5—7x9x8    $1.75 

No.    3—6x8x8    1.50 

No.    1—6x6x8    1.17 

No.    4—7x8x8    1.65" 

No.    2—6x7x8    1.32 

Red  oak  ties,  10@15c  less  than  white 
oak.    Sap  pine  and  sap  cypress,   10c  less 

White  oak  switch-ties,  per  M  ft..$52@55 

Red  oak  switch-ties,   per  M  ft....  48@50f 

F.  o.  b.  cars,  St.  Louis,  March  5. 

White   Oak   Ties. 

5—7x9x8    $1.55" 

4—7x8x8    1.45 

No.    3—6x8x8    1.30 

No.    2—6x7x8    1.20 

1—6x6x8    1.10 

Red  oak  ties,  10c  per  tie  less  than 
white  oak  prices.  Heart  pine  and  heart 
cypress,  same  prices  as  red  oak.  Sap 
pine  and  sap  cypress,  25c  less  than  white 
oak. 

White  oak  switch  ties,  per  M  ft $45.00 

Red  oak  switch  ties,  per  M  ft 42.00 

Bridge  and  crossing  plank,  same  prices 
as  switch  ties. 


No. 
No. 


No. 


Market   Prices  of  Lumber. 


Boston — Yel.    Pine 

New  York— Yel.  Pine. 
Buffalo— Yel.  Pine.... 
Chicago— Yel.  Pine... 
St.  Louis — Yel.  Pine. . 
Portland,  Ore.— D.  Fir 

Alexandria — So.  Pine. 
Birmingham — S.  Pine. 
Hattiesburg— So.  Pine 
Kans.  City— So  Pine.. 


1x6, 

10-20    ft.,  . 

No.  1  Com. 

$ 

56.25 


2x4, 

16   ft., 

No.   1  Com. 

$ 

46.7E 


4600  40.00 

46.00  40.00 

19.50  23.50 

Southern   Mill    Prices. 

37.50  31.80 

42.25  

45.00  31.54 

40.89  32.53 


Timbers, 

6x6, 

No.    1  Com. 

$62.00@63.00 

48.00@50.50 

43.00@47.00 

39.00@45.00 

37.50@47.00 

24.00 


Timbers, 
12x12, 
No.   1   Com. 
$66.00 

62.00 

50.00 

45.00 

41.50 


28.29 
32.59 


47.85 


Detroit 0.29 

Cincinnati 0.29 

Indianapolis    0.31 

Chicago     0.34 

St.   Louis 0.43 

Kansas  City 0.735 

Kansas   City    (pipe) 0.705 

St.  Paul 0.60 

Omaha    ; . : 0.735 

Omaha   (pipe)    . 0.705 

Denver 1.27 

Denver   (pipe) 1.215 


Cement  Prices 

Recent  quotations,   per  bbl.,   in   carload 
lots,  exclusive  of  package: 

Pittsburgh     $2.14 

Cincinnati    ■* 2.54 

Detroit    •  •  •  2.47 

Chicago 2.20 

Milwaukee 2.37 

Duluth 2.14 

Minneapolis     2.39 

Davenport,    la 2.43 
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Labor  Saving  in  Maintenance  of  Way  Work 


Special  Machines  and  Combinations  Described  in  Committee  Report 
Presented  March  14  at  24th  Annual  Convention  of  Amer- 
ican Railway   Engineering  Association 


Tie  Used  as  Ballast  Plow.— The  tie 
plow  used  in  the  spreading  of  ballast 
which  has  been  dumped  on  track  by 
center  dump  cars,  is  a  device  made 
from  a  9-ft.  tie  and  old  angle  bars,  to 
4he  dimensions  shown  in  the  illustra- 
tion. 

The  total  cost  of  plow  is: 

Material     $12.61 

Labor    1.78 

Total $14.39 

In  operation  the  plow  is  placed  un- 
der the  front  of  the  front  car  with  the 
wrought  iron  bars  resting  on  the  ball 


r- 


s 


13 


Tie    Used    as    Ballast   Plow. 

of  the  rail.  Ties  are  placed  on  top  Of 
plow  and  wedged  into  position  under 
drawbar  of  car.  Car  is  pushed  with 
plow  in  front  through  ballast  which 
has  been  unloaded,  pushing  out  bal- 
last from  between  the  rails.  This 
throws  out  all  ballast  to  within  1  in. 
of  the  surface  of  the  ties.  Remaining 
ballast  is  then  forked  out  from  be- 
tween the  rails. 

In  usual  cases  the  plow  is  applied 
and  operated  by  the  section  gang  on 
whose  section  the  ballast  is  being  un- 
loaded, although  the  plow  can  be  han- 
dled by  foreman  and  two  men.  While 
in  motion  the  plow  is  watched  and 
signals  passed  to  enginemen  on  work 
train. 

With  this  device  and  a  gang  of 
foreman  and  9  men,  four  cars  of  rock 
ballast  were  unloaded  and  spread  in 
20  minutes,  10  minutes  being  used  in 
each  operation.  By  using  this  type 
of  plow,  from  75  per  cent  to  80  per 
cent  of  the  ballast  is  plowed  out  from 
between  the  rails ;  the  remainder  must 
pe  cleaned  out  by  hand. 


This  device  can  readily  be  made  by 
a  section  foreman  from  material  on 
hand. 

Snow  Flanger  Used  for  Ballast 
Plow. — After  ballast  has  been  dumped 
on  track  by  center  dump  cars  and 
leveled  to  the  top  of  rail  by  using  tie 
in  front  of  rear  truck  of  ballast  car, 
it  can  be  thrown  from  between  the 
rails  by  use  of  snow  flanger.  The  snow 
flanger  consists  of  a  box  car  with  two 
plows  hung  between  the  trucks  in 
such  a  manner  that  one  plow  will  op- 
erate in  each  direction.  The  plow  is 
pushed  by  the  rear  truck  and  suspend- 
ed from  the  body  of  the  car  in  such  a 
manner  as  to  permit  it  to  be  raised 
or  lowered  by  air.  The  lowest  posi- 
tion of  plow  is  5  in.  below  top  of  rail 
and  highest  position  4  in.  above  top 
of  rail.  In  using  snow  flanger  as  bal- 
last plow  the  blades  of  plow  should 
be  Strengthened  by  application  of 
heavier  plates. 

In  operation  the  flanger  which  is 
carried  in  the  ballast  train  is  pushed 
over  the  track  through  the  ballast 
which  has  been  dumped,  leveling  the 
ballast  to  approximately  1  in.  above 
the  top  of  ties.    The  ballast  remaining 


Plowing  Out   Ballast  with  Snow  Flanger. 

between  the  rails  is  then  cleaned  out 
to  proper  depth  by  hand.  Approxi- 
mately 75  per  cent  of  the  ballast  is 
taken  out  by  the  flanger;  the  remain- 
ing 25  per  cent  must  be  removed  by 
hand. 

The  organization  used  in  handling 
of  flanger  consists  of  work  train 
crew,  one  man  to  operate  levers,  raise 
and  lower  plow,  and  one  man  to  watch 
plow    and    signal    operator    and    en- 
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gineman.  The  work  of  leveling  by 
flanger  of  four  cars  of  ballast  requires 
approximately  10  minutes. 

Lidgerwood  Unloader  for  Gravel 
Ballast. — This  apparatus  consists  of  a 
plow,  of  slightly  less  width  than  the 
inside  width  of  the  cars,  a  cable  which 
can  be  purchased  in  lengths  for  10,  20, 
30,  40,  etc.,  car  lengths,  and  the  Lid- 
gerwood. This  latter  is  a  power 
driven  drum  upon  which  the  cable  is 
reeled. 

In  operation  the  cable  is  stretched 
over  the  cars  from"  the  Lidgerwood  to 
the  plow,  the  plow  being  placed  at 
the  rear  of  the  train.  The  cable  is 
usually  stretched  by  hand,  although 
where  a  number  of  trains  are  to  be 
unloaded  a  boom  is  erected  to  assist 
in  stretching  cable.    The  train  is  then 


cars,  1  foreman  and  14  men  performed 
as  follows: 


March  J 

•formed) 


Minut« 

Stretch   cable    40 

Open   doors    

Blow  off  ballast  

Close  doors    


40 
30 
25 
40 


IvSl 

i 


Pneumatic  Bonding  Machine. 


run  to  location  at  which  gravel  is  to 
be  unloaded.  The  doors  are  opened 
and  with  the  train  in  motion  the  Lid- 
gerwood drum  reels  in  the  cable  pull- 
ing the  plow  through  the  cars  plowing 
off  the  gravel.  The  plow  is  left  stand- 
ing in  the  ballast  car  next  to  the 
Lidgerwood.  The  doors  of  cars  should 
be  closed  before  leaving  the  work. 

The  organization  used  is  work  train 
and  crew,  1  foreman  and  10  to  14  la- 
borers, depending  on  the  length  of 
cable  to  be  used.  While  the  Lidger- 
wood is  in  operation  one  man  passes 
signals  to  operator  of  the  Lidgerwood 
and  to  engineman  to  control  the 
amount  of  ballast  unloaded.  The  plow 
is  followed  through  the  train  by  the 
gang,  which  cleans  up  cars  and  pre- 
pares to  close  doors. 

In  a  recent  test  of  cost  of  unloading 
40  cars  of  gravel  from  Haskell-Barker 


Total  (2  hrs.  15  min.) 135 

Pneumatic  Tie  Tampers. — There    i 
no  part  of  track  maintenance   which 
has  required  more  labor  in  the  past 
than  that  of  surfacing  of  track.    T 
production   of  mechanical    means 
tamping  of  ties  has  been  the  aim 
a  number  of  manufacturers. 

In  the  last  seven  years  considerable 
progress  has  been  made  in  the  devel- 
opment of  pneumatic  tampers.  The 
results  obtained  by  tests  run  on  em 
ciency  of  these  machines  have  proved 
their  economy 
over  the  oh 
method  of  han(< 
tamping. 

The  experi- 
ence of  t  h 
roads  who  have 
used  this  ma- 
chine consider- 
a  b  1  y  indicates 
that  the  ma- 
chines are  a 
success  and  that 
it  is  a  matter  of 
education  and 
organization  to 
secure  favorable 
results.  There 
appear  to  be 
three  factors 
which  should  be 
considered  for 
their   successful  operation: 

(b)  Foreman  and  laborers  should  be 
educated  as  to  the  proper  method  of 
tamping  and  as  to  the  time  that  each 
should  be  tamped. 

(c)  A  general  overhauling  of  the 
machines  at  the  end  of  the  seasons 
so  as  to  have  them  in  first  class  con 
dition  for  the  following  season.  This 
is  to  eliminate  repairs,  barring  acci- 
dent, during  the  season  of  surfacing. 

In  order  to  secure  the  full  efficiency 
of  the  machines  it  is  desirable  that 
some  type  of  report  be  furnished  daily 
by  the  foreman  operating  the  ma- 
chine. This  report  should  in  general 
show  the  hours  worked,  the  cost  of 
the  gang,  ties  tamped,  quantity  and 
cost  of  oil,  gasoline  and  grease,  char- 
acter of  work,  loss  of  time,  and  cost 
of  repairs  ^rom  this  information,  data 
can    be    accumulated  by  the  division 
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engineer's  office  which  can  be  used  in 
increasing  the  efficiency  of  the  ma- 
chine if  they  have  fallen  below  the 
standard  for  that  type  of  machine. 

The  results  which  have  been  ob- 
tained by  several  of  the  railroads  who 
have  used  the  pneumatic  tampers  for 
several  years  justify  more  extensive 
use  of  tampers.  The  following  state- 
ment shows  the  cost  in  money  per 
tie  tamped  which  was  secured  by  tests 
on  the  D.  L.  &  W.  R.  R.,  B.  &  O.  R.  R. 
and  I.  C.  Ry.: 

COST  PER   TIE   TAMPED. 
■  D.  L.  &  W... $0,113     8  weeks  special  test 
D.  Li.  &  W. . .  0.15       2  machine  season 

B.   &  0 0.166  20  machine  season 

I.  C 0.092     1  week  special  test 

L,.  V 0.136 

In  the  handling  of  four-tamper  out- 
fit the  following  organization  is  usual- 
ly used: 

Foreman. 

Operator  of  Compressor. 

Four  laborers  operating  tampers. 

The  foreman's  time  is  divided  be- 
tween the  tamping  machine  and  the 
supervision  of  the  remainder  of  the 
gang  who  are  used  in  throwing  bal- 
last, dressing  and  spacing  of  ties.  The 
operator  is  usually  one  of  the  men  of 
the  gang  who  spends  a  small  portion 
of  his  time  in  care  of  the  machine, 
this  being  approximately  1  hour  30 
minutes  per  8-hour  day;  remainder  of 
his  time  is  spent  with  the  gang,  in 
dressing.  The  four  laborers  tamping 
usually  work  6  hours  in  the  8-hour 
period;  the  remainder  of  the  time  is 
spent  working  with  the  gang,  in  lining 
and  finishing  of  surface. 

Machines  should  be  detailed  to  the 
division  by  the  general  officers,  being 
under  the  direct  supervision  of  di- 
vision officer  who  reports  to  the  di- 
vision engineer.  Repairs  and  mainte- 
nance to  machines  should  be  handled 
by  the  same  organization  handling  re- 
pairs to  motor  cars. 

The  Lehigh  Valley  R.  R.  has  been 
using  during  the  past  season  8-tamper 
Ingersoll-Rand  machines.  The  com- 
pressor is  a  4-cylinder  gasoline  engine 
mounted  on  timbers  and  is  moved 
*lrom  place  to  place  by  a  locomotive 
xrane.  Not  less  than  1,000  ft.  of  pipe 
is  used,  so  that  at  least  2,000  ft.  of 
track  can  be  tamped  for  each  move. 

Track  Mowers.  —  These  machines 
are  successful  as  long  as  the  operator 
understands  that  they  must  be  regu- 
lated according  to  the  kind  of  weeds 
to  be  cut.  The  experience  of  the  dif- 
ferent roads  with  these  machines  has 
varied  considerably  and  it  is  not  pos- 


sible to  give  a  definite  opinion  as  to 
their  operation.  T 

One  railroad  has  found  that  it  is 
hard  to  keep  the  speed  down  and 
therefore  has  discarded  gasoline  and 
substituted  a  mule.  They  now  haul 
their  track  mowers  along  by  horse- 
power or  mulepower  at  2y2  miles  per 
hour  and  get  along  very  nicely. 

Another  road  has  found  that  if  it 
is  run  at  a  high  rate  of  speed,  4  miles 
per  hour,  it  will  cut  the  tougher  stuff 
such  as  heavy  sweet  clover  and  hemp, 
and  that  it  takes  a  high  speed  to  ac- 
complish any  results  with  this  tough 
stuff,  but  at  the  same  time  going  at  a 
high  speed  it  will  not  cut  quack  grass 
or  the  ordinary  grasses.  This  road  is 
in  favor  of  using  two  lengths  of  cut- 
ter bar,  one  to  get  the  grass  far  out 
and  another  to  trim  up  close  in.   Also 


Electric    Bonding    Machine,    M., 
Railway. 


K.   &    T. 


they  have  adopted  a  wrinkle  which 
while  it  may  not  be  new,  is  ingenious 
in  saving.  They  take  out  two  of  the 
bolts  and  substitute  wooden  pins  for 
them  and  then  when  the  cutter  bar 
accidentally  hits  an  old  rail  rest  or  a 
rail  itself  the  pins  will  break  out  and 
the  bar  be  saved. 

One  machine  will  cover  about  10 
times  as  much  as  a  man. 

Bonding  Machines. — There  are  sev- 
eral styles  of  bonding  machines,  any 
one  of  which  will  do  about  twice  as 
much  work  as  hand  labor.  The  M.  K. 
&  T.  Ry.  has  developed  an  electric 
bonding  machine  which  was  used  qu 
some  recent  signal  construction  work. 
The  machine,  which  consists  of  a 
storage  battery  and  two  drill  frames, 
is  supported  and  carried  on  a  light 
safety  first  type  motor  car.  The  bat- 
tery, which  is  assembled  in  two  trays 
with  slip  electrical  connections,  is  car- 
ried on  each  side  of  the  car,  while 
the  two  drill  frames  are  suspended 
ahead  of  the  car  on  a  light  steel  frame- 
work, all  of  which  is  easily  disconnect- 
ed, and  removed  from  the  car.  Each 
drill  frame  carries  two  Blaek  &  Deck- 
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er  32-volt  electric  drills  which  are  op- 
erated in  multiple  and  so  arranged 
that  two  holes  required  for  each  wire 
are  drilled  simultaneously.  Each 
frame  weighs  115  lb.,  while  each  tray 
of  the  battery  weighs  approximately 
150  lb.  The  drills  are  high  speed  and 
high  speed  steel  bits  are  used  with 
the  result  that  it  requires  only  30  sec- 
onds actually  drilling  time  to  drill  a 
joint,  so  that  in  actual  work  one  sig- 
nal man  and  two  helpers  have  accom- 
plished practically  the  same  amount 
of  drilling  and  bonding  in  a  day  that 
was  formerly  done  by  a  foreman  and 
six  men  with  hand  machines. 

Pneumatic  bonding  machines  are 
being  used  successfully  in  the  laying 
of  new  rail.  The  accompanying  pho- 
tograph shows  a  compressor  car 
equipped  with  four  pneumatic  drills, 
two  for  working  on  each  rail.  The 
drills  are  light  and  equipped  with 
clamps  for  attaching  quickly  to  the 
head  of  the  rail.  They  are  carried 
when  not  in  use  on  a  light  frame  work 
fastened  to  the  car.  The  car  is  stopped 
every  rail  length  and  four  holes 
drilled  simultaneously. 

The  organization  for  bpnding  con- 
sists of  one  foreman,  four  drillers,  one 
operator,  one  bond  wire  distributor 
and  two  bonders.  This  organization 
will  average  250  %-in.  holes  per  hour 
drilled  and  bonded,  and  a  marked 
economy  in  bits  is  shown  over  hand 
labor. 

The  Everett  power  rail  drilling  ma- 
chine travels  on  one  rail  and  operates 
by  gasoline  engine.  It  is  a  small,  com- 
pact unit,  operated  by  two  men.  520 
%-in.  bonding  holes  have  been  drilled 
with  this  outfit  in  8%  hours,  averag- 
ing 57  holes  per  bit  before  sharpening. 
This  work  was  done  in  85-lb.  Besse- 
mer rail. 

A  comparison  of  these  operations  is 
as  follows: 

Average 
holes 
Force,  Holes  per  man 
men.  per  hr.  per  hr. 

By  hand    7  80  11 

Electric  power   drill    ..3  75  25 

Pneumatic  drill   9        250  28 

Everett  gasoline  drill..  2  60  30 

Air  Un loader. — This  machine  con- 
sists of  an  "A"  frame  with  boom,  and 
is  placed  on  a  standard  flat  car.  An 
air  piston  withji  5-ft.  stroke  furnishes 
the  power  and  the  cable  is  wound  so 
that  a  15-ft.  lift  is  obtained.  A  work 
train  is  necessary  and  air  for  the 
cylinder  is  taken  from  the  train  line. 
The  boom  is  swung  by  ropes,  leading 


from  the  end  of  the  boom  to  the 
ground. 

The  following  organization  is  gen- 
erally used: 

Loading  and  unloading: 

1  Foreman. 

1  Machine  operator. 

1  Tongman  in  car. 

1  Tongman    on   ground. 

1  Railman  in  car  guiding  rail. 

1  Railman  on  ground  guiding  rail. 

2  Ropeman,  one  working  on   each  side 
to  pull  boom. 

This  machine  requires  no  engineer 
or  fireman.  It  is  always  carried  on 
the  work  train  and  used  for  loading 
and  unloading  of  miscellaneous  ma- 
terials as  well  as  rail. 

In  congested  territory,  two  air  load- 
ers are  installed  on  one  flat  car,  one 
on  each  end,  with  the  same  organiza- 
tion for  each  as  outlined  above,  ex- 
cept that  only  one  foreman  is  used. 
The  advantages  of  this  method  are 
in  speeding  up  the  work  and  the  use 
of  only  one  work  train. 

One  modification  of  this  general 
type  includes  a  boom-swinging  ar- 
rangement operated  by  an  additional 
air  cylinder  which  eliminates  the  two 
ropemen. 

Additional  saving  of  force  has  been 
attempted  by  the  use  of  special  hook 
or  tong  with  a  trigger  line  to  release 
the  tong  at  the  landing  operation,  but 
has  not  been  entirely  satisfactory  be- 
cause the  possibilities  of  the  trigger 
line  fouling  on  a  portion  of  car  and 
releasing  before  desired,  making  it 
very  unsafe. 

Universal  Crane. — This  is  a  crane 
operated  by  gasoline  power  consider- 
ably lighter  in  construction  than  the 
ordinary  locomotive  crane,  self-pro- 
pelling, equipped  with  clam  shell,  elec- 
tric magnet  and  hoist  block.  It  has 
a  capacity  of  4  to  5  tons,  depending 
on  length  of  boom  used.  Generally 
furnished  with  28-ft.  boom.  Gasoline 
power  is  furnished  by  a  40-HP.,  4-cyl- 
inder,  4-cycle  engine  with  all  modern 
special  attachments.  It  can  be  mount- 
ed on  its  own  truck  or  a  base  to 
travel  over  tops  of  flat  cars  (as  such 
it  has  a  clearance  diagram  12  ft.  high, 
7  ft.  3  in.  wide).  Weight  of  this  ma- 
chine is  13,000  lbs. 

It  can  be  used,  as  its  name  desig- 
nates, universally. 

Chief  advantage  over  locomotive 
crane  is  the  lower  operating  cost, 
using  one  man  intead  of  two. 

Rail  Unloader— For  unloading  rail 
from  stock  cars.  As  the  movement  of 
stock  cars  west  is  an  empty  move- 
ment it  is  often  desirable  to  use  these 
otherwise  empties  to  haul  rail  west- 
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ward.  Therefore,  a  special  arrange- 
ment has  to  he  made  to  unload  rail 
from  stock  cars.  There  is  a  machine 
for  this  purpose.  In  connection  with 
it  a  push  car  is  necessary  with  a  slop- 
ing protection  of  iron  over  it.  This 
is  formed  by  three  bent  rails  and  a 
covering  of  %  scrap  boiler  plate. 

The    covered    push    car    which   re- 
ceives the  rails  is  chained  to  the  car 


First  rail  laid   8:15  a.  m. 

Last  rail  laid   4:30  p.m. 

Total   number  of   136- 

lb.   rails  laid    490 

Track     closed,      fully 

bolted  and  spiked   .5:30  p.  m. 


7:42  a.  m. 
3:17  p.  m. 

647 

5:00  p.  m. 

be   used 


The    universal    crane   can 
for  laying,  similar  to  locomotive  crane. 

Madden  Track  Laying  Machine. — 
This  machine  consists  of  a  light  steel 
frame   with    a    crab    and   fixed   boom, 


Setting   Up  Tie  Changing   Machine. 


loaded  with  rails  by  a  chain  15  ft.  in 
length,  depending  on  the  length  of 
rails  to  be  unloaded. 

Laying  Rail  with  Locomotive  Crane. 
— The  Lehigh  Valley  R.  R.  used  two 
locomotive  cranes  in  relaying  136-lb. 
rail  on  main  track  during  June,  1921. 
The  track  was  abandoned  during  the 
operation  and  all  traffic  was  handled 
over  the  other  main,  using  a  work  en- 
gine as  pilot.  Bach  crane  handled  the 
rail  on  one  side  only,  and  the  follow- 
ing organization  was  used  on  each: 

North  rail  South  rail 

loco,  crane  loco,  crane 

No.  95556.  No.  95564. 

Fore-         Fore- 

men.Men.men.Men. 

Pulling  spikes  ahead  of 

crane     2 

Throwing  out  old   rail.  1 

Adzing    1 

Removing  old  and  lay- 
ing new  tie  plates. . .  1 
Laying    new    rail    with 

crane     1 

Applying      new      joints 

and  full  bolting   5 

Gaging  new  rail    2 

Full  spiking  new  rail . .   4 
Applying   rail    anchors.  1 
Removing    and    replac- 
ing  road   crossing 1 

Loco,    crane    crew,    en- 
gineer      

Loco,  crane  crew,   fire- 


30 


10 


35 

4 

36 

16 

1 

15 

37 

4 

49 

9 

1 

9 

Total   19     166 


17     172 


which  rests  on  one  running  rail  and  a 
small  auxiliary  rail  which  is  carried 
with  it,  the  gage  of  the  machinery  be- 
ing somewhat  less  than  standard.  The 
normal  speed  of  the  machine  on  130- 
lb.  rail  is  about  one  rail  per  minute, 
or  a  trifle  faster.  The  organization 
with  various  sized  gage  is  shown  be- 
low: 

Men. 

Pulling   spikes    8 

Throwing  out  old  rail   4 

Adzing  and  plugging    7 

Changing  tie  plates   1 

Madden  Rail  Layer — 

Tongman     1 

Railmen     2 

Windlass 4 

Foremen     

Applying  splices  and   bolting   4 

Gaging  and  spiking  9 

Filling  in  spikes    11 

Flogging     2 

Total     53 

Stationary  Rail  Saw. — Considerable 
saving  has  been  effected  by  reclaim- 
ing battered  end  rails  by  sawing  off 
these  damaged  ends  and  redrilling  the 
rails.  The  Baltimore  &  Ohio  R.  R. 
has  a  rail  sawing  plant  at  its  Martins- 
burg  (W.  Va.)  maintenance  of  way 
shops  which  handles  the  operation 
very  economically.  The  attached  dia- 
gram shows  their  arrangement;  the 
method  of  handling  is  as  follows: 
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The  force  required  to  operate  is  as 
follows : 

1  Foreman. 

2  Oranemen. 

2  Men  assist  hooking  rail. 

2  Men  assist  landing  rail. 

4  Men  handling  rail  at  saw. 

1  Saw  operator. 

1  Pneumatic  table  operator. 

4  Drill  pressmen. 

1  Tool  dresser. 

18  men— Total. 

The  average  capacity  is  about  300 
rails  per  8  hours. 

A  test  of  one  friction  saw,  which 
was  %  in.  thick  and  54%  in.  in  diame- 
ter, was  used  for  a  period  of  10  weeks, 
being  removed  at  that  time  due  to  a 
defect  developed  in  the  saw.  During 
this  period  there  were  23,410  cuts 
made,  21,190  of  which  were  square 
cuts  and  the  balance  were  special  cuts 
of  various  angles  made  in  connection 
with  the  construction  of  frogs,  cross- 
ings and  switches.  The  most  of  the 
cuts  were  made  on  100-lb.  R.  B.  sec- 
tion rail.  At  the  end  of  the  test  the 
diameter  of  the  saw  was  found  to  be 
5Sy2  in.,  or  a  reduction  of  %  in. 

Owen  Tie  Changing  Machine. — This 
machine  is  of  comparatively  recent 
development  and  is_  designed  to  force 
the  tie  out  of  the  roadbed  with  as  lit- 
tle ballast  disturbance  as  possible.  It 
consists  of  a  framework  carrying  a 
wirich  from  which  cable  is  threaded 
around  wheel  at  end  of  frame,  thence 
under  both  rails  and  around  shoe  at 
end  of  tie,  thence  back  along  the  tie 
and  is  fastened  to  the  rail. 

The  ballast  is  first  removed  from 
the  end  of  the  tie  to  be  pulled  to  per- 
mit placing  the  shoe  around  end  of 
tie.  The  track  is  then  raised  slightly 
by  jacks  and  a  roller  clamped  on  each 
rail  to  allow  tie  to  move  more  easily. 
Then  two  men  turning  the  winch  han- 
dles force  the  tie  out  of  the  ballast 
The  bed  is  then  prepared  for  the  new 
tie. 

Only  two  men  are  required  to  op- 
erate the  machine  and  best  results 
have  been  obtained  by  allowing  these 
two  men  to  go  ahead  of  the  men  in- 
stalling the  ties.  The  machine  will 
pull  out  the  ties  at  the  rate  of  about 
12  per  hour  and  keep  well  ahead  of  4 
to  6  men  placing  the  ties  by  hand, 
spiking  and  tamping. 

The  savings  effected  by  the  rapid 
removal  of  the  ties  are  very  pro- 
nounced where  it  is  desirable  or  nec- 
essary to  renew  ties  without  raising 
the  track  or  disturbing  the  ballast,  and 
it  is  with  the  small  gang  that  the  use 
of  the  machine  is  especially  desirable. 


Although  the  device  travels  on  the 
track,  it  can  be  removed  very  quickly 
by  two  men  to  clear  for  passing 
trains. 

The  committee  has  considered  three 
mechanical  devices  for  cleaning  bal- 
last, a  rotary  screen  into  which  the 
ballast  is  thrown  by  hand;  a  ditcher 
and  clam  shell  bucket  by  which  bal- 
last is  hoisted  onto  a  sloping  screen, 
letting  the  dirt  go  into  a  car  and  the 
ballast  back  into  the  track,  and  th<! 
principle  of  pneumatic  suction  or  vac- 
uum. The  committee  wishes  to  en- 
courage further  use  of  these  machines 
to  gather  more  data. 

Ditcher  with  Clam  Shell  Bucket  and 
Screen. — This  operation  consists  in 
lifting  the  ballast  from  the  center 
ditch  with  a  clam  shell  bucket  and 
dropping  it  on  a  sloping  screen  mount- 
ed on  a  gondola  car.  The  dirt  goes 
through  the  screen  into  the  car  and 
the  stone  passes  over  the  screen  and 
through  a  chute  back  to  the  inter- 
track  space.  The  clam  shell  digs  the 
ballast  to  a  depth  of  about  10  in.  be- 
low the  bottom  of  tie  and  from  end 
of  tie  to  end  of  tie,  but  does  not  reach 
any  of  the  ballast  in  the  cribs.  The 
ballast  in  cribs  can  be  thrown  to  cen- 
ter ditch  ahead  of  machine  or  cleaned 
separately  by  forking,  as  desired. 

Two  ditchers  or  locomotive  cranes 
with  clam-shell  buckets,  each  ditcher 
accompanied  by  a  screen  on  a  gon- 
dola car,  work  as  a  unit  in  one  train. 
These  two  ditchers  will  clean  12  to 
14  rail  lengths  of  intertrack  space  per 
hour  and  the  average  daily  run  on  a 
busy  four-track  railroad  has  been 
found  to  be  about  50.  rail  lengths. 
This  is  equivalent  to  about  60  cu.  yd. 
of  ballast  per  hour  that  the  track  is 
occupied. 

The  organization  is  as  follows: 
Engine  and  train   crew,   including: 
Engineman, 
Fireman, 
Conductor, 

2  Brakemen, 

2  Ditch   operators, 

2  Ditcher   firemen, 

1  Foreman, 

4  Laborers,  two  in  each  car  distribut- 
ing the  dirt  and  two  placing  the 
bucket  in  the  intertrack  space. 

Power  Ballast  Cleaner. — This  ma- 
chine travels  on  the  track  which  is 
being  cleaned  and  consists  of  a  trough 
into  which  the  dirty  ballast  is  shov- 
eled, and  a  revolving  screen  which 
separates  the  stone  'from  the  dirt,  the 
stone  returning  to  the  track  and  the 
dirt  being  carried  on  a  moving  canvas 
and  deposited  clear  of  the  ballast. 

The  machine  is  most  efficient  with 
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a  gang  of  about   18  men,  distributed 
as  follows: 

1  Operator, 

2  Men    flagging, 

3  Men  dressing  screened  ballast, 

12  Men  shoveling  ballast  into  conveyor. 

The  customary  operation  is  to  skel- 
tonize  the  track  ahead  of  the  machine 
throwing  the  dirty  ballast  from  the 
gage  to  the  horder.  This  work  can 
usually  be  done  while  the  machine  is 
clearing  for  passing  trains.  The 
above  organization  will  clean  thor- 
oughly upwards  of  18  cu.  yd.  of  stone 
ballast  per  hour. 

Ballast  Cleaning  —  Vacuum. — The 
committee  reports  that  to  its  knowl- 
edge no  practical  and  commercially 
successful  vacuum  ballast  cleaner  has 
yet  been  developed.    However,  the  ap- 


from  the  dirt,  return  the  stone  to  the 
track  and  deposit  dirt  in  an  open  top 
car.  It  is  estimated  that  such  a  ma- 
chine could  clean  ballast  at  the  rat^ 
of  %  mile  of  track  per  day.  Its  initial 
cost  would  be  about  $50,000. 


Two  Devices  for  Removing 

Ice  from  Street  Railway 

Tracks 

The  New  England  street  railways 
have  just  come  through  one  of  the 
most  severe  winters  they  have  ever 
experienced.  The  snowfall  has  been 
very  heavy  and  they  also  have  had 
much  trouble  with  ice. 

The   Boston   Elevated   Ry.,    Boston, 


Home    Made    Ice    Scraper    Used    by  Androscoggin   &   Kennebec   Ry. 


plication  of  a  partial  vaccum  to  han- 
dling coal,  grain  and  other  commodi- 
ties indicates  that  ballast  can  be  han- 
dled in  this  way.  In  addition,  this 
system  has  been  tried  in  a  small  way 
and  it  has  been  shown  that  stone  bal- 
last can  be  lifted  from  the  cribs  to 
some  depth  below  the  bottom  of  tie. 
The  problem  is  to  develop  a  machine 
which  will  do  the  work  economically. 

The  subject  has  been  approached 
from  two  angles — first,  to  pick  up  the 
dirt  and  cinder  from  the  top  of  the 
stone  ballast,  and  second,  to  lift  stone 
and  dirt,  separate  them,  replacing  the 
clean  stone  in  the  track  and  disposing 
of  the  cinder  and  dirt. 

The  latter  method  is  the  more  de- 
sirable, and  it  is  the  belief  of  the  com- 
mittee that  a  machine  can  be  built 
that  will  lift  the  nallast  from  cribs 
and   center  ditch,  separate  the   stone 


Mass,  and  the  Androscoggin  &  Kenne- 
bec Ry.  Co.,  Lewiston,  Me.,  adopted 
very  efficient  means  of  fighting  ice. 
The  accompanying  illustrations  re- 
produced from  AERA  show  the  ice 
cutters  used  by  these  companies.  That 
of  the  Androscoggin  &  Kennebec  Ry. 
was  made  from  an  old  7-ft.  wheel  base 
pedestal  snow  plow,  from  which  the 
superstructure  and  noses  were 
stripped.  A  thrust  block  was  placed 
over  each  journal  box,  on  which  2-in. 
screws,  made  from  old  armature 
shafts,  seat.  These  screws  pass 
through  screw  blocks  fastened  imme- 
diately over  the  thrust  blocks,  in  the 
jaws  of  the  pedestals  or  housings.  On 
top  of  each  screw  is  an  18-in.  hand 
wheel;  and  by  turning  the  screws  in 
or  out,  the  entire  body  may  be  raised 
or  lowered.  Between  the  two  sets  of 
wheels  is  fastened  a  10-ft.  cutter  bar. 
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made  of  6x%-in,  mild  steel,  and  suit- 
ably braced.  Tu  the  cutter  bar  are 
attached  61  Gifford-Wood  Co.  patented 
flange  teeth,  each  of  which  is  held  in 
place  by  two  tenthead  bolts.  The 
cutter  bar  is  given  about  a  20-degree 
inclination  from  the  horizontal,  and 
slight  vertical  bends  are  made  at  the 
points  over  each  rail,  so  that  more 
clearance  is  given  on  the  shoulders 
than  between  the  rails.  Behind  the 
cutter  bar,  and  at  its  level,  is  a  diag- 
onal share  board,  permanently  fixed 
and  long  enough  to  take  in  the  entire 
width  of  the  cut.  At  the  rear  end  of 
the  share  board  is  an  adjustable  wing 
about  three  feet  in  length.  The  plat- 
form is  weighted  down  with  about 
5,000  lb.  of  old  car  wheels.     This  ma- 


tee  iron  arms  pivoted  to  share  of  plow, 
one  2y2x2^x5/16-in.  angle  diagonal  tie, 
one  tooth  bar  and  one  guide  plank. 

The  height  of  the  cutter  is  adjusted 
by  means  of  the  chain  attached  to  a 
supporting  bar  which  extends  through 
the  share  of  plow.  Further  adjust- 
ment is  obtained  through  the  adjust, 
ment  of  the  share. 

The  cutting  member  consists  of  a 
2x4-in.  steel  bar,  bolted  to  frame  at 
right  angles  with  rails.  The  front 
edge  of  this  bar  has  55%-in.  holes 
drilled  at  an  inclination  of  3xl2-in.,  the 
lower  edge  of  holes  coming  close  to 
the  lower  edge  of  bar.  Into  these 
holes  are  inserted  %-in.  hardened  steel 
teeth  which  are  drawn  down  at  the 
ends  to  form  cutting  edges.    The  teeth 


Ice  Scraping  Attachment  Devised  and  Used   by   Boston    Elevated   Railway  System. 


chine  is  shoved  around  by  a  car,  and 
is  generally  followed  by  a  snow  plow 
to  clean  up.  In  some  cases  a  plow  has 
been  used  to  shove  it;  but,  on  account 
of  difference  in  height  of  draw-bar 
heads,  much  better  work  is  secured 
if  the  plow  is  used  independently.  In 
going  to  and  from  the  work,  the 
screws  are  set  up,  lifting  the  cutter 
bar  clear  of  any  possible  obstruction. 
When  working,  by  means  of  these 
screws,  any  depth  of  cut  desired  can 
be  made,  and  also  the  inclination  of 
the  cutter  bar  varied  somewhat.  A 
suitable  gauge  is  fastened  to  each 
journal  box. 

The  Boston  Elevated's  device  is  at- 
tached to  the  front  of  a  snow  plow, 
and  used  for  cutting  down  high  ice. 
The  frame  consists  of  two  3x3x%-in. 


are  held  in  place  by  %-in.  cap  screws 
and  are  spaced  1%,-in.  on  centers,  ex- 
cept at  rail  where  there  is  a  clear 
space  of  4  in. 

The  guide  plank  at  the  ends  of  the 
arms  is  for  the  purpose  of  lifting  the 
cutter  over  any  unusual  obstruction, 
such  as  loose  paving  blocks,  etc.  The 
board  which  is  shown  supported  on 
brackets  is  a  guard  to  prevent  the  ice 
from  flying  against  the  end  of  plow. 


$150,000,000    Railway    Development 
at  St.       Louis. — The       Terminal 

Railroad  Association  has  accepted  the 
proposed  plan  submitted  by  the 
Terminal  Committee  of  the  St.  Louis 
Chamber  of  Commerce  for  the  unifica- 
tion of  the  terminal  facilities  of  the 
city. 
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Concise  Summary  of  Situation  Given  in  Address  at  Midwinter  Con- 
ference of  American  Electric  Railway  Association 

By   C.  D.  EMMONS, 

President    American    Electric    Railway      Association. 


At  the  time  of  the  entrance  of  our 
country  in  the  great  world  war,  in 
April,  1917,  the  price  of  commodities 
had  already  advanced  considerably 
over  the  prices  of  the  several  proceed- 
ing years — employes  were  necessarily 
asking  for  higher  wages  and  our  in- 
dustry was  already  feeling  the  restric- 
tions forced  upon  it  by  the  standard 
5-cent  fare. 

Careful  students  of  the  cost  of  oper- 
ating street  railways  were  convinced, 
even  prior  to  the  advances  due  to  the 
war  period,  that  the  5-cent  fare  was 
not  sufficient  to  give  proper  service 
and  to  give  proper  maintenance  to 
street  railway  properties.  Many  com- 
panies were  beginning  to  see  the 
ghosts  of  receiverships. 

The  years  1918  and  1919  made  these 
ghosts  realities  in  many  cases,  with 
an  effect  so  far-reaching  throughout 
our  land  as  to  threaten  a  national 
calamity  because  of  the  shrinkage  in 
value  of  hundreds  of  millions  of  se- 
curities held  by  savings  banks,  na- 
tional banks,  life  insurance  companies 
and  by  thousands  of  individual  in- 
vestors. 

Federal  Electric  Railway  Commis- 
sion's Investigation. — The  then  Secre- 
tary of  Commerce  and  the  then  Sec- 
retary of  Labor,  in  May,  1919,  together 
with  the  National  Association  of  Pub- 
lic Utility  Commissioners,  as  well  as 
the  governors  of  many  states,  and 
the  mayors  of  many  cities,  joined  in 
a  request  to  the  President  to  author- 
ize a  commission  to  study  this  im- 
portant problem;  and  as  a  result  the' 
Federal  Electric  Railway  Commission 
was  organized,  consisting  of  repre- 
sentatives of  the  various  departments 
of  the  government,  the  banking  inter- 
ests of  the  country,  the  municipali- 
ties and  the  employes  and  manage- 
ment of  the  industry  itself. 

The  Federal  Electric  Railway  Com- 
mission, before  promulgating  its  re- 
port, spent  over  a  year  in  painstaking 
work,  calling  many  expert  witnesses 
to  its  aid.  It  was  a  year  in  which 
conditions  continued  to  grow   darker 


and  darker  for  the  industry  and  to 
ward  the  end  approximately  one-sixth 
of  the  electric  railway  properties 
were  bankrupt,  abandoned  or  junked, 
and  the  future  of  many  of  the  rest 
was  in  doubt.  This  report  pointed 
out  plainly  the  joint  obligations  of  the 
managements  and  the  public  to  bring 
the  industry  back  to  a  healthy  state. 
It  gave  courage  to  managements  to 
wage  their  present  battle  to  restore 
the  industry  to  its  proper  place  of 
service  to  the  public,  confidence  to  its 
investors  and  peace  and  comfort  to 
its  employes. 

Industry  in  Better  Condition. — The 
industry  is  in  better  condition  than 
it  has  been  at  any  time  since  the 
European  war,  and  if  the  public — in- 
cluding the  state  and  city  officials, 
will  continue  to  adhere  to  the  prin- 
ciples set  forth  by  the  Federal  Elec- 
tric Railway  Commission  as  zealously 
as  the  greater  part  of  the  industry  is 
trying  to  carry  them  out,  the  electric 
railway  problem  will  be  solved. 

The  commission  expressed  convic- 
tion that  electric  railways  were  an 
essential  public  utility,  and  that,  if 
they  were  to  continue  to  render  serv- 
ice, managements  would  be  compelled 
to  effect  certain  reforms  and  that  the 
railways  should  have  the  sympathetic 
understanding  and  co-operation  of  the 
public. 

That  commission,  after  a  thorough 
investigation,  said  in  effect: 

"Managements  should  help  remove 
public  antagonism  by  frank  dealing; 
must  introduce  economies  in  opera- 
tion; must  be  able  to  expand  to  meet 
the  growing  needs  of  their  communi- 
ties, and  must  give  the  very  best 
service  possible  to  their  patrons  at 
the  least  possible  cost.  At  the  same 
time  they  must  be  permitted  to  earn 
necessary  revenue  to  pay  operating 
costs  and  to  maintain  the  property  on 
a  reasonable  basis,  and  also  to  earn 
a  sufficient  margin  to  restore  credit, 
so  that  the  investor  will  be  assured 
of  the  integrity  of  his  investment  and 
a  fair  rate  of  return  thereon." 
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On  the  part  of  the  public,  the  com- 
mission states: 

"Co-operation  should  be  exercised; 
— so  far  as  practicable  special  assess- 
ments for  sprinkling,  paving,  con- 
struction and  maintenance  of  bridges 
which  are  used  by  the  public  for 
highway  purposes  should  be  elimi- 
nated— and  extensions  into  new  terri- 
tories, resulting  in  special  benefits  to 
property  in  that  vicinity  should  not 
be  required  unless  the  property  itself 
should  bear  the  burden  of  the  exten- 
sion." 

The  commission  further  states: 

"The  motor  bus,  having  introduced 
a  serious,  although  not  fatal,  competi- 
tion with  the  electric  railways,  should 
properly  be  subjected  to  equivalent 
regulatory  provisions." 

Conditions  Have  Improved. — In  ret- 
rospect, we  can  now  say  that  a  very 
large  majority  of  the  electric  railway 
managements  and  the  public  they 
serve  are  striving  to  carry  out  these 
cardinal  suggestions.  Local  transpor- 
tation has  improved  as  a  rule  in 
proportion  to  the  serious  adoption  of 
these  principles  by  all  parties  to  the 
situation. 

Improved  public  relations  and  con- 
ditions in  general  invariably  have 
followed  frank  dealings  with  the  pub- 
lic and  the  public  officials.  Frankness 
has  become  widespread;  three  hun- 
dred companies  today  are  telling  their 
story  by  advertising  through  the 
newspapers,  car  signs,  booklets  and 
speakers;  whereas,  when  the  commis- 
sion made  its  report  very  few  com- 
panies were  taking  the  public  into 
their  confidence  in  this  way. 

That  the  managements  themselves 
have  effected  striking  operating  eco- 
nomies is  shown  by  the  fact  that  in 
the  commission's  report  issued  in  1920 
of  a  group  of  21  city  and  interurban 
companies,  the  operating  ratio — that 
is,  percentage  of  operating  cost  to 
service,  was  78.4  per  cent.  The  op- 
erating ratio  for  the  year  just  closed 
for  a  similar  group  of  railways,  with 
gross  operating  revenues  remaining 
practically  constant  was  72.4  per  cent, 
a  decrease  of  7.6  per  cent. 

How  Reduction  in  Operating  Ratios 
Has  Been  Effected. — This  reduction 
in  operating  ratio  has  been  brought 
about  almost  entirely  by  a  reduction 
which  has  been  effected  in  operating 
expenses  through  the  following 
means: 

(1)  Use  of  one-man  car; 

(2)  Use  of  trailer  cars  and  lighter 
weight  cars; 


(3)  In  some  instances,  the  aban- 
donment of  unprofitable  lines; 

(4)  Through  improved  routing  and 
rearranging  of  schedules; 

(o)  Tmough  the  use  of  labor-saving 
devices;    and 

(6)  Through  the  more  economical 
use  of  labor  generally. 

Greater  Purchases  by  Railways. — 
With  economies  has  come  improved 
service.  Tne  money  that  was  spent 
for  operating  cars  on  little  used  lines 
is  being  put  into  increased  service  on 
the  lines  where  service  heretofore  was 
inadequate. 

More  new  cars  and  electric  locomo- 
tives were  purchased  in  the  year  1922 
than  during  any  year  since  1913,  the 
total  being  almost  three  times  that  of 
the  year  1921.  It  is  estimated  that 
more  than  $240,000,000  will  be  spent 
during  the  current  year  for  recon- 
structions and  additions  to  the  plant 
and  equipment  of  electric  railways. 

There  is  always  an  opportunity  for 
complaint  on  city  street  railway  serv- 
ice, due  to  the  fact  that  in  every  city 
there  is  more  or  less  a  common  hour 
for  beginning  work  and  a  common 
hour  for  closing  work,  so  that  the 
large  mass  of  the  people  wait  until 
the  very  last  moment  to  go  to  work 
and  desire  at  the  first  moment  to  get 
home  from  work,  and  are  thus  desir- 
pus  of  being  transported  at  one  and 
the  same  time. 

Relief  from  Special  Tax  Burdens. — 
Relief  from  special  tax  burdens  has 
been  found  in  the  case  of  sixteen  com- 
panies, with  the  removal  of  special 
paving  charges  and  in  the  enactments 
of  two  states  —  Connecticut  and 
Massachusetts. 

Connecticut  has  granted  substantial 
relief  from  paving  obligations  to  the 
companies  in  that  state,  and  Massa- 
chusetts has  suspended  for  the  years 
1922  and  1923  the  payment  of  the 
special  excise  tax  levied  on  the  gross 
earnings  of  electric  railways  for  the 
maintenance  of  local  roads  and 
bridges.  The  Connecticut  commission 
also  recognized  that  it  was  unfair  to 
saddle  electric  railways  with  the  old 
paving  charge  which  was  first  made 
when  horses  walking  between  the  rails 
wore  out  the  pavements  and  thus 
made  it  necessary  that  the  pavement 
should  be  renewed.  By  the  present 
means  of  electric  propulsion,  and  the 
very  fact  that  from  80  to  90  per  cent 
of  the  traffic  upon  the  streets  is  car- 
ried on  the  steel  sails,  the  street  rail- 
way companies  not  only  do  not  add  to 
the  wear  of  the  pavement,  but  greatly 
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prolong  its  life  over  every  other  pres- 
ent method  of  transporting  so  great  a 
number  of  people. 

A  recent  traffic  survey  in  the  city 
of  Baltimore  of  the  travel  into  and 
out  of  the  business  area  showed  that, 
while  the  automobile  composed  73  per 
cent  of  the  total  movements  and  the 
street  cars  only  27  per  cent,  the  street 
cars  actually  accommodated  almost  89 
per  cent  of  the  total  travel,  while  the 
automobile  only  accommodated  about 
11  per  cent,  disregarding  the  very 
small  percentage  of  horse  drawn 
vehicles. 

Tax  Burdens  Put  on  Railways. — 
The  tax  burdens  of  the  street  railways 
are  almost  as  numerous  as  Heinz's 
famous  57  varieties.  A  record  of  five 
companies  taken  for  study  in  this  con- 
nection recently  shows  a  total  of  37 
different  kinds  of  taxes.  Many  of 
these  special  taxes  are  unjust  and 
unfair,  and  ~  in  so  far  as  they  benefit 
the  entire  public  alike  (and  I  might 
say  in  many  cases  they  are  of  greater 
benefit  to  the  automobile  riders  or 
non-patrons  of  the  street  car  than  to 
the  car  riders  themselves),  they  cer- 
tainly should  be  eliminated.  We  be- 
lieve that  the  various  state  commis- 
sions and  clear  thinkers  among  the 
political  parties  of  the  country  will 
soon  begin  to  see  that  certain  burdens 
now  reflected  in  the  cost  of  rides  to 
the  street  car  patrons  should  be  elimi- 
nated and  borne  in  the  general  tax 
budget,  so  that  people,  other  than 
street  railway  patrons,  should  take 
their  proper  portion  of  these  burdens. 
The  fact  is  often  lost  sight  of  that  all 
tax  burdens  placed  upon  the  street 
railway  company,  special  or  other- 
wise, must  in  the  end  be  reflected  in 
the  cost  of  rides  to  the  street  car 
patrons. 

Regulation  of  Buses. — The  destruc- 
tive competition  by  jitney  buses,  or 
motor  buses  as  common  carriers,  is 
becoming  less  acute,  for  the  reason 
that  in  the  last  several  years  there 
has  been  an  unquestioned  demonstra 
tion  of  the  fact  that,  in  order  to 
obtain  the  best  service  for  any  com- 
munity unrestricted  competition  be- 
tween electric  cars  and  jitneys  or 
motor  buses  cannot  exist.  Either  the 
street  railway  service  must  be  ser- 
iously affected  and  gradually  become 
worse  and  worse  to  such  an  extent 
that  it  may  have  to  be  abandoned 
entirely,  as  has  been  done  in  many 
places,  or  the  jitneys  or  buses  them- 
selves will  have  to  be  abandoned,  or 
co-ordinated  with  the  existing  service. 


In  some  cities,  buses  are  now  only 
permitted  to  run  under  proper  regu- 
lations and  must  first  obtain  a  permit 
of  convenience  and  necessity  from  the 
regulatory  bodies.  Gradually  they  are 
being  required  to  pay  their  fair  share 
of  taxes  and  to  carry  a  bond  for  the 
faithful  performance  of  service  and 
for  accident  liability.  The  effort  is 
now  being  made,  though  not  yet  ade- 
quate, of  requiring  them  <to  be  just 
as  regular  and  prompt  and  depend- 
able from  the  standpoint  of  service 
and  financial  credit  as  the  street 
railway  companies  themselves. 

President  Harding  recently  took 
cognizance  of  the  need  for  motor  bus 
regulation,  saying  in  his  annual  mes- 
sage to  Congress:  "If  freight  traffic 
by  motor  were  charged  with  its  proper 
and  proportionate  share  of  highway 
construction,  we  should  find  much  of 
it  wasteful  and  more  costly  than  like 
service  by  rail."  The  President  also 
declared  that  "highways  should  be 
made  to  serve  as  feeders  rather  than 
competitors  of  the  railroads."  This 
is  true.  The  only  possible  solution  of 
our  transportation  problem  lies  in  the 
proper  co-ordination  of  the  electric 
railways,  the  steam  railroads,  the  auto 
truck  and  the  auto  bus,  with  each 
medium  functioning  in  the  field  for 
which  it  is  most  economically  suited. 

In  many  communities  where  the 
spirit  of  mutual  co-operation  exists, 
electric  railways  are  voluntarily  sup- 
plementing their  service  with  buses, 
and  the  authorities,  recognizing  the 
advantages  of  a  single  dependable 
transportation  system,  are  protecting 
the  companies  against  unfair  competi- 
tion. The  public  in  most  communi- 
ties is  doing  its  part  in  recognizing 
that  the  investor  is  entitled  to  a  fair 
return  on  his  investment,  and  does 
not  object  to  a  rate  of  fare  which 
will  protect  the  credit  of  the  com- 
pany. 

Public  Interested  in  Railways'  Suc- 
cess.— People  are  beginning  to  realize 
the  fact  that,  as  has  been  frequently 
stated,  nearly  every  person  in  the 
community  is  directly  or  indirectly 
interested  in  the  success  of  the  street 
railway  ventures  in  their  midst.  While 
few  might  be  directly  interested  be- 
cause of  owning  stocks  or  bonds  of 
the  street  railway  company,  yet  they 
are  vitally  interested  indirectly 
through  the  fact  that  their  life  insur- 
ance companies,  the  national  banks, 
savings  banks,  building  and  loan  as- 
sociations,    mutual     benefit     associa- 
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tions  are  investors  in  these  stocks 
and  bonds. 

No  street  railway  company  that  is 
at  all  progressive  can  avoid  the  ex- 
penditure of  large  sums  of  money 
each  year  in  extension  of  tracks;  add- 
ing to  the  equipment  of  power-house 
and  substations;  adding  to  the  car 
equipment,  etc.,  in  order  to  give 
proper  service  to  the  public.  With- 
out a  fair  margin  over  all  operating 
expenses  and  fixed  charges,  money  for 
such  extensions  cannot  be  obtained. 

The  ancient  cry  of  a  5-cent  fare,  re- 
gardless of  cost,  is  uttered  now  only 
by  a  few  demagogues,  generally  by 
those  desirous  of  obtaining  personal 
advertisement  by  this  form  of  a  sup- 
posed popular  movement.  Practicallv 
every  one  of  them  knows  his  plan  is 
economically  unsound.  He  is  like  the 
mule  which  ran  head  on  into  an  oak 
tree,  not  because  he  was  blind  but 
just  because  "he  didn't  give  a  damn." 
Analysis  will  prove,  too,  that  the  5- 
cent  fare  advocates  usually  are  more 
noisy  than  numerous. 

Serious  minded,  constructive  citi- 
zens, realizing  that  fares  must  vary 
with  differing  conditions,  are  demand- 
ing a  fare  which  will  be  reasonable 
and  just,  not  only  to  the  car  rider 
himself,  but  to  the  company,  whether 
it  be  5  cents,  10  cents  or  something 
else.  They  want  good  service  and 
realize  they  must  pay  an  adequate 
fare  to  get  it. 

It  is  futile  to  expect  the  threadbare 
cry  for  the  5-cent  fare  ever  to  die, 
but  persons  with  the  slightest  knowl- 
edge of  economics  realize  it  is  as  un- 
just as  would  be  a  demand  for  the 
return  of  the  25-cent  meal;  the  two- 
dollar  shoe;  the  5-cent  movie  or  good 
5-cent  cigar. 

The  wisdom  of  the  Federal  Electric 
Railway  Commission's  declaration 
that  the  time  is  not  ripe  for  municipal 
operation  seems  to  be  borne  out  by 
the  outstanding  present  day  experi- 
ments in  Seattle,  Detroit  and  San 
Francisco. 

Municipal  Operations.  —  Seattle's 
municipal  experiment  thus  far  has 
been  a  marked  failure,  accompanied 
by  high  fares  and  continued  accumu- 
lated deficits.  The  last  available 
official  statement  for  the  years  1919, 
1920  and  1921  shows  an  accumulated 
deficit  of  $1,526,869.  Recently  the 
Seattle  city  council,  in  an  effort  to 
increase  the  lines'  earnings,  voted  to 
reduce  the  fare  to  5  cts.  with  a  2-ct. 
cash  or  1^-ct.  token  charge  for  a 
transfer,  in  the  vain  hope  that  many 


additional  passengers  would  be  at- 
tracted. This  was  done  in  the  face 
of  a  report  from  George  F.  Russell, 
superintendent  of  public  utilities,  that 
such  a  plan  probably  would  mean  a 
net  monthly  operating  loss  of  $129,- 
227,  a  loss  of  $1,550,700  per  year. 

Constant  efforts  have  been  made  by 
persons  interested  in  decreasing  the 
carfare,  to  take  the  deficit  out  of  the 
general  tax  fund  of  the  city,  but  this 
has  been  successfully  resisted  by  the 
taxpayers. 

Even  under  such  capable  and  prac- 
tically non-political  management  as 
that  of  Senator  Couzens,  the  Detroit 
system  has  been  unable  to  reduce 
fares  under  those  charged  by  its  for- 
mer private  managements,  and  has 
had  to  appeal  to  the  people  for  $5,000, 
000  with  which  to  make  improvements. 
This  was  voted  down  by  a  large 
majority. 

Detroit  and  San  Francisco. — Not- 
withstanding the  favorable  conditions 
under  which  the  Detroit  property  was 
purchased  and  is  being  operated,  the 
city  lines  still  have  the  same  rate  of 
fares  as  charged  by  the  former  or 
privately  owned  company. 

Some  of  the  factors  which  ought 
to  enable  this  municipally  operated 
road  to  grant  a  lower  fare  are  as 
follows: 

(1)  Through  greatly  reduced  fixed 
charges,  because  the  company  was 
forced  to  sell  its  city  lines  for  $22,- 
250,000,  which  was  actually  $9,250,000 
less  than  was  offered  for  the  same 
property  in  1919.  Capitalized  even  at 
5  per  cent,  this  would  show  a  saving 
of  $462,500  per  year. 

(2)  Through  the  possible  assistance 
of  all  city  machinery  and  departments 
in  the  operation  of  the  road. 

(3)  Through  the  gradual  elimina- 
tion of  jitney  competition,  which  was 
not  restricted  but  rather  encouraged 
during  private  operation. 

(4)  Through  the  extensive  use  of 
the  one-man  cars  under  city  opera- 
tion, which  cars  the  city  itself  did  not 
permit  private  management  to  op- 
erate. 

Despite  the  fact  that  the  San  Fran- 
cisco municipal  line  operates  chiefly 
on  the  two  principal  streets  of  that 
city;  carries  only  the  cream  of  the 
traffic,  and  serves  little  of  outlying 
territory,  the  official  municipal  report 
for  the  year  ended  June  30,  1922, 
shows  that  when  proper  allowances 
for  taxes  and  other  imposts  charged 
private  companies  are  made,  the  line 
had  a  deficit  of  $190,866  between  July 
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1,  1921,  and  June  30,  1922.  The  report 
also  shows  that  by  absolving  the  mu- 
nicipal line  from  taxes  properly- 
chargeable  to  it,  a  "bookkeeping" 
profit  of  $55,669  was  made;  but 
everyone  knows  that  bookkeeping  can- 
not pay  taxes.  Somebody  has  to  pay 
the  taxes  which  the  San  Francisco 
municipal  line  is  not  paying.  It  is 
only  fair  to  state,  however,  that  under 
this  favorable  tax  plan,  the  municipal 
line  has  accumulated  a  reserve  for 
depreciation  and  accidents  which  is 
comparable  with  those  set  aside  by 
well  maintained  properties  under 
private  management. 

State  Regulation. — Daily  evidence 
of  the  value  of  state  regulation  of 
electric  railways,  so  endorsed  by  the 
Federal  Electric  Railway  Commission, 
are  found  on  every  hand,  not  only  on 
the  part  of  the  street  railway  com- 
panies themselves,  but  on  the  part 
of  the  public  and  the  car  rider.  A 
return  to  the  old  order  of  local  regu- 
lation would  fill  managements  with 
uncertainty  and  immeasurably  halt 
rehabilitation  of  properties  and  their 
return  to  the  condition  necessary  to 
give  reliable  and  satisfactory  service. 

Governor  McCray  of  Indiana  says: 

"The  public  service  commission  is 
a  most  necessary  part  of  government- 
al machinery.  It  has  been  maligned 
because  it  has  been  misunderstood. 
The  laws  governing  it  may  not  be 
perfect,  but  they  can  and  will  be  cor- 
rected. To  abolish  this  commission 
would  mean  the  return  of  political 
wire  pulling  and  domination  by  public 
utilities  of  every  city  and  town  of  our 
state.  This  would  indeed  be  a  step 
backwards  and  must  not  be  thought 
of."  Sentiments  of  this  character  have 
been  expressed  by  governors  of  37 
other  states  during  recent  years. 

Certainly,  the  electric  railway  in- 
dustry cannot  be  expected  to  func- 
tion efficiently  and  economically  if  it 
is  compelled  to  take  up  the  old  bur- 
den of  being  subjected  to  the  personal 
whims  and  wishes  of  local  politicians 
instead  of  scientific  regulation  by 
state  experts  removed  from  political 
influence. 

The  electric  railway  industry  as  a 
whole  is  striving  to  do  what  the  Fed- 
eral Electric  Railway  Commission  and 
its  own  experience  tells  it  it  is  best 
to  do,  and  the  public  reaction  to  that 
effort  makes  us  confident  of  the 
future. 

I  have  tried  to  bring  to  your  at- 
tention   some   of   the    few    significant 


outstanding  instances  of  the  upward 
progress  of  our  industry.  With  man- 
agements showing  a  zeal  to  learn  and 
to  serve;  with  officials  playing  fair 
and  the  public  investing  its  money  in 
our  property  and  demanding  a  square 
deal  for  its  investment,  I  can  foresee 
a  great  advance  in  the  future. 


Precautions  for  Preventing  Chain 
Failures 

How  can  chains — especially  sling 
chains — be  kept  from  breaking?  What 
are  safe  working  loads?  Is  annealing 
a  good  thing  and  how  should  it  be 
done?  The  answers  to  these  three 
common  industrial  plant  problems,  the 
subjects  of  a  recent  study  by  the  Na- 
tional Safety  Council,  are  found  in 
the  following  conclusions: 

1  Before  placing  a  chain  in  serv- 
ice, either  the  total  length  should  be 
carefully  measured  or  measured  sec- 
tions, say,  3  ft.  in  length,  should  be 
laid  off  with  punch  marks. 

2.  All  chains  should  be  given  care- 
ful inspection  regularly — daily,  if  in 
constant  service — for  cracks  or  other 
defects. 

3.  The  length  of  the  chain,  or  the 
distance  between  punch  marks,  should 
be  checked  periodically — at  least  once 
in  six  weeks  if  in  constant  service — 
and  the  chain  should  be  discarded  if 
it  has  stretched  more  than  one-third 
of  a  link  (for  average  size  chains)  in 
3  ft.  The  diameter  of  the  metal  at 
the  ends  of  links  should  be  checked 
to  detect  excessive  wear. 

4.  Provided  these  precautions  are 
taken,  periodic  annealing  is  of  some 
value  as  an  additional  safeguard. 
There  is  no  recognized  standard 
method  of  annealing  chains,  and  the 
desirable  temperature  may  vary  ac- 
cording to  the  kind  of  chain. 

5.  Other  important  points  in  connec- 
tion with  the  safety  of  crane  slings 
were  noted  as  follows:  Rings  and 
hooks  must  be  of  sufficient  size  and 
strength;  the  hook  must  not  be  load- 
ed on  the  point;  sudden  jerks  should 
be  avoided;  load  should  be  hooked 
onto  in  a  manner  not  involving  un- 
necessary strain  on  the  chains;  too 
great  an  angle  between  the  two  parts 
of  a  double  sling  should  be  avoided. 

The  above  conclusions  and  the  va- 
rious methods  of  annealing  are  de- 
scribed at  length  by  Sidney  J. 
Williams,  Chief  Engineer  of  the  Na- 
tional Safety  Council,  in  the  March 
issue  of  the  National  Safety  News, 
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The  Rove  tunnel  is  the  means  by 
which  the  canal  from  Marseilles  to  the 
Rhone  River  penetrates  the  hills  of 
Nerthe,  just  north  of  Marseilles  har- 
bor. The  tunnel  will  communicate  at 
sea  level  with  both  terminals.  Its 
length  is  7.12  km.,  and  is  on  a  straight 
line.  Its  cross-section  is  much  larger 
than  that  of  certain  other  tunnels,  as 
compared  in  the  adjoining  sketch.  The 
original  plans  called  for  a  water-sec- 
tion 3  m.  deep,  but  the  final  plans  in- 
creased this  dimension  to  4  m.,  since 
it  would  be  impossible  to  enlarge  the 
tunnel  after  it  had  once  gone  into 
service. 

The  rocks  to  be  penetrated  were 
mainly  limestones,  of  greatly  varying 
quality,  and  marls.  The  former  gave 
very  little  difficulty,  but  the  latter,  be- 
ing much  contorted  and  fissured,  of- 
fered  several   serious   problems. 

Sequence  of  Tunnelling  Operations. 

The  tunnelling  operation  comprised 
the  following  steps:  The  successive 
driving  of  three  advance  headings 
(Nos.  1,  2,  3);  enlargement  and  deep- 
ening of  the  top  heading  (No.  4) ;  con- 
struction of  the  arch  piers  (No.  5) ; 
excavating  the  crown  between  the 
three  headings  (No.  6) ;  construction 
of  the  arches  (No.  7) ;  removal  of  the 
center  bench  (No.  8). 

The  three  headings  communicate 
with  one  another:  the  bottom  head- 
ings through  cross-cuts,  driven  every 
200  in.;  the  lower  headings  and  the 
top  heading  by  inclined  raises,  driven 
every  18  m.  The  material  broken 
in  the  top  heading  slides  through 
these  raises  into  cars  which  travel  in 
the  bottom  headings;  thus  the  rock 
is  entirely  removed  through  these 
lower  headings  without  having  to  dis- 
place the  tracks. 

A  track  is  laid  in  the  top  heading 
after  it  has  been  enlarged  (phase  4) 
and  is  joined  to  those  of  the  lower 
headings  by  inclines  on  a  2.5  per  cent 
grade;  this  track  is  used  mainly  for 
bringing  in  material  (timber  and  ma- 
sonry), 


Amount  of  Excavation. — The  excava- 
tion of  the  crown  (phase  6)  was  ac- 
complished in  steps  not  exceeding  a 
total  length  of  6  m.,  and  the  masonry 
arch  was  erected  as  quickly  as  possi- 
ble in  this  space.  The  volume  of  ex- 
cavation above  the  tow  paths  varies 


J6.00m.-> 
-22.00m. 

Comparison    of    Rove    Tunnel    with    Other 
Tunnel  Sections. 

with  the  thickness    of    the   masonry, 
and  is  divided  as  follows: 

Cu.  m. 
Lower  headings  (Steps  1  and  2).  20 

Upper  heading  (Step  3)    5 

Enlargement    of    upper    heading 

(Step   4)    20 

Excavation    of    crown     (Steps    5 

and   6)    75  to    95 

Removal  of  the  center  (Step  8)..  75 

Total     195  to  215 

Drilling  Equipment.  —  Drilling 
equipment  consists  entirely  of  com- 
pressed-air drills,  working  at  an 
average  pressure  of  57-71  lb.  per 
square  inch,  and  consuming,  includ- 
ing pipe-line  losses,  from  2,825  to 
3,531  cu.  ft.  of  free  air  per  drill,  per 
hour.  In  this  case,  the  use  of  individ- 
ual drills  was  thought  to  have  great 
advantage  over  any  system  of  mount- 
ing. The  drill  bits  are  of  various 
forms,  depending  upon  the  hardness 
of  the  rock  (augers,  Z-shaped,  chisel- 
edged,  etc.) ;  their  diameter  varies 
from  25  to  32  mm.  In  general,  the 
number  of  drills  was  around  11  or  12 
in  each  of  the  lower  headings,  3  or  4 
in  the  upper  heading,  and  as  many  as 
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80  in  excavating  the  crown.  While 
taking  out  the  center,  the  number 
varied  widely,  sometimes  reaching 
120  to  130  in  the  south  heading.  Each 
of  them  drilled  10  to  15  m.  of  hole  per 
24  hours,  distributed  in  10  or  12  holes. 
The  depth  of  the  holes  averaged  4  ft. 
in  the  top  headings,  3.12  ft.  in  the 
lower  headings,  and  3  ft.  in  excavat- 
ing the  crown  and  taking  up  the  cen- 
ter. 

Explosives  and  Rate  of  Advance. — 
The  explosives  that  have  given  the 
best  results  are  72  per  cent  dynamite 
for  the  headings  and  the  hard  rock, 
and  57  per  cent  for  the  softer  rock. 
The  consumption  of  explosives  natur- 
ally has  varied  within  wide  limits ;  the 
following  figures  represent  the  aver- 
age in  compact  limestone,  per  cubic 
meter  of  excavation: 

Headings    1.6  kg. 

Excavating  the  arch. . .  .0.5  kg. 
Taking  up  the  center.  .0.3  kg. 

The  load  for  each  shot  varied  from 
0.5  kg.  in  the  headings,  to  0.2  kg.  for 
the  arch  and  the  center. 

Advance  in  the  headings  often  at- 
tained 5.50  m.  per  24  hours,  it  was 
1,200  m.  per  year  before  the  war.  The 
maximum  excavation  in  the  arch  was 
470  cu.  m.  in  24  hours;  it  has  been 
144,000  cu.  m.  in  a  normal  year.  The 
maximum  excavation  in  the  center 
bench  in  24  hours  reached  520  cu.  m. 
The  total  excavation  from  the  tunnel 
(north  and  south  portals  combined) 
was  1,200  to  1,300  cu.  m.  per  day. 

Masonry  and  Control  of  Water. — 
The  arch  of  the  tunnel  is  walled  for  its 
entire  length,  the  masonry  being  filled 
out  to  the  solid  rock.  Arches  having 
a  thickness  of  less  than  1  m.  consist 
of  one  course  of  rough  stone,  dressed 
on  their  bed  and  joint  faces,  and  with 
a  thickness  of  alternately  0.30  or  0.45 
m.;  arches  with  greater  thickness  are 
built  of  two  courses  of  dressed  stone. 
The  dressed  stone  is  of  hard  lime- 
stone, obtained  mainly  from  quarries 
outside  the  tunnel  and  delivered  at 
the  heading  ready  cut;  rock  from  the 
central  bench,  also,  is  used  extensive- 
ly when  of  satisfactory  hard  character. 
The  sand  is  prepared  by  crushing 
limestone;  the  lime  is  a  hydraulic 
lime. 

At  130  m.  from  the  south  portal,  a 
spring  running  60  1.  per  sec.  was  en- 
countered. At  3,008  m.  from  the  south 
portal,  the  east  heading  met  a  spring 
with  a  continuous  flow  of  60  1.  per 
sec.  at  a  pressure  of  3  kg.  per  sq.  cm. 
The  number  of  pumps  in  service  soon 


went  from  three  to  12,  in  spite  of 
which  the  advance  headings  were 
drowned  out  for  many  days. 

The  two  advance*  headings  were 
Walled  up;  in  the  walls  were  placed 
pipes  with  bolted  covers  to  which 
valves  were  fastened.  Injections  were 
made  first  with  cement,  then  with  the 
same  dydraulic  lime  that  was  used  in 
the  masonry;  the  latter  gave  the  best 
results  because  it  sets  more  slowly 
and  fills  the  fissures  far  enough  from 
the  point  of  application  to  form  a 
barrier  on  the  perimeter  of  the  tun- 
nel.    Injections  began  with  a  pressure 
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Construction  of  Reinforced  Concrete  Slab 
in    Repairing   Cave    In. 

of  3  kg.  and  finished  with  5  kg.  They 
were  continued  for  three  months  and 
required  400  tons  of  cement  and  lime. 
After  5  months  the  flow  of  water  fell 
to  35  1.  per  sec,  when  it  became 
possible  to  begin  driving  again.  The 
water-bearing  zone  measured  100  m. 
along  the  tunnel. 

The  principal  drainage  trouble  con- 
sisted in  the  disposal  of  water  through 
a  level  ditch,  pipes  being  out  of  the 
question  in  headings.  The  ditch  was 
dammed  at  intervals  (400  to  500  m.) ; 
a  pump  then  lifted  the  water  over  the 
dam.  In  spite  of  its  inconveniences, 
this  system  was  used  for  a  long  time 
on  account  of  the  difficulty  of  obtain- 
ing  the   necessary    materials. 

Later  a  large  sheet-iron  pipe  was 
installed  as  a  water  line  in  that  part 
of  the  tunnel  where  the  excavation 
was  finished,  a  distance  of  3,100  m. 
from  the  south  portal;  but  as  this 
was  laid  .without  grade,  it  took  away 
only  100  1.  per  sec.  A  little  later  an- 
other pipe  was  laid  between  the  points 
3,100  and  4,200  m.  from  the  south 
portal.  The  drainage  system,  as 
finally  installed,  has  never  been  over- 
loaded on  account  of  the  light  rainfall 
since  the  date  of  its  completion.   Dur- 
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ing  the  dry  season,  the  total  power 
used  for  pumping  is  about  125  horse- 
power. 

A  caving  occurred  in  shattered  marl 
not  far  from  the  north  end  of  the 
tunnel.  The  volume  of  space  involved 
was  over  400  cu.  m.  After  spreading 
a  thin  layer  of  concrete  dropped 
through  a  bore-hole  from  the  surface 
over  the  pile  of  broken  rock,  a  heavier 
slab  of  reinforced  concrete  was  put 
into  position,  with  abutments  against 
the  solid  rock;  the  loose  material  was 
then  removed  from  below  this  arch 
and  the  cave  was  filled  through  the 
bore-hole. 

Owing  to  the  interruptions  caused  by 
the  war,  as  well  as  to  the  unexpected 
encountering  of  large  volumes  of 
water,  the  cost  of  the  completed  work 
— to  be  finished  in  1925 — is  now  esti- 
mated to  be  111,500,000  fr.  as  com- 
pared with  the  sum  of  45,500,000  fr. 
as  originally  estimated. 


Conference  of  Engineers  of  State 
Utility  Commissions 

For  more  than  ten  years  the  U.  S. 
Bureau  of  Standards  has  been  giving 
active  study  to  various  problems  con- 
nected with  the  operation  and  regula- 
tion of  public  utility  services.  This 
work  has  been  done  in  co-operation 
with  utility  companies  as  well  as  city 
and  state  officials  who  are  concerned 
with  these  problems.  Since  the  prac- 
tice of  exercising  control  of  utilities 
through  state  commissions  has  spread 
rapidly,  the  bureau's  relations  with 
such  commissions  have  become  more 
and  more  important.  While  these  re- 
lations have  been  very  cordial  and 
mutually  helpful,  it  has  been  consid- 
ered desirable  to  arrange  for  some 
more  formal  method  of  contact  with 
engineers  of  the  commissions. 

In  connection  with  a  meeting  of  the 
sectional  committee  which  is  revis- 
ing the  national  electrical  safety  code, 
representatives  from  seven  state  com- 
missions visited  the  bureau  in  Decem- 
ber, 1922,  and  an  informal  meeting 
was  held  to  consider  the  best  method 
of  procedure  for  a  larger  conference. 
In  accordance  with  decisions  then 
reached,  arrangements  were  com- 
pleted for  a  general  conference  of 
engineers  on  March  2  and  3  at  the 
Department  of  Commerce  and  the  Bu- 


reau of  Standards.  More  than  30 
engineers,  representing  various  state 
commissions,  attended  this  confer- 
ence. The  bureau  believes  that  this 
opportunity  for  discussion  between 
engineers  from  the  various  states  will 
be  of  material  assistance  to  them  in 
meeting  problems  which  are  more  or 
less  common  to  all. 

The  program  for  the  conference 
was  confined  strictly  to  engineering 
problems.  A  number  of  commission 
engineers  presented  papers  on  matters 
in  which  they  have  had  special  ex- 
perience. These  included  the  "Grad- 
ing of  Public  Utilities,"  which  was  dis- 
cussed by  Mr.  C.  B.  Hayden,  assistant 
engineer  of  the  Wisconsin  Railroad 
Commission,  and  Mr.  J.  Howard 
Mathews,  service  engineer,  Illinois 
Commerce  Commission;  "The  Public 
Interest  in  Heating  Value  Standards 
for  Gas,"  on  which  Mr.  S.  A.  Covell, 
gas  engineer  of  the  Maryland  Public 
Service  Commission,  and  Mr.  C.  R. 
Vanneman,  chief  engineer,  New  York 
Public  Service  Commission,  spoke; 
and  the  "Conservation  of  Natural 
Gas,"  discussed  by  Mr.  James  Imbo- 
den,  chief  engineer  of  the  West  Vir- 
ginia Public  Service  Commission,  and 
Mr.  L».  G.  White,  chief  engineer  of  the 
Ohio  Public  Service  Commission. 

There  was  also  a  general  discus- 
sion on  the  "Grounding  of  Electrical 
Circuits,"  with  an  introduction  by  M. 
G.  Lloyd,  electrical  engineer  of  the 
bureau,  and  on  the  problem  of  "In- 
ductive Interference,"  introduced  by 
Burton  McCullom,  electrical  engineer 
of  the  bureau.  On  the  subject  of  in- 
ductive interference,  the  discussion 
covered  in  particular  the  question  of 
methods  by  which  the  inductive  inter- 
ference problem  can  be  attacked  effec- 
tively. This  problem  is  a  very  large 
and  complex  one,  and  the  conference 
made  no  attempt  to  discuss  the  merits 
of  different  remedies  for  the  difficul- 
ties which  have  arisen.  It  is  under- 
stood that  considerable  progress  has 
recently  been  made  toward  the  co- 
operative study  of  this  problem  by  the 
various  utilities  whose  interests  are 
more  or  less  in  conflict,  and  it  is 
hoped  that  discussion  of  this  matter 
by  state  engineers  may  devolop  some 
method  by  which  state  authorities  and 
the  Bureau  can  also  co-operate  effec- 
tively with  the  utilities. 

Future  conferences  similar  to  this 
first  one  will  be  arranged  to  be  held 
in  various  parts  of  the  country  in 
order  to  facilitate  attendance  by  state 
engineers. 


(134) 


1923 


Engineering  and  Contracting 

Performance  of  Electrified  Railway 


661 


Observations  Based  on   Inspection  Trips  Over   Electrified  Sections 

of  Chicago,  Milwaukee  &  St.  Paul  Ry.,  Given  in  Paper 

Presented   Jan.    18   Before    Montreal   Branch, 

Engineering  Institute  of  Canada 

BY  ARTHUR  L.  MUDGE 

Electrical  Engineer,  Kerry  &  Chase,  Ltd. 


The  electrified  sections  of  the  Chi- 
cago, Milwaukee  &  St.  Paul  cover  649 
route  miles  of  single  track  road. 
About  two-thirds  of  this  consists  of 
the  Rocky  Mountain  and  Missoula  di- 
visions in  the  state  of  Montana,  where 
three  mountain  ranges,  including  the 
Continental  Divide,  are  crossed  with 
long  grades  of  1.7  per  cent  and  2.0 
per  cent.  This  section  has  been  elec- 
trically operated  since  1916.  The  re- 
maining one-third  of  the  electrified 
mileage  is  on  the  Coast  division  in 
the  state  of  Washington  where  the 
Cascade  mountains  are  crossed  with 
a  maximum  grade  of  2.2  per  cent.  Be- 
tween the  two  electrified  sections 
there  is  a  division  of  226  miles  still 
under   steam  operation. 

The  Electric  Locomotives. — Since 
1916  there  have  been  placed  in  op- 
eration on  the  road  following  61  elec- 
tric locomotives,  made  by  the  General 
Electric  Company  and  by  the  West- 
inghouse  Electric  and  Manufacturing 
Company: 


Total 

Max. 

weight, 

safe  speed 

No.   tons. 

Drive. 

Service,    m.p.h. 

42       288 

Geared 

Freight             35 

10       278 

Geared 

Passenger        65 

5       262 

Gearless 

Passenger        90 

4         72 

Geared 

Switching        35 

About  two-thirds  of  these  locomo- 
tives have  been  in  service  since  1916, 
so  that  ample  time  has  elapsed  to 
observe  results  and  judge  of  the  re- 
liability of  operation. 

The  Power  Supply  System. — The 
system  of  power  supply  to  the  loco- 
motives is  3,000-volt,  direct-current, 
supplied  through  pantagraphs  from 
overhead  conductors,  and  a  bonded 
rail  return  circuit.  The  maximum  op- 
erating voltage  across  any  motor  is 
1,500  volts  for  the  geared  motors  and 
1,000  volts  for  the  gearless  motors,  al- 
though the  windings  of  certain  motors 
on  every  locomotive  have  to  stand  an 
insulation  strain  of  3,000  volts  to 
ground.     The    3,000-volt    direct    cur- 


rent is  furnished  from  synchronous 
motor  driven  sets  in  substations  lo- 
cated at  intervals  averaging  about  33 
miles  along  the  railway.  These  sub- 
stations are  fed  by  110,000-volt,  3- 
phase,  60-cycle  power  purchased  from 
the  Montana  Power  Co.  who  have  a 
number  of  hydro-electric  developments 
and  a  net  work  of  transmission  lines 
in  Montana. 

The  Butte  Anaconda  &  Pacific  Ry., 
a  subsidiary  of  the  Anaconda  Copper 
Mining  Co.,  has  an  electrified  single 
track  mileage  of  123  miles  and  since 
1913  has  been  operating  twenty-eight 
80-ton  geared  electric  locomotives  on 
the  2,400-volt  direct-current  system. 

Reliability  of  Electrical  Operation. 
—High  voltage  power  supply  is  rarely 
off  as  every  substation  is  fed  by  at 
least  two  110,000-volt  circuits.  The 
direct  current  supply  rarely  fails  for 
in  the  event  of  a  substation  being 
shut  down  power  can  be  supplied  from 
the  substations  on  either  side.  By 
this  means  a  moderate  traffic  can  be 
handled   at  somewhat  reduced  speed. 

If  a  derailment  brings  down  a  pole, 
trainmen  telephone  to  substations  on 
either  side  to  shut  power  off  section, 
however,  the  circuit  breakers  have 
probably  already  opened.  The  wires 
are  cleared  either  by  trainmen  or 
off-duty  operators  from  nearest  sub- 
station, circuit  breakers  closed,  and 
trains  drift  past  the  break  until  the 
line  gang  arrives  and  makes  repairs. 

Lightning  protection  is  good,  by 
means  of  overhead  grounded  wires  on 
transmission  line  and  distribution  sys- 
tem; by  electrolytic  arresters  on  a.  c, 
and  d.  c,  sides  of  substations  and  on 
locomotives;  and  interruptions  from 
lightning  are  rare. 

In  case  of  sleet  both  pantagraphs 
are  put  up.  The  forward  one  cuts 
the  sleet  and  rear  one  collects  the 
current.  Sleet  on  high  tension  lines 
is  melted  off  by  tying  together  the 
three  wires  of  a  dead  line  and  putting 
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3,000  volts,  d.c,  through  them  to 
ground. 

On  the  Rocky  Mountain  and  Mis- 
soula divisions  for  February,  1922:  — 
freight  locomotive  mileage  was  70,- 
000,  and  passenger  locomotive  mileage 
was  60,000.  During  this  time  there 
were  three  trains  detentions  from 
mechanical  failures  and  four  deten- 
tions from  electrical  failures,  or  one 
detention  for  each  18,571  miles,  this 
being  not  far  from  the  usual  average. 

No  wrecks  have  been  due  to  elec- 
trical failures.  The  only  extended 
use  of  the  steam  locomotive  since 
they  electrified  was  during  a  4-day 
strike   of   substation   operators. 

It  is  not  necessary  to  house  locomo- 
tives in  winter  between  runs.  If  they 
have  to  be  brought  into  shop  when 
cold  they  will  sweat  badly  and  mo- 
tors should  be  dried  out  with  low 
voltage — 220  volts — before  attempting 
to  put  operating  voltage  on  them 
again. 

Mr.  Bellinger,  electrical  engineer  of 
the  Butte  Anaconda  and  Pacific  Rail- 
way, claims  that  in.  eight  years  they 
have  had  to  fall  back  on  steam  loco- 
motives on  only  two  occasions.  He 
also  states  that  of  the  twenty-eight 
electric  locomotives  on  the  road, 
twenty-six  are  in  regular  service,  one 
is  a  spare,  and  one  in  shop. 

Railway  Transmission  Lines. — For 
the  Rocky  Mountain  and  Missoula  di- 
visions there  are  363  miles  of  110,000- 
volt  single-circuit  wood-pole  transmis- 
sion line.  This  parallels  the  railway 
and  there  are  sufficient  feeding-in 
points  to  ensure  that  every  substation 
has  at  least  two  circuits  supplying  it. 
Three-hundred-foot  spans  are  used  on 
tangents.  Particular  attention  is 
given  to  stringing  the  line  conductors 
at  correctly  calculated  sags.  Sixteen 
feet  for  clearance  of  conductors  above 
ground  is  strictly  maintained. 

The  system  was  put  into  operation 
December,  1916,  and  the  single  wood 
pole  construction  has  been  found  en- 
tirely satisfactory,  shutdowns  being 
rare.  Suspension  insulator  failures 
have  not  exceeded  1  per  cent  per  year. 
The  same  type  of  high  tension  line 
construction  is  used  on  the  Coast  di- 
vision. 

To  carry  a  110,000-volt  circuit  on 
single  wooden  poles  set  300  ft.  apart, 
to  an  eastern  engineer  looks  a  bit 
risky,  however,  they  are  doing  it  and 
apparently  getting  away  with  it.  It 
should  be  noted,  however,  that  in 
Washington  they  have  sleet  but  no 
very   low    temperatures,    whereas    in 


Montana  there  are  extremely  low  tem- 
peratures but  little  sleet. 

Railway  Substations.  —  Substations 
are  located  at  about  33-mile  intervals, 
which  is  found  entirely  satisfactory 
from  an  operating  point  of  view. 
They  are  all  manually  operated  and 
contain  one,  two,  or  three  2,000-k.w., 
synchronous  motor  generator  sets, 
each  set  being  fed  by  one  3-phase  oil- 
filled  self-cooled  transformer  and  con- 
trolled by  a  high  tension,  oil  circuit 
breaker.  Electrolytic  lightning  arrest- 
ers are  installed  on  the  high  tension 
bus  on  all  generators,  and  all  3,000- 
volt  d.c.  feeder  circuits. 

Two  3,000-volt,  d.c,  feeders  leave 
each  station.  Negative  high  speed 
breakers  or  flash  suppressors  are 
used,  and  generators  are  provided 
with  blowers  for  cooling  purposes. 
Each  station  is  fed  by  two  110,000-volt, 
60-cycle  circuits,  controlled  by  oil  cir- 
cuit breakers.  Generator  commuta- 
tors are  undercut,  and,  after  two  years 
operation,  without  repair  or  turning, 
are  in  excellent  condition.  Original 
brushes  still  in  holders,  wearing  about 
Vs  in.  in  two  years,  were  found  in  the 
station  inspected. 

There  are  two  exciters  direct  con- 
nected to  each  motor  generator  set, 
one  for  the  synchronous  motor  and  one 
for  the  two  d.c,  generators.  A  com- 
pound winding  on  synchronous  motor 
exciter  field,  from  the  main  d.c,  gen- 
erator circuit,  automatically  controls 
the  power  factor  with  varying  loads. 
No  Tirrell  regulator  is  used.  Syn- 
chronous motors  are  wound  for  2,200 
volts  and  are  started  from  half  volt- 
age taps  in  the  main  transformers. 
All  2,200-volt  a.c,  and  3,000-volt  d.c, 
cable  is  cambric  insulated  and  covered 
with  flame  proof  braid,  mounted  on 
porcelain  insulators  or  carried  in  fibre 
conduit.  There  is  no  lead  sheathed 
cable  in  the  station.  Each  station  is 
equipped  with  a  ten-ton  hand-operated 
traveling  crane. 

Communication  to,  and  between, 
substations  is  by  means  of  despatch- 
es telephone  on  railway  right-of-way. 
One  substation  operator  is  on  duty 
per  eight-hour  shift,  but  under  certain 
conditions  of  light  traffic,  some  sta- 
tions operate  for  only  one  or  two 
shifts  allowing  stations  on  either  side 
to  carry  the  load  during  the  remaining 
shifts.  This  is  a  continuous  arrange- 
ment and  operators  are  carried  only 
for  the  operating  shifts. 

Operators  now  receive  $207.00  per 
month  with  rent,  fuel  and  light.  There 
is  a  travelling  substation  superintend* 
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ent.  The  opinion  of  Mr.  Beeuwkes, 
chief  electrical  engineer  of  the  road, 
is  that  one  motor  generator  set  per 
substation  is  safe  practice  provided 
it  is  of  sufficient  capacity  to  carry  the 
load.  Two  of  their  stations  have  only 
one  unit  each  but  it  would  not  be  de- 
sirable to  have  less  than  two  units  in 
substations  at  either  end  of  the  line. 
Mr.  Beeuwkes  thought  that  full  auto- 
matic operation  of  substations  would 
not  suit  their  particular  conditions, 
but  that  a  partially  automatic  system 
with  some  manually  operated  and 
some  remote  control  stations  might  be 
satisfactory. 

Maintenance  of  Overhead  and  Trans- 
mission Lines. — The  440  single  track 
route  miles  of  overhead  distribution 
system  together  with  about  140  miles 
of  sidings,  yards  track  and  spurs,  and 
the  363  miles  of  110,000-volt  transmis- 
sion line  on  the  Rocky  Mountain  and 
Missoula  divisions  are  maintained  by 
a  line  superintendent,  and  two  gaso- 
line electric  repair  cars,  each  fitted 
with  tower,  store  room,  eight  bunks, 
kitchen,  etc.,  each  car  carrying  the 
following  crew: — one  enginedriver, 
one  conductor,  one  brakeman,  one 
foreman,  three  linemen,  and  one 
helper  who  also  acts  as  cook.  The 
tower  on  the  repair  car  swings  far 
enough  to  eliminate  pole  climbing. 
These  cars  in  1916  cost  about  $21,000, 
each. 

The  cost  of  maintenance  of  over- 
head for  first  year  or  so,  until  system 
became  tuned  up,  was  high.  The  un- 
treated wooden  poles  are  considered 
to  have  a  life  of  about  seventeen 
years,  the  hard  drawn  copper  contact 
wire  much  longer,  and  no  appreciable 
deterioration  has  shown  yet  in  hard- 
ware or  insulators.  Mr.  Bellinger, 
electrical  engineer,  of  the  Butte  Ana- 
conda &  Pacific,  says  that  their  cost 
of  maintenance  and  repairs  to  over- 
head and  bonding  runs  from  $125  to 
$175  per  mile  of  single  track  per  year, 
the  higher  figure  being  when  wages 
and  materials  were  at  the  peak. 

Track  Bonding  and  Negative  Feeder. 
—The  bond  used  is  of  stranded  copper 
about  37  inches  long,  attached  to  the 
rail,  beyond  either  end  of  the  angle 
bar,  by  drilling  the  webs  of  the  rail 
and  expanding  the  lug  of  the  bond  by 
means  of  a  steel  pin.  This  type  of 
bond  evidently  requires  a  fair  amount 
of  attention,  and  on  both  railways 
they  incline  towards  a  welded  bond 
for  future  work. 

Both  roads  use  a  supplementary 
negative  feeder  of  No.  0000  stranded 


copper  on  all  of  single  track  mileage, 
but  discontinue  it  where  there  are 
two  or  more  tracks.  On  the  Chicago, 
Milwaukee  &  St.  Paul,  this  negative 
feeder  is  carried  along  the  top  of  the 
poles  for  lightning  protection.  On 
spurs  they  bond  one  rail  only  and 
carry  a  stranded  steel  negative  feeder 
along  the  ground. 

The  bonding  is  maintained  by  sec- 
tion men  without  any  increase  in  size 
of  gang  as  used  for  steam  operation. 
One  inspector  and  helper,  on  a 
speeder,  test  bonds  on  a  440-mile  sec- 
tion. 

Effect  of  Steam  Operation  on  Over- 
head.— There  has  been  no  serious 
effect  on  overhead  from  steam  loco- 
motives where  latter  are  used  in  the 
open  for  switching.  There  has  been 
trouble  at  certain  tunnels  where  joint 
use  has  occurred  with  another  road 
using  steam.  In  such  cases  another 
type  of  insulator,  viz.,  the  Hewlett, 
has  been  used  and  has  proved  satis- 
factory. Cleaning  the  insulators  is 
of  no  use  as  the  heat  from  the  steam 
locomotives  causes  cracks  and  break- 
downs. 

Interference  with  Communication 
Circuits.  —  Train  despatching  tele- 
phone circuits  are  carried  on  poles  on 
the  railway  right-of-way  within  twen- 
ty-five feet  of  3,000-volt  d.  c,  contact 
wires  and  feeders  and,  as  a  rule, 
within  150  ft.  of  the  110,000-volt  a.c, 
circuit  throughout  practically  the  en- 
tire length  of  the  electrified  sections. 
No  very  special  precautions  are  taken 
and  no  troubles  from  interference  are 
experienced.  Where  telephone  wires 
have  to  cross  tracks  to  enter  stations 
they  are  carried  in  lead  sheathed 
cable  under  tracks  to  avoid  overhead 
crossings.  At  the  time  of  visit  of  the 
French  Railway  Commission  a  num- 
ber of  special  tests  were  made,  includ- 
ing operation  by  the  Western  Union 
Telegraph  Company  of  multiplex 
telegraphy  over  some  of  the  telephone 
wires.  The  French  Commission  were 
entirely  satisfied  with  the  results  of 
the   tests. 

Locomotive  Mileage. — Chicago,  Mil- 
waukee and  St.  Paul  Railway: 

Approximately  per  year,  per  locomo- 
tive, £0,000  miles. 

One  locomotive  on  Rocky  Mountain 
and  Missoula  division,  (400  miles) 
made  12,000  miles  in  1  month. 

One  passenger  locomotive  on  Coast 
division  (209  miles),  made  8,200  miles 
in  1  month. 

One  passenger  locomotive  on  Coast 
division  made  mileage  on  208  out  of 
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211    consecutive    days,    in    this    time 

making  50,000  miles. 

Butte,  Anaconda  &  Pacific  Ry.: 

Freight  locomotive  per  year  about 
23,000  miles. 

Passenger  locomotives  per  year 
about  36,000  miles. 

Most  of  these  records  would  have 
been  better  had  the  electrified  divi- 
sions been  longer.  In  a  year  of  heavy 
traffic  the  average  mileage  of  locomo- 
tives on  the  Butte,  Anaconda  &  Pa- 
cific ran  up  to  over  48,000. 

Locomotive  Inspection. — A  general 
inspection  on  the  Rocky  Mountain  and 
Missoula  Division  is  made  once  every 
5,000  miles  and  requires  about  nine 
men  for  four  hours.  The  general 
scheme  of  overhauling  in  shop  is  as 
follows: — after  40,000  miles,  one  week 
in  shop,  after  80,000  miles,  ten  days  in 
shop,  after  100,000  miles,  two  weeks 
in  shop.  Different  features  are  at- 
tended to  at  each  shopping,  the  above 
cycle  being  repeated.  At  the  end  of 
each  440-mile  run,  a  nut  and  bolt  in- 
spection is  given  and  bearings  are 
lubricated. 

On  the  Coast  Division,  five  gearless 
locomotives  have  been  in  operation 
about  two  years.  The  first  and  second 
have  had  their  first  general  overhaul- 
ing. The  third  has  just  had  its  first 
general  overhauling  after  running 
110,000  miles.  The  fourth  has  run 
115,000  miles  and  has  just  been  put 
into  the  shop.  Overhauling  will  re- 
quire about  28  days.  No  tires  turned 
before  this  overhauliag,  and  some  do 
not  require  turning  yet.  One  shop  in- 
spection every  5,000  miles,  takes 
about  eight  hours. 

On  the  Butte,  Anaconda  &  Pacific 
Ry.,  a  general  inspection  is  made 
every  40  days.     This  inspection  takes 


place  over  a  cinder  pit  and  the  loco- 
motive is  not  taken  into  the  engine 
house  for  it.  The  commutators, 
brushes  and  contactors  are  examined 
and  the  gears  lubricated, — the  whole 
being  not  over  one  hour's  work.  Axle 
bearings  are  lubricated  every  day. 
Locomotives  come  into  shop  once  a 
year  for  general  overhauling  which 
includes  turning  tires  and  rebabbitting 
motor  bearings. 

Steam  and  Electric  Locomotive 
Maintenance  Costs  and  Operation. — 
Table  I  shows  a  comparison  of  repair 
costs  for  steam  .and  electric  locomo- 
tives and  includes  repairs,  mainte- 
nance, inspection,  engine-house  costs 
and  wreck  repairs. 

There  is  not  much  difference  in  cost 
of  repairs  between  passenger  and 
freights,  and  no  one  seemed  to  fear 
any  rapidly  increasing  deterioration 
with  age.  Mr.  Beeuwkes  suggested 
a  life  of  25  years  or  more  without  in- 
creasing the  annual  maintenance 
charges.  So  far  the  locomotives  have 
been  improving  with  age  as  the  va- 
rious original  troubles  are  eliminated, 
partly  at  the  expense  of  the  manufac- 
turing companies. 

Wear  of  Locomotive  Parts. — Com- 
mutator record  of  the  main  railway 
motors  is  exceedingly  good,  showing 
that  motors  must  run  sparklessly. 
This  indicates  that  the  interpole  wind- 
ing is  doing  its  work  properly,  that 
satisfactory  types  of  brushes  are 
being  used  and  that  the  motors  are 
well  designed  for  good  commutation. 
The  writer  saw  several  commutators 
from  main  driving  motors  of  each  type 
of  locomotive.  All  were  in  perfect 
condition  and  it  was  claimed  that 
they  had  never  been  turned,  and  that 
they    never    turn    a    commutator    for 


TABLE  I. 

No.  of 

Repair 
ct.   per 

cost 
mile. 
Pro- 

Steam 

locos. 

Wt.  of 

rated 

or 

in  ser- 

loco., 

Per 

to. 100 

Railway. 

Division. 

electric. 

Year.     vice. 

tons. 

loco. 

tons. 

C.  M.  &  St.  P. 

R.  M.  &  M. 

Steam 

1920 

150 

34 

22.7 

C.  M.  &  St.  P. 

P..  M.  &  M. 

Steam 

1921 

150 

32 

21.3 

C.  M.  &  St.  P. 

R.  M.  &  M. 

Electric 

1920 

288 

24 

8.3 

C.  M.  &  St.  P. 

R.  M.  &  M. 

Electric 

1921 

288 

21 

7.3 

C.  M.  &  St.  P. 

R.  M.  &  M. 

Electric 

1921           38 

268 

18 

6.2 

C.  M.  &  St.  P. 

Coast 

Steam               Jan.  1922    . . . 

150 

34 

22.T 

C.  M.  &  St.  P. 

Coast 

Electric 

1921           23 

285 

19 

6.7 

B.  A.  &  P. 

Electric 
TABLE  II. 

1920           28 

80 

6.7 

8.4 

Type 

Weight 

Years  in 

Probable 

Railway. 

of  locomotive. 

in  tons. 

operation 

. 

miles  run. 

B.  A.  &  P. 

Geared  freight 

80 

8 

180,000 

C.  M.  &  St.  P. 

Geared  freight 

286 

6 

360.000 

C.  M.  &  St.  P. 

Geared  passenger                  300 

2 

120,000 

C.  M.  &  St.  P. 

Gearless  passenger                262 

2 

120,000 
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wear  approximate  record  of  commu- 
tators examined  is  shown  in  Table  II. 

Main  motor  brushes  wear  about  1/16 
in.  per  11,000  miles,  %  in.  being  total 
allowable  wear,  giving  about  44,000 
miles  for  one  set  of  brushes. 

Most  of  the  original  gears  and  pin- 
ions are  still  in  operation  on  both 
freights  and  passengers.  Any  replace- 
ments that  have  been  made  are  gener- 
ally due  to  gear  teeth  being  broken  off 
when  a  piece  of  the  gear  spring  falls 
into  the  gearing.  On  both  types  of 
geared  locomotives  there  are  springs 
between  gears  and  driving  wheels.  In 
neither  case  was  the  original  spring 
arrangement  satisfactory,  as  far  too 
much  play  was  allowed.  Play  has 
now  been  greatly  reduced,  with  conse- 
quent elimination  of  spring  trouble. 

On  some  of  the  main  driving  gears, 
which  after  six  years  wear  can  no 
longer  be  operated  with  springs,  the 
rim  has  been  riveted  to  spider  and 
operation  continued  without  springs. 
Tooth  wear  will  be  somewhat  quicker 
under  these  conditions,  but  material 
additional  mileage  per  gear  will  be 
obtained.  Springs  are  desirable  in 
order  to  decrease  wear  of  teeth.  On 
the  80-ton  Butte,  Anaconda  and  Pacific 
locomotives  there  are  no  springs  be- 
tween gears  and  driving  wheels.  They 
expect  a  gear  life  of  about  fifteen 
years,  and  pinion  life  less  in  propor- 
tion to  gear  ratio. 

Wheel  rims  of  locomotives  are 
turned  approximately  as  follows:  — 
geared,  once  in  50,000  miles;  gearless, 
once  in  100,000  miles.  Three  turnings 
is  the  life  of  a  rim.  Allowable  varia- 
tion in  wheel  diameters  is  one-eighth 
inch  on  one  axle  and  one  and  one-half 
inches  on  the  locomotive. 

The  operating  record  of  the  locomo- 
tives seems  generally  to  have  been 
good.  Certain  troubles  have  devel- 
oped, both  electrical  and  mechanical, 
of  which  the  local  officials  talk  quite 
frankly.  These  were  incidental  to  de- 
veloping new  types  of  locomotives  for 
very;  heavy  service  and  most  of  them 
by  this  time  have  been,  or  are  in  a 
fair  way  of  being  eliminated.  The 
manufacturing  companies  are  working 
in  close  co-operation  with  the  railway 
officials  in  correcting  the  defects.  The 
best  commentary  on  the  seriousness 
of  any  troubles  which  may  have  oc- 
curred is  the  absolutely  complete  en- 
thusiasm of  every  railway  official  we 
met  as  to  the  success  of  electrical 
operation  and  its  very  favorable  show- 
ing as  compared  with  steam. 


Wrecks.  —  The  following  train 
wrecks  have  occurred  since  the  road 
has  been  electrified: 

1.  Due  to  a  landslide  two  electric 
freight  locomotives  on  the  Coast  divi- 
sion rolled  over  an  embankment  down 
400  feet.  The  sole  witness  was  a 
woman  who  described  how  the  cabs 
sprang  free  from  the  trucks  and  hit 
each  other  in  the  air  as  they  bounced 
down  the  mountainside.  Nine  men 
went  over  with  the  locomotives,  two 
of  these  men  were  injured  seriously, 
but  all  recovered.  The  parts  of  the 
locomotives  were  brought  back  to  the 
shops  on  twenty-one  flat  cars,  the  mo- 
tors themselves  being  uninjured.  The 
railway  company  rebuilt  both  locomo- 
tives at  a  cost  of  $90,000,  and  they  are 
now  in  operation  on  the  road  in  as 
good  condition  as  ever. 

2.  One  passenger  locomotive  was 
ditched  west  of  Deer  Lodge  but  not 
seriously  injured. 

3.  Freight  locomotive  and  train 
ran  away  down  a  20-mile  1.7  per  cent 
grade  on  the  Beverley  Hills  to  the 
Columbia  river.  A  mallet  engine  and 
sixty  cars  all  went  off  track.  The 
electric  locomotive,  whose  safe  speed 
rating  is  35  miles  per  hour,  went 
around  six  degree  curves  at  sixty 
miles  per  hour  op  over,  but  stayed  on 
the  track  without  damaging  it,  and 
ran  a  considerable  distance  up  the 
next  grade.  The  banding  broke  on 
two  armatures,  locking  the  wheels 
which  slid  for  some  distance.  No 
other  damage  done  to  the  locomotive. 
This  wreck  was  due  to  combination  of 
failure  of  air  brakes  and  wrong  han- 
dling of  regenerative  braking  control 
by  the  enginedriver. 

4.  In  September,  1920,  a  wreck  oc- 
curred at  Piedmont.  Forty-eight  cars 
ran  away  down  a  2  per  cent  grade  into 
the  caboose  of  a  train  at  the  bottom 
and  all  piled  up  within  ninety  feet. 
One  pole  was  broken  and  tangled  up 
the  3,000-volt  overhead  feeder.  The 
wreck  was  cleared  within  twenty-four 
hours  and  the  overhead  was  repaired 
by  the  time  the  track  was  cleared. 
This  was  the  last  occasion  on  which 
a  steam  locomotive  has  been  used  on 
the  Rocky  Mountain  division. 

No  electric  locomotives  on  the  sys- 
tem have  been  damaged  beyond  re- 
pair, and  no  wrecks  have  been  due  to 
electrical  failures. 

Passenger  Car  Heating. — On  the 
Milwaukee  road  this  is  done  by  means 
of  an  oil  fired  boiler  on  the  locomo- 
tive.     The    oil    tank   holds    750    gals. 
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which  is  sufficient  for  a  440  mile  run 
for  one  of  the  heavy  transcontinental 
trains  of,  say,  ten  cars.  With  oil  at 
$1.^7  per  barrel,  this  means  about  7.5 
cents  per  train  mile.  Water  tanks 
hold  about  3,000  gal.  and  can  run  226 
miles  on  one  filling.  There  are  four 
water  stations  left  on  the  226  miles 
of  the  Rocky  Mountain  division. 

Steam  may  be  required  at  night  in 
the  mountains  at  any  time  during  the 
summer  and  is  required  at  all  times 
for  baths  on  the  "Olympian."  The 
boilers  originally  used  were  unsatis- 
factory and  cost  over  5  cts.  per  loco- 
motive mile  for  maintenance.  The 
type  of  boiler  now  used  costs  less  than 
1  ct.  per  locomotive  mile  to  maintain. 
It  is  desirable  to  have  the  boiler  com- 
partment   entirely    shut   off    from   re- 


cago,  Milwaukee  and  St.  Paul  it  re- 
duces the  total  power  required  for 
operating  the  road  by  from  15  per  cent 
to  20  per  cent. 

An  example  may  be  cited  of  a  2,400- 
ton  train  descending  a  1.7  per  cent 
grade  at  20  m.p.h.  The  locomotive 
was  delivering  800  amperes  to  the  line 
at  3,200  volts,  which  represents  over 
3,000  h.p.  On  a  0.5  per  cent  grade 
the  trains  coast  at  about  25  miles  per 
hour  without  power  or  regeneration. 
There  would  therefore  be  no  object 
in  adopting  regenerative  braking  un- 
less a  road  had  long  grades  well  in 
excess  of  0.5  per  cent. 

Power  Consumption  and  Contract. — 
The  power  supply  is  metered  sep- 
arately on  the  three  electrified  divi- 
sions: 


Division 
Rocky  Mountain 
Missoula 
Coast 


From 
Harlowton 
Deer  Lodge 
Othello 


Peak  load  Rate  per 
Length       limited  kw.  h. 

To  miles.         to  kw.  cents. 

Deer  Lodge  226  12,000  0.536 

Avery  212  12,000  0.536 

Tacoma  209  12,000  0.536 


mainder  of  the  locomotive,  otherwise 
gas  and  soot  dirties  the  electrical  con- 
tacts of  control  equipment  and  is  lia- 
ble to  make  its  action  uncertain.  It 
has  been  suggested  that  passenger 
cars  might  be  heated  from  a  separate 
tender  carrying  an  oil,  or  coal  fired 
boiler.  This  would  allow  passenger 
trains  to  be  handled  by  freight  loco- 
motives and  heating  tenders  could  be 
left  off  in  summer. 

No  electric  locomotives  on  the  sys- 
tem have  been  damaged  beyond  re- 
pair, and  no  wrecks  have  been  due  to 
electrical  failures. 

Passenger  locomotive  cabs  are 
steam  heated;  freight  cabs  are  pro- 
vided with  electric  heaters.  Electric 
heating  of  passenger  trains  generally 
would  be  too  expensive  as  it  requires 
nearly  as  much  power  to  heat  a  train 
as  to  haul  it.  On  the  Butte,  Anaconda 
&  Pacific  Ry.,  however,  between  Butte 
and  Anaconda,  26  miles,  a  three-car 
passenger  train  makes  four  round 
trips  per  day.  The  cars  of  this  train 
are  electrically  heated. 

Regenerative  Braking. — This  is  an 
important  and  successful  feature  of 
the  installation.  When  trains  are  run- 
ning down  the  heavier  grades,  motors 
can  be  operated  as  generators  and  the 
momentum  of  the  train  converted  into 
electric  power  which  is  returned  to 
the  line.  This  acts  as  a  smooth  and 
effective  brake,  saves  in  repairs  and 
maintenance  of  brake  shoes  and  rig- 
ging, and  saves  power.     On  the  Chi- 


Power  is  furnished  at  110,000  volts 
at  the  railway  company's  right-of-way, 
for  the  Rocky  Mountain  and  Missoula 
divisions,  by  the  Montana  Power  Co., 
and  for  the  Coast  division  by  the  In- 
termountain  Power  Co.,  in  which  the 
Montana  Power  Co.  is  interested.  The 
railway  company  own  the  110,000-volt 
transmission  line  which  parallels 
their  track  for  the  greater  part  of  the 
electrified  sections. 

Power  is  paid  for  on  the  high  ten- 
sion side  of  the  substations  on  the 
basis  of  maintaining  a  load  factor  of 
at  least  60  per  cent  on  each  division. 
Load  factors  on  various  divisions  with 
present  comparatively  light  traffic  do 
not  exceed  35  per  cent.  In  August, 
1920,  with  double  the  present  freight 
traffic  they  operated  on  the  Coast  di- 
vision with  a  load  factor  of  about  72 
per  cent  with  a  peak  limited  to  10,000 
k.w.  Such  a  severe  limitation  of  the 
power  peak  was  found  to  slow  down 
the  trains  and  increase  engine  and 
trainmen's  wages  to  such  an  extent 
that  the  limit  was  raised  to  12,000  k.w. 
Unfortunately  traffic  immediately  be- 
gan to  fall  off  with  resulting  load  fac- 
tors of  from  45  per  cent  to  31  per  cent. 
The  railway  company  may  raise  or 
lower  the  peak  limit  monthly  by  incre- 
ments of  1,000  k.w.,  or  multiples 
thereof,  their  minimum  payment  for 
the  month  being  on  the  basis  of  60 
per  cent  load  factor  on  the  peak  limit 
set  for  that  month,  which  peak  limit, 
for  purpose  of  minimum  payment,  may 
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not  be  reduced  below  12,000  k.w.  per  Electric  Railway  Situation  as 

division.  /*•■•■• 

For  the  Coast  division  (209  miles),  Seen  by  a  Commissioner 

the    contract    now    works    out    as    fol-  Abstract   of  a   Paper   Presented   Feb. 

16    at    Midwinter    Meeting    of 

5,000  gross  training  tons  daily  westbound.  American   Electric   Rail- 

4,000  gross  trailing  tons  daily  eastbound.  A««nei»tion 

Passenger:  way  A"oc»uon- 

Two   transcontinental  trains  daily  each  gy   DWIGHT    N     LEWIS 
way. 

Peak    load    (controlled    by    power            ■  President  National  Association  of  Railway 

limiting  device),  kw 12,000  and  utility  Commissioners,  and  Chair- 
Load  factor,  per  cent 35  man    iOWa   Railroad    Commission. 

Monthly  power  consumption  on 
high  tension  side  sub-stations,  I  believe  the  street  railway  com- 
on  basis  of  30-day  month,  kw  h.3,024,000  panies  would  have  fared  better,  and 
Contract  rate  per  kw.  h.,  cent...  0.536  lnW  _,  ■hni.4.n„  +„„+^  ,•„  j.v.~  „„Knn  «r,i 
Actual  rate  paid  per  kw.  h.  on  left  a  better  taste  in  the  public  pal- 
account  of  low  load  factor  .536x  ate,  if  there  had  been  a  carefully 
60/35    cent .-,o0ni!n  planned   and   executed   system   of  ed- 

5£SuSy,^f wii1.:::: ::•.•.:•.::: :»lil:Sw!  u^»°g  the  public  to  their  financial 

Power  rate  per  h.p.  year  $21  needs.      The    American    public    means 

Each  1,000  kw.  increase  in  setting  to  be  fair.     It  is  unnecessary  to  retell 

afddPZn,aa,,,,?,tt,ongpOdweeVr0iirOUM  ,28,000  the  sad  story  of  dropping  wages  and 

increased  cost  of  living  following  the 

Power  Indicating  and  Limiting  De-  most  inexcusable  and  bloodiest  war 
vice. — Briefly  this  consists  of  a  small  of  history;  a  tale  we  are  not  yet  done 
motor  generator  set  and  switchboard  with.  But  the  people  were  desperate; 
containing  graphic  watt-meter,  etc.,  and  when,  on  top  of  all  their  troubles 
in  despatcher's  office,  a  circuit  of  two  the  utility  rates,  including  car  fares, 
No.  8  copper  wires  connecting  all  were  advanced,  then  there  was  a 
substations  and  despatcher's  office  in  fruitful  field  for  the  blatant  dema- 
series;  relays,  instruments  and  motor  |Ogue  to  bow  his  seeds  of  suspicion 
operated  exciter  field  rheostat  in  each  ^  ^ihemlSW  th^yTareT" 
substation.  This  equipment  for  the  permit  an  advance  in  utility  rates.  The 
Rocky  Mountain  and  Missoula  dm-  questi0n  caused  an  entire  overthrow 
sions  is  said  to  have  cost  originally  of  a  splendid  state  administration  of 
about  $50,000,  and  for  operation,  about  utilities  in  one  0f  my  neighboring 
$1,000  per  month.  It  gives  an  indica-  states>  and  men  of  the  highest  char- 
tion  to  the  despatcher  at  all  times  acter  were  abused  as  being  owned  or 
of  the  total  load  on  the  system  and  controlled  by  utility  companies, 
automatically  limits  the  peak  load  It  ig  not  eagy  for  a  regulating  corn- 
to  any  predetermined  value  which  mission  to  honestly  serve  the  peo- 
may  be  decided  upon.  ple  of  itg  gtate     The  man  who  desires 

As  soon  as  the  load  reaches,  and  office  rather  than  be  honest;  the  man 
begins  to  exceed  the  predetermined  who  would  rather  be  right  than  be 
peak,  the  direct  current  voltage  at  all  president,  but  isn't  always  so  particu- 
substations  is  automatically  lowered  ]ar  when  it  comes  to  city  councilman, 
sufficiently  to  keep  total  power  con-  state  assemblyman,  or  state  office 
sumption  within  the  predetermined  perhaps,  is  too  numerous  to  be  en- 
limit.  This  of  course  slows  down  all  tireiy  ignored.  He  inflames  to  public 
trains.  The  despatcher  can  instan-  mind  against  the  utility  and  against 
taneously  at  will  alter  the  point  at  the  utility  commission,  and  we  have 
which  the  limiting  device  operates,  today  state  legislatures  discussing 
but  in  practice  he  does  not  do  it,  as  the  abolition  of  state  utility  commis- 
a  raising  of  the  limit  would  propor-  sions,  or  fearful  of  extending  their 
tionately  raise  the  power  bill  for  that  jurisdiction, 
entire  month.  Commission  Must  Have  All  the  Evi- 

It    is    claimed    that    if    the    limiting  dence.— On    the    other    hand,      utility 

device  does  not  come   into  operation  companies  are  not  always  just.     Some 

for  more  than  10  per  cent  of  the  time,  of  them  seem  to  think  that  regulating 

the  slowing  down  of  the  trains  is  not  commissions  have  no  thought  but  to 

at  all  serious,  also  that  a  load  factor  follow  the  popular  demand,  and  that 

of  between    50    per   cent   and    60   per  they  recognize  no  function  except  to 

cent  can  be  obtained  without  serious  demand   better   service,   at   decreased 

slowing  down.  rates.    I  know  very  many  utility  com- 
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missioners,  and  I  know  no  finer,  fair- 
er set  of  men  may  be  found  in  the 
public  service.  It  is  not  always  easy 
to  arrive  at  a  satisfactory  conclusion 
in  a  contested  case,  when  all  the  evi- 
dence that  might  be  submitted  is  not 
before  the  commission.  So  many  wit- 
nesses, after  taking  the  oath,  strictly 
observe  part  of  it  perhaps,  but  self- 
interest  so  many  times  dictates  a  dis- 
regard of  that  portion  declaring  they 
will  tell  "the  whole  truth."  There 
are  times  when  half  the  truth  gives 
the  effect  of  a  whole  lie. 

The  utility  commission  which  un- 
dertakes to  regulate  your  business  is, 
above  all  things  else,  desirous  of  do- 
ing right,  but  to  do  right  it  must  have 
the  whole  story.  In  the  language  of 
the  game,  "Your  cards  must  all  be 
on  the  table."  Equally  true  is  it  that 
those  representing  the  consumers  of 
utility  companies'  products  must  be 
honest  and  sincere.  If  we  could  get 
both  the  operators  of  public  utility 
companies  and  their  patrons  to  under- 
stand that  their  interests  are  mutual, 
and  that  team  work  will  produce  en- 
hanced service,  at  a  reduced  cost, 
most  of  the  troublesome  problems 
would  be  solved. 

Just  a  case  in  point.  One  of  our 
transmission  line  companies  furnish- 
ing light  and  power  to  many  commu- 
nities, under  low  contract  rates, 
found,  at  the  close  of  the  war,  that  in- 
creased cost  of  fuel  and  other  necessi- 
ties had  made  a  continuance  of  the 
rates  impossible,  without  bankruptcy. 
The  moment  they  suggested  a  raise, 
there  was  an  outcry  and  most  decided 
objection.  The  public  demanded  to 
be  shown.  They  appealed  to  our 
board  and,  although  we  have  no  au- 
thority over  rates,  our  electrical  en- 
gineer made  a  careful  survey  of  the 
plant,  with  analysis  of  expenses  and 
earnings,  finding  that  the  cost  of  pro- 
duction was  exceeding  the  rate 
charged.  This  was  published  in  full 
by  the  transmission  line  company, 
was  carefully  examined  by  the  public 
interested,  and  proper  advance  in 
the  rate  was  actually  agreed  to  by  the 
consumers,  and  there  was  no  court 
fight  on  rights  of  contract. 

But  the  public  must  be  shown. 

Utility  Commissions  look  with  fav- 
or neither  upon  the  blatant  demands 
of  trouble  makers  for  rate  reductions, 
nor  upon  the  hard  criticism  of  utility 
•  companies  that  such  commissions  are 
controlled  by  popular  clamor.  Give 
the  regulating  Commission  the  facts — 
all  the  facts,— the  whole  truth.    I  can- 


not get  the  thought  out  of  my  mind, 
however,  that  if  utility  companies 
would  always  be  as  fair  and  square 
as  they  expect  the  public  to  be,  there 
would  be  little  need  for  utility  com- 
missions to  adjust  differences  of  opin- 
ion as  to  service  or  rates. 

Public  Service  Corporations  Must 
Be  Open,  Fair  and  Square. — I  have  al- 
ways insisted,  when  occasion  has 
arisen,  that  public  service  corpora- 
tions would  have  saved  themselves 
much  trouble,  adverse  criticism  and 
oppressive  laws,  if  they  had  always 
been  open,  fair  and  square  with  em- 
ployes and  public.  I  know,  and  count 
among  my  friends,  men  who  work  for 
public  service  corporations  in  various 
capacities — trainmen,  station  men, 
motormen,  conductors,  and  others. 
They  have  discussed  these  matters 
freely  with  me.  They  have  felt  some- 
times that  their  employers  were  not 
fair  in  discussing  wage  disputes — that 
they  were  concealing  the  real  truth 
about  their  financial  condition.  Some- 
times they  have  come  to  me,  and* 
when  claims  of  unsatisfactory  finan- 
cial conditions  made  by  managers  of 
utilities  have  been  confirmed,  they 
accepted  gracefully  that  which  might 
have  called  forth  a  walkout.  Such 
confidence  must  be  had  in  utility  com- 
panies that  the  public  will  feel  ab- 
solutely safe  in  dealing  first-hand 
with  such  companies.  I  believe  the 
greatest  good  a  regulating  commis- 
sion can  do  is  to  bring  about  co-oper- 
ation, mutual  understanding  and  trust 
between  the  using  public  and  the  pub- 
lic service  company,  replacing  sus- 
picion with  confidence,  concealment 
with  open  understanding,  and  a  frank, 
free,  get-together  policy  all  along  the 
line. 

As  war  seldom  establishes  a  prin- 
ciple or  adjusts  a  dispute,  but,  in- 
stead, leaves  desolation  and  distrust 
to  breed  another  era  of  hate,  so  com- 
plaints against  public  service  corpor- 
ations which  must  be  decided  by  a 
utility  commission  seldom  permanent- 
ly settle  anything,  or  bring  about  an 
era  of  mutual  faith  and  understand- 
ing. 

Where  the  Politicians  Come  In. — 
There  is  much  demand  today  in  states 
having  utility  commissions,  that  util- 
ity regulation  must  go  back  to  the  mu- 
nicioality.  "Home  Rule"  is  the  slogan. 
I  believe,  in  large  part,  this  is  due  to 
the  tendency  of  recent  years  for  Con- 
gress to  centralize  in  Washington  au- 
thority in  so  very  many  affairs.    Feo- 
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pie  are  getting  tired  of  long  range  reg- 
ulation, and  demagogues  are  taking 
advantage  of  this  to  bait  utility  com- 
panies, especially  steam  and  electric 
railways.  Nearly  all  this  outcry  is 
based  upon  the  fare  charged,  and  the 
man  in  whom  the  public  relies,  instead 
of  helping  to  clear  up  the  situation, 
is  oftentimes  found  capitalizing  for 
his  own  political  perferment  the  pre- 
vailing unrest  and  dissatisfaction  with 
transportation  service   and   charge. 

It  is  not  easy  for  the  public  to  un- 
derstand that  burdensome  taxation  of 
a  street  railway  must  be  borne  by  the 
car  rider.  We  think  we  have  put 
one  over  on  somebody  who  owns  the 
stock  in  an  electric  street  railway, 
when  we  require  such  company  to  pay 
for  the  paving  between  the  rails  and 
as  far  on  either  side  as  we  think  we 
dare  go.  The  public  should  be  edu- 
cated to  the  fact  that  that  misguided 
policy  is  one  of  the  reasons  for  high 
fares. 

A  town  in  my  state,  that  could 
scarcely  support  its  little  street  car 
system,  undertook  to  require  a  lot  of 
paving  in  the  streets  upon  which  the 
cars  were  operated,  making  the  usual 
provision  for  the  street  railway  com- 
pany to  pay  the  major  portion  of  the 
bill.  The  street  car  company  noti- 
fied the  city  council  that  when  the 
paving  was  started  on  that  basis,  the 
car  system  would  be  abandoned.  An 
enlightened  public,  desiring  car  serv- 
ice at  reasonable  fares,  will  not  sanc- 
tion unjust  and  burdensome  regula- 
tions, either  as  to  taxes  or  service, 
when  they  understand  that  those  bur- 
dens musf:  be  reflected  in  the  fare  paid 
for   a    ride. 

Onerous  Paving  Laws  Should  Be 
Repealed. — State  laws  making  bur- 
densome requirements  as  to  paving 
should  be  repealed,  and  the  regulat- 
ing power  should  be  permitted  to  de- 
termine the  extent  of  the  car  com- 
pany's liability,  if  any,  for  any  paving 
on  the  streets  upon  which  street  cars 
ar3  operated.  I  will  say  no  more  about 
this  matter,  as  it  has  been  fully  and 
most  capably  handled  by  others  in- 
terested in  this  problem. 

It  is  not  necessary  to  recount  the 
problems  of  utility  companies,  espe- 
cially street  railways,  in  the  days  be- 
fore the  era  of  state  commissions. 
Utility  companies  entered  into  the 
game  of  politics  of  the  basest  sort, 
agents  were  used  to  purchase  town 
councils,  so  I've  been  told,  with  al- 
ways the  trouble  that  they  wouldn't 
stay    bought.     With    corruption    both 


in  the  ranks  of  the  agents  of  utility 
companies  and  of  the  city  officials,  it 
is  small  wonder  that  indefensible 
franchises  were  granted;  rates  ex- 
cessive or  wholly  unremunerative 
were  established,  and  the  juggling  of 
affairs,  financial  and  otherwise, 
brought  public  service  companies  into 
disrepute.  Let  us  hope  "those  days 
are  gone  forever." 

Basic  Principles  of  Regulation. — 
It  has  been  said  that  out  of  this  chaos 
there  emerged  three  fundamental  prin- 
ciples that  must  forever  be  guides  in 
the  regulating  of  utilities: 

(1)  The  people  are  entitled  to  good 
service  at  reasonable  rates. 

(2)  The  public  service  company  is 
entitled  to  a  fair  return  upon  the  val- 
ue of  the  property  used  in  providing 
the  service. 

(3)  Competition  in  public  utilities 
is  waste,  which  must  be  paid  for  by 
the  people. 

It  is  a  notorious  fact  that  utility 
companies,  including,  of  course,  street 
railways,  went  through  the  period  dur- 
ing the  latter  part  of  the  war  and  the 
years  immediately  following  without 
adequate  returns  on  their  investments. 
It  is  only  recently  that  the  credit  of 
utility  companies  has,  in  a  measure, 
been  restored.  This,  of  course,  is  in 
the  public  interest,  and  I  believe  util- 
ity commissions  should  honestly  en- 
deavor to  see  that,  while  proper  and 
adequate  service  is  provided,  such 
rates  and  fares  are  authorized  as  will 
restore  the  confidence  of  the  investing 
public  in  the  securities  of  such  util- 
ity companies. 

It  is  estimated  by  competent  author- 
ity that  the  total  capitalization  of 
street  railways  at  the  present  time  is 
$5,750,000,000,  of  which  $2,500,000,000 
is  represented  by  stock.  I  do  not  know 
how  it  may  be  everywhere,  but  I  do 
know  that  in  our  country,  city  rail- 
way stock  isn't  worth  much,  and 
bonds  have  not,  lately,  been  consid- 
ered a  real  good  buy.  But  these 
stocks  and  bonds  are  largely  owned 
by  people  who  have  invested  their 
savings  in  them,  and  they  are  entitled 
to  consideration  by  the  managers  of 
the  companies  and  the  utility  com- 
mission or  other  regulating  body.  Gen- 
erally the  bonds  and  other  interest 
bearing  securities  of  street  railways 
bear  a  low  rate  of  interest,  mostly 
issues  of  years  ago,  many  of  which 
bear  less  than  five  per  cent.  Twenty- 
three  city  railway  properties  valued 
by  public  service  commissions  or 
other   public    authority,    in    1919   indi- 
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cated  a  property  value  of  $725,096,077 
as  against  $794,594,660  total  capitali- 
zation, an  excess  of  capitalization  over 
value  of  about  eleven  per  cent.  Sta- 
tistics compiled  by  President  Em- 
mons of  your  association  for  1922,  in- 
dicated a  hopeful  trend*  a  reduction 
of  the  unit  of  operating  expense  with 
an  average  reduction  in  the  fare 
charged ;  receiverships  decreasing, 
and  many  lines  now  in  receivers  hands 
showing  such  results  of  operation  as 
indicate  their  restoration  soon  to  op- 
eration by  their  owners.  Mr.  Em- 
mons says  in  his  annual  statement  of 
January  8,  1923,  that  "The  general 
tendency  among  regulatory  bodies  is 
to  keep  fares  at  a  level  proportionate 
to  increased  material  and  labor  costs. 
The  average  fare  today  in  a  group  of 
275  representative  cities  is  approxi- 
mately 43  per  cent  higher  than  it  was 
at  the  outbreak  of  the  war.  while  the 
average  wage  increase  is  91  per  cent, 
and  the  average  material  cost  increase 
is  102  per  cent.  Inasmuch  as  labor 
and  material  costs  constitute  about  75 
per  cent  of  all  operating  expenses  of 
electric  railways,  the  proportionate 
increase  in  fares  over  prewar  levels 
is  much  lower  than  in  the  increase  of 
labor  and  materials." 

Unfair  Motor  Vehicle  Competition. 
— The  motor  bus  competition  has 
been,  in  some  cases,  most  disastrous 
to  electric  street  and  interurban  rail- 
ways. Nearly  two  years  ago,  in  speak- 
ing before  our  state  Electric  Railway, 
Light  &  Power  Association,  I  advocat- 
ed such  legislation  as  would  protect 
the  public  against  the  unfair  compe- 
tition of  motor  bus  and  truck.  Iowa 
has  had  a  reputation  for  bad  roads, 
which  I  am  happy  to  say  will  soon  be 
unfounded.  Our  soil  is  so  black  and 
rich  that  in  wet  weather  the  ordinary 
dirt  roads  are  practically  impassible. 
Improved  methods  of  building  roads 
with  drainage  and  dragging,  with  grav- 
eling, and  with  considerable  paving, 
are  making  our  highways  inviting 
rights  of  way  for  the  passenger  bus 
and  freight  truck.  The  bus  and  truck 
usually  insist  on  paralleling,  as  near 
as  possible,  the  electric  interurban 
railway.  To  my  mind,  this  is  neither 
fair  to  the  public  nor  just  to  owners 
of  the  interurbans.  Already  a  com- 
mittee of  our  State  Senate  has  been 
in  to  consult  our  Commission  several 
times,  in  the  drafting  of  a  bill  to  prop- 
erly supervise  and  tax  the  motor  bus 
and  freight  truck  using  the  public 
highways. 


The  cities  out  our  way  have  had 
their  fling  with  city  passenger  busses, 
and  I  believe  are  through  with  them, 
except,  perhaps  as  feeders  for  car 
lines,  which  I  am  glad  to  note  your 
Association  believes  in  and  advocates. 
From  a  cursory  examination  of  the 
financial  statements  of  many  bus  lines 
over  the  United  States  for  1921,  one  is 
struck  with  the  fact  that  the  operat- 
ing expense  is  practically  the  same  as 
the  gross  revenue;  in  many  cases 
more.  Five  bus  companies  making 
detailed  reports  as  to  operation  in 
1921,  located  in  California,  show  a 
deficit  of  $42,738.12.  on  a  capital  in- 
vestment of  $1,927,502.77. 

The  motor  bus  should  not  be  driven 
out  of  commission,  but  should  be  as 
strictly  held  to  account  as  are  street 
railways,  and  should  bear  its  proper 
share  of  the  public  expense.  No  leg- 
islation should  be  enacted  that  will 
prevent  establishment  of  needed  and 
desirable  motor  bus  and  truck  service 
for  the  public  good,  but  most  assured- 
ly established  investment  in  street 
railways  and  interurbans  should  be 
safeguarded  in  the  interest  of  good 
service  to  the  public,  against  the 
piratical  and  destructive  competition 
that  has  been  so  prevalent  every- 
where. In  this  matter,  as  in  all  oth- 
ers affecting  public  utilities,  the  Am- 
erican people  are  fair  when  the  situa- 
tion is  thoroughly  understood. 

Public  and  Utility  Dependent  on 
Each  Other.— As  my  commission  is  not 
a  regulating  commission  for  street 
railways,  I  have  stood  on  the  side 
lines  and  watched  the  game.  And  like 
the  man  on  the  side  lines,  I  have 
thought  I  could  see  where  the  plays 
might  be  improved,  but  I  realize  how 
different  it  is  when  one  is  in  the 
thick  of  the  actual  conflict.  Then  de- 
cisions must  sometimes  be  made  and 
acted  upon  in  the  swift  movements  of 
contending  forces. 

Street  railways  are  now  a  public 
convenience  and  necessity,  and,  so 
far  as  I  can  see,  will  be  for  many 
years  to  come. 

The  public  is  entitled  to  the  lowest 
rate  consonant  with  adequate  return 
upon  the  value  of  the  property  used. 

Burdensome  paving  and  other  taxes 
should  be  removed  by  competent  au- 
thority, in  the  interest  of  the  car  rid- 
er, so  that  he  may  have  a  lower  fare. 

There  should  be  the  utmost  confi- 
dence in  the  inherent  virtue  of  fair 
play  in  the  American  public,  and  there 
should  be  no  concealment  of  the  re- 
sults of  operation. 
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The  public  and  the  utility  company 
should  be  educated  to  know  that  each 
is  dependent  on  the  other  for  the  en- 
joyment of  material  blessings,  and 
team  work  will  happily  accomplish 
what  constant  heckling  by  either  side 
can  never  attain. 

There  is  much  insistence  on  the 
part  of  this  interest,  or  that,  of  stand- 
ing on  their  rights,  neglectful  of  the 
fact  that  about  nine  times  out  of  ten 
when  we  are  mostly  loudly  declaring 
we  are  standing  on  our  rights,  we  are 
mercilessly  treading  on  the  other  fel- 
low's toes.  Ignorance  goes  hand  in 
hand  with  suspicion,  and  together 
they  breed  anarchy.  Socialism,  by 
whatever  name  we  may  call  it,  is  an 
effort  made  by  sincere  men  to  avert 
the  disasters  of  anarchy. 

The  Present-Day  Clamor. — Exces- 
sive dividends,  stock  and  otherwise, 
by  some  of  the  great  corporations  of 
the  United  States,  have  led  men  to 
believe  that  all  corporations,  includ- 
ing public  utility  companies,  are  get- 
ting enormously  rich  at  the  expense 
of  the  common  consumer.  The  enor- 
mous profits  gouged  by  some  concerns 
out  of  the  necessities  of  the  people 
furnish  the  text  for  many  a  phillipic 
against  the  public  utility  company, 
and  against  all  aggregations  of  capi- 
tal for  any  purpose  whatsoever.  In 
despair,  some  honest  students  of  the 
question,  see  the  only  solution  in 
public  ownership  and  operation.  And 
indeed,  some  owners  of  utility  com- 
pany stocks  and  bonds  would  wel- 
come a  sale  to  the  municipality  as  a 
blessed  relief  from  the  bickerings  and 
political  fights  necessary  to  go 
through  to  establish  the  sanctity  of 
property  rights.  The  Constitution  is 
almost  as  particular  about  the  rights 
of  property  as  it  is  about  the  rights 
of  persons.  No  government  can  suc- 
ceed that  does  not  guarantee  to  its 
citizens  the  lawful  fruits  of  honest 
endeavor. 

I  am  glad  utility  companies  are  urg- 
ing their  employes  and  their  custom- 
ers to  invest  their  savings  in  stocks 
and  bonds  of  such  companies,  with 
plans  for  easy  payment.  It  is  the  kind 
of  public  ownership  in  which  I  most 
heartily  believe.  With  the  stocks  and 
bonds  eventually  in  the  hands  of  the 
workers  and  the  users,  and  the  profits 
of  the  operation  (and  there  would  be 
profit  then),  going  to  such  persons, 
most  problems  of  public  relations 
would  be  solved.  But  this  Utopian 
dream  cannot  be  realized  in  a  day. 


Present  Status  of  Drill  Steel 

Breakage  and  Heat 

Treatment 

An  interesting  /review  of  drill  steel 
practice  based  on  impressions  ob- 
tained from  a  visit  to  60  mines  west 
of  the  Mississippi  river,  producing 
copper,  iron,  gold,  silver,  lead  and 
zinc  ores,  was  given  by  Messrs.  Fran- 
cis B.  Foley  and  Charles  Y.  Clayton 
of  Rolla,  Mo.,  and  Henry  S.  Burnholz 
of  New  York,  in  a  paper  presented  at 
the  New  York  meeting,  February, 
1923,  of  the  American  Institute  of 
Mining  and  Metallurgical  Engineers. 
An  abstract  of  the  paper  follows: 

Control  of  Temperature  in  Heat 
Treating. — We  are  impressed  with  the 
lack  of  means  for  controlling  tempera- 
ture, without  which  the  product  in  any 
heat-treating  operation  is  bound  to 
suffer.  Of  six.  companies  that  had 
tried  pyrometry,  five  had  discarded 
the  equipment  on  the  ground  that  the 
steels  did  not  attain  the  temperature 
indicated  by  the  pyrometer.  If  pro 
duction  is  to  be  hastened,  the  furnace 
must  be  enlarged;  to  run  the  furnace 
at  a  higher  temperature  and  remove 
the  steels  after  a  shorter  period  of 
time  practically  eliminates  the  possi- 
bility of  temperature  control  of  the 
steel.  A  furnace  should  also  be  capable 
of  attaining  the  necessary  heat  with 
a  reducing  atmosphere  in  the  heating 
chamber,  but  this  is  seldom  done  in 
practice,  either  for  sharpening  or  for 
hardening. 

Where  thermocouple  pyrometers 
have  been  discarded,  they  have  usual- 
ly been  replaced  by  optical  pyrome- 
ters, of  the  Le  Chatelier  type;  we 
believe  that  the  Holborn-Kurlbaum,  or 
disappearing-filament  type  would  be 
more  accurate,  but  regard  optical  py- 
rometers as  not  suited  for  the  control 
of  drill-steel  work,  especially  in  inex- 
perienced hands. 

Quenching  Practice.— In  most  of  the 
mines  visited,  bits  were  quenched 
cold  in  water,  and  not  drawn  before 
using.  In  10  of  the  60  mines,  the 
practice  in  hardening  was  to  quench 
from  the  sharpener  without  reheating. 
There  is  some  compensation  for  this 
theoretically  unsound  method  in  that 
those  steels  that  finish  hottest  are 
quenched  less  severely  than  the  colder 
ones,  because  the  larger  amount  of 
residual  heat  produces  a  greater  draw- 
ing effect. 

There  is  far  more  variation  in  the 
heat-treating   methods   applied   to   the 
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shank  than  to  the  bit  of  drill  steela. 
Quenching  in  water  and  either  not 
drawing  at  all  or  drawing  to  anything 
from  a  light  straw  to  a  dark  blue  is 
found.  Oils  of  many  different  kinds 
are  used. 

Detachable  Bits. — Two  types  of  de- 
tachable bits  are  now  being  experi- 
mented with  in  the  field.  One  is  at- 
tached to  the  shaft  by  a  tapering 
joint  so  that  it  tends  to  tighten  in 
service;  the  other  type  is  attached 
by  a  thread  and  collar.  So  far  as 
we  are  able  to  judge,  the  detachable 
bit  has  not  shown  a  favorable  balance 
in  costs,  but  since  it  is  at  present  in 
the  experimental  stage,  judgment 
must  be  withheld.  Convenience  in 
handling  may  recommend  it  in  spite 
of  only  a  moderate  economy. 

Breakage.— In  one  mine,  where  good 
records  were  kept,  about  6,500  steels 
were  broken  and  2,600  new  steels  were 
issued  during  the  same  year;  there- 
fore, more  than  60  per  cent  of  the 
broken  steels  continued  in  service  in 
shorter  lengths.  The  breakage  was 
found  to  be  6.2  per  cent  of  the  drills 
sharpened  for  the  year;  in  general 
we  find  this  to  be  average  experience 
of  the  mines  where  breakage  records 
are  kept. 

Cruciform  steel  was  found  to  have 
an  exceedingly  high  breakage,  prob- 
ably because  this  section  is  lighter 
than  others.  Stoper  steels  usually 
showed  a  greater  breakage  than  those 
used  in  mounted  drills. 

Bit  breakage  is  greatest  in  the  short 
lengths;  possibly  because  most  of 
them  have  seen  longer  service,  or 
because  they  have  the  larger-gage 
bits,  requiring  a  higher  heat  and  hav- 
ing more  work  to  do. 

Where  raised-center  bits  were  in 
use,  the  mines  reported  trouble  from 
general  breakage.  It  is  said  that  old 
steels  break  more  often  than  new, 
giving  the  impression  that  steel  tires 
or  crystallizes  in  time.  We  find  no 
support  for  such  theory.  A  small  dis- 
continuity in  the  metal  may  be  spread 
gradually  under  repeated  blows;  many 
so-called  fatigue  failures  show  evi- 
dence of  starting  from  such  a  nucleus. 

Standardization.— We  found  13  dif- 
ferent sections  of  drill  steel  used  in 
48  mines;  in  one  mine  we  noted  five 
sections.  Steels  were  in  round,  hexa- 
gonal, quarter-octagon,  and  cruciform 
shapes  and  of  %-,  1-,  1%-,  l^-in.  di- 
ameter. Two  companies  are  stand- 
ardizing on  1-in.  round;  six  mines  are 
standardizing  on  quarter-octagon,  two 
on  %-in.  hexagon,  and  one  on  l^-in. 


round.  The  cruciform  section  Is  in 
little  favor  and  there  are  strong  indi- 
cations that  it  may  be  dropped.  There 
seems  to  be  no  argument  against  ulti- 
mately reducing  shapes  to  perhaps 
three;  for  jackhamers,  %-in.  hollow 
hexagon  with  collars;  for  heavier 
machines  1*4-  or  1-in.  round,  and  1-in., 
quarter  octagon. 

Summary. — The  general  survey  of 
60  mines  west  of  the  Mississippi 
river  suggests  investigations  having 
for  their  purpose  the  following: 

1.  The  designing  of  a  furnace  of 
sufficient  capacity,  which  can  be  op- 
erated with  a  reducing  atmosphere 
and  in  which  drill  steels  can  be  heat 
ed  under  pyrometric  control.  Such  a 
furnace  should  be  designed  so  that 
first  costs  and  upkeep  are  not  prohibi- 
tive to  the  mine  handling  say  300 
steels  per  day. 

2.  The  determination  of  the  proper 
carbon  content  of  plain  carbon  drill 
steel. 

3.  The  determination  of  the  proper 
structural  condition  from  end  to  end 
of  drill  steels:  (a)  What" is  the  proper 
hardness  for  drill  shanks?  (b)  How 
may  the  sharp  structural  change  at 
the  bit  and  shank  ends  of  drill  steel 
be  eliminated?  (c)  What  is  the  best 
condition  of  the  steel  in  the  shaft  por- 
tion of  drill?  (d)  Under  ideal  heat- 
treatment  conditions,  is  drawing  of 
the  bit  end  desirable? 

4.  Determination  of  the  best  size 
and  shape  of  cross-section  of  drill 
steel. 

5.  Investigation  of  alloy  steels  for 
use  in  rock  drilling. 


Qualifications  of  the   Safety  Man 

The  safety  man  in  modern  industry 
must  be  a  many-sided  individual  with 
patience,  tact,  and  ability  of  high  or- 
der, according  to  Marcus  A.  Dow. 
president  of  the  National  Safety  Coun- 
cil, who  says  that  to  be  successful  in  his 
work  the  head  of  an  industrial  safety 
department  must  have  these  qualifica- 
tions: He  must  believe  in  th  dignity 
of  his  calling.  He  must  be  more  or 
less  of  an  engineer,  a  lawyer,  diplo- 
mat, physician,  accountant.  He  must 
avoid  "passing  the  buck"  and  assume 
full  responsibility  for  accident  condi- 
tions. He  must  understand  human 
nature.  He  must  have  a  sense  of  bal- 
ance, of  perspective.  He  must  see  his 
job  as  an  aid  to  production,  not  a  hin- 
drance. He  must  see  his  job  as  an 
aid  to  better  industrial  relations.  He 
must  see  his  job  as  a  bit  af  applied 
Christianity. 
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Hardness   and    Heat   Treat- 
ment of  Drill  Steel 
Shanks 


Abstract  of  Paper  Presented  at  New 
York  Meeting,  February,  1923,  of 
American   Institute  of  Mining 
and  Metallurgical  Engi- 
neers 
By  CHARLES  Y.  CLAYTON, 
Rolla,   Mo. 

The  shank  of  a  machine-drill  bit 
should  not  upset  nor  should  it  cause 
excessive  wear  on  the  parts  of  the 
machine.  The  most  suitable  hardness 
depends  upon  several  factors,  the 
most  important  of  which  are:  type  of 
steel  used  (whether  hollow  or  solid), 
length  of  steel,  nature  of  ground,  air 
pressure,  and  hardness  of  hammer  or 
anvil  block  (usually  600  Brinell). 
Without  doubt,  it  would  be  better  to 
use  a  shank  that  is  too  soft  than  one 
that  is  too  hard.  Most  satisfactory 
service  will  be  obtained  from  shanks 
that  are  just  hard  enough  to  resist 
any  tendency  to  upset. 

To  obtain  information  on  this  sub- 
ject, a  number  of  mining  companies 
were  requested  to  submit  examples  of 
drill  shanks  that  had  received  the  cus- 
tomary treatment  at  the  respective 
mines.  These  were  tested  for  Brinell 
hardness;  and  the  following  conclu- 
sions are  drawn:  (1)  There  is  a  wide 
variation  in  hardness  between  the 
drills  treated  at  the  different  mines; 
oil-quenched  shanks  vary  between  300 
and  400  Brinell,  water-quenched 
shanks  vary  between  386  and  600.  (2) 
There  is  a  great  variation  in  the  hard- 
ness of  the  drills  treated  at  the  same 
mine  but  by  different  blacksmiths. 
(3)  A  large  number  of  the  drills  show 
excessive  hardness;  that  is,  over  500 
Brinell.  (4)  The  hardness  of  a  good 
many  drills  indicates  no  heat  treat- 
ment. (5)  In  most  cases  the  shanks 
are  hard  at  the  end  and  for  as  much 
as  an  inch  from  the  end.  (6)  Most  of 
the  drills  show  that  an  attempt  has 
been  made  to  harden  them  back  to 
and  including  the  lug. 

Present  Practice  in  Hardening 
Methods. — A  brief  summary  of  the 
hardening  methods  in  vogue  at  48 
mines  follows: 

Steel  with  Lugs. — Of  50  shops  treat- 
ing lug  steel,  37  were  attempting  to 
harden  the  lugs,  and  other  13  were 
hardening  for  a  distance  of  y2  to  2  in. 


Of  50  shops  treating  lug  steel,  37 
were  quenching  the  shank  in  oil  while 
the  others  were  quenching  in  water 
and  drawing  to  a  certain  color. 

Stoper  Steel".— Of  46  shops  treating 
s  toper  steel,  32  were  hardening  in 
oil  by  a  direct  quench,  while  the 
others  were  quenching  in  water  and 
drawing  to  some  color. 

Jackhamer  Steel. — Of  43  shops 
treating  steel  for  jackhamers,  three 
were  hardening  so  as  to  include  the 
collars  while  the  others  were  harden- 
ing for  about  y2  to  1  in.;  34  shops 
were  using  an  oil  quench,  8  were 
quenching  in  water  and  drawing,  and 
1  was  hardening  by  holding  shank  in 
a  jet  of  compressed  air. 

Tanks  for  Oil  for  Shank  Treatment. 
— None  of  the  shops  visited  had  ade- 
quate means  for  maintaining  an  even 
temperature  in  the  oil  used  for  hard- 
ening shanks.  The  general  practice 
was  to  harden  a  few  shanks,  then 
wait  until  the  oil  cooled  before  at- 
tempting to  treat  others.  The  oil 
should  not  be  allowed  to  get  hot. 

Oil  Used  for  Hardening  Shanks. — 
Of  30  companies  where  the  kind  of 
oil  was  noted,  10  were  using  fish  oil, 
3  were  using  standard  A,  4  were  using 
transformer  oil,  1  was  using  waste 
oil,  7  were  using  a  soluble  quenching 
oil,  and  5  were  using  Atlanta  red. 

Several  blacksmiths  reported  that 
shanks  hardened  in  oil  were  not  hard 
enough  to  stand  up.  There  is  no 
doubt  that  soft  shanks  were  due  to 
the  nature  of  the  oil  used.  Little  if 
any  attention  is  paid  to  the  kind  of 
oil  supplied  to  the  shop,  as  the  av- 
erage smith  does  not  know  that  dif- 
ferent oils  have  different  properties 
when  used  as  a  quenching  medium.  A 
standard  grade  of  quenching  oil  or 
fish  oil  should  be  used. 

Use  of  Cyanide  for  Imparting  Addi- 
tional Hardness  to  Shanks. — The  term 
cyanide  as  used  here  may  mean  any- 
thing from  potassium  cyanide  to  pot- 
assium f erricyanide ;  some  smiths 
were  even  using  potassium  carbonate. 
Twelve  shops  out  of  55  reported  the 
use  of  cyanide.  Careful  watching  of 
some  of  the  hardening  operations 
showed  that  the  cyanide  was  in  con- 
tact with  the  steel  for  about  15  sec. 
Cyanide  should  not  be  used  as  it  im- 
parts no  additional  hardness  to  the 
steel. 

Recommended  Hardness  and  Treat- 
ment.— Inquiry  among  a  number  of 
manufacturers  of  drill  steel  and  of 
machine  drills  elicited  recommenda- 
tions varying  from  265  to  500  Brinell 
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hardness.  The  author  suggests  that 
oOO  is  harder  than  necessary  and  300 
is  too  soft;  he  recommends  375  to  400 
Brinell. 

Replies  from" the  same  manufactur 
ers  contained  details  of  recommended 
practice  relating  to  the  treatment  ol 
shank  ends;  these  are  reproduced  by 
the  paper.  They  all  agree  in  advising 
oil  tempering. 


Portland    Cement    Production   in 
February 

Production  of  Portland  cement  in 
February  was  greater  than  in  Jan- 
uary, notwithstanding  the  fact  that 
there  were  three  less  working  days. 
The  total  output  for  the  month  was 
approximately  7,971,000  bbls.,  an  in- 
crease of  86  per  cent  over  February, 
1922.  Mills  operated  at  approximately 
72  per  cent  of  capacity. 

The  unusually  heavy  winter  move- 
ment of  cement,  which  was  noted  in 
January,  was  continued  throughout 
February;  6,022,000  bbls.  were  shipped 
from  the  mills  during  the  month,  or 
83  per  cent  more  than  a  year  ago. 
The  best  previous  February  was  in 
1920  when  3,987,000  bbls.  were  shipped. 

Both  production  and  shipments  for 
the  first  two  months  of  this  year  were 
greatly  in  excess  of  any  similar  pe- 
riod in  previous  years. 

Stocks  of  finished  cement  at  the 
mills  were  approximately  13,343,000 
bbls.,  which  is  about  10  per  cent  above 
the  average  for  the  past  five  years. 

Unusual  activity  in  dwelling  con- 
struction this  winter  partially  ac- 
counts for  the  heavy  demand  at  this 
time.  Also  the  unprecedented  volume 
of  building  permits  issued  and  con- 
crete pavement  yardage  awarded  thus 
far  this  year  has  stimulated  dealers 
and  users  to  store  cement  in  ad- 
vance of  the  advent  of  milder  weather. 
During  the  past  three  years,  1920-1922, 
approximately  68  per  cent  of  the 
cement  consumed  was  moved  during 
the  six  months'  period,  May  to  Octo- 
ber. Coincident  with  this  movement 
is  the  heavy  transportation  demands 
of  many  other  industries,  which 
develops  many  difficulties  for  the 
cement  manufacturer,  including  the 
distribution  of  the  product  and  secur- 
ing fuel  supplies. 


Railway  Developments  in  India. — It 
is  reported  that  it  is  intended  to 
spend  about  $500,000,000  in  the  next 
five  years,  for  new  construction,  re- 
pairs, and  additional  rolling  stock  on 
the  government  railways  in  Tndia. 


The  1923  Railway  Appliance 
Show 

Oue  visits  a  show  or  an  exhibition 
to  see  things  he  has  not  seen  before; 
or  if  he  is  of  a  somewhat  frivilous 
turn  of  mind,  to  look  for  the  novel  or 
the  startling.  The  seeker  for  novelty 
at  the  Railway  Appliance  Show  held 
last  week  in  the  Coliseum  at  Chicago 
was  disappointed,  for  the  show  had 
little  material  for  a  museum  of  curi- 
osities. On  the  other  hand,  develop- 
ment, improvement,  and  refinement 
over  older  types  and  designs  were 
present  in  abundance. 

A  catalog  of  exhibits  and  exhibitors 
would  be  of  little  interest,  but  those 
who  were  not  at  the  show  will  find 
it  worth  while  to  follow  a  brief  gen- 
eral survey  and  a  few  details.  In  a 
general  way  the  exhibits  might  be 
classified  into  the  departments  of 
track  and  roadway,  bridges  and 
buildings,  and   signals. 

Beginning  with  the  track  depart- 
ment, there  were  the  usual  display 
of  rails,  rail  sections  and  special 
work,  the  last  named  being  particular- 
ly marked  by  sturdiness  and  fine 
workmanship.  Among  these  were 
some  very  fine  specimens  of  street 
railway  switches,  mates  and  frogs 
in  solid  castings.  Rail  joints,  bolts 
and  nut  locks  were,  of  course,  in  evi 
dence,  there  being  among  the  latter 
some  cut  and  polished  sections 
through  bolts  and  nuts  showing  the 
closeness  of  the  contact.  There  were 
numerous  types  of  rail  braces,  chairs, 
guards,  etc.,  their  number  and  variety 
indicating  not  merely  improvement 
in  the  design  of  standard  types,  but 
a  considerable  degree  of  specializa- 
tion and  the  development  of  different 
types  for  different  conditions  and 
uses.  There  were  many  derails,  one 
of  the  exhibits  of  which  included  a 
working  diagram  of  a  section  of  the 
device  to  show  its  exact  movements 
to  and  from  the  rail. 

The  much  hoped  for  development 
of  a  new  type  of  cross  tie  was  not  to 
be  found,  but  several  different  designs 
in  steel  ties  were  shown.  There  were 
tie  tamping  machines,  both  electrically 
and  air  operated,  the  latter  being 
demonstrated  on  a  small  section  of 
ballasted  track.  An  electric  tamper 
with  a  power  plant  weighing  but  485 
lb.  was  an  interesting  feature.  This 
power  plant  was  designed  for  han- 
dling by  four  men  and  can  be  located 
and  operated   in  the  middle  strip  be 
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tween  double  tracks  without  interfer- 
ing with  traffic.  It  operates  two 
tampers.  The  tampers  themselves  are 
exceedingly  simple  and  compact  ma- 

k chines  The  same  manufacturer  showed 
a  larger  power  unit  of  710  lb.  weight 
with  sufficient  capacity  for  the  opera- 
tion of  4  tampers  at  once.  Another 
interesting  feature  was  a  rail  laying 
machine  for  operation  by  3  men. 

One  interesting  exhibit  was  a  com- 
plete model  ballast  spreader  working 
with  sand  in  a  long  trough. 

Some  of  the  pavers  were  on  hand 
with  displays  of  special  pavements 
for  track  crossings,  platforms,  etc. 

Gas,  electrical  and  thermit  welding 
processes  were  shown  by  equipment, 
specimens  of  many  sorts,  and  actual 
operation.  Oxy-acetylene  gas  torches 
and  nozzles  were  shown  in  section  so 
that  one  could  study  the  detail  if  he 
so  desired.  The  makers  of  acetylene 
outfits  also  displayed  illuminating 
torches  for  night  work. 

There  were  working  model  water 
tanks  in  wood  and  metal,  one  of  the 
former  being  illuminated  from  the 
inside  in  a  manner  to  permit  full  ob- 
servation of  its  operation  and  control. 
Water  columns,  pumps,  valves,  meters, 
and  other  water  supply  equipment 
were  well  displayed,  many  of  the  ex- 
hibits including  ©pen  sections  showing 
full  details  of  design  and  operation. 
Among  the  valves  was  one  equipped 
for  power  operation  from  remote  con- 
trol. A  water  softening  system  was 
well  explained  by  large  scale  illustra- 
tions and  charted  descriptions.  That 
windmills  are  not  wholly  out  of  date 
was  evidenced  by  several  attractive 
models.  Cinder  and  coal  handling 
plants  were  well  exhibited  in  model 
form  indicating  a  high  degree  of  effi- 
ciency in  these  classes  of  equipment. 

For  the  operation  of  turntables  at 
points  where  the  ordinary  type  of 
power  operated  table  cannot  be  in- 
stalled economically,  there  is  shown 
a  separate  but  efficient  electric  tractor 
readily  attachable  to  any  turntable 
and  adjustable  for  the  degree  of  trac- 
tive effort  required.  A  complete  model 
car  transfer  table  was  also  shown. 

There  were  improved  designs  ol 
cattle  guards  of  the  smooth  metal 
type,  and  also  of  the  conical  roller 
type  in  a  substantial  form  intended  to 
give  long  service. 

Shovels,  picks,  bars,  mattocks  and 
the  usual  assortment  of  sectional 
small  tools  were  shown  by  several 
different  exhibitors.  Among  the  track 


tools   was    a   handy    straightener   for 
switch  points. 

There  were  section  cars  in  great 
variety,  the  improvements  in  comfort 
and  convenience  being  most  notice- 
able. Numerous  gasoline  engines  for 
cars  and  other  track  use  were  shown. 
Beside  tampers  there  was  an  attrac- 
tive and  extensive  display  of  pneuma- 
tic tools  including  track  drills, 
brushes,  etc. 

The  Portland  Cement  Association 
made  an  attractive  display  of  samples, 
pictures  and  literature.  Other  con- 
crete exhibits  included  a  very  com- 
plete display  of  concrete  piles  cast  in 
place,  and  the  methods  of  carrying 
out  this  work.  Composite  piles  hav- 
ing the  lower  end  of  wood  for  pene- 
tration wholly  below  the  water  line, 
and  the  upper  portion  of  reinforced 
concrete  securely  attached  to  the 
wood  below,  were  a  part  of  the  same 
exhibit.  Another  concern  showed  a 
model  of  a  concrete  trestle  with  pre- 
cast posts  and  girders.  Still  another 
interesting  feature  was  a  full  sized 
section  of  84-in.  circular  cattle  pass. 
There  were  also  numerous  concrete 
culverts  of  smaller  size.  Reinforced 
concrete  poles  and  posts  were  shown. 

In  competition  with  the  concrete 
posts  were  several  types  of  steel 
fence  posts,  some  of  them  having  wire 
fence  attached. 

Among  the  culvert  exhibits  was  a 
30-in.  corrugated  iron  section  under 
240,000  lb.  actual  pressure,  applied  by 
hydraulic  press  to  a  short  section  of 
track  laid  on  ballast  on  a  shallow 
fill.  Another  interesting  culvert  was 
a  triangular  corrugated  cast  iron  de- 
sign in  sections. 

In  building  materials  there  were 
several  interesting  specialties,  includ- 
ing asbestos,  asphalt,  composition, 
and  zinc  shingles,  corrugated  zinc 
sheets,  special  wood  block  flooring, 
and  metal  stair  treads.  There  were 
special  waterproofing  compounds  and 
fabrics,  as  well  as  numerous  regular 
and  special  paints.  Building  parts  and 
fittings  such  as  roundhouse  and  store- 
house doors,  roundhouse  ventilators, 
etc..  also  were  to  be  found.  There 
were  heating  plants  adapted  to  use  in 
stations  and  other  railway  buildings 
and  also  fire  extinguishers  in  various 
types,  the  new  5-gal.  chemical  hand 
pump  type  being  especially  featured. 

An  interesting  piece  of  construc- 
tion equipment  was  a  7  cu.  ft.  con- 
crete mixer,  with  motor,  mounted  on 
a  light  railway  track  so  that  it  could 
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be  used  standing  on  the  track  or  taken 
from  the  track  and  run  to  one  side 
without  the  necessity  of  laying  special 
rails  for  the  purpose.  This  mixer, 
which  is  also  made  in  a  4  cu.  ft.  size, 
was  illuminated  on  the  inside  and 
kept  in  operation  mixing  a  dry  mate- 
rial so  that  the  movements  of  the 
materials  during  the  mix  could  be 
clearly  observed.  For  use  in  shops, 
warehouses,  etc.,  there  were  a  num- 
ber of  hand  and  power  operated 
trucks,  trailers,  cranes  and  other  de- 
vices, as  well  as  a  springless  scale 
with  dial  instead  of  beam  indicator. 
There  were  disinfecting  plants  and 
portable  chemical  toilets. 

The  signal  and  electrical  companies 
were  very  interestingly  represented 
in  both  highway  crossing  and  block 
signals.  Many  different  moving  and 
stationary  crossing  signals  were 
shown,  the  latter  in  both  electric 
lighted  and  reflecting  types.  Along 
with  these  might  be  considered  the 
various  electrical  batteries — wet,  dry, 
and  storage — as  well  as  a  very  inter- 
esting collection  of  electrical  fittings, 
insulating  material  in  different  forms 
and  shapes,  switches,  meters,  over- 
load protectors,  etc. 

Railway  electrification  was  scantily 
represented.  There  were,  however, 
numerous  rail  bonds  for  both  single 
and  power  purposes,  and  one  manu- 
facturer displayed  a  one-piece  expand- 
ed steel  pole  for  permanent  overhead 
construction. 

Generators,  motor  generators,  etc., 
for  signal  and  miscellaneous  use  as 
well  as  steam  turbine  generators  for 
locomotive  headlights  were  shown  in 
considerable  numbers,  and  as  many  of 
these  were  in  sectional  form,  one 
could  observe  their  structure  and 
movements  in  detail  if  he  so  wished. 
There  were  a  few  exhibits  of  sur- 
veying and  other  instruments;  and 
one  display  of  calculating  machines 
indicated  the  exhibitor's  intention  to 
reach  the  office  as  well  as  the  field. 

Several  displays  of  devices  for  auto- 
matic control  of  trains  in  the  event 
of  carelessness  or  mistakes  by  engine 
crews  or  of  failures  of  signals,  re- 
ceived perhaps  as  much  attention  as 
any  features  of  the  show,  and  certain- 
ly the  success  of  equipment  of  this 
sort  is  most  heartily  to  be  desired. 

The  man  who  went  to  the  show  pre- 
pared to  study  detailed  improvements 
had  ample  opportunity  to  spend  his 
time  to  advantage. 


British    Railways    Being    Reor- 
ganized Into  Four  Systems 

Marked  progress  in  the  reorganiza- 
tion of  British  railways  under  the 
Railways  Act  of  1921  is  reported  to 
the  IT.  S.  Department  of  Commerce 
by  Assistant  Trade  Commissioner  H. 
B.  Allin  Smith,  London.  The  most 
significant  innovations  provided  for  in 
the  act  are:  The  reorganization  of 
all  lines  into  four  large  geographical 
systems;  the  periodical  revision  of 
traffic  charges  through  the  Railway 
Rates  Tribunal;  and  the  adjudication 
of  railway  labor  problems  through 
central  and  national  wages  boards. 

The  reorganization  of  approximate- 
ly 120  systems  into  four,  aims  at  uni- 
formity, efficiency  and  economy  of  op- 
erating conditions  as  the  logical 
means  of  achieving  financial  stability. 
The  major  groups,  known  as  the 
Southern  Railway  Co.,  the  Great 
Western  Railway  Co.,  the  London, 
Midland  &  Scottish  Railway  Co.,  and 
the  London  &  North  Eastern  Rail- 
way Co.,  were  practically  formed  at 
the  close  of  1922.  The  first  and  last 
groups,  having  the  approval  of  the 
Amalgamation  Tribunal,  are  to  op- 
erate finally  as  such  from  Jan.  1,  1923. 
The  second  group  awaits  the  approval 
of  some  few  absorption  schemes,  and 
the  third  group  is  approaching  com- 
plete amalgamation.  Both  may  be 
antedated  by  the  tribunal  to  operate 
from  Jan.  1,  1923. 

The  first  task  in  connection  with 
the  revision  of  rates  has  been  the 
reclassification  of  merchandise  into 
21  instead  of  8  groups.  The  act  stip- 
ulates that  charges  shall  be  levied  suf- 
ficient to  provide  annual  net  stand- 
ard revenue  equivalent  to  the  net  rev- 
enue of  1913,  allowance  being  made 
for  additional  capital  outlay.  Of  any 
surplus  above  that  net  revenue,  20  per 
cent  goes  to  the  companies,  while  the 
remaining  80  per  cent  must  be  applied 
to  benefit  railway  users,  either  in  re- 
duced charges  or  in  more  efficient 
service, 

Several  substantial  concessions  on 
rates  were  made  during  1922.  These, 
however,  have  so  far  brought  relief  in 
freight  rates  to  few  trades  outside  of 
the  iron  and  steel  industry.  There  the 
new  rates  range  from  44  to  68  per 
cent  above  pre-war  levels.  Passenger 
traffic  has  had  to  wait  for  the  opening 
of  1923  for  its  first  appreciable  cut  in 
fares,  the  revised  first-class  rate  at 
2^d.  per  mile  and  third-class  at  iy2d. 
per  mile,  making  a  uniform  basis  of 
50  per  cent  over  pre-war. 
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Special  Equipment  for  Repairing  Road  Crossings 


Interurban  Railway  Accomplishes  400  Per  Cent  More  Work  Than 
by  Old  Method  of  Practice  and  Procedure 

By    CLIFFORD    A,    ELLIOTT, 


A  large  interurban  electric  railway 
system  in  Southern  California,  having 
a  large  annual  maintenance  program 
of  over  1,000  improved  road  crossings 
intersecting  its  lines,  has  designed  and 
had  constructed  special  equipment  for 
handling  this  class  of  work  efficiently 
and  economically.  Four  hundred  per 
cent  more  work  is  accomplished  over 


ment  near  boiler  is  connected  to  the 
oil  burner  by  small  fuel  oil  feed  pipe. 
The  fuel  oil  runs  on  15-lb.  pressure  to 
the  burner.  Air  pressure  is  obtained 
from  a  Yankee  hand  pump  located  ad- 
jacent to  fuel  tank.  The  pressure  gage 
on  this  tank  is  100  lb.  Thirty  to  forty 
pounds  of  air  are  required  to  be 
pumped  up  in  tank  every  three  hours. 


Oil    Heating    Boiler    Mounted    on    Chassis     Coupled  to  Dump  Truck  Moving  from 
Job.     The   Hand   Kettle   Is  Shown      on   Front   End  of  Chassis. 


the  old  method  of  practice  and  pro- 
cedure. 

Instead  of  repairing  one  road  cross- 
ing per  day,  four  or  five  can  now  be 
handled  on  the  same  line  with  the 
new  equipment.  Two  sets  of  equip 
ment  are  available  so  that  several 
lines  can  be  covered  in  one  day. 

The  equipment  includes  a  3%-ton 
chassis  having  length  over  all  of  14 
ft.  A  600-gal.  capacity  boiler  was 
mounted  on  the  truck  for  heating  the 
roadway  oil  before  it  is  applied  to  the 
crushed  rock  spread  over  the  road 
crossing.  A  specially  arranged  fire 
box  beneath  the  boiler  contains  a  coal 
oil  burner.  The  fuel  oil  tank,  30-gal. 
capacity,    located    on    rear    of    equip- 


Adjacent  to  this  tank  is  a  6-gal.  ca- 
pacity water  supply  tank  with  needle 
regulating  valve,  gage  and  pump  com- 
plete for  supplying  the  necessary 
water  that  is  fed  into  the  oil  burner 
along  with  the  fuel  oil  to  generate  the 
necessary  steam  and  provide  the  re 
quired  flame  for  heating  the  roadway 
oil.  The  water  is  conveyed  from  the 
pressure  tank  through  5  ft.  of  hollow- 
wire  and  one  filling  of  water  takes 
care  of  8  hours'  work.  ■J 

The  water  and  fuel  tanks  have  feed 
and  check  valves  for  regulating  the 
flow  of  fuel  'and  water. 

The  oil  is  heated  to  250°  F.  before 
being  applied  to  the  crushed  rock  on 
the  road  crossing.    Leading  from  rear 
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Hand    Oil    Pump    Kettle    Distributing    Oil     on 

Repair    Work. 


Oil    Macadam    Pavement    in 


of  the  boiler  are  two  valves  and  flow 
pipes  to  admit  heated  oil  into  hand- 
pouring  buckets  or  conveying  it  by 
pipe  connection,  when  desired,  into  a 
50-gal.  capacity  hand  pump  kettle 
mounted  on  wheels.  This  heating  and 
spreading  kettle  was  specially  de- 
signed for  this  work.  When  the  heat- 
ed roadway  oil  is  conveyed  to  the 
kettle  it  is  maintained  at  its  original 
degree  of  heat,  as  the  kettle  is  pro- 


vided with  a  fire  box  for  burning  coal 
or  wood  for  this  purpose.  When  the 
kettle  is  not  in  use  or  is  being  moved 
from  job  to  job  it  is  stored  on  space 
provided  for  this  purpose  on  front 
platform  of  the  chassis  truck. 

The  hand  kettle  is  equipped  with  20 
ft.  of  %-in.  hoseline  with  necessary 
check  valve  near  the  operating  end 
for  the  operator  to  regulate  the  flow 
of  oil  as  the  oil  is  carried  out  through 


Hand    Outfit    Distributing    Oil    on    Track  Shoulders. 
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a  3-point  sprayer  for  applying  it  onto 
the  crushed  rock. 

The  old  method  was  to  pour  the  oil 
on  the  crushed  rock  with  hand  oil 
spreading  buckets.  This  did  not  gain 
good  results,  as  the  oil  pump  and 
spraying  kettle  results  in  the  oil  be- 
ing spread  more  even;  the  flow  can 
be  regulated  by  the  laborer  operating 
the  pump  or  the  laborer  operating  the 
sprayer  so  that  greater  penetration  of 
the  oil  into  the  crushed  rock  is 
gained;  the  rock  being  thoroughly 
spread,  tamped  or  rolled  before  the 
oil  is  applied. 

The  spreading  of  the  oil  with  the 
kettle  results  in  a  more  uniform  and 
quicker  distribution  of  the  oil. 

The  burner  operated  on  the  heating- 
boiler  consumes  1  gal.  of  fuel  oil  for 
a  straight  period  of  3  hours  in  obtain- 
ing the  desired  first  heat,  then  y2  gal. 
per  hour  is  consumed  thereafter.  The 
oil  heating  and  spreading  outfit  is 
transported  from  job  to  job  by  being 
coupled  onto  a  3%-ton  dump  truck. 
The  truck  carries  the  necessary 
crushed  rock  and  tools  for  the  road 
crossing  repair  jobs  along  with  the 
heating  and  distributing  equipment. 


Effect     of     Cartridge     Diameter     on 

Strength  and  Sensitiveness  of 

Explosives 

One  of  the  important  problems  in 
metal  mining,  tunneling  or  quarrying 
is  the  most  economical  method  of 
bringing  down  the  ore  or  rock.  The 
two  factors  having  great  influence  in 
determining  this  are  drilling  and 
blasting  costs.  In  considering  the  ef- 
ficiency of  the  explosive  used,  the  di- 
ameter of  cartridge  has  always  been 
supposed  to  play  an  important  part. 
However,  the  attention  of  the  Bureau 
of  Mines  has  been  called  to  the  lack 
of  definite  data  on  the  effect  of  car- 
tridge diameter  on  the  strength  and 
sensitiveness  of  high  explosives.  This 
information  is  especially  valuable  to 
the  user  of  explosives  as  it  assists  him 
to  determine  what  diameter  of  bore- 
hole is  most  economical.  Accordingly 
the  Bureau,  in  co-operation  with  the 
Institute  of  Makers  of  Explosives,  has 
I  conducted  a  series  of  te£ts  to  show 
[  the  effect  of  cartridge  diameter  on  the 
s^eniErth  ar,f*  sensitiveness  of  certain 
high  explosives.  The  results  of  these 
tests  are  given  in  Serial  2436,  by 
Spencer  P.  Howell,  explosives  engi- 
neer, and  J.  E.  Crawshaw,  explosives 
testing  engineer,  which  may  be  ob- 
tained from  the  IT.  S.  Bureau  of  Mines, 
Washington,  D.  C. 


Chemical  Killing   of   Weeds 
in  Railway  Track 

A  considerable  amount  of  informa- 
tion on  this  subject  is  given  in  a  com- 
mittee report  presented  March  14  at 
the  24th  annual  convention  of  the 
American  Railway  Engineering  Asso- 
ciation. 

The  committee  sent  out  a  question- 
naire on  chemical  killing  of  weeds  and 
also  conducted  considerable  corre- 
spondence with  the  subject. 

The  investigation,  states  the  report, 
shows  that  a  comparatively  small 
number  of  roalroads  have  used  chem- 
ical weed  killers;  however,  the  rail- 
roads that  have  used  it  represent  a 
considerable  portion  of  the  mileage  of 
the  country.  The  information  avail- 
able indicates  that  at  least  31,500 
miles  of  track  have  been  treated  with 
chemical  weed  killers  since  1914. 

The  Chemical  Composition.  —  The 
chemical  composition  in  practically  all 
cases  is  sodium  arsenite.  This  ma- 
terial is  obtained  in  a  concentrated 
solution  composed  of  from  3.6  lb.  to 
4.0  lb.  of  arsenic,  from  1.25  to  2.10  lb. 
of  caustic  soda  and  1  gal.  of  water. 

Before  application  the  above  solu- 
tion is  generally  diluted  by  adding 
water,  the  final  solution  ready  for 
spraying  most  universally  used  con- 
sisting of  1  part  of  the  concentrated 
solution  to  20  parts  of  water,  although 
trials  have  been  made  using  a  solu- 
tion as  low  as  one  to  one,  and  in  other 
cases  a  solution  as  high  as  1  to  40. 
However,  the  most  universal  success- 
ful applications  have  been  made  with 
a  solution  of  1  to  20,  or  about  this 
strength. 

Methods  of  Application. — The  most 
economical  and  extensive  applications 
have  been  made  with  a  sprinkling 
train,  consisting  of  tank  cars  for  car- 
rying the  concentrated  solution,  cars 
for  water,  and  a  car  equipped  with 
adequate  sprinkling  devices  for  reach- 
ing the  width  desired.  The  cars  are 
so  piped  and  equipped  with  air  that 
the  concentrated  solution  may  be 
sprayed  at  practically  any  pressure 
after  being  diluted  to  whatever 
strength  is  desired.  T^he  train  must 
be  operated  at  such  a  speed  as  will  in- 
sure the  discharge  of  the  proper 
amount  of  diluted  chemical  solution 
over  a  given  area.  The  applications 
made  have  been  to  practically  all 
classes  of  weed  vegetation,  including 
Johnson  grass,  Bermuda  grass,  Fox 
Tail,  sweet  clover,  and  others. 
The  widths  generally  treated  vary 
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from  12  to  18  ft.,  the  most  universal 
being  14  ft. 

The  average  cost  of  the  chemical 
used  on  a  strip  1  ft.  wide  is  about 
$3.46  per  mile.  The  other  items  en- 
tering into  the  cost  of  application  are 
purely  local  matters,  which  can  be 
best  ascertained  by  the  railroad  con- 
templating its  use. 

Precautions. — With  the  arsenite  of 
soda  composition  it  is  necessary  to 
take  some  precautions  to  guard 
against  stock  being  killed  by  eating 
vegetation  which  has  been  treated. 
These  precautions  are,  first,  care  in 
application  so  that  the  solution  is  not 
applied  at  road  crossings  or  points 
where  stock  can  get  at  the  treated 
vegetation,  and  second,  the  introduc- 
tion into  the  solution  of  some  chemi- 
cal which  makes  the  weeds  treated 
unpalatable  to  the  stock  so  that  they 
will  not  eat  them. 

The  chemicals  used  in  weed  killing 
solutions  do  not  have  any  effect  on 
the  metal  portions  of  the  railroad 
and  cause  no  damage  to  the  track. 

The  Results. — As  to  the  results  ob- 
tained in  chemically  treating  weeds, 
the  committee  finds  that  those  who 
have  made  the  most  extensive  tests 
and  the  most  careful  study  of  the 
proposition,  feel  that  they  have  ac- 
complished what  they  expected,  but 
the  committee  believes  that  there  are 
some  classes  of  vegetation  (such  as 
Bermuda  grass  and  Johnson  grass) 
which  cannot  be  eliminated  in  this 
manner  except  by  probably  a  very 
persistent  continued  system  of  appli- 
cations covering  a  period  of  years. 
Furthermore,  the  class  of  ballast  on 
the  track  treated,  the  time  of  treat- 
ment, character  of  roadbed,  and 
weather  conditions  have  a  great  bear- 
ing on  the  results  obtained,  as  the 
best  results  are  obtained  when  the 
chemical  gets  an  opportunity  to  soak 
into  the  ground  where  the  vegetation 
might  absorb  it  through  the  roots,  and 
conditions  increasing  the  possibility 
of  the  chemical  being  absorbed  in- 
stead of  running  off,  of  course,  will 
produce  much  better  permanent  re- 
sults, notwithstanding  the  fact  that 
the  chemical  very  quickly  kills  that 
portion  of  the  plant  above  the  ground 
to  which  it  is  applied. 

Some  railroad  systems  are  going 
into  this  matter  very  carefully.  They 
have  been  making  applications  for 
several  years,  and  are  going  to  con- 
tinue until  they  arrive  at  very  definite 
conclusions  as  to  whether  the  ex- 
pense of  the  present  chemicals  and 
methods  of  application  is  justified  by 
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the  results  obtained.    They  are,  while 
admitting  that  some  classes  of  vege- 
tation have  not  been  eliminated,  ot 
taining  results  which  they  feel  justil 
them  in  continuing  the  practice. 

Salt  as  Weed  Killer.— The  Erie 
It.  has  continued  the  application  of 
salt  to  weeds  on  some  of  its  territory 
and  reports  very  satisfactory  results 
The  salt  is  applied  by  shoveling  it  oi 
chutes  in  door  of  box  car,  requirii 
about  eight-tenths  car  load  per  mih 
The  cost  of  this  application  runs 
about  $32  per  mile.  The  salt  is  goo< 
crushed  salt,  but  rejected  on  account 
of  being  too  coarse  for  market  and 
received  by  the  railroad  with  no  cost 
except  foreign  freight.  Care  must  be 
taken  in  applying  salt  to  prevent  any 
interference  with  automatic  signaling. 


Ballast  Required  for  Hand  Tamp- 
ing and  Mechanically 
Tamping 

The  Pacific  Electric  Railways  has. 
recently  conducted  a  series  of  experi- 
ments to  determine  the  quantity  of 
rock  required  for  hand  and  mechan- 
ically-tamped ballast  in  paved  streets. 
The  results  are  summarized  as  fol- 
lows in  the  Electric  Railway  Journal: 

The  weight  of  1  cu.  yd.  of  crushed 
rock  which  had  been  hand  tamped  was 
found  to  be  1.3  tons.  This  figure  was 
obtained  by  hand  tamping  a  given 
length  of  track,  figuring  the  cubical 
contents,  and  weighing  the  material 
used.  This  figure  of  1.3  tons  had  been 
used  for  estimating  all  hand-tamped 
work. 

When  the  company  decided  to  use 
mechanically-tamped  ballast  it  was 
necessary  to  re-estimate  the  quantity 
of  rock  needed.  Theoretically,  1  cu. 
yd.  of  crushed  rock  ballast,  with  all 
voids  removed  and  the  proper  com 
pression  obtained,  should  equal  1  cu. 
yd.  of  rock.  Therefore,  for  the  original 
estimate  the  weight  of  1  cu.  yd.  of 
rock  was  used,  namely  1.75  tons.  Even 
with  mechanically-tamped  ballast  this 
theoretical  condition  cannot  be 
reached.  However,  the  actual  results 
of  experiments  show  that  1  cu.  yd.  of 
mechanically-tamped  ballast  weighs 
1.69  tons  or  30  per  cent  more  than  the 
hand-tamped  ballast. 

This  increase  in  the  amount  of 
crushed  rock  is  a  large  item  in  the 
consideration  of  ballast,  but.  tests  have 
proved  that  mechanically-tamped  bal- 
last adds  greatly  to  the  life  of  the 
roadbed  by  furnishing  firmer  base  for 
pavement  and  heavy  girder  rails. 
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A  Large  and  Efficient  Installation  Made  by  the  Inland  and  Coastwise 

Waterways  Service  and  Partly  Financed  by 

Local  Business  Men 

By   DAVID  HOLT, 

Mobile  Chamber  of  Commerce. 


Alabama  produces  15,000,000  to  20,- 
000,000  tons  of  coal  annually.  The 
greatest  coal  producing  counties,  Jef- 
ferson and  Walker,  with  more  than 
three-fifths  of  the  total  production,  are 


bama  to  the  seaport  of  Mobile,  and 
nearly  as  much  more  to  give  the  port 
a  30-ft.  channel  to  the  Gulf  of  Mex- 
ico. For  the  utilization  of  these  wa- 
terways, the  barge  line  of  the  Missis- 


Permanent  Coal  and  Ore   Handling  Plant   at  Mobile,  Ala. 


reached  by  the  Warrior  River.  The 
Black  Creek  seam,  one  of  the  best 
high  volatile  coals  in  the  world,  ac- 
tually underlines  the  course  of  the 
stream  for  many  miles  of  its  length, 
while  other  valuable  seams  nearer  the 
surface  are  found  along  its  banks. 

Waterway  Developments  Involved. 
— The  Federal  government  has  ex- 
pended more  than  $13,000,000  to  canal- 
ize the  Warrior  River,  to  open  year- 
around  navigation  for  boats  and 
barges  from  the  mineral  beJt  of  Ala- 


sippi- Warrior  service  has  been  provid- 
ed at  further  great  expense. 

Though  the  Warrior-Tombigbee 
River  system  was  opened  to  naviga- 
tion to  Cordova,  in  Walker  County,  7 
years  ago,  the  movement  of  coal  by 
this  waterway  has  not  been  extensive. 
The  delay  in  bringing  about  a  greater 
movement  of  water-borne  fuel  through 
Mobile  is  attributed  chiefly  to  the  lack 
of  facilities  for  handling  such  cargoes 
with  dispatch  at  the  seaport. 

The   Plant   and    Its   Arrangement.— 
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It  was  to  remedy  this  and  to  complete 
an  essential  link  in  the  barge  service 
on  the  Warrior  Section  that  the  In- 
land and  Coastwise  Waterways  Serv- 
ice planned  the  coal  and  ore  handling 
plant  on  Blakeley  Island,  in  Mooile 
River,  opposite  the  northern  limits  of 
the  city  of  Mobile.  One  of  the  three 
units  of  the  plant  has  Deen  completed 
and  is  now  in  commission.  The  oiher 
two  will  be  built,  according  to  govern- 
ment authorities,  when  future  needs 
may  require  additional  facilities  there. 
The  site  for  this  terminal,  which  has 
a  river  frontage  of  1,500  feet,  and  ex- 
tends entirely  across  the  island  to 
Pole  Cat  Bay,  was  purchased  by  busi- 
ness men  of  Mobile,  acting  through 
the  Mobile  Chamber  of  Commerce, 
and  was  donated  to  the  United  States 
government.  The  plant  was  bant  at 
a  contract  cost  of  $400,000  from  funds 
appropriated  for  the  Waterways  Serv- 
ice, and  is  being  used  only  for  the 
storage  and  transfer  of  coal  transport- 
ed over  the  Warrior-Tombigbee  River 
system  from  the  Alabama  coal  fields. 
It  also  is  used  for  the  transfer  of  man- 
ganese ore  brought  from  the  mines  in 
Brazil,  to  be  transported  up  the 
rivers  to  the  port  of  Birmingham,  for 
the  use  of  the  steel  plants  in  that  dis- 
trict. 

Dredging  done  by  the  government 
dredge  used  to  maintain  the  harbor 
channel  was  a  considerable  item  of 
expense  not  included  in  the  amount 
allotted  from  the  Waterways  Service 
appropriation.  Likewise  the  item  of 
supervision  by  Major  Earl  North,  U. 
S.  Engineer,  in  charge  of  this  district, 
and  his  assistants,  was  not  included 
in  the  allotment. 

The  substructure  of  the  plant  was 
built  by  Hampton  Reynolds  of  New 
Orleans.  The  machinery  was  made  by 
the  Brown  Hoisting  Machinery  Co.  of 
Cleveland,  and  was  installed  by  A. 
Bentley  &  Sons  of  Toledo.  This  first 
unit  has  a  timber  wharf  500  ft.  long 
and  33%  ft.  wide  on  pile  foundation. 
The  storage  pile  is  the  same  length, 
with  timber  floor  and  concrete  retain- 
ing wall,  and  is  divided  into  five  bins 
of  8,000  tons  each,  located  parallel  to 
and  directly  in  the  rear  of  the  wharf. 
A  structural  steel  unloading  bridge 
travels  the  length  of  the  wharf  and 
operates  a  four-ton  bucket.  A  belt 
conveyor  runs  the  length  of  the  wharf 
and  a  movable  steel  reloader  tower, 
travels  the  same  distance.  Coal  is 
handled  at  the  rate  of  400  tons  per 
hour  either  from  river  barges  to  the 


storage  pile  or  from  barge  direct  to 
ocean  carrier. 

In  reclaiming  from  storage  into 
ships,  the  unloading  bridge  by  means 
of  the  bucket,  transfers  the  coal  into 
the  weighing  hopper,  located  in  the 
bridge  pier,  from  which  it  is  dis- 
charged onto  a  belt  conveyor.  A  trip- 
per passes  it  to  the  conveyor  on  the 
reloader  tower  at  any  point,  whence 
it  is  elevated  to  the  proper  height  and 
transported  to  a  telescopic  chute 
which  discharges  it  into  the  vessel 
in  such  a  manner  that  but  little  labor 
is  required  for  the  trimming  of  the 
ship.  In  a  test,  425  tons  per  hour  was 
reclaimed  from  storage  and  loaded  on 
an  ocean-going  barge. 

The  different  units  of  the  plant  be- 
ing maependent,  coal  or  ore  can  be 
taken  from  any  part  of  the  storage 
pile  and  loaded  into  any  hatch  of  a 
vessel  moored  at  any  position  along 
the  wharf.  The  storage  area  provides 
for  a  normal  storage  of  40,000  tons, 
which  permits  the  accumulation  of 
several  ships'  cargoes.  Part  of  the 
site  donated  by  Mobile  for  the  coal 
terminal  is  utilized  as  a  fuel  oil  sta- 
tion by  the  U.  S.  Shipping  Board,  with 
two  oil  tanks,  each  of  55,000-bbl.  ca- 
pacity. 

No  charge  is  made  for  delivery  of 
coal  from  storage  or  barge  into  ocean 
vessels,  or  for  the  storage  of  coal  for 
a  period  of  30  days.  After  that  time 
a  charge  of  15  ct.  per  ton  of  2,000  lb. 
is  assessed. 


Strike    Losses    in    1922 

Losses  in  wages  alone  amounting  to 
$208,000,000  was  one  result  of  the 
strikes  of  the  calendar  year  1922,  ac- 
cording to  Mr.  Will  J.  Tracy,  Chief 
of  the  Pennsylvania  State  Bureau  of 
Mediation  and  Arbitration.  Strikes 
during  the  year  numbered  1807  and 
involved  389.000  persons  according  to 
Mr.  Tracy's  report. 


Factors  in  Reducing  Number  of 
Boulders  from  Blasting. — Experi- 
ments have  been  completed  by  E.  D. 
Gardner,  mining  engineer  of  the  U.  S. 
Bureau  of  Mmes,  in  the  hard  ore 
stopes  and  drifts  at  the  Calnmet  and 
Arizona  Mine  for  determining  the 
best  method  of  blasting  to  prevent 
making  of  bowlders.  The  results  ob- 
tained from  blasting;  62  rounds  tend 
to  show:  (1)  That  fewer  boulders  are 
made  wHh  the  higher  grades  of  pow- 
der; (2)  the  use  of  taniDing  has  a 
very  decided  advantage;  (3)  the  spac- 
ing and  pointing  of  holes  is  an  impor- 
tant factor. 
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Fundamentals  to  be  Consid- 
ered in  Design  of  Sub- 
stitute Ties 


From    the    Report    of   the    Committee 
on    Ties    Presented    March    14    at 
24th     Annual     Convention     of 
American    Railway    Engi- 
neering  Association 

Safety.  —  The  substitute  must  be 
designed  so  as  to  have  sufficient 
strength  to  prevent  failure  of  the  tie 
or  its  fastenings,  and  sufficient  bear- 
ing surface  on  the  ballast,  and  with 
the  rail  to  properly  support  the  loads 
imposed,  and  provide  agamst  undue 
deflection  in  the  rail. 

Performance. — Track  will  not  re- 
main permanently  to  gage,  surface 
and  line  under  the  loads  imposed  upon 
it,  and  labor  operations,  more  or  less 
frequent,  will  always  be  necessary  to 
restore  it.  Therefore,  the  tie  should 
be  designed  as  far  as  practicable  to 
resist  the  forces  tending  to  disturb 
these  conditions  and  to  readily  permit 
restoration. 

Fastenings. — The  fastenings  must 
be  of  sufficient  strength  to  maintain 
gage  and  so  designed  that  without 
taking  the  tie  from  the  track  and 
without  change  to  the  holes,  or  fixed 
bolts  or  projections  in  the  tie,  a  rea- 
sonable change  of  width  or  thickness 
of  the  base  of  rail,  or  variation  of 
gage,  may  be  made.  The  fastenings 
should  be  such  as  to  offer  as  little 
obstruction  to  derailed  wheels  as  pos- 
sible. They  should  permit  shimming 
where  necessary,  the  change  of  de- 
fective rail,  or  the  renewal  of  rails 
with  ease,  and  should  be  replaceable 
if  broken  or  defective,  without  dis- 
turbing the  tie. 

Gage. — If  the  design  provides  one 
support  under  each  rail,  united  by  a 
transverse  member  to  hold  gage,  the 
transverse  member  must  be  of  suffi- 
cient strength  to  maintain  gage  and 
plane,  and  of  such  design  as  to  with- 
stand a  reasonable  amount  of  the 
damage  incident  to  derailment.  The 
bearing  of  the  rail  on  the  tie  must 
in  all  cases  be  of  sufficient  area  to 
prevent  widening  of  gaere  by  canting. 

Line. — The  tie  should  be  of  such 
shape  that  it  will  not  only  resist  the 
tendency  of  track  to  get  out  of  line, 
but  also  permit  the  track  to  be  thrown 
back  to  line.    Projections  on  the  base 


of  the  tie  that  project  into  the  ballast 
make  it  necessary  to  lift  the  track 
out  of  surface  before  relining,  and 
are  therefore  objectionable.  Ties 
clamped  in  pairs  which  enclose  a 
considerable  amount  of  ballast  be- 
tween their  several  parts,  to  such  ex- 
tent that  the  ballast  must  be  removed 
before  the  track  is  lined,  add  a  mate- 
rial burden  to  the  labor  necessary  to 
line  track. 

Surface. — The  tie  should  have  suffi- 
cient length  and  breadth  to  provide 
a  bearing  surface  per  rail  length  of 
track  at  least  equal  to  that  obtained 
with  wood  ties,  for  the  same  class  of 
track,  without  reducing  the  space  be- 
tween the  ties  to  such  an  extent  as 
to  make  tamping  difficult.  It  should 
have  sufficient  stiffness  as  a  beam  to 
develop  the  full  bearing  area  on  the 
roadbed. 

The  base  of  the  tie  must  be  so 
shaped  that  the  ballast  can  be  readily 
and  effectively  tamped  under  the  tie 
and  also  not  cut  into  or  disturb  the 
tamped  bed. 

Insulation. — When  insulation  is  de- 
sired, the  design  should  permit  of  in- 
sulation without  a  material  change 
in  the  tie  proper.  The  fastenings 
must  be  so  designed  that  the  insula- 
tion material  will  not  be  subjected  to 
abrasion  or  to  great  stress  other  than 
compression. 

Economy. — The  annual  cost  per  unit 
of  length  of  track  for  renewals  and 
track  maintenance  should  compare 
favorably  with  wood  ties.  Economy 
in  renewals  depends  upon  first  cost 
and  durability.  Economy  in  mainte- 
nance will  depend  upon  how  closely 
the  requirements  heretofore  specified 
are  met. 

Causes  of  Failure. — Past  experience 
indicates  that  some  of  the  features 
productive  of  failure  in  substitute  ties 
are  as  follows: 

Lack  of  efficient  protection  against 
corrosion. 

Failure  of  rail  fastenings. 

Failure  of  insulation. 

Loss  of  beam  strength  due  to  weak- 
ening tie  in  vicinity  of  rail  to  accom,- 
modate  rail  fastening  features. 

Use  of  sharp  interior  angles  or 
square  holes,  from  which  cracks  are 
developed. 

Lack  of  resistance  to  derailed 
wheels. 

Design  of  base  of  tie  such  as  to 
render  tamping  difficult  or  impossible 
and  such  as  to  make  maintenance  of 
proper  surface  of  track  impracticable. 

Design  of  tie  such  that  track  will 
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not  hold  line,  or  such  as  to  make  lin- 
ing of  track  impracticable. 

Lack  of  beam  strength  causing 
breakage  on  yielding  roadbed. 

tack  of  protection  in  concrete  ties 
from  abrasion  by  ballast. 

Lack  of  provision  for  expansion  and 
contraction  in  combination  ties  of 
steel  and  concrete. 


Units  of  Work  Per  Man  Hour  in 
Maintenance  of  Way  Work 

In  order  to  determine  some  unit  of 
measure  for  comparing  the  various 
classes  jof  work  performed  in  the 
maintenance  of  way  department,  one 
of  the  large  railways  of  the  Middle 
West  directed  each  of  its'  divisions  to 
determine  by  actual  test  the  amount 
of  work  of  various  classes  which  could 
be  performed  per  man  hour.  This 
unit  was  established  by  selecting  a 
first-class  gang  on  each  division  and 
arriving  at  a  unit  for  performing  the 
various  classes  of  work  by  keeping 
an  accurate  record  of  the  time  spent 
on  each  class  of  work. 

After  the  establishment  of  such  a 
unit,  and  in  order  to  successfully 
carry  out  a  scheme  of  this  kind,  each 
supervisor  was  instructed  to  allocate 
his  work  as  between  the  different  fore- 
men at  the  beginning  of  each  month, 
and  also  carefully  plan  the  work  of 
each  foreman,  and  after  the  amount 
of  each  class  of  work  was  allocated, 
he  was  allowed  a  specified  number  of 
man  hours  for  doing  each  kind  of 
work.     The  foreman  was  required  to 
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keep  a  record  each  day  on  form  prop- 
erly drawn  up,  of  the  amount  of 
work  done  and  the  hours  consumed 
in  performing  it;  at  the  end  of  the 
month  total  monthly  performance  and 
average  for  moath  was  worked  up  for 
the  division  as  a  whole. 

This  was  done  on  a  number  of  their 
divisions,  and  a  summary  of  the  re- 
sults obtained  is  shown  in  Table  I, 
which  is  reprinted  from  a  committee 
report  presented  at  the  recent  con- 
vention of  the  American  Railway 
Engineers'  Association. 

Sensitiveness  of  Explosives. — Dur- 
ing the  past  fiscal  year  methods  have 
been  devised  at  the  explosives  labora 
tory  of  the  U.  S.  Bureau  of  Mines, 
Pittsburgh,  Pa.,  for  determining  by 
tests  the  relative  sensitiveness  of  ex- 
plosives to  detonation  and  also  their 
fire  resisting  qualities.  Further  work 
will  be  done  to  develop  these  tests. 
When  standard  tests  have  been  es- 
tablished, a  number  of  different  class- 
es and  grades  of  explosives  will  be 
tested  by  these  methpds. 

Convention  of  National  Lime  Asso- 
ciation.— The  5th  annual  convention 
of  the  National  Lime  Association  will 
be  held  at  the  Hotel  Commodore,  New 
York  City,  June  13th,  14th,  and  15th 
The  work  of  the  convention  will  be 
devoted  in  a  large  measure  to  reports 
from  the  technical  men  of  the  re- 
search organization,  and  from  the 
field  engineers  of  the  association. . 


TABLE    I. 

Item.  Quantity. 

Renewing  Ties: 

(a)  In     rock     and     cementing     gravel 

ballast     6.829  ties 

(b)  In   bank   run,   washed   gravel  and 

cinders     139,215  ties 

(c)  While  surfacing   88,893  ties 

Surfacing  Track: 

(a)  In     rock     and     cementing     gravel 

ballast 71.870  lin.  ft. 

(b)  In  bank  run  gravel  ballast    ......852,872  lin.  ft. 

(c)  In  washed  gravel  and  cinders. ..  .724,466  lin.  ft. 
Dressing  Track: 

(a)  In     rock     and     cementing     gravel 

ballast     15.386  lin.  ft. 

(b)  In  bank  run  gravel  ballast    277,494  lin.  ft. 

(c)  In  washed  gravel   and   cinders.  ..  .165,672  lin.  ft. 
Unloading     and     distributing     rail     and 

fastenings     211,397  lin.  ft. 

of '  "f"T*3  Pit 

Laying    new   rail 318,157  lin.  ft. 

of  track 
Laying  second-hand  rail    43,417  lin.  ft. 

of  track 
Uncoupling   old   rail    106,374  lin.  ft. 

of  track 
Loading  old  rail  and  fastenings  , 114,263  lin.  ft. 

of  Irs  pic 

Applying  rail  anchors    107,302  anchors 

Applying   tie  plates    201,186  tie  plates 
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Units  per 
Man-hour,    man-hour. 

5,880 

1.2  ties 

101,746 
46;555 

1.4  ties 
1.9  ties 

18,323 

153,221 

94,720" 

3.9  lin.  tLlL 
5.6  lin.  ft?  •** 
7.6  lin.  ff.>":V 

1,895 
27.225 
10,266 

8.1  lin.  ft. 
10.2  lin.  ft. 
16.1  lin.  ft. 

3,369 

62.8  lin.  ft. 

52,204 

6.1  lin.  ft. 

6,175 

7.0  lin.  ft. 

3,014 

35.5  lin.  ft. 

2,899 

39.4  lin.  ft. 

3,445 

1.1,830 

31.2  anchors 
17.0  tie  plates 
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Care  of  Ties  After  Delivery 
to  Railroad 

The  results  obtainable  from  ties  of 
the  character  procurable  under  the 
standard  specifications  of  the  Ameri- 
can Railway  Engineering  Association 
depend  in  no  small  measure  on  the 
care  given  to  the  ties  after  their  de- 
livery to  railroad  which  has  inspect- 
ed and  purchased  them.  Maximum 
results  from  good  ties  cannot  be  ex- 
pected if  they  are  abused  while 
stored  or  handled.  To  obtain  infor- 
mation regarding  present  practice  in 
the  case  of  ties,  a  sub-committee  of 
the  Committee  on  Ties  of  the  Ameri- 
can Railway  Engineering  Association 
sent  a  questionnaire  to  the  members 
of  the  association.  The  replies  are 
summarized  as  follows  in  the  report 
of    the    committee    presented    March 


and  10  roads  pyramid  their  ties,  while 
five  roads  rick  ties  "cordwood"  or 
"windrow"  fashion.  Only  one  road 
reports  the  use  of  special  stickers 
(^-in.  strips),  one  road  piles  ties  "so 
air  can  circulate  freely,"  and  one 
road  has  no  specific  method  of  piling. 
Thirty-five  roads  report  the  use  of 
dirt  covers  on  stacks,  while  30  roads 
report  that  dirt  is  not  used  to  cover 
stacks.  Of  the  former,  80  per  cent 
cover  only  creosoted  ties,  principally 
for  fire  protection,  although  three 
roads  do  so  specifically  as  protection 
against  weathering  and  two  roads  as 
protection  against  checking. 
The  committee  recommends  that: 
Untreated  and  zinced  ties  should 
be  stacked  so  as  to  obtain  free  cir- 
culation of  air,  minimum  contact,  and 
where  storage  space  is  limited  maxi- 
mum    economy    of    space     consistent 


Round  a"^  Rectangular  Ties.  Round  Ties.  Rectangular  Ties. 

Other  Sills  Not  Necessary  if  Lowest  Two  Ties  Are  Treated. 
Fig.  1.  Fig.  2.  Fig.  3. 

Open   Stacks  for   Untreated   Ties   and  for   Zinced  Ties  When  or  Where  They  Will  Not 

Dry    Too    Rapidly. 


14  at  the  24th  annual  convention  of 
the   association: 

Place  of  Storage. — Approximately 
90  per  cent  of  the  roads  reporting 
store  their  ties  on  right-of-way  and 
at  treating  plants.  Only  nine  roads 
use  exclusively  storage,  shop,  and  ma- 
terial yards  for  their  ties  reserves. 
Three  roads  do  not  store  ties. 

The    committee   recommends    that: 

Ties  should  be  stacked  on  ground 
bare  of  debris  or  Vegetation  for  at 
least  2  ft.  around  each  stack  and  clear 
of  vegetation  over  6  in.  high  within 
10  ft.  of  any  stack  and  sufficiently 
well  drained  so  that  water  will  not 
stand  under  the  stacks  or  in  their 
immediate  vicinity.  Decaying  wood 
debris  should  be  thoroughly  removed. 

Manner  of  Storage. — Two  by  seven 
is  the  commonest  stacking  reported, 
with  1x7  and  2x8  almost  as  popular. 
Other  open  stacks  are  made  of  ties 
laid  1x8,  1x9,  1x10,  2x2,  2x9,  and  2x10. 
Close  stacks  are  made  of  ties  laid  6x 
6,  7x7,  8x8,  9x9,  10x10,  and  11x11. 
Twelve   roads   use   triangular   stacks, 


with  economical  handling,  for  which 
purposes  the  best  stacks  are  one  or 
two  by  seven  to  nine,  depending  on 
the  widths  of  the  ties  (Figs.  1,  2  and 
3),  except  when  or  where  the  ties 
would  be  subject  to  splitting  from  too 
rapid  drying,  in  which  seasons  or  lo- 
calities semi-solid  stacks  (7-9x7-9), 
with  the  end  ties  on  their  sides  (Fig. 
4)  should  be  employed.  Stacks  should 
not  be  over  20  layers  high,  and  the 
bottom  layers  should  be  kept  at  least 
6  in.  above  the  ground.  Decayed  ties 
should  not  be  used  as  sills,  nor  un- 
treated ties  if  treated  ties  or  non-de- 
caying materials  are  available.  Alleys 
at  least  3  ft.  wide  should  be  main- 
tained between  rows  of  stacks. 

Creosoted  ties  should  be  stacked  as 
compactly  as  practicable  and  should 
be  covered  with  cinders  or  dirt  wher- 
ever exposed  to  falling  sparks. 

Stored  ties  of  any  kind  should  not 
be  accumulated  in  groups  of  stacks 
without  adequate  spacing  between  the 
groups  to  permit  fire  control  nor 
without  the  maintenance  of  bared  or 
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plowed  ground  at  least  3  ft.  wide 
around  the  storage  yard  wherever 
fire  from  adjacent  areas  may  spread. 

S-lroning. — Although  the  question- 
naire did  not  cover  the  use  of  anti- 
splitting  devices,  the  committee  is 
satisfied  that  many  ties  would  be 
serviceable  much  longer  if  their  seri- 
ous splitting  were  stopped,  and  rec- 
ommends  that: 

Hardwood  ties  received  without 
anti-splitting  devices  should  have 
S-irons  effectively  placed  in  each  end 
as  they  are  stacked  for  storage.  Any 
kind  of  tie  which  starts  to  split  in 
track  should  be  S-ironed  promptly. 

Seasoning. — The  desirability  or  util- 
ity of  seasoning  untreated  ties  be- 
fore they  are  placed  in  track  is  shown 
by  the  reports  received  to  a  question 
on  which  extremely  divergent  views 
are  held.  Thirty-five  roads  report  they 


ties  for  use  in  track  has  been  enough 
of  a  problem  to  37  roads  to  cause  31 
of  them  to  issue  instructions  that  th^ 
oldest  ties  be  used  first;  three  of 
them  to  instruct  that  white  oaks, 
treated  ties,  and  untreated  ties  to  be 
used  first,  and  three  of  them  to  issue 
instructions  based  on  special  condi- 
tions. While  31  roads  have  not  felt 
the  necessity  or  advisability  of  issu- 
ing instructions  concerning  the  use 
of  uneven  aged  ties  of  different 
classes  or  groups,  the  committee  be- 
lieves that  considerable  waste  can  bo 
eliminated  by  the  practice  of  select- 
ing ties  to  minimize  the  loss  of  track 
service,  and  recommends  that: 

Where  choice  has  to  be  made  be- 
tween distributed  ties  of  unequal  age, 
but  equal  suitability  for  given  track- 
age, the  oldest  ties  should  be  used 
first,  provided  it  is  not  practicable  to 


Rectangular  Ties. 
Other  Sills  Not  Necessary  if 
Lowest  Two  Ties  Are  Treated 


Round  a"d  Rectangular  Ties. 


Fig.  4.  Fig.  5.  Fig.  6. 

Semi   Solid   Stack  for   Zinced   Ties.      Solid   Stacks  for  Creosoted  Ties. 


do  not  endeavor  to  season  Class  U 
ties  before  use;  26  roads  wish  un- 
treated ties  seasoned  two  to  six 
months;  28  roads  desire  them  to  sea- 
son §  to  12  months;  and  one  road  pre- 
fers them  seasoned  more  than  a  year 
before  they  are  placed  in  track. 

Zinced  ties  are  seasoned  after 
treatment  for  one  to  three  months 
by  12  roads,  and  three  to  six  months 
by  four  roads.  Only  four  roads  re- 
port creosoted  ties  seasoned  after 
treatment,  and  two  of  these  hold 
their  ties  one  to  three  months,  while 
the  other  two  hold  them  three  to  six 
months. 

Since  there  is  not  now  available 
sufficient  data  on  which  to  base  rec- 
ommendations concerning  the  sea- 
soning of  untreated  ties,  the  commit- 
tee recommends  only  that: 

After  treatment  zinced  ties  and  fir 
ties  which  have  been  boiled  should 
be  seasoned  at  least  two  months  be- 
fore insertion  in  track. 

Choosing. — The    choice     of     stored 


determine  and  use  the  least  durable 
tie  first  and  to  see  that  no  tie  is  held 
in  storage  longer  than  one-fifth  of  its 
estimated   life   in   track. 

Adzing. — Although  four  roads  re- 
port that  adzing  of  ties  is  not  done, 
and  11  roads  that  they  have  issued  no 
instructions  concerning  adzing,  the 
replies  show  that  when  necessary  full 
bearing  of  rails  or  plates  shall  be  ob- 
tained by  adzing.  Because  there  is 
an  ever-present  danger  of  facilitating 
decay  by  cutting  into  and  exposing 
untreated  wood  in  preserved  ties,  it 
is  good  practice  to  minimze  that  risk 
by  doing  necessary  surfacing  prior  to 
preservation. 

The    committee    recommends    that: 

Ties  shall  be  adzed  only  when  nec- 
essary to  obtain  a  full  bearing  under 
rail  or  plate,  and  as  far  as  practicable 
all  adzing  or  uneven  bearing  surfaces 
should  be  done  by  machine  rather 
than  by  hand. 

Handling. — Fifty  roads  report  that 
tongs  are  not  used  in  the  handling  o 
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ties.  Presumably  the  41  roads  re- 
porting the  use  of  tongs  have  learned 
the  advantages  of  minimizing  me- 
chanical injury  to  the  ties  before 
they  are  placed  in  track,  and  believ- 
ing the  practice  of  tong  handling 
should  be  extended,  the  committee 
recommends  that: 

Ties  should  be  moved  with  tongs 
so  as  to  reduce  the  damage  incident 
to  handling  them;  picks,  mauls, 
sledges,  and  spiking  hammers  should 
not  be  used  in  moving  ties  or  plac- 
ing them  in  position  beneath  rails. 

Installing. — Of  the  roads  which 
specify  a  method  of  tie  placement 
based     on    heartwood     and     sapwood 


Pole  Setting  Truck 

The  accompanying  illustration  re- 
produced from  Electric  Traction  shows 
a  truck  used  by  the  Birmingham,  Ala., 
Railway  Light  &  Power  Co.,  in  setting 
poles. 

The  truck  is  equipped  with  the  usual 
gin  pole  for  raising  and  setting  the 
pole  in  its  hole  after  the  latter  has 
been  dug.  Rigidity  of  the  main  mast 
is  assured  through  turnbuckles  by 
which  any  slack  in  the  guy  wires  may 
be  instantly  taken  up. 

The  truck  is  mounted  on  a  rakish 
chassis  and  a  pole  bolster  gives  provi- 


Swivet  Hook 


Pole  Truck   in    Use   on    Lines   of    Birmingham     Railway    Light    &    Power    Co. 


surfaces,  over  80  per  cent  require 
that  the  surface  with  the  most  heart- 
wood  be  placed  down.  Of  these  roads 
which  base  placement  on  width  of 
surfaces  nearly  85  per  cent  require 
the  surface  of  greatest  width  down. 
Two  roads  require  the  "best  face  up." 
General  practice  is  therefore  in  ac- 
cordance with  the  known  superior 
service  of  ties  placed  with  the  pith 
farthest  from  the  rail  bearing,  and 
the  committee  recommends  that: 

Untreated  ties  should  be  placed  in 
track  with  the  wide  surface  having 
the  most  heartwood  down;  treated 
ties  should  be  placed  in  track  with 
the  wide  surface  nearest  the  pith 
down,  or  if  the  pith  is  not  present  in 
the  tie,  with  the  widest  surface  clown. 


sion  for  the  safe  and  efficient  handling 
of  this  sometimes  awkward  load.  The 
wheels  are  equipped  to  handle  a 
double  set  of  hard  tires. 


Water  Resisting  Properties  of  Ex- 
plosives.— At  the  Pittsburgh,  Pa.,  ex- 
periment station  of  the  U.  S.  Bureau 
of  Mines,  an  investigation  has  been 
made  of  the  water  resisting  proper- 
ties of  a  variety  of  explosives.  The 
work  will  be  continued  on  a  number 
of  other  explosives.  The  test  which 
has  been  established  for  use  in  the 
laboratory  simulates  the  actual  con- 
ditions of  use  and  classifies  explosives 
in  regard  to  their  ability  to  resist 
water  in  actual  use. 
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Experience  of  Baltimore  & 

Ohio  R.  R.  with  Pre- 

curving  Rails 


Extract     from     a    Committee     Report 
Presented   March   14  at   24th  An- 
nual Convention   of  American 
Railway    Engineering 
Association 


The  practice  of  precurving  rail  on 
the  Baltimore  &  Ohio  R.  R.  has  been 
in  effect  to  a  greater  or  less  extent 
for  the  past  20  years.  Prior  to  1907, 
new  rail  only  for  main  tracks  on 
curves  8  degrees  and  over  was  pre- 
curved.  This  was  accomplished  by 
means  of  a  small  roller  rail  curver 
operated  by  eight  men,  four  on  each 
end  of  the  sweep.  Other  men  handled 
the  rail  from  the  car,  into  and  away 
from  the  curver.  A  total  of  16  to  18 
men  were  required.  Eighty  85-lb.  rails 
in  ten  hours  was  considered  a  good 
day's  work. 

In  1907  instructions  were  issued  to 
precurve  main  track  new  rail  for  all 
curves  4  degrees  and  over.  Fourteen 
thousand  tons  of  85-lb.  and  100-lb.  A. 
S.  C.  E.  rail  were  laid  on  one  division 
alone,  where  about  35  per  cent,  or 
about  5,000  tons,  of  the  rail  had  to 
be  precurved.  The  work  of  precurv- 
ing this  amount  of  rail  by  hand  was 
such  a  problem  that  a  better  method 
was  devised.  Rail  was  unloaded  from 
the  gondola  cars  on  to  work  train 
flats.  The  rail  curver  was  chained  or 
bolted  to  another  flat  which  was 
placed  between  the  load  and  an 
empty.  The  rail  was  pulled  from  the 
loaded  car  through  the  curver  on  to 
the  empty  car  by  means  of  work  en- 
gine and  cable.  With  this  method 
two  hundred  100-lb.  A.  S.  C.  E.  rails 
in  ten  hours  was  a  good  average, 
which  made  the  cost  equivalent  to 
2.6  man  hours  per  33-ft.  rail,  including 
the  handling  and  work  train  expense. 

It  was  found  that  the  type  of  roller 
curver  was  so  light  that  a  heavier  de- 
sign was  necessary  to  avoid  continual 
breakdowns,  and  after  having  can- 
vassed the  different  manufacturers 
with  no  results,  a  curver  was  built  in 
our  own  shops.  This  met  all  require- 
ments except  a  low  unit  cost.  The 
unit  cost  for  curving  rail  was  still 
thought  to  be  excessive,  and  to  reduce 
this  cost  all  possible,  the  work  engine 
and  crew  were  replaced  by  a  steam 


hoisting  engine  mounted  on  a  flat  car. 
With  this  outfit  an  average  of  300 
rails  per  10-hour  day  could  be  main- 
tained, and  the  unit  cost  for  curving 
and  handling,  including  cost  of  fuel, 
was  reduced  to  1.12  man  hours  per 
rail. 

A  table  of  middle  ordinates  for  dif- 
ferent rail  lengths  and  various  degrees 
of  curves  was  given  the  foreman  in 
charge  of  the  work,  and  each  rail 
after  passing  through  the  curver  was 


Details   of   Rail   Curver,    Method   of   Fast- 
ening to  Car  and  Arrangement  of 
Cars   in  Outfit. 

checked  and  marked.  A  tolerance  of 
^4  in.  less  than  the  required  middle 
ordinate  was  allowable.  In  no  case 
was  the  required  middle  ordinate  ex- 
ceeded. 

The  curving  outfit  was  stationed  at 
division  headquarters,  where  two  or 
three  shifts  per  day  could  be  made 
with  a  regular  yard  engine  with  very 
little  interruption  to  service. 

All  curved  rail  for  the  entire  divi- 
sion of  400  miles  of  high  speed  was 
curved  at  the  one  station  and  distribu- 
tion made  to  points  needed. 

The  accompanying  i  1 1  u  s  t  r  a  t  i  o  I 
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shows  details  of  rail  curver,  method 
of  fastening  to  car,  and  the  arrange- 
ment of  cars  in  the  outfit. 

From  1907  to  1914,  both  curved  and 
straight  rails  were  laid  on  curves  of 
four  degrees  and  over,  and  an  oppor- 
tunity was  afforded  to  compare  the 
results.  Conclusions  were  reached 
that  on  curves  up  to  12°  30',  which 
was  the  heaviest  curve  in  new  rail 
territory,  100-lb.  R.  B.  Open  Hearth 
rail  laid  with  heavy  reinforced  joints, 
all  ties  fully  tie  plated  and  sufficiently 
anchored,  could  be  maintained  for  line 
and  gage  as  economically  when  laid 
with  straight  rails,  as  when  laid  with 
precurved  rails, 

It  was  found  that  precurved  rail 
removed  from  track,  especially  from 
curves  6  degrees  or  over,  was  unsatis- 
factory for  use  again  as  relaying  rail 
on  branch  or  yard  tracks.  The  prac- 
tice of  precurving  rail  was  discontin- 
ued in  1914,  as  the  results  obtained 
did  not  justify  even  the  small  addi- 
tional expense  incurred  by  this  prac- 
tice. 


Guard  Rails  Laid  on  Side 

The  upright  position  of  guard  rails 
is  so  common  that  many  users  prob- 
ably wholly  overlook  the  possibilities 
of  a  side  position.  Obviously,  how 
ever,  a  rail  in  service  as  a  guard 
gives  a  maximum  of  strength  when 
turned  on  its  side;  and  it  is  to  effect 
this  and  other  advantages  that  the 
chair  and  brace  shown  herewith  was 
developed-  The  top  picture  is  of  a 
|  section  at  center  of  guard  rail  show- 
ing the  long  plate  extending  under 
running  rail.  The  middle  picture  is 
at  the  end  of  the  guard  rail,  and 
shows  the  end  elevation  of  an  end 
brace,  as  well  as  the  running  rail  car- 
ried on  a  separate  tie  plate  instead  of 
on  the  long  extension  used  at  the  cen- 
ter of  the  guard.  The  lower  picture 
is  a  top  view  of  the  brace  with  long 
plate. 

The  makers  of  the  chairs  used  in 
this  system  are  the  Positive  Rail 
Anchor  Co.  of  Marion,  Ind.,  and 
among  their  claims  are  the  follow- 
ing: 

It  is  practically  impossible  to  over- 
turn this  guard  rail  by  means  of  any 
traffic  to  which  it  might  be  subjected, 
as  the  plates  are  held  in  place  by  the 
weight  of  the  traffic. 

An  old  rail  can  be  used  as  the  guard 
rail  and  can  be  of  a  lighter  section 
than  the  running  rail;  also  when 
adopting  a  heavier  weight  rail  the  old 


guard  rails  can  be  utilized  to  this  con 
struction  by  straightening,  then  bend- 
ing through  the  "I"  section. 

This  guard  rail  presents  the  width 
of  the  head  to  abrasion  as  against 
the  depth  of  the  head  as  in  general 
practice  thus  affording  about  double 
the  wearing  surface;  also  an  old  rail 
has  been  cold  rolled  under  traffic  and 
the  head  is  quite  a  little  harder,  there- 
fore will  wear  longer  than  the  head 
of  a  new  rail.  Snow  and  ice  are  re- 
moved from  the  flangeway  by  passage 
of  wheels,  it  is  self-clearing;  this  is 
due  to  the  wide  space  under  the 
guard  rail,  and  at  the  present  cost 
and  inefficiency  of  labor  this  is  quite 
a  factor  of  economy  and  safety. 

Adjustment,  if  required,  for  wear  in 
the  guard  rail  by  means  of  liners  be- 
tween the  base  of  the  guard  rail  and 
the  face  of  the  brace;   adjustment  in 


Mid-Section  and  End  View  of  Guard,  and 
Top    View   of   Chair. 

gage,  if  required,  by  means  of  stag- 
gered spike  holes  in  the  plate. 

Bolt  in  the  guard  rail  is  a  short 
bolt,  2%  in.  long,  prevented  from 
turning  by  boss  under  seat  of  base. 
A  brace  and  plate  is  not  required  on 
every  tie. 

The  running  rail  can  be  removed 
without  changing  or  disturbing  the 
guard  rail.  "No  bolts  through  the  run- 
ning rail,  therefore  the  running  rail 
is  entirely  free  of  the  guard  rail  and 
the  guard  rail  will  not  be  pulled  out 
of  line  by  creeping  or  running  track. 

The  guard  rail  and  plates  can  be 
assembled  in  the  shop  and  shipped 
out  as  a  one-piece  guard  rail,  but  in 
case  of  damage  by  derailment  it  is 
not  subject  to  total  loss  as  in  the 
one-piece  guard  rails. 

Any  desired  standard  of  curvature 
and  length  can  be  fitted. 
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Shackle   Bar   for   Pulling   Drifts 

Labor  constitutes  a  large  item  in 
the  cost  of  dismantling  a  dock  or  cer- 
tain types  of  bridges.  This  condition 
is  due  to  the  difficulty  of  removing  the 
drifts  and  bolts  and  is  especially  true 
where  the  holes  were  bored  very  much 
smaller  than  the  diameter  of  the 
drifts.  Various  devices  have  been  used 
to  remove  the  drifts,  such  as  shackle 
bars,  reconstructed  track  jacks  and 
claw  bars.  A  shackle  bar  that  has 
proved  exceedingly  useful  is  described 
in  a  recent  issue  of  Railway  Engineer- 
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The  Shackle   Bar. 

ing  and  Maintenance  by  J.  S.  Huntoon, 
Assistant  Bridge  Engineer,  Michigan 
Central  Ry. 

This  shackle  bar  consists  of  a  mod- 
ified form  of  a  claw  bar  with  a  cutting 
edge  and  clevis,  and  also  with  a  cut- 
ting edge  which  grips  the  drift  on  the 
opposite  side  of  the  bar.  The  clevis 
is  pin-connected  to  the  shank  of  the 
bar  and  made  of  such  a  length  that 
the  two  cutting  edges  are  a  small  dis- 
tance apart  vertically  when  holding 
the  drift.  The  greater  the  force  ex- 
erted on  the  end  of  the  bar  the  tighter 
the  grip  on  the  drift,  which  forces  the 
bolt  to  be  lifted  a  small  amount  out 
of  the  timber,  and  by  successive  lifts 
the  bolt  is  quickly  removed.  Before 
using  the  shackle  bar  it  is  necessary 
to  cut  a  small  notch  in  the  old  timber 
about  %  in.  deep  so  that  the  cutting 
edges  of  the  bar  can  grip  the  head  of 
the  drift  bolt, 


A  New  Wrinkle  for  Priming  Dy 

namite   Cartriges 

One  of  the  drawbacks  in  the  use  <  j 
explosives  in  cold  weather,  especial)- 
with  the  cap  and  fuse  method  of  prln 
ing,  is  the  difficulty  and  bother  of  tl 
ing  the  fuse  securely  to  the  dynamitj 
cartridge  so  that  it  cannot  pull  ou[ 
Careless  priming  is  responsible  for  \ 
large  proportion  of  the  unsatisfactoi! 
results  that  farmers,  especially,  hav 
with  dynamite.  Even  some  minei 
who  should  know  better  merely  plac 
the  fuse  through  the  dynamite  car,; 
ridge  and  then  complain  if  they  hav 
burned  up  charges  and  misfires.  Tr. 
fuse  with  the  cap  attached  must  li 
securely  fastened  to  the  dynamilj 
cartridge  in  such  a  way  that  the  sicJ 
spit  of  the  fuse  cannot  ignite  the  di 
namite. 

A  new  wrinkle  in  priming,describe| 
by  Alfred  Mathewson  in  the  Februar 
issue  of  The  DuPont  magazine,  fo 
lows: 

This  new  wrinkle  consists  of 
standard  method  of  priming  in 
side  of  the  cartridge  near  the 
top  and  fastening  the  fuse 
with  a  tarred  string.  A 
piece  of  tarred  string  15  ins. 
long  and  about  as  thick  as 
the  twine  used  by  hardware 
dealers  for  tying  up  about 
5-lb.  package  of  nails  does 
away  with  tying  knots. 

After  the  cap  with  fuse 
attached  is  inserted  in  the 
dynamite  cartridge,  two  or 
three  turns  are  taken  with 
the  tarred  string  around  the 
fuse,  about  an  inch  from  the 
cap,  then  two  turns  are 
taken  around  the  dynamite 
cartridge  and  fuse,  finishing 
up  with  as  many  more  turns  aroun 
the  fuse  as  will  use  up  the  string. 

This  makes  a  tight,  firm  operatic) 
which,  if  properly  done,  will  positive 
ly  hold  the  cap  in  place  and  preven 
it  from  pulling  out. 


Rapiid  Transit  Traffic  New  York 
City.— A  total  of  1,001,730,481  passen 
gers  was  carried  on  the  subway  an<i 
elevated  lines  of  the  Interborougli 
Rapid  Transit  Company  during  1922 
according  to  figures  made  public  b> 
the  company.  A  statement  showed 
that  mileage  had  increased  107  per 
cent  since  1905,  while  the  number  of 
passengers  had  increased  174  per; 
cent.  The  lines  had  in  1905  a  total 
of  180  miles  of  single  track. 
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Pavements    for    Railroad    Cross- 
ings 

F  The  cut  following  is  taken  from  a 
pioiusely  illustrated  booklet  entitled 
"Grade  Crossings  and  Platforms  for 
Steam  and  Electric  Railroads,"  issued 
by  the  Headly  Good  Roads  Co., 
Franklin  ;Trust  Bldg.,  Philadelphia, 
and  shows  the  special  design  of  as- 
phalt pavement  worked  out  by  this 
company    for    railroad    use.       It    pro- 


burgh,  Pa.,  by  the  U.  S.  Bureau  of 
Mines  on  fixing  the  standard  of  de- 
tonators, experiments  are  being  per- 
formed on  the  usual  mixtures  of  mer- 
cury fulminate  and  potassium  chlorate 
to  determine  the  most  suitable  tests 
for  strength  and  efficiency.  These 
tests  will  be  tried  with  cyanuric  tria- 
zide,  trinitroresorcin,  T.  N.  T.,  tetryl 
and  other  compounds  and  mixtures 
used  in  detonators.  The  work  should 
also   show   the    comparative   value   of 


Perspective    Diagram    of    Grade    Crossing     Pavement. 


vides  for  the  use  of  "Headly  No.  1" 
(in  freezing  weather,  No.  6),  a  cold 
asphalt  repair  material  advantage- 
ously usable  by  section  gangs,  and 
mmended  by  its  makers  for  its 
cost,  long  life,  smoothness  of  sur- 
,  freedom  from  crowding  at  sum- 
temperatures  and  from  cracking 
inter,  and  because  no  large  piece 
of  it  can  be  displaced  by  a  dragging 
brakebeam  or  other  broken  part  of 
rolling  stock. 


the  different  materials  as  detonating 
agents. 


Detonator  Standards. — In  the  course 
||>f   work    being   conducted    at    Pitts- 


Trolley  Rail  Height  Gage 

An  apparatus  using  a  hydraulic 
principle  is  used  by  the  Chicago  Ele- 
vated Railroads  to  gage  the  height  of 
the  trolley  or  third  rail.  The  appa- 
ratus, which  is  stated  to  be  simple 
in  construction  and  accurate  in  re- 
sults, is  described  as  follows  in  a 
recent  issue  of  the  Electric  Railway 
Journal: 

A   trolley   board    or    shoe    beam    is 
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equipped  with  a  cylinder  made  of 
1-in.  brass  tubing  placed  vertically 
through  the  board.  The  piston  which 
operates  in  this  cylinder  has  on  one 
end  a  yoke  or  harp  carrying  two 
rollers  5  in.  long  by  2  in.  in  diameter. 
The  piston  is  supplied  with  double 
leathers  on  its  upper  end.  Suitable 
couplings  and  hose  connections  are 
made  to  the  upper  end  of  the  cylinder 
and  to  a  graduated  glass  tube  prop- 
erly mounted  in  the  car.  The  sys- 
tem is  filled  with  soap  solution  and 
calibrated. 

The  rollers  ride  upon  the  trolley 
rail,  and  the  variation  in  height  of 
the  rail  is  transmitted  through  the 
liquid  by  the  action  of  the  piston  in 
the  cylinder  to  the  graduated  tube. 
A  device  of  this  type  is  placed  on 
each  side  of  the  car  in  order  to  obtaii; 
readings  on  lap  rail  and  special  rail. 
Two  observers  in  the  car  take  read- 
ings at  intervals  of  200  ft.  of  track 
and  also  at  high  and  low  marks,  and 
a  recorder  plots  these  readings  di 
rectly  on  a  previously  prepared  chart. 

The  ratio  of  the  area  of  the  piston 
to  the  area  of  cross-section  of  the 
glass  tube  is  the  determining  factor 
in  the  degree  of  sensitiveness  of  the 
apparatus.  After  experimenting  it 
was  found  that  this  ratio  should  be 
1  to  1,  that  is,  the  diameter  of  the 
cylinder  should  equal  the  diameter  of 
the  graduated  glass  tube. 

Records  plotted  by  this  method 
were  checked  and  foun*  to  be  more 
accurate,  in  showing  the  true  condi- 
tions, than  the  foreman's  rail  height 
gage.  As  will  readily  be  seen,  this 
plotted  record  shows  the  height  under 
operating  conditions  with  the  weight 
of  the  car  on  the  running  rail.  A 
careful  study  of  this  record  discloses 
conditions  of  the  roadbed  as  well  as 
of  the  trolley  rail,  and  serves  as  a 
guide  to  reconstruction. 


A  Railway  Concrete  Mixer 

A  concrete  mixer  designed  especial- 
ly to  meet  the  requirements  of  rail- 
way maintenance  and  light  construc- 
tion has  been  brought  out  by  the 
Koehring  Company  of  Milwaukee. 
This  machine,  whose  general  charac- 
ter is  shown  in  the  cut  herewith,  is 
made  in  4  and  7  cu.  ft.  sizes.  It  can  be 
drawn  by  a  gasoline  motor  car,  and 
can  be  moved  and  used  near  the 
track  without  the  laying  of  any 
special  track  for  the  purpose.  Among 
the  uses   cited   by  its   manufacturers 


are  culvert  work,  signal  bases,  station 
platforms,  small  retaining  walls  and 
miscellaneous  odd  jobs  along  the  right 
of  way.  The  mixer  has  one-man  con- 
trol, is  provided  with  steam  or  gaso- 
line   power   as    desired,    and    can    be 


The    "Dandie"    Mixer    for    Railway    Use. 

furnished  with  low  charging  platform 
in  place  of  the  power  skip  here 
shown. 


Special    Tractor    for    Turntables 

For  the  many  turntables  which 
have  a  fairly  frequent  use  yet  not 
use  enough  to  warrant  the  installa- 
tion of  the  ordinary  electric  tractor 
with  operator's  cab  and  other  com- 
plete equipment,  the  small,  compact 
machine  shown  in   the  picture  below 


New    Turntable    Tractor. 

has  been  devised.  As  may  be  noted, 
the  frame  is  of  I  beams.  The  machin- 
ery is  so  grouped  that  the  entire  load 
may  be  brought  on  the  tractor'  wheel, 
while  by  the  use  of  underhung  coun- 
terweights the  tractive  effort  may  be 
further  greatly  increased.  Control  if 
arranged  from  a  stand  on  the  turn- 
table. George  P.  Nichols  &  Bro.,  2139 
Fulton  St.,  Chicago,  are  the  makers. 
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The    Superficial    Area 
Method  of  Estimat- 
ing Building  Costs 

There  are  four  methods  of  estimat- 
ing the  cost  of  buildings:  (1)  The 
cubic  contents  method,  (2)  the  floor 
area  method,  (3)  the  superficial  area 
method,  and  (4)  the  quantity  survey 
method. 

Mr.  W.  F.  Silliman,  valuation  engi- 
neer, recently  pointed  out  that  while 
a  brick  building  40x40x15  ft.  high 
would  have  the  same  floor  area  and 
cubic  foot  contents  as  one  20x80x15 
ft.,  the  wall  area  of  the  first  building 
would  be  600  sq.  ft.  greater  than  that 
of  the  second  building.  To  avoid  er- 
rors arising  from  the  floor  area  and 
cubic  contents  methods,  he  advocated 
the  superficial  area  method,  which 
we  had  previously  advocated  editorial- 
ly.    (See  our  issue  of  Nov.  28,  1917.) 

re  quote  Mr.  Silliman: 

"With  slightly  more  labor  this  in- 
consistency in  estimating  the  cost  of 
wildings  may  be  overcome  by  the 
superficial  area  method;  that  is  to 
say,  by  estimating  on  the  basis  of  the 


areas  which  by  their  nature  require 
different  construction.  In  a  simple 
one-storv  brick  building  the  areas 
above  the  foundation  would  consist 
of  the  wall,  roof,  floor,  ceiling  and 
partitions. 

"A  bill  of  material  would  be  taken 
off  for  the  building  and  the  quantities 
obtained  allocated  to  the  areas  in 
which  they  occur.  Generally  speak- 
ing, the  wall  area  would  consist  of 
the  brick,  windows  and  doors,  plaster, 
trim,  hardware  and  paint.  The  roof 
area  would  consist  of  the  roof  cover- 
ing, boarding,  rafters,  collarbeams, 
cornices,  gutters  and  downspouts.  The 
floor  area  would  consist  of  the  floor 
joists,  bridging,  sub-floor  and  finished 
floor.  The  partition  area  would  con- 
sist of  the  studding,  doors,  trim,  plas- 
ter, hardware  and  paint.  The  ceiling 
area  would  consist  of  the  ceiling 
joists  and  plaster.  By  applying  the 
cost  of  material  and  labor  to  the 
quantities  included  in  the  various 
areas,  and  dividing  the  products  by 
the  corresponding  superficial  areas, 
the  quotients  will  be  the  unit  prices 
to  apply  to  the  corresponding  areas 
of  any  similar  building." 

For  further  discussion  of  the  super  - 
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ficial  area  method   of  estimating,   we  TkflnM«^^»*U««i     I 
refer   the    reader   to    the    chapter   on  1  He Lrl8propOrtlOnate  In- 
Building     Construction,     in     Gillette's  rrPocP     \n     Wao-on     *%£'■ 
Handbook  of  Construction  Cost,   1922  trC*5C    in     y*a«e*    Or 

edition Common  Labor 

_.        r>          „            _  Common  labor  wages  have   always 

The  Continued  Increase  kept  pac6  witn  tne  general  rise  in 

•       D     *i  !•          f>  wages    and,    in   the    long   run,    wages 

III  DUllding  L.OSIS  have  always  been  proportional  to  the 

t      w  u               -.noo      ii.       i    j           *  Per   capita  money.     In   recent   years. 

In    February     1922,     the     index     0  however,    the    wages    of    common    £ 

building  materials  prices  was  15tf,  and  borers  have  rigen  mo            ,d,     ^ 

^/2S^S     k    ^s  !h  ori2  those  of  skilled  labor>  becau*e  th<- 

per  cent   above  the   average   for   the  supply  of  common     labor     has     been 

year  191o,  according  to  the  Bureau  of  growing    relatively    smaller.      During 

rS?!                •   ,,           ,    ^      u   n*t  tne  boom  in.  1920  skilled  labor  rarely 

The    wage    index    of    the    building  received  a  wage  that  was  more  than 

lw%i     io^i    18!0,   r?    8°    ?2F   C6nt  double   the   wage   in     1913,      whereas 

o       no       iT„Urmgte.T'  common   labor   frequently   received   a 

mer  of  1920  the  building  wage  index  three-fold  that  in  1913. 

reached   its  peak  at  200      There   are  According  to  the  National  Industrial 

abundant  signs  that  it  will  attain  that  Conference  Board  the  wage  index  of 

peak  again  before  the  close  of  1923,  common  labor  in  July>  i920,  was  250, 

and  it  may  go  even  higher  than  200  ag  cornpared  with  100  in  July,   1914; 

The    unprecedented    magnitude     of  whereag  the  wage  index  Gf  gkilled  la_ 

hm}tn^    pernllts    lss,ued    m    January  bor    wag    23?    in   Jul       192Q       A 

and  February  forecast  a  year  of  great-  lat       after  the  slump  was  almost  over, 

er  building  activity  than  this  country  the    common    labor    w          index    was 

has  ever  witnessed.     This    of  course,  217    ag  compared  with  211  for  skilled 

will  cause  building  wages  to  rise.    Al-  iaDor 

ready  the  building  contractors  in  Chi-  Restricted  immigration  is   undoubt- 

cago  have  agreed  to  a  scale  of  $1  25  edl    acceierating  the  tendency  of  com- 

an  hour  for  nearly  all  skilled  labor  be-  mon  labor            g  to  rige  more         idly 

ginning  in  June.     This  is  an  increase  than   gkiUed  labor   wageg      Thig  wiU 

of   about    12    per    cent.      If    all    other  dollbtlegg  be  a  great  surprise  to  labor 

cities  should  show  an  equal  increase  union  leaderg>   for  their  advocacy  of 

in  wages  this  year   the  average  build-  restricted    immigration    was    founded 

ing  wage  will  be  200  per  cent  as  com-  on  the    belief   that   their   own   wages 

pared  with  100  per  cent  in  1913.  would  be  increased  more  rapidly  than 

Building   material   prices    are    now  tnfe           eg  of  the   other  clagg   b     re. 

only  4  per  cent  below  the  200  per  cent  stricting  immigration 

level    and  will  undoubtedly  go  above  The    average    annual    money    wage 

,L  .       y®,a1/          „                             „  (including     salaries)      has     averaged 

This  will  be  a  dangerous  year  for  about  20  times  the  number  of  dollars 

building   contractors    who    fail    to    m-  of  m                   inhabitant,  as  shown  in 

sure    against   rising    costs    by    adding  the  following  table: 

liberally  to  estimates  based  on  pres-  -RArpTO   nw   PFR    rAPTTA   money   TO 

ent  prices.    Hark  back  four  years  and  RATI°   °F annual  WAGE 

you   will   be   impressed   by  the    risks  "B"             "C"              Ratio 

that  now  confront  the  contractor.    In  "A"             Annual     Per  capita^     ??"&', 

the  spring  of  1919  the  building  mate-      Jiff' $w2af8e-    1Tlon|?oJ34ly  *'     t024.o' 

rials  price  index  was   about   170,  but      1959    289  14.35  20.0 

twelve  months  later  it  was  300,  or  an       }869    378  17.63  21.4 

„     c,n  ,      .  ,       .    ,         1879     o47  lb.7o  M.  I 

increase   of   80   per    cent   m   material      iggg    434  22.52  21.5 

prices  within  a  year!    In  the  spring  of  1899    ......     469              25.62 

1919     the    building     wage    index    was      ijjj}*    ||§  |J-J|  JJ-| 

150,  and  15  months  later  it  was  200,      1954    671  34^35  19.4 

or  an  increase  of  33  per  cent,  but  that  1919    .'.'.'.'.'.'  1.275              54.33          '     23.5 

wa«?  not   thp  worst   of  it    for   thf   dailv  Normal  ratio  of  "B'.'   to  "C,"  20.0. 

was  not  ine  worst  or  it,  ior  tne  uany  Note.— The  Annual  Wage   is  the   aver- 

output  of  the  workman  had  decreased  age  paid  to  all  employes  engaged  in.  man  - 

10  to  25  per  cent.  ufacturing,    as    derived    from    the    U.    s. 

While  this  history  will  not  repeat  Census, 

itself   exactly,   there   is    strong   likeli-  Since   average    wages     are     propor- 

hood  that  building  costs  will  increase  tional  to  per  capita  money,  it  follows 

very  much  during  the  current  year.  that  if  any  class  of  wages  rises  faster 
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than  any  other  class,  then  the  one 
class  is  gaining  at  the  expense  of  the 
other  class.  We  look  to  see  common 
labor  gain  at  the  expense  of  nearly  all 
other  classes  during  the  next  decade. 


Is  a  Five-Day  Week  in 
Sight? 

We  believe  it  will  surprise  many 
readers  to  know  that  the  "five-day 
week"  has  already  passed  from  the 
realm  of  argument  into  the  domain 
of  fact,  at  least  to  a  limited  extent. 

In  Los  Angeles,  for  example,  the 
Journeymen  Plasterers'  Union  has  a 
rule  prohibiting  its  members  from 
working  more  than  five  days  a  week 
under  penalty  of  a  $50  fine. 

The  local  chapter  of  the  Associated 
General  Contractors  of  America  has 
adopted  a  resolution  deprecating  the 
5-day  week;  and  the  secretary  of  the 
Southern  California  Chapter  of  the 
American  Institute  of  Architects 
states  that  that  chapter  also  opposes 
the   five-day   week. 

While  we  believe  that  the  5-day 
week  will  ultimately  displace  the  5V2 
and  6-day  week  in  most  trades,  we 
are  firmly  of  the  opinion  that  it 
should  not  be  permitted  in  the  build- 
ing trades.  Building  is,  and  probably 
always  will  be,  an  occupation  that 
hibernates.  On  that  account  building 
workers  must  of  necessity  take  a 
much  longer  vacation  every  year  than 
the  average  worker  in  other  trades 
can  possibly  secure.  It  is  therefore 
not  only  uneconomic  but  unjust  to 
other  trades  for  building  workers  to 
ask   a   5-day  week. 


A    Blow   at    Apprentice 
Training 

Editorial  in  The  American  Contractor, 
March  17,   1923. 

One  union  after  another  has  sent 
representatives  before  the  contractors' 
associations  of  Chicago  with  a  de- 
mand for  an  increase  in  wages  to  $1.25 
an  hour,  effective  April  1,  1923.  The 
unanimous  demand  bespeaks  an  or- 
ganized move  to  violate  one  of  the 
most  important  of  the  basic  princi- 
ples of  the  Landis  Award. 

Judge  Landis  established  a  differ- 
ential wage  rate  in  Chicago  building 
trades,  basing  his  award  on  hazards 
of  the  trade,  season  of  employment, 
length  of  apprenticeship,  and  annual 
wa,ge  income.  Some  other  cities  also 
established  different  scales  for  the 
various  crafts. 


Now  the  unions  of  Chicago  demand 
a  return  to  the  uniform  wage  rate. 
Contractors  of  Cleveland,  Ohio,  have 
practically  granted  a  uniform  scale  at 
the  unions'  insistence.  In  some  other 
big  cities  similar  demands  are  being 
made. 

Granting  of  the  uniform  scale  will 
mean  that  workers  at  a  craft  which 
can  be  picked  up  by  any  one  in  a  few 
weeks  or  months  will  receive  the 
same  pay  as  those  craftsmen  who  put 
in  three  or  four  years  acquiring  their 
skill. 

Already  we  are  faced  with  a  short- 
age of  mechanics  in  the  trades  that 
require  the  longer  apprenticeship. 
With  the  uniform  scale  in  effect  it 
will  be  much  harder  to  get  an  appren- 
tice to  serve  long  years  acquiring  skill 
as  a  bricklayer  or  a  plasterer  when  a 
few  months  will  make  a  roofer  or  a 
painter  out  of  him. 

If  a  boy  has  a  choice  between  two 
trades,  each  of  which  pays  the  same 
wage,  but  one  of  which  will  pay  him 
that  wage  and  put  him  on  a  mechan- 
ic's footing  after  he  has  had  only  a 
few  weeks  of  training,  while  the  other 
would  require  of  him  hard  years  of 
preparation,  he  will  be  a  loyal  appren- 
tice boy  indeed  if  he  does  not  jump  to 
the  favored  craft. 

If  contractors  give  up  the  prinicple 
of  the  differential  wage  scale  they  will 
be  doing  the  industry  a  grave  dis- 
service, aside  from  the  fact  that  the 
increase  in  wages  will  tend  to  boost 
building  costs.  The  injury  to  the  ap- 
prenticeship drives  now  under  way 
will  be  considerable.  It  will  mean 
that  contractors  will  have  to  double 
and  treble  the  energy  being  put  into 
the  training  of  mechanics  in  the 
trowel  trades  in  order  to  achieve 
the  same  results  possible  with  a  dif- 
ferential wage  scale. 

In  any  case,  it  behooves  the  con- 
struction industry  to  evolve  ways  and 
means  to  get  the  apprentices  into 
these  crafts.  An  active  apprentice- 
ship committee  with  a  director  of 
apprentices  keeping  closely  in  touch 
with  the  jobs  of  the  community  can 
do  much  to  overcome  the  difficulties 
even  when  hindered  by  a  uniform 
wage  scale.  If  contractors  concede 
this  sort  of  scale  to  the  unions  and 
neglect  to  counter  its  effects  by  an 
energetic  campaign  to  get  apprentices 
trained,  then  indeed  an  injury  is  be- 
ing done  to  the  industry,  to  the  public, 
and  eventually  to  the  employes  them- 
selves. 
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698  Buildings  Monthly  Issue  of  March, 

Index  Numbers  of  Wholesale  Prices  January,  1913, 
to  February,  1923 

The  accompanying  tabulation  shows  as  computed  by  the  Bureau  of  Labor 
the  revised  index  numbers  of  whole-  Statistics  of  the  U.  S.  Department  of 
sale  prices  by  groups  of  commodities      Labor. 

REVTSED    INDEX    NUMBERS    OP    WHOLESALE  PRICES,  BY  GROUPS  OF  COM- 
MODITIES   AND    BY    MONTHS.     1913-1923     (1913    EQUALS    100). 
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Shop  Inspection  of  Struc- 
tural Steel 

Some  useful  suggestions  on  the  in- 
spection of  structural  steel  are  given 
by  J.  B.  Nelson,  Inspecting  Engineer, 
Toronto,  Ont.,  in  a  recent  issue  of  The 
Canadian  Engineer,  from  which  we 
quote  as  follows: 

Rarely  does  the  inspection  of  struc- 
tural steel  receive  the  consideration 
of  either  engineer  or  architect,  which 
its  importance  demands.  The  preva- 
lent idea  seems  to  be  that  any  person 
capable  of  reading  drawings  and  know- 
ing how  to  use  a  steel  tape  or  foot 
rule,  is  qualified  to  act  as  an  inspec- 
tor, and  that  the  very  presence  of  such 
a  party  on  the  work  will  ensure  good 
results.  It  does  not  take  many  min- 
utes for  the  experienced  shop  man 
to  discover  a  "rookie."  Such  an  un- 
fortunate is  destined  to  experience 
some  very  perplexing  moments  during 
his  hour  of.  duty.  The  proper  person 
to  entrust  with  inspection  is  one  who 
has  had  considerable  shop  experience 
and  also  a  good  period  of  service  in 
a  drafting  room. 

At  the  outset  the  inspector,  when 
assigned  to  a  certain  contract,  should 
familiarize  himself  with  the  general 
scope  of  the  work  on  hand,  and  also 
acquaint  himself  with  the  scheme  of 
erection.  Having  these  points  in  mind, 
it  is  not  difficult  to  arrange  delivery 
of  the  material  in  the  best  order  to 
avoid  any  delay  in  the  field.  As  the 
work  progresses  through  the  shop,  the 
condition  of  the  plain  material  being 
used  should  be  examined,  as  also  the 
correct  punching  of  holes.  The  in- 
spector should  see  that  all  exposed 
sheared  edges  are  neatly  finished,  and, 
during  final  assembly,  should  watch 
carefully  the  several  pieces  compos- 
ing a  member  to  ensure  that  they  are 
free  from  kinks,  twists  and  bends. 
He  should  make  sure  that  all  contact 
surfaces  are  painted  before  riveting, 
If  this  is  called  for  by  the  specifica- 
tions. 

Rivet  Testing.— Rivets  should  be 
tested  for  tightness,  and  general  form 
of  head,  making  sure  that  the  formed 
head  is  approximately  concentric  with 
its  shank.  It  is  seldom  that  shop  riv- 
eted work  gives  occasion  for  uneasi- 
ness, but  it  is  good  ptf&atice  to  ex- 
amine carefully  import pf  splices,  or 
connections. 

Field  connections  should  always  be 
given  careful  attention.  It  is  neces- 
sary to  check  care&slly  the  number  of 


open  holes,  their  arrangement  and 
location  from  an  established  working 
point,  to  see  that  sufficient  driving 
clearances  have  been  allowed  for  field 
rivets;  also  to  ensure  that  all  loose 
pieces,  which  are  to  be  shipped  bolted 
are  in  position  as  called  for. 

As  the  individual  pieces  of  a  mem- 
ber are  brought  together  for  final  riv- 
eting, the  inspector  should  examine 
them  for  twists  or  bends,  and  align- 
ment of  rivet  holes.  He  must  watch 
carefully,  as  the  pieces  are  fitted,  to 
ensure  good  workmanship  and  correct 
location. 

Clearances. — Careful  attention 
should  be  given  to  erection  clearances, 
making  certain  that  these  are  as  call- 
ed for  by  the  drawings.  Much  trouble 
and  delay  is  caused  in  the  field 
through  neglect  of  this  important 
point,  even  although  proper  allowance 
may  have  been  made  in  the  detailing. 
The  inspector  should  make  himself 
familiar  with  the  final  location  each 
piece  will  occupy  in  the  finished  struc- 
ture, thereby  ensuring  a  proper  inspec- 
tion of  such  clearances.  All  column 
widths,  when  such  are  built-up  mem- 
bers, should  be  checked,  as  also  the 
out-to-out  dimensions  of  angle  connec- 
tions or  beams.  If  these  over  run 
to  any  great  extent,  there  is  a  tend- 
ency for  the  finished  structure  to 
"build-out"  giving  cause  for  much  trou- 
ble to  the  erection  gang.  For  the 
same  reason,  the  centre  to  centre  dis- 
tances of  end  connections  on  framing 
beams  should  be  verified.  On  plate 
girder  work,  the  inspector  should  see 
that  the  web  plate  does  not  project 
beyond  the  flange  angles,  or  over-run 
the  end  connection  angles.  Where 
ground  stiffeners  are  used,  they  should 
fit  snugly  in  place. 

Bearing  Surfaces. — Where  bearing 
surfaces  are  faced,  as  in  column 
splices,  the  inspector  should  make 
sure  that  full  bearing  is  given.  Quite 
frequently  only  partial  bearing  is  oc- 
casioned by  reason  of  rivet  holes  not 
properly  matching,  the  shop  man  be- 
ing most  anxious  to  align  the  holes. 
As  much  as  3/32  in.  of  daylight  is 
quite  frequently  seen  between  such 
supposed  bearing  surfaces.  In  this 
connection,  also,  the  correct  number 
of  packing  plates  must  be  used,  as  at 
times  one  or  two  thin  plates  are 
left  off. 

All  scale  weights  should  be  checked. 
The  inspector  must  keep  careful  watch 
on  painting  methods,  insisting  that  all 
loose  rust  be  removed.  He  should 
check   all   erection  marks,     see   that 
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these  are  as  called  for  on  the  draw- 
ings and  that  they  are  painted  in  a 
legible  manner. 

Finally,  but  not  of  least  importance, 
the  inspector  must  keep  a  careful 
check  on  the  shipments,  -endeavoring 
so  to  arrange  delivery  that  no  delay 
be  experienced  in  the  field.  It  is  good 
practice  to  mark  off  with  yellow  pen- 
cil on  the  erection  diagram  each  piece 
as  shipped.  In  this  way  a  visual  re- 
minder is  always  on  hand  to  check  up 
any  neglect  or  error  in  shipments. 


The  Architect  and  the  Job 


Extract   from   An   Address    Delivered 

Feb.  14  Before  New  York  Chapter 

American   Institute  of 

Architects 

By  SULLIVAN  W.   JONES 

Let  us  assume  that  we  have  got  the 
job.  We  are  human,  and  are  tingling 
with  the  pure  exhilaration  of  success, 
tinctured  with  ambition.  We  are  just 
an  average  architect.  We  are  about 
to  go  through  an  average  experience, 
which  stretches  over  a  considerable 
period.  It  begins  with  exquisite  satis- 
faction. We  know  the  joy  that  comes 
in  contemplating  the  creation  of  some- 
thing. Every  fibre  responds  to  the 
urge,  the  opportunity  to  conceive. 
We  have  a  way  of  regarding  this  joy- 
ous beginning  as  architecture.  Would 
it  were  so.  Then  there  comes  a  labor- 
ious period  of  incubation  during  which 
we  form  and  build  up,  on  paper,  the 
tissues  of  our  offspring.  Surveys, 
codes,  ordinances,  service  require- 
ments, cruel  money  limitations  that 
fetter  the  imagination  and  take  the 
joy  out  of  life,  sewer  levels,  sub-soil 
conditions,  floor  loads,  mechanical 
equipments,  materials,  systems,  manu- 
facturers, conflicting  claims,  hesita- 
tion, data  not  found,  a  multitude  of 
catalogues,  indecision,  discussion,  con- 
ference, decision,  working  drawings 
and  specifications,  all  stirred  up  into 
a  fog  driven  by  unrelenting  time. 

Then  there  comes  a  pause — for  bids. 
A  period  of  suspense,  when  every 
move  and  gesture  is  searched  for  its 
significance.     Then  the  paroxysm. 

The  price  is  too  high! 

Changes,  cuts,  substitutions,  new 
bids.  Thus  do  we  bring  our  offspring 
into  being.  A  hole  in  the  ground, 
footings,  steel,  walls,  floors,  roof,  a 
net  work  of  pipes,  ducts  and  conduits, 
machinery— and  finished.     All  cleaned 


down  and  out,  followed  by  a  sigh  of 
relief. 

No,  not  finished. 

Groans  for  last  payments.  What  is 
the  matter?  The  insides  don't  work. 
The  structure  looks  all  right, — it's 
architecture.  But  it  needs  doctoring. 
The  windows  leak  frigid  air.  The  cel- 
lar, the  walls,  and  the  roof  leak  water 
just  when  they  shouldn't.  There  are 
leaks  also  in  the  lighting  circuits.  Be- 
cause the  windows  leak  air,  the  build- 
ing is  underheated.  It's  under-ele- 
vatored  also.  The  floors  dust.  We 
thought  they  wouldn't  as  we  used  Tom 
Smith's  compound.  He  said  they 
wouldn't.  The  paint  is  blistering. 
Some  one  on  the  tenth  floor  wants 
gas,  and  there  isn't  any  in  the  build- 
ing. That  ceiling  we  plastered  on 
the  under  side  of  the  concrete  slab 
is  loose  and  about  to  fall  in  spite  of 
the  plaster  bond  we  used. 
[  But  it's  ours,  this  building,  this 
troublesome  offspring,  so  we  have  to 
pull  it  through.  The  specialists,  quasi- 
specialists,  and  quacks  with  cure-alls 
are  consulted  or  thrust  their  wares 
and  services  upon  us.  We  are  sure 
that  everything  is  going  to  be  all  right. 
After  a  time  that  seems  eternity, 
things  begin  to  straighten  out,  or 
seem  to,  which  is  the  same  thing  ac- 
cording to  Einstein.  Then  we  kiss 
the  job  good-bye  and  thank  God  it  is 
out  of  the  office.  Straightway  we 
start  the  process  all  over  again.  And 
because  we  are  human,  though  archi- 
tects, we  forget  the  anguish  and  re- 
member only  the  pleasures. 


How  to  Polish  a  Concrete  Surface 

A  reader  of  Concrete  and  Construc- 
tional Engineering  (England),  asks 
how  a  concrete  surface  may  be  pol- 
ished, to  which  the  editor's  reply  is: 

"In  order  to  polish  concrete  like 
marble  or  granite  the  surface  will 
have  to  be  rubbed  down  as  in  terrazzo 
work.  A  semi-polish  can,  however, 
be  obtained  as  follows,  supposing  the 
surface  to  be  reasonably  smooth:  — 
Dissolve  !/4  lb.  potassium  carbonate  in 
cne  quart  of  boiling  water,  and,  whilst 
boiling,  add  and  stir  until  dissolved, 
V±  lb.  of  beeswax  in  slices;  or  melt 
the  wax  and  add  to  the  hot  water  and 
potassium  carbonate  mixture.  If  too 
thick,  add  enough  hot  water  to  make 
it  Creamy  when  cold.  Apply  with  a 
brush  or  rag,  let  it  dry  or  partially 
dry,  and  polish  with  a  stiff  brush." — 
Concrete. 
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An  Ingenious  and  Beautiful  Remodeling  of  Old 

Houses 


How  Overlapping  Stories  Add  Comfort  and  Convenience  Described 

in  an  Article  in  The  Architectural  Record 

for  November,  1922 

HAROLD     DONALDSON     EBERLEIN. 


By 


The  city  house,  taking  it  by  and 
large,  for  too  long  a  time  was  the 
ugly  duckling  of  domestic  architec- 
ture. That  we  have  entered  well  into 
a  new  regime  in  which  the  ugly  duck- 
ling is  growing  into  a  swan,  is  a  fact 
from  which  no  little  satisfaction  is  to 
be  derived — a  fact,  however, 
that  still  needs  to  be  em- 
phasized for  the  benefit  of 
the  general  public. 

Architectural  Shortcom- 
ings of  the  Recent  Past. — 
Among  both  architects  and 
clients,  for  a  long  period 
from  which  we  are  now  fast 
emerging,  there  was  too  ac- 
quiescent an  acceptance  of 
the  limitations  and  difficul- 
ties attending  the  design 
and  building  of  town  houses, 
too  yielding  a  disposition  to 
regard  the  case  as  not  suffi- 
ciently promising  to  reward 
the  same  amount  of  effort 
that  would  be  ungrudgingly 
bestowed  elsewhere.  Yet, 
despite  the  dead  weight  of 
past  apathy,  there  are  many 
unmistakable  evidences  that 
the  town  house  is  rapidly 
coming  into  its  own  again. 

It  is  easy  to  understand 
why  the  town  house  once 
sank  to  a  distinctly  sub- 
sidiary place,  and  why  the 
country  house  and  the  sub- 
urban house  absorbed  the 
lion's  share  of  attention  in 
the  public  eye  at  the  ex- 
pense of  city  architecture. 
The  country  and  the  fast 
developing  suburbs  of  our 
larger  cities  afforded  a  comparatively 
virgin  field  to  be  exploited  and,  under 
the  strong  impetus  of  new  social  habits 
that  encouraged  residence  away  from 
the  immediate  centers  of  population 
and  business  during  at  least  a  portion 
of  the  year,  it  was  but  natural  to  take 
advantage  of  the  freedom  from  ham- 
pering  restrictions     and     concentrate 


new  enterprise  and  the  play  of  inven- 
tion where  they  would  produce  the 
most   telling   effects. 

On  the  other  hand,  the  average  city 
house — especially  in  our  older  cities 
— had  apparently  reached  a  more  or 
less    crystallized     state     which,    from 


Street   Front   of   the  Two- Houses. 

sheer  force  of  the  numbers  concerned, 
seemed  incapable  of  much  further  de 
velopment  and  lacked  an  appeal  to 
the  imagination  unless  a  process  of 
wholesale  demolition  and  reconstruc- 
tion were  to  be  undertaken — a  process 
for  which,  at  the  time,  no  one  was 
prepared.  Furthermore,  city  lots 
were  more  or  less  uniform  in  shape 
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and  size  and,  consequently,  the  plan 
of  city  houses  more  or  less  pre-deter- 
mined  and  the  type  fixed,  whether 
the  houses  were  erected  by  individ- 
uals for  their  own  occupancy  or 
whether  they  were  undertaken  in 
numbers  on  a  speculative  basis.  Worst 
of  all,  the  great  majority  of  such  city 
houses  were  built  at  a  period  when 
domestic  architecture  was  assuredly 
not  of  an  inspired  sort,  or  of  a  char- 
acter calculated  to  arouse  any  en- 
thusiasm in  a  later  generation.     The 


Garden  Front  of  the  Two  Houses. 


expanses  of  city  area  covered  by 
rows  of  such  banal  or  even  positively 
ugly  dwellings,  all  closely  similar  in 
their  chief  externals,  therefore  creat- 
ed an  unfortunate  tradition  and  bred 
a  widely  prevalent  feeling  that  the 
architecture  of  the  city  house  of  av- 
erage size  did  not  offer  much  oppor- 
tunity for  interesting  or  original  treat- 
ment. Such  a  deeply-rooted  feeling, 
unreasonable  though  it  might  be, 
could  only  discourage  architectural 
effort  and  make  matters  worse  than 
they  really  need  have  been.  If  any- 
thing interesting  was  to  be  done  in 
the  way  of  domestic  architecture,  the 
client  generally  sought  some  other 
field  and  the  architect  acquiesced  in 
the  client's  choice. 
Leaving    out   of   account    the   large 
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and  manifestly  expensive  city  man- 
sions that  first  broke  this  dismal  tra- 
dition of  the  mid-Victorian  era,  there 
grew  up  well  within  the  bounds  of 
general  recollection  a  movement  des- 
tined to  effect  the  architectural  re- 
generation of  the  average-sized  and 
small  town  house.  Eventually  this 
was  destined  to  reclaim  districts  that 
had  long  since  been  relegated  to  slums 
and  small  streets  that  had  erstwhile 
been  devoted  to  stables  that  were  not 
used,  or  to  garages  that  could  just  as 
well  have  been  elsewhere. 
First  came  the  sporadic  re- 
modeling of  houses  along 
the  lesser  thoroughfares 
Next  came  the  turn  of  the 
little  streets  —  once  con- 
temptuously termed  "back" 
streets  —  and  finally  the 
reclamation  of  whole  blocks 
that  had  long  since  settled 
into  a  hopeless,  dingy,  third- 
rate  existence.  In  past  years 
The  Architectural  Record 
has  duly  chronicled  the 
work  of  Richard  Arnold 
Fisher  in  rehabilitating 
Lynde  St.  and  Brimmer  St., 
in  Boston;  of  similar  under- 
takings by  various  archi- 
tects in  some  of  the  smaller 
and  long-neglected  streets 
of  Philadelphia;  of  sundry 
other  works  of  like  char- 
acter; and,  most  recently  of 
all,  the  enterprise  or  re- 
making of  nearly  a  whole 
city  block,  in  the  Turtle  Bay 
project  executed  by  E.  C. 
Deane  and  William  Law- 
rence Bottomley. 

Economics  and  Architec- 
ture.— Economic  considera- 
tions, and  most  chiefly  the  necessity 
for  using  over  again  more  wisely  the 
city  spaces  previously  covered  by 
wasteful,  sprawling  building,  have 
gradually  compelled  us  to  adopt  a 
saner  attitude  and  study  the  sub- 
ject of  town  house  building  from 
a  fresh  angle.  Under  the  urge  of 
inexorable  necessity  we  are  per- 
force constrained  to  heed  the  excel- 
lent precedents  of  our  own  early  do- 
mestic city  architecture  and  the  older 
city  dwellings  of  England  and  foreign 
countries.  This  renewed  study  has 
brought  a  somewhat  belated  but  none 
the  less  wholesome  realization  of  what 
a  farsighted  minority  always  knew, 
but  the  majority  of  the  American  pub- 
lic had  hitherto  ignored  in  a  prodigal 
way — that  the  average  domestic  archi- 
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tecture  in  cities  affords  just  as  much 
scope  for  sound  invention  and  inter- 
esting disposition  as  does  the  freer 
rural  and  suburban  field.  There  has 
been  too  much  sprawling  and  too  little 
popular  realization  of  the  desirability 
of  producing  excellence  in  small,  com- 
pact neighborhoods  where  every  foot 
of  ground  had  to  be  made  to  yield  its 
utmost  return  indeed,  the 
very  limitations  insepa- 
rably attending  the  problem 
of  city  building  prove  a 
stimulus  and  incentive  to 
the  capable  architect  to 
exercise  his  utmost  ingen- 
uity and  resourcefulness. 
There  is  always  more 
credit  to  be  gained— and  in- 
cidentally more  satisfac- 
tion— and  greater  mastery 
to  be  acquired  from  the  ex- 
perience in  making  some- 
thing worth  while  where 
the  subjects  to  work  upon 
and  the  materials  to  work 
with  are  apparently  least 
promising. 

The    Overlapping    Stories' 
in    SuttcJn    Square.— One  of 
the  most  recent  and  edify- 
ing examples  of  the  process 
of     regeneration     in     town 
house  architecture  is  to  be 
seen  in  the  pair  of  houses 
at     Nos.    6    and    8,    Sutton 
Square,  New  York  City,  on 
the  bank  of  the  East  River, 
the     work     of     Murphy     & 
Dana,  architects.    This  par- 
ticular district  has  come  within  a  pri- 
vate scheme  of  reclamation  enterprise. 
The  work  immediately  under  consider- 
ation involved  an  extensive  process  of 
remodeling  and   making    over     three 
houses  into  two  dwellings.    The  street 
frontage  was  used  for  access,  but  the 
principal  frontage,  overlooking  a  com- 
mon garden  and  commanding  a  broad 
view  of  the  river,  was   made  out  of 
what   were  formerly   the  back   build- 
ings.    As     the     accompanying     plans 
show,    the   available    space     was    in- 
geniously divided  so  that  each  house 
should    have    an    equal    allotment    of 
large  desirable  rooms  overlooking  the 
river.     This  necessitated  what  might 
be  termed  an  interlocking  plan.     Ex- 
actly how  it  works  may  be  seen  by 
studying  the  elevation  where  the  di- 
vision lines  between  the  houses   are 
indicated.     There  is  not  one  vertical 
line    of    division    between     the      two 
houses,   as   is   usually   the   case   in   a 
pair    of    dwellings,    but    the    line    is 


broken  so  that  one  story  of  the  first 
house  overlaps  the  lower  story  of  the 
next,  while  a  compensating  overlap- 
ping takes  place  above,  each  dwelling 
thus  containing  an  equal  amount  of 
floor  area.  The  device  is  extremely 
ingenious  and  deserves  close  study, 
as  the  same  arrangement  may  well 
be  applied  in  other  more  or  less  simi- 


GARDLN     FRONT 

Elevation     with     Broken      Line 
Overlapping  of  Stories, 


Showing 


lar  instances.  The  principle,  so  far 
as  the  writer  is  aware,  has  not  been 
used  elsewhere  in  America.  In  actual 
practice  it  has  worked  out  exceeding- 
ly well,  has  produced  the  desired  re- 
sults, and  is  obviously  susceptible  of 
further  advantageous  development  in 
similar  cases. 

Style  and  Decoration. — In  style, 
these  houses  are  of  late  eighteenth 
century  type  and  have  been  treated 
with  a  most  engaging  urbanity  of 
manner.  The  exterior  illustrations 
speak  for  themselves,  so  far  as  the 
architectural  mode  is  concerned,  but 
note  must  be  taken  of  the  coloring 
and  of  the  interior  treatment.  The 
brick  is  the  old  brick  used  in  the  for- 
mer exteriors  and  not  too  scrup- 
ulously cleaned  of  adhering  particles 
of  mortar  and  plaster,  so  that  an 
agreeable  texture  has  been  preserved. 
The  doors  are  painted  a  dark  gray 
blue,  corresponding  with  the  bluest 
tinge  in  the  plum-colored  brick  of  the 
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walls.  The  knobs  are  of  solid  brass, 
a  fact  worth  noting  because  the  tex- 
ture, color  and  sheen  of  the  metal 
are  different  from  the  same  phenom- 
ena when  the  hardware  is  plated  or 
lacquered. 

In  the  drawing-room  of  No.  6,  the 
walls  are  painted  gray  green  while 
the  mouldings  are  painted  a  light  yel- 
low. The  mantel  is  of  yellow  Siena 
marble.  In  the  dining-room  of  No.  6 
the  walls  are  of  light  yellow  and 
there  are  no  mouldings  standing  out 
in  actual  relief.  Instead,  the  mould- 
ings are  painted  in  a  pale  peach  color, 
with  one  broad  line,  1  in.  wide,  and 
two  narrow  lines,  %  in.  wide.  Thus 
contrasting  color  is  made  to  take  the 
place  of  actual  projection,  with  ex- 
cellent effect. 

In  the  drawing-room  of  No.  8  the 
walls  are  covered  with  red  gum  ver- 
tical boarding,  waxed.  The  detail  of 
the  bookshelves  is  shown   in  the   ac- 

COMMUNITY    GARDENS     OVERLOOKING    EAST    KlVEK 


First   Floor  Plans  of  the  Two   Houses. 

companying  drawing.  In  the  hallway 
illustrated,  the  narrow  panels  are  of 
old  yellow,  the  broad  bands  are  of 
light  tobacco  brown,  the  base  is  of 
dark  green  marbleized,  and  the  rest 
of  the  decoration  is  executed  in  gris- 
aille of  a  cool  tone.  This  decoration, 
it  should  be  noted,  was  painted  by 
Allyn  Cox.  The  fixtures  are  black 
and  gold,  and  the  furniture  is  dark 
green  and  gold, 

The   foregoing   notes   will    serve   to 
convey  a  sufficient  notion  of  the  gen- 


eral scheme  of  decoration  followed. 
This  scheme  is  interesting  in  itself, 
but  apart  from  its  own  intrinsic  inter- 
est, it  is  highly  significant  because  it 
flatly  challenges  the  popular  obses- 
sion, unwarranted  but  prevalent,  that 
it  is  improper  to  use  anything  in  late 
Georgian  houses  that  departs  very 
far  from  a  dull  mediocrity  of  cream- 

COMMUNITY    GARDENS    OVERLOOKING    EA5T    RIVER 


5UTTON      SQUARE 

Second    Floor    Plan    of    the    Two    Houses. 

colored  or  gray  paint;  very  admira- 
ble colors,  in  themselves,  and  safe, 
but  tiresome  in  the  extreme  when 
universally  employed.  As  a  matter 
of  historical  fact,  a  great  number  of 
bright  and  interesting  colors  were 
commonly  employed  in  this  pe- 
riod and  the  architects  have  done  a 
real  service  in  making  use  of  them  in 
this  instance.  Both  in  the  matter  of 
decoration  and  in  the  ingenious  plan 
followed,  the  houses  in  Sutton  Square 
merit  close  examination  on  the  part 
of  all  who  are  in  any  way  concerned 
with  domestic  architecture  in  cities. 


Summer  Courses  at  Carnegie  Insti- 
tute.— Courses  to  interest  nearly  any- 
one in  need  of  technical  training  will 
be  given  this  summer  at  Carnegie  In- 
stitute of  Technology,  at  Pittsburgh. 
The  summer  school  will  open  June  25 
and  continue  for  eight  weeks  until 
Aug.  27.  In  the  College  of  Fine  Arts, 
courses  will  be  given  in  Design, 
Working  Drawings  and  Superintend- 
ence of  Works,  and  Outdoor  Sketch- 
ing. In  the  College  of  Industries,  the 
Department  of  Building  Construction 
is  offering  various  courses  in  Archi- 
tectural Drawing. 
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Framing  of  Bridge  Timbers  Be- 
fore Treatment 

Comparatively  little  data  are  avail- 
able on  the  framing  of  bridge  timbers 
before  treatment.  The  Committee  on 
Wood  Preservation  of  the  American 
Railway  Engineering  Association  in 
its  report  presented  March  15  at  the 
annual  meeting  of  the  association 
cites  the  experience  of  several  rail- 
ways. That  of  the  Philadelphia  & 
Reading  Ry.  is  given  by  Samuel  T. 
Wagner,   Chief  Engineer,   as  follows: 

With  regard  to  treatment  of  bridge 
timbers,  all  new  wooden-construction 
bridges  and  a  large  percentage  of  re- 
newal bridge  timbers  are  framed  and 
bored  at  our  creosoting  plant  before 
treatment  to  detailed  drawings  pre- 
viously drawn,  so  that  when  the  tim- 
ber is  placed  in  the  structure,  there  is 
no  cutting  of  the  creosoted  timbers. 
There  are,  of  course,  some  repairs  to 
old  trestles,  etc.,  where  it  is  not  al- 
ways possible  to  frame  to  the  exact 
dimensions  at  the  creosoting  plant, 
and  in  such  cases  where  timbers  are 
cut,  they  should  be  well  brushed  with 
creosote  oil  before  placing  them  in 
the  structure. 

Framing  work  at  the  creosoting 
plant  is  done  by  machinery,  the  fram- 
ing being  performed  on  a  Greenlee 
No.  502  Car  Gainer  and  costs  about 
$3.50  per  thousand  on  all  classes  of 
work,  which  is  about  one-third  of  the 
price  it  would  be  in  the  field  when 
done  by  hand. 

It  is  possible  to  frame  timber  to 
even  thickness  and  lengths  as  would 
be  the  case  in  metal  work,  and  it  is 
perfectly  practicable  to  frame  at  the 
mill,  so  as  to  provide  for  camber,  rivet 
heads  and  cover  plates  and  still  se- 
cure the  desired  track  surface. 

Mr.  C.  A.  Morse,  Chief  Engineer, 
Rc.k  Island  &  Pacific  Ry.,  gives  that 
company's  experience  as  follows:  It 
is  our  practice  to  frame  bridge  caps, 
stringers,  guard  rails  and  decking 
prior  to  treatment.  This  work  has 
heretofore  been  done  by  hand  but  we 
expect  to  secure  machinery,  which 
will  enable  us  to  do  this  work  more 
economically. 

If  necessary  to  frame  any  treated 
timbers  after  they  have  been  treated, 
our  instructions  provide  that  the  cut 
end  should  be  swabbed  with  hot  creo- 
sote oil. 

It  is  our  opinion  that  all  ties  should 
be  adzed  and  bored  and  that  all  bridge 
timbers,  where  possible,  should  be 
framed  and  bored  prior  to  treatment. 


We  are  now  working  on  a  plan  which 
will  permit  us  to  bore  all  stringers, 
for  both  ballast  and  open  deck  bridges, 
which  include  chord  bolts  and  bolts 
for  stringers  to  the  caps.  It  is,  in  our 
opinion,  impossible  to  bore  for  sway 
bracing. 

To  Maintain  Building  Activ- 
ity at  a  Steady  Rate 

Editorial  in  The  American  Contractor, 
March   17,    1923. 

When  a  member  of  our  national  con- 
gress causes  to  be  published  in  Wash- 
ington such  a  pronunciamento  regard- 
ing the  building  industry  as  was  pub- 
lished this  week  by  Representative 
Martin  B.  Madden  of  Illinois,  the  con- 
struction industry  may  well  applaud 
the  man. 

Until  the  present  building  boom  in 
the  country  has  come  to  a  close,  the 
United  States  Government  should  not 
enter  upon  a  public  building  construc- 
tion program.  This  is  the  opinion  of 
Martin  B.  Madden.  He  has  come  to 
this  opinion  after  an  investigation  of 
the  building  industry  with  the  view 
in  mind  of  having  the  government 
take  the  lead  in  arranging  its  public 
work  in  order  to  afford  employment 
in  times  of  depression. 

"The  wisdom  of  this  policy,"  Mr. 
Madden  said,  "must  be  apparent  to 
anyone  who  gives  the  matter  serious 
consideration. 

"1.  It  would  prevent  competition 
with  the  home  builders  which  such  a 
program  entered  upon  at  this  time 
would  entail. 

"2.  It  would  give  the  government 
the  buildings  needed  at  a  more  mod- 
erate  cost. 

"3.  It  would  find  employment  for 
those  engaged  in  the  building  indus- 
try at  a  time  when  employment  is 
most  needed  and  create  a  stabilizing 
influence  on  the  labor  market." 

The  pages  of  The  American  Contrac- 
tor have  often  been  devoted  to  dis- 
cussion of  the  possibilities  of  "tim- 
ing" public  works  to  fit  into  the  busi- 
ness cycle.  It  is  very  gratifying  to 
have  a  man  outside  the  construction 
industry  who  is  actively  identified 
with  the  weal  and  woe  of  the  nation 
take  this  advanced  stand. 

Chicago  Bricklayers  Get  $1.25  Per 
Hour.  —  The  Association  Builders  of 
Chicago  and  the  bricklayers'  union 
have  signed  an  agreement  for  a  con- 
tinuance of  Landis  Award  conditions 
of  work  and  a  new  scale  15  ct.  above 
the  old  scale  of  $1.10  an  hour. 
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Installations  in  University  of  Illinois  and  Grand  Park  Stadiums  De- 
scribed in  Paper  Presented  Before  Western  Society 
of  Engineers 

By    A.    M.    KORSMO, 

Structural    Designer,   Holabird  &  Roche,    Chicago. 


One  of  the  very  important,  features 
in  stadium  design  is  the  provision  of 
adequate  expansion  joints.  Experi- 
ence has  shown  that  where  no  pro- 
vision has  been  made  for  temperature 
changes,  i.  e.,  when  no  joints  have 
been  provided  in  these  concrete  struc- 
tures, unsightly  cracks  have  devel- 
oped as  well  as  critical  fractures  in 
the  primary  structural  framing  which 
have  involved  considerable  expendi- 
ture for  repairs  and  maintenance. 

Entirely  satisfactory  results  have 
been  obtained  in  reinforced  concrete 
factories  and  warehouses,  several  hun- 
dred feet  long  without  expansion 
joints  because  the  range  of  tempera- 
ture in  them  is  comparatively  low. 
On  the  other  hand,  a  stadium  is  large- 
ly exposed  to  the  elements  and  should 
be  designed  for  the  extreme  range  in 
temperature. 

Hidden  Expansion  Joints. — Expan- 
sion joints  at  best  are  not  pleasing  in 
appearance  but  by  proper  design  can 
generally  be  hidden  in  the  general 
architectural  treatment  of  the  struc- 
ture. On  a  bleacher  design  or  grand- 
stand where  the  areas  under  them 
are  not  used  the  structural  design  of 
these  joints  is  quite  simple.  In  the 
Grant  Park  and  Illinois  Stadia,  these 
spaces  were  fully  developed  so  that 
the  arrangements  of  joints  through 
exhibition  halls,  coffered  ceilings, 
ramps,  bridges,  colonades,  'stairs,  ex- 
terior walls  of  brick  or  stone,  parti- 
tions, etc.,  called  for  considerable 
study  to  make  them  efficient  and  at 
the  same  time  inconspicuous. 

Division  of  Expansion  Joints. — For 
an  extreme  range  in  temperature, 
amounting  to  150°  in  the  Grant  Park 
Stadium,  if  built  monolithic,  the  cor- 
responding variation  in  length  would 
be  approximately  9  in.  As  the  tem- 
perature effect  would  be  in  stress 
rather  than  in  deformation,  rupture 
would  be  inevitable.  To  prevent  this 
transverse  expansion  joints  were 
placed  approximately  48  ft.  apart  and 
two  intermediate  longitudinal  joints 
provided.      Approximately     the     same 


divisions  were  used  on  the  Illinois 
Stadium.  The  structural  framing  of 
the  deck  proper  in  both  cases,  deter- 
mined the  location  of  the  joints.  The 
transverse  joints  at  Grant  Park  are 
at  the  edge  of  aisles  and  on  the  Illir 
nois  Staium  in  the  center  of  the  aisles. 

Design  Features  of  Joints. — The 
Widths  of  the  joints  are  V2  in.  and 
%  in.  at  average  temperature.  In  de- 
signing them,  it  was  decided  to  use 
no  joint  filler  and  to  provide  drain- 
age gutters  where  necessary  to  pro- 
tect the  used  spaces  below.  The 
joints  can  easily  be  kept  clean  and 
readilv  inspected.  Joints  filled  with 
mastic  or  asphalt  preparations  often 
squeeze  out  under  extreme  heat  and 
become  very  unsightly.  No  provision 
for  joints  was  made  on  foundations, 
combined  footings  being  used  when 
economical  as  the  earth  would  pre- 
vent movement  at  these  places  and 
the  columns  deflect  without  undue 
stress. 

Water  falling  on  the  structure  cas- 
cades down  over  the  tiers.  It  is  de- 
sirable to  prevent  as  much  as  possi- 
ble the  drainage  of  this  water  through 
the  expansion  joints.  For  this  .pur- 
pose the  two  longitudinal  joints  of  the 
Grant  Park  Stadium  were  made  hori- 
zontal near  the  top  of  the  tier  risers. 
This  eliminated  approximately  3J300 
lin.  ft.  of  gutters. 

Sliding  joints  generally  have "  hot 
proven  very  satisfactory  for  concrete 
design,  and  were  avoided  as  much  as 
possible.  Where  used,,  the  reactions 
were  made  as  light  as  possible  and 
lead  bearing  plates  separated  by  pa- 
per soaked  in  lard  oil  were  used  to 
reduce  the  friction. 

Sliding  Joints.— On.  the  Grant  Park 
Stadium,  which  has  a  reinforced  con- 
crete frame,  cantilever  slabs  and  gird- 
ers were  used  at  the  joints  wherever 
possible,  split  columns  and  double 
beams  being  used  only  when  canti- 
levers were  not  practicable.  (See 
Fig.  C-R.)  In  the  Illinois  Stadium, 
also,  cantilever  slabs  and  beams  were 
used  when  practicable.     It  has   some 
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sliding  joints  of  concrete  members 
and  roller  joints  of  steel  members. 
(See  Fig.  2-N.)  The  roller  joint  used 
is  a  brass  tube  on  a  steel  bolt,  the 
moving  beam  resting  on  the  tube.  In 
a  few  cases  flexible  hangers  were 
used.  A  special  feature  of  interest 
is  the  suspended  expansion  joint  used 
in  the  front  line  of  girders  support- 
ing the  balcony.     (See  Fig.  2-P.) 

Use  of  Offsets. — Because  of  the  ar- 
chitectural   treatment,    it    was    prac- 


any  movement  of  the  partition.  On 
exterior  walls  these  joints  were  car- 
ried down  along  reveals  or  pilasters 
where  possible,  making  clean  open 
joints.  At  other  places  where  this 
was  not  possible  on  the  Grant  Park 
Stadium,  dry  vertical  and  horizontal 
zig-zag  joints  were  used  in  the  stone 
work.  On  the  Illinois  Stadium  which 
has  a  brick  face  with  no  offsets,  a 
clean  vertical  joint  was  used.  This 
joint  occurs  on  one  side  of  an  open- 
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Fig.  1. — Typical   Expansion  Joints  Us6d  in   Grant    Park    Stadium,    Chicago. 


tically  impossible  to  carry  transverse 
joints  through  on  a  straight  line  and 
offsets  were  often  resorted  to  to  bring 
them  to  a  place  where  they  might  be 
concealed.  When  beamed  ceilings 
occur,  joints  followed  the  edge  of 
beams.     (See  Fig.  2-G.) 

Partitions  were  made  with  a  clean 
vertical  joint  and  covered  by  a  thin 
strip   of  zinc  which  could   slide   with 


ing  in  the  wall.  To  preserve  a  bal- 
anced architectural  treatment  of  the 
exterior,  a  false  joint  was  placed  on 
the  opposite  side  of  the  opening. 

Joints  in  the  colonnade  of  the  Grant 
Park  Stadium  also  had  to  be  stag- 
gered through  the  main  supporting 
beams  of  the  roof  as  the  coffered  ceil- 
ing inside  was  not  symmetrical  with 
the  entablature  treatment  on  the  out- 
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side  of  the  beams  and  the  joints  were 
placed  in  the  most  inconspicuous 
places  of  both. 

In  other  plans  when  the  expansion 
joint  in  the  main  structure  was  not 
opposite  the  required  position  on  the 
outside  wall,  a  horizontal  offset  was 
made  in  the  least  conspicuous  place 
available.     (See  Fig.  1-Q.) 

The  bridges  in  the  amphitheater 
section  of  the  Grant  Park  Stadium 
which  connect  the  circulation  bridges 
with  the  outside  promenade  level  oc- 
cur under   expansion     joints    of     the 


levered  from  the  main  stand,  framing 
for  the  former  being  hung  on  one  col- 
umn because  of  the  expansion  joint 
along  the  adjoining  column. 

The  upper  longitudinal  joints  in  the 
terrace  section  of  the  Grant  Park 
Stadium  were  placed  under  the  ter- 
race wall.  This  wall  has  a  lip  at  the 
bottom  and  directly  over  the  joint  to 
shed  water  onto  the  terrace  below  and 
the  terrace  has  a  pitch  away  from  the 
joint. 

No  special  protection  was  provided 
for  the  sides  of  the  expansion  joints, 
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-Typical     Expansion    Joints    Used    in    University   of    Illinois   Stadium, 
Urbana,    III. 


main  deck  above.  Therefore  these 
bridges  were  hung  from  the  main 
girders  above  by  large  rocls  and  the 
main  concrete  floor  notched  at  each 
end  to  fit  around  the  main  columns 
but  do  not  bear  on  them. 

Roof  Expansion  Joints. — Expansion 
joints  in  all  roofs  were  provided  with 
metal  strips  over  them  and  under  the 
asphalt  roofing  to  prevent  leakage 
(see  Fig.  1-F).  The  circular  ramps 
in  the  Grant  Park  Stadium  were  de- 
signed free  from  the  structure  proper 
and  rested  on  brackets  and  beams  pro- 
vided with  lead  plates.  These  ramps 
lap  over  two  main  expansion  joints  of 
the  stand  and  being  made  entirely  of 
reinforced  concrete,  it  was  more  prac- 
ticable to  make  them  monolithic  in 
themselves.    (See  Fig.  1-B.) 

The  small  stairs  leading  from  the 
aisles  to  the  arena,  also  the  judges' 
stands    on   this    stadium    were    canti- 


except 
edges. 


slightly    rounding    the    upper 


Investigation  of  Invar  36%  Nickel 
Steel 

A  study  has  been  made  by  the  U.  S. 
Bureau  of  Standards  of  the  ingot 
structure  of  the  small  ingots  cast  for 
this  investigation,  and  the  relation  of 
the  structure  to  the  forgeability  of  the 
alloy.  It  has  been  found  that  although 
the  ingots  have  been  cast  in  chilled 
molds,  the  rate  of  cooling  is  not  suf- 
ficiently rapid  to  prevent  the  forma- 
tion of  excessively  large  columnar 
crystals  producing  a  very  brittle  in- 
got which  breaks  readily  on  forging. 
As  a  result  of  these  tests,  ingots  will 
be  cast  in  water-cooled  molds  to  in- 
crease the  rate  of  cooling  and  thus 
prevent,  if  possible  the  formation  of 
the  large  columnar  structure,  making 
the  ingots  more  readily  forgeable. 
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The  Cost  Estimate  in  Concrete  Construction 


Methods  of  Estimating  Described  in  Paper  Presented  at  Convention 
of  American  Concrete  Institute,  Cincinnati,  January,  1923 

By  FRANK   R.    WALKER. 


If  estimates  are  to  be  accurate,  so 
that  the  contractor  will  feel  safe  in 
taking  work  on  his  own  figures,  the 
various  branches  of  work  should  be 
estimated  in  exactly  the  same  man- 
ner in  which  it  is  erected  in  place  in 
the  structure,  using  each  completed 
operation  as  the  basis  of  measure- 
ment and  pricing  the  work.  Regard- 
less of  the  method  used  in  preparing 
the  estimate,  if  the  contractor's  field 
organization  is  incompetent  or  ineffi- 
cient the  best  prepared  estimate  will 
not  make  the  contractors'  business  a 
profitable  one. 

Each  class  of  concrete  work  should 
be  estimated  separately,  such  as  foot- 
ings and  foundation  walls,  column 
footings,  retaining  walls,  reinforced 
concrete  columns,  beams  and  girders, 
stairs,  structural  floor  slabs,  etc.,  be- 
cause each  is  a  separate  and  distinct 
class  of  work,  involving  special  de- 
tails of  construction  not  found  in  the 
others,  and  subject  to  considerable 
variation  in  the  cost  of  the  completed 
units. 

Estimates  for  Substructure. — When 
estimating  the  cost  of  concrete  for 
foundations  and  retaining  walls,  the 
cost  of  the  wood  or  metal  forms,  re- 
inforcing steel,  and  the  cost  of  the 
concrete  itself,  should  each  be  esti- 
mated separately  as  they  are  all  sep- 
arate kinds  of  work  and  in  many  in- 
stances installed  by  different  trades. 
The  concrete  Itself  should  be  esti- 
mated by  the  cubic  foot  or  cubic  yard. 
The  cubic  yard  method  is  preferred 
because  the  costs  are  more  easily 
worked  out  on  that  basis.  Nearly  all 
tables  of  cement,  sand,  gravel  or 
crushed  stone  are  stated  in  the  quan- 
tities required  per  cubic  yard  of  con- 
crete, which  makes  a  more  workable 
unit  than  where  the  cubic  foot  method 
is  used. 

Form  work  should  always  be  esti- 
mated by  the  number  of  square  feet  of 
forms  required  for  any  given  piece  of 
work;  for  instance,  if  a  wall  is  60 
ft.  long  and  8  ft.  high  and  requires 
forms  on  both  sides  of  the  wall,  it  will 
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require  60  sq.  ft.  of  forms.  Light 
walls  will  require  only  2  or  2y2  ft.  of 
lumber,  b.m.,  to  construct  1  sq.  ft.  of 
forms  complete,  while  heavy  retaining 
walls  will  require  3^  to  4  ft.  of  lum- 
ber, B.M.,  per  square  foot  of  forms. 
Naturally,  the  more  lumber  required 
per  square  foot  of  forms,  the  higher 
the  material  and  labor  costs  will  be. 

It  is  not  a  difficult  matter  to  strike 
an  average  of  the  amount  of  lumber 
required  to  construct  1  sq.  ft.  of  forms 
for  various  types  of  walls,  and  by  so 
doing  valuable  costs  both  by  the 
square  foot  of  forms  and  per  thousand 
feet  of  lumber,  B.M.,  are  furnished. 
This  is  especially  valuable  when  com- 
paring costs  on  various  jobs.  The 
cost  of  removing  the  forms  should 
also  be  kept  separate  from  the  cost 
of  framing  and  erecting,  but  the  same 
units  of  measurement  should  be  used 
throughout. 

Reinforcing  steel  should  be  esti- 
mated by  the  pound  or  ton,  estimating 
the  cost  of  steel  at  a  certain  price. 
The  labor  bending  the  steel  should  be 
kept  separate  from  the  cost  of  placing 
the  steel  in  the  structure  ready  to  re- 
ceive concrete.  When  estimating  the 
quantities  and  costs  of  reinforced  con- 
crete superstructures,  each  class  of 
work  should  be  estimated  separately 
as  previously  described,  for  founda- 
tions and  retaining  walls,  but  the  av- 
erage concrete  building  contains  at 
least  four  different  classes  of  rein- 
forced work,  namely:  columns,  beams 
and  girders,  floors  and  stairs. 

Method  of  Estimating  for  Columns. 
— The  forms  for  square  concrete  col- 
umns should  be  estimated  by  the 
square  foot,  taking  the  entire  girth  of 
the  column  and  multiplying  by  the 
height.  As  an  example,  take  a  col- 
umn 17  in.  square  and  12  ft.  high. 
Forms  will  be  required  on  all  four 
sides  of  the  column,  making  a  total 
girth  of  72  in.  or  6  ft.,  which  multi- 
plied by  the  height,  will  give  72  sq. 
ft.  of  forms  required  for  each  col- 
umn. Where  2-in.  lumber  is  used,  it 
ordinarily  requires  about  2y2  ft.  of 
lumber,  B.M.,  to  construct  1  sq.  ft. 
of  forms,  including  bracing,  clamps, 
etc.     Tn  order  to  prepare  accurate  es- 
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timates  on  the  cost  of  this  work,  it 
is  advisable  to  estimate  the  cost  of 
framing  and  erecting  the  column 
forms,  separate  from  the  labor  cost 
of  removing  them  after  the  concrete 
has  been  placed.  The  same  units  of 
measurement  should  be  used  in  both 
instances. 

The  forming  for  octagonal  concrete 
columns  presents  a  somewhat  differ- 
ent problem  in  estimating.  Regard- 
less of  the  diameter  of  the  column, 
there  are  eight  different  sections  to 
be  formed,  and  it  does  not  cost  any 
more  to  frame  an  8-in.  section  than  a 
6-in.  one,  so  it  is  a  question  whether 
it  is  not  advisable  to  estimate  the 
labor  cost  at  a  certain  price  per  col- 
umn, making  a  slight  allowance  for 
the  difference  in  size.  However,  re- 
gardless of  the  diameter  of  the  col- 
umn, the  labor  cost  of  framing  and 
erecting  the  forms  in  place  should  be 
kept  separate  from  the  labor  cost  of 
removing  the  forms  after  the  con- 
crete has  been  placed. 

Metal  molds  are  ordinarily  used 
for  forming  round  concrete  columns. 
The  column  molds  are  fabricated  in 
the  shop  and  delivered  to  the  job  in 
sections,  so  that  a  certain  price  should 
be  allowed  for  the  erection  and  re- 
moval of  each  column  mold,  stating 
the  diameter  and  height  of  the  col- 
umn, and  whether  a  plain  shaft  or  one 
having  a  flared  head,  as  the  latter  cost 
considerably  more  to  erect  than  the 
former.  The  cost  of  the  erection  of 
the  forms  should  be  kept  separate 
from  the  removal  of  them  if  possible. 
The  column  reinforcing  steel  should 
be  estimated  by  the  pound  or  ton.  In- 
asmuch as  the  spirals  are  usually  fur- 
nished fabricated  and  the  steel  cut  to 
length,  the  labor  estimate  should  in- 
clude assembling,  wiring  and  placing, 
based  on  the  actual  weight  of  the  steel 
used. 

The  concrete  in  the  columns  should 
be  estimated  by  the  cubic  foot  or  cu- 
bic yard;  the  materials  being  estimat- 
ed according  to  the  proportions  of 
cement,  sand  and  gravel  used,  and 
the  labor  costs  of  mixing  and  placing 
should  be  estimated  separately. 

Beams  and  Girders  and  Lintels. — 
There  is  a  diversity  of  opinion  among 
contractors  regarding  the  correct 
method  of  estimating  forms  for  con- 
crete beams,  girders,  and  lintels. 
When  used  in  connection  with  con- 
crete floor  slabs,  the  depth  *  of  the 
beam  or  girder  ordinarily  includes  the 
thickness  or  depth  of  the  slab,  so 
when   estimating  the   quantities   and 


cost  of  beam  and  girder  forms,  I  feel 
the  proper  method  is  to  take  that  per- 
tion  of  the  beam  or  girder  that  is  ex- 
posed beneath  the  slab,  while  some 
contractors  estimate  forms  for  the 
full  depth  of  the  beam.  For  instance 
if  a  concrete  beam  16x24  in.  in  size, 
the  thickness  of  the  slab  6  in.,  the 
actual  depth  of  that  portion  of  the 
beam  requiring  forms  is  18  in.,  the 
other  6  in.  being  made  up  in  the  thick- 
ness of  the  concrete  floor  slab.  Where 
beams  and  girders  are  used  around 
stair  well  openings,  elevator  shafts, 
door  and  window  lintels,  etc.,  where 
one  side  of  the  beam  is  exposed  for 
the  full  depth,  then  the  girth  of  the 
beam  would  be  18  in.  plus  16  in.  plus 
24  in.  or  a  total  of  58  in. 

Beams  may  be  constructed  of  either 
1  or  2-in.  lumber  or  a  combination  of 
the  two,  but  the  labor  cost  per  square 
foot  remains  practically  the  same  in 
either  instance.  The  1-in.  lumber  is 
somewhat  easier  to  frame  but  it  re- 
quires more  bracing  than  the  2-in. 
lumber,  so  that  the  advantages  of  one 
practically  offset  the  other.  While  the 
estimated  labor  costs  should  be  by 
the  square  foot  of  forms  actually  con- 
structed, the  labor  cost  of  framing 
and  erecting  the  forms  should  be  kept 
separate  from  the  labor  cost  of 
removing  the  forms  after  the  concrete 
has  been  placed. 

The  reinforcing  steel  should  be  esti- 
mated by  the  pound  or  ton,  based  on 
the  actual  amount  of  steel  required. 
Bending  and  fabricating  should  be 
kept  separate  from  the  labor  cost  of 
placing  the  steel  in  the  forms  ready 
to  receive  the  concrete. 

Reinforced  Concrete  Floors. — There 
are  so  many  types  of  reinforced  con- 
crete floors  being  used  today  that  it 
is  almost  necessary  to  use  a  different 
method  when  estimating  each  type. 
It  is  true,  the  square  foot  method  of 
measuring  the  forms  can  be  used  in 
all  of  them,  but  there  are  so  many 
special  conditions  entering  into  the 
construction  of  the  forms  for  the  va- 
rious types  of  floors,  that  each  must 
be  given  careful  consideration  when 
preparing  the  estimate.  The  amount 
of  lumber  required  to  construct  1  sq. 
ft.  of  forms  for  reinforced  concrete 
floors  will  vary  from  about  2*4  to  4% 
B.M.,  which  includes  sheathing,  joists, 
stringers,  uprights,  sills,  wedges,  brac- 
ing, etc.  This  variation  is  due  to  the 
thickness  of  the  concrete  floor  and  the 
height  of  the  ceiling.  For  this  rea- 
son, it  is  well  to  check  the  square  foot 
method  with  the  price  per  thousand 


(128) 


I 


1923 


Engineering  and  Contracting 


711 


feet  of  lumber,  B.M.,  before  pricing 
the  estimate. 

It  is  not  necessary  to  figure  out  the 
exact  quantity  of  lumber  required  in 
the  construction  of  the  slab  forms  for 
each  job  estimated,  but  a  table  can  be 
easily  prepared  showing  the  approxi- 
mate amount  of  lumber  required  to 
construct  1  sq.  ft.  of  forms  for  differ- 
ent slab  thicknesses  and  varying  ceil- 
ing heights.  This  will  be  close  enough 
for  estimating  purposes,  because  I 
have  never  yet  seen  the  job  where  the 
quantity  of  lumber  used  was  the  same 
as  the  quantity  estimated. 

Before  deciding  upon  the  material 
cost  per  square  foot  of  forms,  it  is  ad- 
visable to  take  into  consideration  the 
number  of  times  each  floor  of  forms 
may  be  used  in  the  construction  of  the 
job.  For  instance,  if  it  requires  3  ft. 
of  lumber,  B.M.,  to  construct  1  sq.  ft. 
of  forms,  with  lumber  at  5c  per  ft., 
B.M.,  the  lumber  cost  of  1  sq.  ft.  of 
forms  would  be  15  ct.  If  the  lumber 
may  be  used  two  or  three  times  in  the 
construction  of  the  job,  this  cost  may 
be  divided  by  2  or  3  to  obtain  the  lum- 
ber cost  per  square  foot  of  forms.  To 
this  cost  a  small  allowance  should  be 
added  for  breakage,  waste,  nails,  etc. 

Solid  Concrete  Floors. — Where  solid 
concrete  floors  are  used  in  connection 
with  beams  and  girders  (either  of  re- 
inforced concrete  or  structural  steel, 
fireproof ed  with  concrete),  the  exact 
floor  area  between  beams  and  girders 
should  be  obtained,  and  should  not  in- 
clude the  width  of  the  beams  and 
girders,  as  these  forms  have  previous- 
ly been  taken  care  of  under  beams 
and  girders,  and  all  duplication  of 
quantities  should  be  avoided,  if  ac- 
curate estimates  are  to  be  obtained. 

The  same  method  should  be  used 
when  estimating  floors  of  flat  slab 
construction  except  that  the  area  of 
the  depressions  at  the  column  heads 
should  be  taken  off  separately,  as 
there  is  considerable  extra  labor  in- 
volved in  framing  out  for  these  de- 
pressions. The  entire  area  of  the  floor 
may  be  estimated  at  a  certain  price 
per  square  foot,  and  then  an  addi- 
tional allowance  may  be  made  to  take 
care  of  the  additional  labor  required 
for  framing  of  depressions  in  slabs. 

Other  types  of  floor  construction 
where  concrete  is  used  in  conjunction 
with  clay  or  gypsum  tile,  metal  tile, 
"domes"  or  tin  pans  as  they  are  com- 
monly called,  usually  require  the  light- 
est type  of  temporary  framing  for 
forms  on  account  of  the  small  weight 


of  the  floor  slab  itself.  In  all  in- 
stances the  exact  floor  area  should  be 
obtained  and  the  work  priced  by  the 
square  foot  of  forms.  On  work  of 
this  kind,  some  contractors  cover  the 
entire  floor  with  wood  sheathing 
while  others  place  only  a  2-in.  x  6-in. 
or  2-in.  x  8-in.  plank,  12,  16  or  20  in. 
on  centers,  to  support  the  ends  of  the 
tile  or  domes  and  form  the  bottom 
or  soffit  for  the  concrete  joist  which 
is  to  be  placed. 

It  is  certainly  advisable  to  keep  sep- 
arate costs  on  the  various  types  of 
floor  construction  both  by  the  square 
foot  of  forms  and  by  the  thousand  feet 
of  lumber,  B.M.,  as  this  helps  mate- 
rially in  preparing  more  accurate  es- 
timates, permitting  a  comparison  of 
costs  by  both  methods. 

The  actual  concrete  on  all  of  the 
various  types  of  floors  should  be  esti- 
mated by  the  cubic  foot  or  cubic  yard, 
but  there  is  a  vast  difference  in  the 
labor  cost  of  placing  concrete  on  a 
job  having  10  or  12-in.  floor  slabs  than 
those  using  clay  tile  or  metal  domes, 
having  concrete  joists  4  or  5  in.  wide 
with  only  2  or  2V2  in.  of  concrete 
placed  over  the  top  of  the  tile  them- 
selves. The  former  will  require  4  or 
5  times  as  much  concrete  per  square 
feet  of  floor  as  the  latter. 

On  heavy  slabs  it  is  possible  to 
place  a  large  amount  of  concrete  in  a 
comparatively  small  floor  area,  while 
with  the  combination  types  of  floor, 
it  is  necessary  to  cover  a  large  floor 
area  and  place  a  comparatively  small 
amount  of  concrete.  Floors  of  this 
tvpe  require  considerable  extra  labor 
placing  the  concrete  in  small  joists, 
using  care  to  see  that  all  reinforcing 
steel  is  covered,  as  well  as  extra  labor 
in  spreading  and  grading  the  concrete 
for  the  thin  top  slab.  While  the  cubic 
foot  or  cubic  yard  method  of  meas- 
urement may  be  used  for  either  type 
floor,  the  labor  cost  on  one  will  be 
much  higher  than  on  the  other. 

Finish  for  Floors. — Where  the  floors 
are  to  have  cement  finish  top,  the 
top  should  be  estimated  separately  in 
all  instances.  The  thickness  of  the 
top  may  vary  from  %  in.  to  %  in.  in 
thickness  and  is  composed  of  cement 
and  sand,  an  entirely  different  aggre- 
gate than  the  mass  concrete.  This 
will  involve  separate  material  and 
labor  costs,  such  as  cement  finishers 
and  helpers,  placing  screed. 

Method  of  Estimating  for  Concrete 
Stairs. — Nearly  every  contractor  has 
his   own   method    of    estimating   con- 
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crete  stairs.     Many  take  the   under-  Cost    Indices    of    Buildings    and 

neath  surface   or  soffit  of  the   stairs  R..;m;««.  iv/i^f     *  1- 

to   obtain   the   forms   required,   while  ouuaing  materials 

others  take  the  area  of  the  soffit  plus  The  following  cost  indices  are  taken 

the  number  of  lineal  feet  of   risers,  from  the  Survey  of  Current  Business 

It   is  a  difficult  proposition   and   one  which  is  prepared  by  the  United  States 

that  is  not  easily  checked.  Bureau  of  the  Census. 

I  have  used  the  following  method  of  The  building  material  price  indices 

estimating  concrete  stairs  for  a  num-  are   from    the    v     s     Department    of 

ber  of  years  and  it  has  worked  out  Commerce,  Bureau  of   Standards,  Di- 

very  well:  vision  of   Building   and  Housing  and 

I  first  take  the  length  of  the  string-  Bureau  of  the  Census,  and  are  based 
ers  of  each  flight  of  stairs,  making  a  on  prices  paid  for  material  by  con- 
note of  the  number  of  treads  in  each.  tractors  in  some  60  cities  of  the  Unit- 
According  to  my  experience  on  the  ed  States.  The  prices  are  weighted 
job,  the  most  time  is  required  in  lay-  by  the  relative  importance  of  each 
ing  out  the  stairs,  cutting  the  string-  commodity  in  the  construction  of  a 
ers  and  placing  them  ready  to  receive  6-room  house. 

the  sheathing  and   risers.     I   usually  The  factory  building  index  number, 
allow  a  certain  number  of  hours  car-  furnished  through  the  courtesy  of  the 
penter  time  to  lay  out,  cut  and  erect  Aberthaw    Construction    Co.,     is     de- 
the    stringers.     I   then    estimate    the  signed  to  show  the  relative  changes  in 
sheathing  in  the  same  manner  as  is  the   cost  of   constructing   a   standard 
used  in  estimating  slab  forms,  making  concrete  factory  building.     The  com- 
my   allowance   in   the   price.     I   then  pany    believes    that     the     year    1914 
mention  the  number  of  treads  and  the  gives  a   normal   base   and   that  July, 
length    of    them,    together    with    the  1920,   with  an   index   number   of  265, 
number  and  length  of  the  risers  to  be  represented  the  peak  of  building  costs, 
placed.     In   making   up   my   estimate  Cost 
in  this  manner,  I  have  found  my  es-  ^aririSt'Facfe  - 
timated   and  actual    costs    compared  indices         build- 
very  favorably.  Frame  Brick    ings. 

The    concrete   is    estimated   in   the  Year  and  month.    Restive  toUl9i3 1914° 

usual  manner  to   obtain  the   number  1913  monthly  average.. 100       100 

of  cubic  feet  or  yards  of  concrete  to  IJJJ  monthly  average. ....        ...        100 

place.  1922  monthly  average..  182        186        170 

If  the  stairs  are  to  have  a  cement  M             1921-                                       176 

finish,  I  usually  allow  18  in.  to  take  june  7.7J7.7." !!!!! '.'.'.'.  :!!"       '.'.'.       172 

care  of  the  width  of  each  tread  and  July 167 

riser  and  multiply  this  by  the  length  jgffi"*,^- ':::  •!!!!!!!!!! !        ! !  \       ieo 

of  the  treads  and  the  number  of  treads  October   157 

to  obtain  the  number  of  square  feet  November  166       173       154 

e  .r..,',vu  December    173         179         153 

of  finish.  1922. 

When   estimating  the   quantities   of  January    .. 174       179       152 

mesh   or   fabric    reinforcing,   I   think  ^ruary    169       174       152 

the  actual  area  of  the  surface  to  be  April 168       172       152 

covered  should  be  obtained  and  then  May    173       176       157 

a  certain  allowance  made  to  take  care  JJJ{^e    Jg       \l\       g| 

of  the  laps,  the  same  as  is  used  when  August' '.7.7.7.7.1! '.'.'.'. ".189       193       174 

figuring   wood    sheathing   or    flooring.  September    193       197       190 

Plant  and  Equipment.— In  mv  opin-  November '7.7..'.!  7.77.196       201       192 

ion,  the  item  of  plant  and  equipment  December    .. 192       198       192 

should  be  estimated  separately,  allow-  january    . . . .' 195       199       191 

ing  a  certain  price  for  concrete  mix-  February    197 

ers,  hoisting  engines,  hoisting  towers, 

and  other  equipment,  as  in  many  in-  Examination  for  Checker  Drafts- 
stances  this  cost  would  be  the  same  man. — The  U.  S.  Civil  Service  Com- 
whether  the  job  contained  1,000  or  mission  will  hold  an  open  competitive 
5,000  cu.  yd.  of  concrete,  so  that  if  examination  for  checker  draftsman 
this  is  estimated  separately,  it  is  (architectural)  to  fill  a  vacancy  in  the 
much  easier  to  obtain  costs  from  the  Public  Works  Department,  U.  S. 
work  that  are  authentic  and  of  value  Naval  Station,  Pearl  Harbor,  Hawaii, 
when  preparing  future  estimating.  at  $8  a  day. 
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Inundation  Methods  for  Measurements  of  Sand  in 
Making  Concrete . 


Investigations  for  Purpose  of  Developing  the  Principles  of  a  Pro- 
posed Method  of  Accurate  Field  Measurements  of  Sand  and 
Water  for  Concrete  Reported  in  Paper*  Presented     . 
Jan.  24  at  19th  Annual  Convention  of  Amer- 
ican Concrete  Institute 
By  G.  A.  SMITH  and  W.  A.  SLATER 
U.   S.   Bureau  of  Standards,  Washington,  D.  C. 


The  method  proposed  is  based  upon 
the  belief  that  one  of  the  important 
causes  of  variability  in  the  strength 
of  concrete  is  the  variation  in  the 
quantities  of  sand  and  water  intro- 
duced into  successive  batches  of  con- 
crete, even  when  care  is  exercised  in 
the  measurements.  Sand  when  meas- 
the  measurements.  Sand  when  meas- 
ured by  volume  in  either  a  loose  or 
a  compacted  condition  may  show 
great  variation  in  volume  for  a  given 
weight  of  sand,  depending  upon  the 
quantity  of  moisture  in  the  sand. 

Preliminary  tests  by  R.  L.  Bertin 
reported  before  the  1922  meeting  of 
the  American  Society  for  Testing  Ma- 
terials indicated  that  the  quantities  of 
sand  and  water  contained  in  a  vessel 
of  a  given  size  are  very  nearly  the 
same  for  all  degrees  of  moisture  in 
the  sand  provided  that  the  sand  is 
placed  by  pouring  it  into  water  in  the 
vessel  instead  of  placing  it  in  a  vessel 
containing  no  water.  This  being  true 
it  suggests  a  simple  method  of  over- 
coming the  great  variability  in  the 
proportioning  of  concrete  introduced 
by  the  variations  in  the  unit  volume 
of  sand  when  the  water  content  is  not 
constant.  It  was  primarily  to  investi- 
gate this  phenomenon  and  its  applica- 
bility to  the  measurement  of  sand  for 
the  making  of  concrete  that  the  tests 
here  reported  were  undertaken. 

Tests  were  carried  out  at  the  U.  S. 
Bureau  of  Standards.  A  portion  of 
the  expense  of  the  investigation  was 
borne  by  the  White  Construction  Co. 
of  New  York.  The  Bureau  of  Public 
Roads  furnished  the  crushed  limestone 
used.  Acknowledgment  is  made  to 
R.  L.  Bertin,  Chief  Engineer  of  the 
White  Construction  Co.,  to  J.  C.  Pear- 
son, of  the  Bureau  of  Standards,  for 


•Advance  publication  from  Copyrighted 
Proceedings  of  American  Concrete  In- 
stitute. Vol.  19,  1923. 


advice  in  outlining  the  program  and 
for  assistance  in  interpreting  the  tests 
and  to  J.  R.  Dwyer  of  the  Bureau  of 
Standards,  for  carrying  out  and  in- 
terpreting certain  of  the  tests. 

Materials. — In  order  to  make  the  de- 
terminations cover  a  range  in  the 
qualities  of  the  sand  and  the  coarse 
aggregate  which  is  approximately 
comparable  to  the  variations  likely 
to  be  encountered  in  practice,  sands 
were  selected  which  were  predomi- 
nantly of  quartz  and  of  limestone,  re- 
spectively; coarse  aggregates  of 
quartz  gravel,  crushed  limestone  and 
crushed  trap  rock  were  used.  To  give 
a  variety  in  the  gradings,  the  sands 
were  regraded  so  as  to  give  as  nearly 
as  was  convenient  the  fineness  moduli 
2.1,  2.6,  and  3.1  for  the  quartz  sand 
and  2.6,  3.1,  and  3.6  for  the  limestone 
sand,  The  fineness  moduli  actually 
obtained  are  given  in  Table  I.  Each 
of  the  coarse  aggregates,  (the  quartz, 
the  limestone  and  the  trap  rock)  was 
regarded  so  as  to  give  fineness  mod- 
uli 6.0,  7.16,  and  8.0  for  use  in  the 
measurement  of  surface  water. 

Only  one  coarse  aggregate  was  used 
for  all  concretes;  this  was  a  quartz 
gravel  having  a  fineness  modulus  of 
7.16.  Combinations  of  this  coarse  ag- 
gregate with  four  fine  aggregates  were 
used.  The  fine  aggregates  were  the 
quartz  sand  having  fineness  moduli 
of  2.09,  2.55  and  3.04  respectively  and 
the  limestone  sand  having  a  fineness 
modulus  of  2.99.  For  each  com- 
bination the  sand  was  used  succes- 
sively in  the  dry,  moist,  and  wet  con- 
ditions and  specimens  were  made  with 
the  sand  shoveled,  screened,  and 
rodded  respectively  into  the  water. 
Another  set  was  made  with  the  sand 
rodded  into  place  but  without  water 
having  been  placed  previously  in  the 
container.  In  all,  the  program  in- 
cluded   120     6xl2-in.     cylinder    speci- 
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mens  for  compressive  strength.  A 
few  extras  not  on  the  program  were 
made  to  answer  questions  of  procedure 
which  arose  during  the  progress  of 
making  the  specimens. 

Apparatus. — In  preparing  the  sands 
for  test  the  dividing  into  small  lots 
or  samples  was  done  by  means  of  the 
Jones  sampler.  For  the  inundation 
tests  the  sands  were  measured  in  a 
cylindrical  metal  vessel  having  a 
height  of  10.64  in.,  a  diameter  of  4.57 
in.  and  a  capacity  of  0.1014  cu.  ft. 
The  top  of  the  measure  was  ground 
to  a  plane  surface  and  fitted  with  a 
ground  glass  plate  to  prevent  spilling 
while  handling  and  cleaning  the  meas- 
ure preparatory  to  weighing. 

All  weighing  was  done  on  a  cali- 
brated platform  scale  weighing  cor- 
rectly to  0.01  lb. 

For  placing  the  sand  a  small  scoop, 
a  y2-in.  sieve,  and  a  %-in.  tamping  rod, 
"bullet-shaped"  at  one  end,  were 
used.  The  %-in.  rod  was  used  also 
for  striking  off  the  excess  material. 

For  measuring  the  coarse  aggregate 
in  the  surface  and  absorbed  water 
tests  of  aggregate,  a  cubical  measure 
having  a  capacity  of  1  cu.  ft.  was 
used.  In  order  that  the  surface  water 
carried  by  wet  aggregate  might  be 
removed  quickly  a  rotary  screen  lined 
with  burlap  was  used. 

In  making  the  concretes,  the  mixing 
was  done  by  hand  in  square  pans  with 
a  blunt  pointed  trowel.  The  standard 
4x8x1 2-in.  truncated  cone  and  the 
flow  table  were  used  in  studying  the 
consistency  of  the  concrete.  The 
measure  used  in  determining  the 
weight  per  unit  volume  of  concrete 
was  cylindrical  and  approximately 
equal  in  height  and  diameter  (6x6.1 
in.)  and  had  a  volume  of  0.0998  cu.  ft. 
Preparation  of  Materials  for  Sand 
Measurements. — From  preliminary  de- 
terminations the  amount  of  quartz  and 
limestone  sands  necessary  for  all  the 
tests  was  estimated.  Each  sand  was 
then  divided  into  parts  which  were 
sampled,  analyzed  and  regraded  to 
give  the  required  fineness  moduli. 


The  results  of  the  sieve  analyses 
of  the  original  and  the  regraded  sands 
are  shown  in  Table  I. 

Sufficient  sand  for  one  test  from 
each  group  of  three  companion  tests 
was  prepared  at  one  time.  To  avoid 
segregation  of  the  materials  the 
Jones  sampler  was  used  for  separating 
out  the  samples  of  dry  sand.  The 
remainder  of  the  sand  was  moistened 
with  5  per  cent  of  water  and  the  re- 
maining individual  samples  were 
weighed  out  since  with  the  moist  sand 
there  was  no  difficulty  from  segrega- 
tion. The  samples  to  be  used  as  moist 
sand  were  protected  from  evaporation 
and  those  to  be  used  as  wet  sand  were 
flushed  with  water  and  kept  until  time 
for  the  test. 

Method  of  Testing. — In  measuring 
the  sand  four  methods  of  placing  the 
dry,  moist,  and  wet  sands  were  used: 

(a)  The  sand  was  shoveled  quickly 
with  a  small  scoop  into  the  measure 
without  any  attempt  to  break  up  the 
mass. 

(b)  The  sand  was  broken  up  by 
screening  it  through  a  %-in.  sleeve. 

(c)  The  sand  was  poured  into  the 
measure  but  at  stages  of  V3  full,  y3 
full,  and  full,  was  rodded  25  times 
with  a  %-in.  rod  having  a  "bullet- 
shaped"  end. 

(d)  The  sand  was  placed  according 
to  the  A.  S.  T.  M.  standard  method 
of  test  for  unit  weight  of  aggregate 
for  concrete,  except  that  the  height  of 
the  measure  was  2.33  times  its 
diameter.  With  this  method  the  sand 
was  placed  in  the  measure  in  air  and 
not  in  water,  and  was  compacted  by 
rodding  as  with  method  (c). 

In  measuring  the  sand  in  water  (in- 
undated) the  measure  was  filled  ap- 
proximately half  full  of  water  and  then 
filled  with  sand.  After  striking  off  the 
surface  the  glass  plate  was  placed  on 
the  top  of  the  measure.  The  whole 
was  then  dipped  in  water  to  wash  off 
the  adhering  sand,  dried  and  weighed. 
Each  measure  of  sand  and  water  was 
dumped  upon  a  large  sheet  of  heavy 
wrapping  paper  and  spread  out  to  dry. 


TABLE 

I.— AVERAGE 
Sieve  No. 

SIEVE    AN 

SI 

0 

A.LYSI 
lNDS 

uartz 
1. 

1.13 
6.67 
6.20 
16.30 
36.33 
22.67 
10.70 

"2T09 

<3S    AND    FINI 

USED. 

Percentage 

]NESS    MODULI    OF 

retained  

, Limestone  sand 

Original.    4.            5. 

1.33         0.43         0.83 
16.33         8.33       15.03 
23.73       13.77       24.73 
20.12       25.00       20.37 
23.49       32.37       23.57 
11.89       16.03       12.13 

3.12         4.07         3.33 

~ZM         2.55         2.99 

THE 

4    ..... 

Original 
2.33 

2. 

2.03 
13.73 
12.80 
13.97 
29.03 
19.20 

9.23 

2.51 

3. 

3.70 
22.60 
19.23 
11.70 
21.13 
14.37 

7.27 

6. 
1.73 

8 

12.63 

23.50 

16    

32    

....      12.30 
15.77 

36.83 
15.40 

50    

100    

Pan   

Fineness 

modulus    

....      28.83 

....       19.23 

8.90 

....        2.51 

13.47 
7.00 
2.07 

!U55 
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When  air  dry  the  sand  was  again 
weighed  and  saved  for  use  in  making 
the  concrete. 

Effect  of  Gradation  on  Compactness. 
— In  this  investigation  the  fineness 
modulus  has  been  used  as  a  measure 
of  the  graduation.  A  low  fineness 
modulus  indicates  a  fine  sand  and  a 
high  modulus  indicates  a  coarse  sand. 
In  Fig.  1  the  weights  of  the  sand,  ex- 
clusive of  moisture,  have  been  shown 
as  ordinates  and  the  fineness  moduli 
as  abscissas.  Each  point  represents 
the   average   for   the    three   measure- 


slightly  greater  when     the     fineness 
modulus  was  3.5  than  when  it  was  3. 

Effect  of  Moisture  on  Compactness. 
— The  data  obtained  by  weighing 
known  volumes  of  sand  placed  in  a 
container  without  water  are  given  in 
Fig.  1  (d)  and  those  obtained  with 
measurements  of  inundated  sand  in 
Fig.  1  (a),  (b),  (c)  and  (e).  The  vol- 
ume occupied  by  a  given  weight  of  the 
finest  sand  used  (quartz  sand)  exclu- 
sive of  the  weight  of  the  water  con- 
tained was  1.17  times  the  volume  oc- 


Quarfz     Limestone 
Send        sand 

■•—  Dry  •— 
•—-  Dampo- — 
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h. 

^ 
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;l 

:  «?) 

35Z.0 


3.0       3.5  ZO 


2£      30       3.5  Z.0       Z.5 

Fineness  modu/us 

Note  :£ochpoinf  mpnesents  average  for  /hree  fesfe. 
Fig.   1— Weights  of  Sand  and   Water   From  Sand   Measurement  Tests. 
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ments  of  its  group.  That  figure  shows 
that  in  general  with  an  increase  in  the 
fineness  modulus  the  weight  of  the 
sand  per  unit  volume  increased  until 
a  fineness  modulus  of  about  3  was 
reached.  For  all  cases  in  which  the 
limestone  sand  was  inundated  the 
weight  per  unit  volume  was  less  for 
a  modulus  of  3.5  than  for  a  modulus 
of  3.  With  the  dry  and  the  wet  sands 
measured  in  air  (not  inundated)  the 
change  in  weight  with  change  in  fine- 
ness modulus  was  of  the  same  nature 
as  that  described  for  the  inundated 
sand.  With  the  moist  sand,  however, 
measured  in  air  the  compactness  was 


cupied  by  the  same  weight  of  sand 
when  placed  dry.  For  the  coarsest 
sand  used  (limestone  sand)  the  cor- 
responding ratio  of  volumes  was  1.11. 
With  the  sand  shoveled  into  water' 
the  variation  in  unit  volume  with  vari- 
ation in  moisture  content  of  the  sand 
was  less  than  2  per  cent.  It  may  be 
concluded  that  within  practical  limits 
the  change  in  volume  of  sand  was 
eliminated  by  the  measurement  of  the 
sand  in  water.  It  will  be  seen  in  Fig. 
1  (d)  and  (c),  that  the  change  in  vol- 
ume was  eliminated  also  by  using 
flushed  sand  placed  in  air.  This  may 
be  accounted  for  by  the  fact  that  so 
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much  water  was  present  that  the  sand 
was  practically  "inundated." 

Effect  of  Method  of  Placing.— The' 
purpose  in  using  different  methods  of 
placing  the  sand  in  water  was  to  dis- 
cover which  method  would  give  most 
nearly  the  same  quantity  of  sand  in 
a  measure,  regardless  of  the  condition 
of  the  sand,  that  is,  whether  dry, 
moist,  or  wet.  Obviously  the  shovel- 
ing method  would  be  easier  of  applica- 
tion in  practice  and  it  is  of  interest 
that  this  method  gave  also  the  most 
nearly  uniform  results.  The  securing 
of  uniformity  is  probably  the  most 
important  single  consideration  in  the 
application  of  the  results  of  this  study 
to  the  making  of  concrete.  It  is  not 
improbable  that  a  combination  of  the 
screening  and  rodding  methods  would 


ter  contained  with  the  sands  are 
shown  in  Fig.  1  (e)  to  (h).  As  the  sand 
showed  increasing  compactness  with 
increasing  fineness  modulus  (up  to 
about  3.0  for  the  limestone  sand)  so 
the  quantity  of  water  contained  show- 
ed a  corresponding  decrease  as  the 
modulus  of  the  sand  increased  up  to 
3.0.  The  damp  sands  measured  in 
water  showed  greater  water  content 
than  either  the  dry  or  wet  sands.  It 
might  be  expected  that  any  method  of 
placing  which  would  result  in  an  in- 
creased quantity  of  sand  in  the  con- 
tainer would  also  result  in  a  decreased 
quantity  of  water  in  the  container. 
In  general,  this  relation  between  quan- 
tity of  sand  and  quantity  of  water 
was  found  to  exist.  The  cases  in 
which   the    sand    was    screened     into 
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Fig.  2 — Air  Voids   in   Mixture  of  Sand   and  Water  (Percentage  of  Volume  of  Measure). 


have  yielded  more  nearly  uniform  re- 
sults than  the  shoveling  method,  but  it 
is  unlikely  that  such  manipulation 
would  be  economical. 

The  screening  method  resulted  in 
the  smallest  percentage  of  air  voids 
(see  Fig.  2)  and  the  rodding  method 
gave  the  largest  quantity  of  sand  and 
the  smallest  quantity  of  water  of  all 
the  methods  used  with  inundated 
sand. 

It  will  be  seen  in  Fig.  1  (d)  and  (h) 
that  the  quantities  of  dry  sand  and 
wet  sand  when  placed  in  the  measure 
in  air  were  not  far  different  from  the 
quantities  found  when  the  sand  was 
rodded  in  water.  On  the  other  hand 
the  quantities  of  damp  sand  which 
could  be  placed  in  the  measure  in  air 
were  much  smaller  than  the  quantities 
of  dry  sand  or  wet  sand  when  meas- 
ured in  the  same  way. 

Water  Contained  with  Sand  in  In- 
undation Tests; — The  amounts  of  wa- 


water,  however,  form  an  exception. 
Although  the  measure  held  more  sand 
when  the  sands  were  screened  into 
the  water  than  when  they  were 
shoveled  in,  the  amount  of  water  con- 
tained was  also  slightly  greater.  This 
may  possibly  be  explained  by  the  fact 
that  the  air  voids  were  small  for  the 
screened  sands. 

Weight  of  Sand  from  Combined 
Weights  of  Sand  and  Water.— The  fact 
that  regardless  of  its  moisture  con- 
tent a  definite  volume  of  sand  when 
placed  in  water  was  found  always  to 
occupy  the  same  volume,  suggests  pos- 
sibility of  determining  the  amount  of 
sand  present  from  the  combined 
weight  of  sand  and  water.  By  making 
use  of  the  apparent  specific  gravity 
of  the  sand  (instead  of  the  true,  in 
order  to  take  account  of  air  voids) 
equation  (1)  gives  the  quantity  of 
sand.    This  equation  assumes  that  the 
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weight  of  water  is  62.4  lb.  per  cu.  ft. 
for  all  temperatures  considered. 
W  — 62.4  V 

Ws_ where  (1) 

1  —  1 


V  ss  volume  in  cu.  ft.  of  the  con- 
tainer used 
Ws  s±  weight  of  sand,  in  pound  in 

the  container. 
W  —  combined     weight    of    sand 

and  water  in  container. 
gn  =  apparent   specific   gravity   of 
the  sand. 
It  was  found  that  by  using  the  ap- 
parent  specific   gravities     determined 
from   the  inundation   tests   the    quan- 
tity of  sand  used  in  the  concrete  speci- 
mens could  be  determined  very  close- 
ly by  means  of  Bq.  (1)  and  the  com- 
bined weight  of  sand  and  water. 

TABLE     II.— -GRADING.1     OP     SAMPLES 

FOR  DETERMINATION  OP  SURFACE 

WATER  AND  ABSORBED  WATER. 


Fineness 
Modulus. 

6.0     

7.16     

8.0     


-Percentage   of  Aggregate— ^ 


%  to 
%-in. 
100 
17.8 
0 


to 
b-'m. 

0 
15^.6 

0 


y2  to 

%-in. 

0 
33.3 

0 


%  to 

1-in. 

0 

33.: 

100 


Eq.  (1)  is  the  equation  of  a  family 
of  straight  lines,  and  a  diagram  can 
be  easily  prepared  which  would  be 
of  considerable  assistance  in  the  de- 
termination of  the  quantity  of  sand  in 
a  measure  of  known  volume. 

Surface  Water  and  Absorbed  Water 
in  Coarse  Aggregates.— Samples  of 
quartz,  pebbles,  crushed  limestone  and 
crushed  trap  rock  were  graded  so  as 
to  give  fineness  moduli  of  6.0,  7.16, 
and  8.0.  The  proportions  of  the  ma- 
terials of  different  sizes  were  as  given 
in  Table  II. 

A  sample  1  cu.  ft.  in  size  (measured 
according  to  A.  S.  T.  M.  standard 
C  29-21)  was  weighed  when  air  dry 
and  then  flushed  with  water  and  al- 
lowed to  soak  for  at  least  20  hours. 
The  sample  was  then  spread  out  on  a 
fine  mesh  screen,  allowed  to  drain  for 
three  minutes  and  then  weighed  again. 
Most  of  the  surface  water  was  then 
removed  by  passing  the  sample 
through  a  rotating  circular  screen 
lined  with  burlap.  The  sample  was 
then  spread  out,  turned  and  mixed 
until  the  surface  was  dried  to  a  uni- 
formly dull  appearance  and  was 
weighed  again.  The  differences  be- 
tween the  second  weighing  and  the 
third  weighing  are  shown  in  Fig.  3 
as  the  surface  water  for  the  quartz 
and  the  crushed  trap  rock  aggregates. 
The  differences  between  the  first  and 


third  weighing  are  shown  as  the  ab- 
sorbed water  for  these  two  types  of 
aggregate. 

The  results  for  the  limestone  tests 
could  not  be  used  for  this  report  be- 
cause the  amount  of  loss  by  abrasion 
in  carrying  out  the  tests  was  so  great 
as  to  vitiate  the  results.  There  was 
also  some  loss  of  trap  rock  by  abra- 
sion and  the  effect  is  seen  in  the  form 
of  an  apparent  negative  quantity  of 
absorbed  water  for  certain  cases.  Ap- 
parently, however,  the  amount  of  wa- 
ter absorbed  by  the  trap  rock  aggre- 
gate was  not  large  enough  that  it 
would  be  considered  as  affecting  the 
amount  of  water  in  the  batch  of  con- 
crete. 

Proportions  of  Materials  for  Con- 
crete.— The  methods  used  in  propor- 
tioning the  materials  were  those 
described  in  Bulletin  1  of  Lewis  Insti- 
tute  "Design   of   Concrete   Mixtures," 
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Fig.   3 — Absorbed    Water  and   Surface 
Water  in  Coarse  Aggregate. 

by  D.  A.  Abrams  and  in  a  paper  "Field 
Tests  to  Determine  Proportions  for 
Concrete"  by  Stanton  Walker,  Pro- 
ceedings A.  C.  I.  1922,  p.  182.  A 
strength  of  2,000  lb.  per  sq.  in.  at  28 
days  (assuming  the  cement  used  to  be 
similar  to  that  used  in  the  investiga- 
tions reported  in  Bulletin  1),  and  a 
slump  of  6  to  7  in.  were  made  the  basis 
of  the  design.  Aggregate  having  a 
maximum  size  of  1  in.  was  used.  With 
these  conditions  fixed  the  diagram 
Fig.  1,  p.  184,  of  the  latter  paper  in- 
dicates that  one  part  cement  to  four 
parts  of  mixed  aggregate  having  a 
fineness  modulus  of  5.4  is  required. 
The  three  quartz  sands  and  one  lime- 
stone sand  used  in  the  inundation 
tests  were  used  as  fine  aggregate.  The 
coarse  aggregate  had  a  fineness  mod- 
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ulus  of  7.16.  The  fine  aggregates  were 
mixed  with  the  coarse  aggregates  in 
such  proportions  as  to  give  the  de- 
sired fineness  modulus  of  5.4  for  the 
mixed  aggregates  for  all  concretes. 
The  proportions  given  in  Table  III 
were  used  for  this  purpose. 

In  order  to  make  use  of  the  water 
formula  of  Bulletin  1,  "Design  of  Con- 
crete Mixtures,"  in  determining  the 
amount  of  water  the  "relative  con- 
sistency" of  the  concrete  must  be 
known.  Bulletin  1,  does  not  give  the 
relative  consistency  which  corre- 
sponds to  a  slump  of  6  to  7  in.  but  by 
interpolating  between  the  values  given 
in  that   paper   a  relative   consistency 


corresponded  to  a  water-cement  ratio 
of  0.6  by  weight  (0.9  by  volume).  The 
weight  of  the  water  in  all  the  con- 
cretes was,  therefore,  maintained  at 
0.6  times  the  weight  of  the  cement 
used. 

The  water  contained  in  any  batch 
of  concrete  came  from  four  sources: 

(a)  Water  in  the  sand. 

(b)  Surface  water  in  the  coarse  ag- 
gregate. 

(c)  Absorbed  water  in  the  coarse 
aggregate. 

(d)  Water  added  to  make  up  the 
amount  required;  here  termed  the 
"complement  of  water." 

The  amount  of  water  in   the  sand 
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of  1.13  was  obtained.  Using  this  rela- 
tive consistency  in  the  water  formula 
referred  to  it  was  found  that  a  water- 
cement  ratio  of  0.78  by  volume  would 
be  required.  Upon  trial  it  was  found 
that  this  quantity  of  water  gave  a 
slump  of  only  0.3  in.*  The  amount 
of  water  necessary  to  give  a  slump 
of  about  6  in.  was  then  determined 
by  trial   and   it   was   found  that  this 


*The  reason  for  the  failure  of  the  water 
formula  to  give  the  correct  quantity  of 
water  may  possibly  be  explained  partly 
by  the  fact  that  the  slump  referred  to  in 
Bulletin  1,  was  based  upon  the  use  of  a 
6xl2-in.  cylinder  specimen  while  a  4x8x12- 
in.  truncated  cone  specimen  was  used  in 
these  tests.  However,  the  difference  in 
form  of  specimen  is  not  sufficient  to  ac- 
count for  the  small  amount  of  slump 
found. 


for  any  concrete  specimen  using  in- 
undated sand,  item  (a),  was  assumed 
to  be  the  same  per  unit  volume  of  sand 
as  the  average  obtained  from  the  cor- 
responding inundation  test. 

Since  the  surface  water  in  the 
coarse  aggregate  may  be  considered 
as  available  for  hydrating  the  cement, 
it  was  necessary  to  take  this  into  ac- 
count in  determining  the  complement 
of  water,  item  (d),  to  be  added  to 
make  up  the  total  of  0.6  times  the 
weight  of  the  cement.  This  was  done 
by  means  of  the  equation  in  Fig.  3 
for  surface  water  for  quartz  pebbles. 

The  absorbed  water  was  not  con- 
sidered available  for  hydrating  the 
cement  and,  therefore,  no  deduction 
for  item  (c)  was  made  in  determining 
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the  complement  of  water.  It  is  evi- 
dent, then,  that  the  total  weight  of 
the  water  present  was  equal  to  0.6 
times  the  weight  of  the  cement  used 
plus  the  weight  of  the  absorbed  water. 
Since  with  the  specimens  made  with 
dry  aggregates  [see  Fig.  4  (e)  and 
(j),  Fig.  5  (d)  and  (e),  and  Fig.  6 
(d)]  no  absorbed  water  was  present, 
it  is  evident  that  those  specimens  con- 
tained a  smaller  total  amount  of  water 


was  mixed  on  a  large  canvas  and  then 
stored  in  covered  cans  until  used. 
The  sands  were  prepared  in  the  same 
manner  as  for  the  inundation  tests  of 
sand  except  that  only  the  dry  sands 
were  separated  into  samples  of  the 
size  required  for  individual  specimens. 
The  moist  sands  and  wet  sands  were 
stored  in  large  containers  from  which 
they  were  scooped  as  needed.  The 
coarse  aggregate  was  washed,  dried, 
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Fig.  5 — Weight   Per  Cubic  Foot  and  Yield  of   Concretes. 


than  did  the  specimens  made  with 
wet  aggregate.  The  smaller  slump 
and  flow  and  the  greater  strength  for 
the  specimens  made  with  dry  aggre- 
gate is  possibly  an  effect  of  the  small- 
er quantity  of  water  in  these  speci- 
mens, than  in  those  made  with  wet 
aggregate.    See  Figs.  4  and  6. 

The  complement  of  water,  item 
(d),  was  0.6  times  the  weight  of  the 
cement  less  the  sum  of  items  (a) 
and  (b). 

Preparation  of  Materials  for  Con- 
crete Specimens. — A  quantity  of  ce- 
ment, sufficient  to  meet  the  require 
ments   of  the    whole  series   of   tests, 


screened  and  recombined.  Equal  parts 
of  *4-in.  to  Mrin.,  %-in.  to  %-in.,  and 
%-in.  to  1-in.  gravel  were  weighed 
out,  dumped  in  a  pile  and  mixed  by 
shoveling.  The  quantities  of  cement 
and  gravel  required  for  individual 
cylinders  were  weighed  out  and  stored 
in  separate  covered  cans  until  the  time 
of  making  the  specimen.  For  all 
specimens  in  which  inundated  sand 
was  used  the  gravel  yas  covered  with 
water  immediately  after  weighing.  For 
all  other  specimens  the  gravel  was 
kept  dry. 

Making  and  Storage  of  Compression 
Specimens. — The   quantities   of  mate- 


TABL.E    ITT. 


-PROPORTIONS    OF    MATERIALS  FOR   CONCRETES,    AND   PROPER- 
TIES   OF   AGGREGATE. 

-Parts  by  volume N  Mixed  aggregate. 


Sand    No. 


Fineness 
modulus.  Cement. 
. .     2.09  1 

. .     2.55  1 

. .     3.04  1 

.  .     2.99  1 


Fineness  Weight 

Sand    Gravel,  modulus,  lb. /ft.8 

3.17  5.40  124.5 

2.99  5.38  125.2 

2.76  5.38  125.0 

2.76  5.38  124.8 


1.64 
1.76 
1.9-5 

I.  or, 


Av. 


5.39 


124.9 
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rials  used  in  each  batch  of  concrete 
were  sufficient  to  give  enough  concrete 
to  fill  a  6xl2-in.  cylinder  mould.  The 
flushed  gravel  was  first  drained  over 
a  *4-in.  sieve  for  three  minutes  (thus 
conforming  with  the  procedure  follow- 
ed in  determining  the  surface  water 
in  coarse  aggregate),  and  then  dumped 
into  the  mixing  pan.  During  the  drain- 
ing of  the  gravel  the  sand  was  meas- 
ured in  water  (inundated),  weighed 
to  give  the  total  weight  of  sand  and 
water,  and  then  dumped  into  the  pan 
with  the  gravel.  The  water  comple- 
ment and  the  cement  were  then  added 
and  the  ingredients  mixed  for  two 
minutes.  With  this  procedure  the 
slump  test  was  begun  (with  only  two 


eter  for  groups  of  specimens  are 
shown  as  "flow"  in  Fig.  4,  (a)  to  (e). 
The  average  variations  from  the 
average  values  for  the  slump  and  the 
flow  were  5.3  and  5.4  per  cent  respec- 
tively. Fig.  4  indicates  that  for  the 
measurements  in  water  the  condition 
of  the  sands  or  the  method  of  placing 
had  no  noticeable  effect  on  the  slump 
or  the  flow.  On  the  other  hand 
although  the  fineness  modulus  of  the 
mixed  aggregate  was  5.4  in  all  con- 
cretes, both  slump  and  flow  showed 
increases  as  the  fineness  modulus  of 
the  fine  aggregate  increased.  It  should 
be  noted  that  the  very  satisfactory 
equality  of  performance  of  the  slump 
and  the  flow  tests  was  probably  due 


3000 


£oc/7  point  represents  average  for  three  fests. 


Sand  measured 
in  air; 

ftodded  Z5  times 
at  3  depths 


Quartz      Limes/one 

Sand  Sand 

->—  Dry      o     . 

•—  Damp  a 

* — rYef     * 


1.0  ZO  Z5  3.0  ZO  Z.5  3.0  ZO 

fineness  modulus  of  fine  aggregate 
(Fineness  modutus  of  mixed  aggregate  o~.4 in  o/i  coses) 

Fig.  6 — Compressive  Strength  of  Concretes. 


Z.5 


3.0 


exceptions)  with  approximately  one- 
half  minute  of  the  time  of  completing 
the  mixing  of  the  concrete.  The  flow 
test  followed  the  slump  test  immedi- 
ately and  the  weighing  of  0.1  cu.  ft. 
of  concrete  followed  the  flow  test.  The 
cylinder  moulds,  which  were  set  up  on 
individual  planed-steel  plates  to  give 
true  bottoms  to  the  cylinders,  were 
then  filled.  When  the  concrete  had 
settled  and  become  partially  hardened 
the  top  surface  was  brushed  and 
capped  with  neat  cement.  After  about 
48  hours  the  cylinders  were  stored  in 
a  damp-room,  and  sprinkled  once 
daily. 

Slump  and  Flow  Test. — The  average 
slumps  for  the  groups  of  specimens 
(averages  for  three  companion  speci- 
mens) are  shown  in  Fig.  4  (f)  to  (j). 
The  flow  tests  were  made  with  the 
flow  table.  The  table  top  and  the 
specimen  were  dropped  30  times 
through  a  height  of  %  in.  The  aver- 
age percentages  increase  in  the  diam- 


to  the  fact  that  all  the   mixes   used 
were  rich  in  cement. 

Weight  Per  Cubic  Foot  and  Yield  — 
For  all  the  specimens  the  average 
weight  of  concrete  was  145.3  lb.  per 
cu.  ft.  and  the  average  yield  was  0.663 
cu.  yd.  of  concrete  per  barrel  of  ce- 
ment. The  average  weights  and  the 
average  yields  for  the  different  groups 
of  three  companion  specimens  each 
are  shown  in  Fig.  5.  The  constancy 
of  weight  and  constancy  of  yield, 
which  are  evident  in  that  figure,  prob- 
ably are  due  to  the  fact  that  the  unit 
weight  of  mixed  aggregate  was  nearly 
constant  for  all  concretes  and  to  the 
fact  that  the  ratio  of  cement  to  ag- 
gregate was  kept  constant.  Other  fac- 
tors would  be  expected  to  have  little 
effect  on  the  weight  per  cubic  foot 
and  yield  when  the  water-cement  ratio 
was  kept  constant.  The  maximum 
variation  of  any  individual  weight  per 
cubic  foot  or  of  any  individual  yield 
from  the  averages  for  the  entire  in- 
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vestigation    was     approximately    one 
per  cent. 

Compressive  Strength  of  Concrete. 
— The  strengths  of  the  concretes  are 
shown  in  Fig.  6.  Each  plotted  point 
represents  the  average  strength  for 
the  three  companion  specimens  of  its 
group.  The  average  strength  for  all 
the  concrete  made  with  inundated 
nuartz  sand  was  2,130  lb.  per  sq.  in. 
The  highest  and  the  lowest  group 
averages  shown  are  7  per  cent  higher 
and  6.5  per  cent  lower  than  this  aver- 
age. The  average  strength  for  the 
concretes  made  with  inundated  lime- 
stone sand  was  2.350  lb.  per  sq.  in. 
The  highest  and  the  lowest  group 
averages  were  5.6  per  cent  and  6.4 
per  cent  above  and  below  this  average. 
The  average  strengths  corresponding 
to  the  different  fineness  moduli  let- 
tered below  the  respective  points  in- 
dicate that  the  variation  in  strength 
with  a  variation  in  the  fineness  mod- 
ulus of  the  fine  aggregate  was  very- 
small  and  that  this  variation  was  not 
systematic.  The  conclusion  seems  to 
be  justified  that  with  a  given  aggre- 
gate the  quantities  of  materials  ob- 
tained when  the  sand  was  measured 
in  water  were  nearly  enough  constant 
regardless  of  the  moisture  content  of 
the  sand  to  give  strength  of  concrete 
as  nearly  uniform  as  would  be  ob- 
tained bv  any  other  method  of  sand 
measurement. 

In  the  concretes  used,  a  variety  of 
gradations  of  sand  were  employed  in 
order  to  cover  the  range  likely  to  be 
met  in  practice.  Sands  of  two  differ- 
ent characteristics  also  were  used. 
The  uniformity  of  strengths  for  the 
concretes  using  the  same  sand  with 
different  gradations  indicates  the  ap- 
plicability of  inundation  methods  of 
measurement  throughout  this  range 
and  gives  confidence  in  the  fineness 
modulus  as  a  device  for  proportioning 
concrete  within  the  range  covered  by 
these  tests. 

In  comparing  the  strengths  report- 
ed in  this  paper  with  those  reported 
in  Bulletin  1,  of  Lewis  Institute  ac- 
count must  be  taken  of  the  fact  that 
2x4-in.  standard  sand  1 : 3  mortar 
cylinders  gave  a  strength  at  28  davs 
of  2,778  lb.  per  sq.  in.  when  made  with 
cement  used  in  this  investigation  and 
3,200  lb.  per  sq.  in.  with  cement  of 
the  Lewis  Institute  investigation. 

The  strength  of  the  concrete  made 
with  limestone  sand  averaged  ap- 
proximately 10  per  cent  greater  than 
that   of  the  concrete   made   with   the 


quartz  sand  of  the  same  fineness  mod- 
ulus. Correspondingly  the  slump  and 
the  flow  were  less  for  the  limestone 
sand  concrete  than  for  the  quartz  sand 
concrete.  This  is  shown  in  Fig.  4. 
The  increase  in  strength  is  apparently 
consistent  with  the  decrease  in  flow 
but  the  reason  for  the  difference  of 
strength  and  flow  from  those  of  the 
quartz  sand  concrete  does  not  seem 
to  be  explainable  on  the  basis  of  data 
obtained  in  these  tests. 

The  strengths  of  the  concretes  in 
which  dry  aggregates  were  used  is 
in  all  cases  greater  than  the  strengths 
of  corresponding  concretes  in  which 
the  sand  was  measured  in  water  and 
in  which  the  coarse  aggregate  had 
been  previously  wetted.  See  Fig.  6 
(d) .  Correspondinglv,  the  slumps  and 
flows  for  the  former  concretes  were 
less  than  the  slumps  and  flows  for  the 
latter  concretes.  See  Fig.  4  (e)  and 
(j).  More  water  was  added  to  the 
batches  using  the  dry  aggregate  than 
those  using  wet  aggregate  to  make  up 
for  the  surface  water  carried  in  bv  the 
wet  coarse  aggregate.  Apparently  a 
similar  addition  should  have  been 
made  to  correct  for  the  absorbed  wa- 
ter carried  in  by  the  wet  aggregate. 
This,  however,  was  not  done  and  may 
account  for  the  smaller  slump,  smaller 
flow  and  the  higher  strengths  of  the 
concretes  made  with  dry  aggregates. 

Summary. — In  considering  the  ap- 
plicability of  inundation  methods  of 
measuring  sand,  to  the  making  of  con- 
crete it  should  be  remembered  that 
such  accidental  variations  in  the 
gradation  of  the  sand  as  may  occur 
in  the  field  were  eliminated  in  these 
tests.  Other  features  of  the  labora- 
tory tests  also  may  not  be  duplicated 
in  the  field.  It  does  not  seem  likely 
that  such  accidental  variations  need 
be  important  but  only  field  application 
of  the  method  can  determine  as  to  its 
practicabilitv.  The  following  nara 
graphs  summarize  the  results  of  the 
investigation. 

(1)  The  results  of  the  tests  indicate 
that  when  sand  is  measured  in  water 
the  quantity  of  sand  per  unit  of  vol- 
ume is  almost  constant  regardless  of 
the  original  water  content  of  the  sand 
and  that  the  water  filling  the  voids 
in  the  sand  is  also  nearly  constant 
for  any  given  method  of  placing  the 
sand. 

(2)  The  shoveling  of  the  sand  into 
the  water  gave  more  nearly  constant 
quantities  of  sand  and  of  water  per 
unit  of  volume  than  any  of  the  other 
methods  used. 
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(3)  The  screening  method  gave 
slightly  larger  quantities  of  sand  and 
slightly  smaller  quantities  of  water 
per  unit  volume  than  did  the  shoveling 
method  and  the  results  of  the  tests 
indicate  a  lower  percentage  of  air 
voids  for  this  method  of  placing  the 
sand  than  for  either  the  shoveling  or 
the  rodding  methods. 

(4)  The  rodding  of  the  sand  in 
water  gave  a  larger  quantity  of  sand 
per  unit  of  volume  than  any  of  the 
other  methods  used. 

(5)  Placing  the  dry  sand  and  the 
wet  sand  according  to  the  A.  S.  T.  M. 
standard  C29-21  gave  quantities  of 
sand  per  unit  of  volume  slightly  less 
than  when  the  sand  was  rodded  after 
shoveling  it  into  the  water.  The 
quantity  of  sand  obtained  when  moist 
sand  was  rodded  in  air  was  much  less 
than  when  it  was  rodded  in  water. 

(6)  The  inundation  method  of  meas- 
urement when  used  with  a  predeter- 
mined apparent  specific  gravity  may 
afford  a  convenient  means  of  de- 
termining the  proportion  of  sand  to 
other  concrete  materials  even  for  jobs 
on  which  the  materials  are  being 
measured  by  other  than  the  inunda- 
tion method. 

(7)  The  variation  in  surface  water 
per  cu.  ft.  of  coarse  aggregate  was  ap- 
proximately proportioned  to  the  vari- 
ation in  the  fineness  modulus  of  the 
coarse  aggregate.  The  quantity  of 
surface  water  was  considerably  great- 
er for  the  crushed  tran  rock  than  for 
the  quartz  pebbles.  The  quantity  of 
surface  water  averaged  about  9  per 
cent  of  the  total  water  used  in  the 
concretes  of  these  tests  or  about  8 
Der  cent  by  volume  of  the  cement. 
The  quantity  of  absorbed  water  per 
cu.  ft.  was  greater  for  the  quartz  peb- 
bles than  for  the  crushed  trap  and 
was  independent  of  the  fineness 
modulus. 

(8)  For  concretes  made  with  quartz 
sand  measured  in  water  the  strengths 
were  nearly  the  same  regardless  of 
the  condition  of  the  sand,  the  method 
of  placing  it,  and  the  proportion  of 
fine  aggregate  to  coarse  aggregate. 

The  indication  is  that  the  measure- 
ment of  sand  by  inundation  methods 
should  be  of  assistance  in  reducing 
variability  of  strength  of  concrete 
caused  by  variations  in  quantities  of 
sand  and  water  in  a  batch. 

The  use  of  a  constant  water  cement 
ratio  for  the  concrete  together  with  a 
constant     fineness     modulus    for    the 


mixed  aggregate  resulted  in  nearly  a 
constant  strength  regardless  of  the 
proportion  of  fine  to  coarse  aggregate 
in  the  mix. 

(9)  The  use  of  a  constant  fineness 
modulus  of  the  mixed  aggregate  did 
not  result  in  a  constant  slump  or  flow 
for  the  concrete.  The  variation  in 
each  was  approximately  proportional 
to  the  variation  in  the  fineness  mod- 
ulus of  the  fine  aggregate  in  the  mix. 

(10)  The  weight  of  the  concrete  per 
cu.  ft.  and  the  volume  yield  of  con- 
crete per  barrel  of  cement  were  prac- 
tically constant. 


Tests  of  Welded  Tanks 

The  investigation  by  the  U.  S.  Bu- 
reau of  Standards  of  the  strength  of 
about  50  tanks,  some  of  which  had 
been  welded  by  gas  and  some  by  elec- 
tricity, has  been  completed.  This 
work,  which  was  carried  out  in  co- 
operation with  the  American  Bureau 
of  Welding,  was  begun  on  Dec.  4  and 
completed  on  Feb.  9,  and  gives  relia- 
ble information  on  the  strength  of 
welded  tanks  for  the  consideration  of 
the  Pressure  Vessel  Committee  of  the 
Boiler  Code  Committee  of  the  Ameri- 
can Society  of  Mechanical  Engineers. 

The  results  showed  that  double-V 
longitudinal  welded  seams  are  much 
stronger  and  more  reliable  than  sin- 
gle-V  welds.  Recommendations  were 
also  made  covering  the  design  and 
construction  of  the  heads.  The  pres- 
sures at  which  these  tanks  failed  were 
so  high  that  confidence  in  the  safety 
of  welded  tanks  which  are  property 
constructed  has  been  greatly  in- 
creased. The  method  of  testing,  by 
hammering  the  weld  while  the  tank 
is  under  a  pressure  of  one  and  one- 
half  times  the  working  pressure,  was 
discussed.  Although  this  test  did  not 
prove  as  effective  in  showing  up  de- 
fective welds  as  had  been  hoped,  its 
use  is,  nevertheless,  justified. 

Another  acceptance  test  proposed  in 
this  report  is  to  increase  the  pressure 
until  the  shell  of  the  tanks  reaches 
the  yield  point.  These  tests  show 
that  the  tanks  are  safe  after  bein? 
tested  in  this  way.  As  it  is  probable 
that  tanks  having  large  outlets  would 
be  seriously  deformed  and,  therefore, 
rendered  unserviceable,  this  test  is 
not  likely  to  be  adopted,  but  an  in- 
crease in  the  test  pressure  will  prob- 
ably result. 
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The   Chicago   Tribune's     Architectural   Com- 
petition 


The  best  advertised,  and  perhaps 
the  most  important,  architectural  com- 
petition ever  held  was  that  conducted 
in  1922  by  the  Chicago  Tribune  for  the 
purpose  of  securing  a  design  for  a 
new  office  building.  The  Tribune's 
competition  was  a  clean  one,  and  es- 
pecial pains  were  taken  to  free  it  from 
those  characteristics  whose  too  fre- 
quent recurrence  have  brought  com- 
petitions in  general  into  disrepute  in 
a  large  part  of  the  architectural  pro- 
fession. By  the  offering  of  prizes  and 
fees  totalling  $100,000,  and  the  pro- 
vision that  in  addition  to  his  prize 
the  winner  should  receive  the  commis- 
sion of  designing  the  structure  at  the 
fees  regularly  in  effect  for  such  serv- 
ices, the  Tribune  placed  itself  above 
any  possible  accusation  of  attempt- 
ing to  secure  the  services  of  a  corps 
of  architects  at  a  fee  suitable  for  one. 

The  prizes  and  fees  were  as  follows: 

First  Prize — Won  by  John  Mead 
Howells  and  Raymond  Hood  of 
New  York   $  50,000 

Second  Prize— Won  by  Eliel  Saari- 
nen  of  Helsingfors,  Finland   20,000 

Third  Prize— Won  by  Holabird 
and  Roche  of  Chicago  10,000 

Ten  fees  of  $2,000  each  paid  to 
especially  invited  architects  In 
order  to  assure  at  least  that 
number  of  competitors  of  stand- 
ing. (The  only  one  of  the  ten 
to  win  a  prize  was  Holabird  and 
Roche)     20,000 


Total    $100,000 

The  rules  of  the  competition  were 
rigid  but  all  comers  were  welcome — 
foreigners  on  equal  terms  with  Amer- 
icans. Some  1,600  architects  ex- 
pressed their  intention  of  entering  the 
contest,  but  in  the  end  only  about  200 
actually  participated.  Among  these 
were  citizens  of  22  foreign  nations. 

The  jury  of  award  differed  from  the 
usual  jury  for  such  competition  in 
that  it  was  composed  of  a  consider- 
able number  of  laymen  and  only  two 
professional  architects.  The  lay  mem- 
bers, however,  were  for  the  most  part 
people  who  might  properly  be  expect- 
ed to  have  a  discriminating  sense  of 
beauty  and  of  the  broader  architec- 
tural proprieties  if  not  a  thorough 
knowledge  of  detail  and  composition. 
Mr.  F.  W.  Fitzpatrick,  writing  in  "The 
Architect  and  Engineer"  for  January, 
speaks  of  the  jury  as  follows: 

"The    architectural    editor     of     the 


Tribune  and  Mr.  Alfred  Granger,  a 
Chicago  architect,  were  the  only  pro- 
fessional advisors,  the  other  members 
were  the  owners  of  the  Tribune  and  a 
number  of  prominent  citizens,  heads 
of  civic  societies,  and  such — not  what 
might  be  called  a  technically  well- 
equipped  jury,  despite  its  high  stand- 
ing morally  and  socially.  They  gave 
an  honest  verdict.  There  was  not  a 
breath  of  scandal  or  a  hint  at  a 
cooked-up  affair  as  so  often  accom- 
pany competitions.  The  management 
of  the  whole  thing  was  dignified,  fair, 
a  model  of  propriety,  and  most  com- 
mendable." 

It  is  not  surprising  that  there  should 
be  radical  differences  of  opinion  on 
the  artistic  merit  of  the  designs  sub- 
mitted; but  although  it  is  perhaps  un- 
fortunate that  the  first  prize  did  not 
go  to  the  Finnish  architect,  Saarinen, 
as  the  majority  of  the  profession  seem 
to  think  it  should  have  gone  there  will 
scarcely  be  widespread  agreement 
with  Mr.  Sullivan's  violent  criticism 
of  the  winning  design  which  is  given 
herewith. 

Decidedly  the  most  significant  dis- 
closure of  the  competition  is  the  gen- 
eral recognition  of  the  Gothic,  or 
something  akin  thereto,  as  the  style 
most  suitable  for  the  modern  high 
building.  No  other  style  found  ex- 
tensive favor  with  the  competitors. 
The  Howells  design  is  deliberately 
Gothic,  while  that  of  Saarinen  takes 
on  a  Gothic  character — not  for  the 
style's  sake  but  as  an  outright  neces- 
sity of  the  design.  There  follow  ex- 
tracts from  the  comments  of  writers 
in  four  leading  architectural  papers. 
Irving  K.  Pond  in  "The  Architectural 
Forum"  for  February. 

During  the  progress  of  the  com- 
petition, from  its  inception  to  its  con- 
clusion, The  Tribune  continually  pub- 
lished cuts  of  buildings  of  acknowl- 
edged high  quality  of  design,  ranging 
from  two-storied  palaces  in  the  Italian 
renaissance  through  oriental  tombs 
and  domed  mosques  and  Christian 
churches,  through  modern  imitative 
collegiate  buildings  to  the  richest  ec- 
clesiastical and  communal  expression 
of  the  middle  ages.  Accompanying 
each  presentation  was  the  question: 
"Is  this  to  be  the  type  of  architecture 
embodied      in      The      Tribune's     new 
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home?"  No  hint  from  The  Tribune 
was  ignored  by  the  competitors,  and 
some  feature  from  each  type  of  build- 
ing presented  appeared  in  the  final 
drawings.  But  the  thing  which  touches 
my  esthetic  sense  most  deeply  is  the 
irresistible  conclusion  reached  by 
every  competing  architect  —  that 
height  is  an  absolutely  necessary  con- 
comitant of  beauty,  at  least  in  an 
office  building;  and  the  intense  men- 
tal and  emotional  strain  which  went 
into  the  preparation  of  these  designs 
focused  itself  in  great  measure  on 
how  to  effect  a  transition  from  the 
260-ft.  base  devoted  to  use  to  the  140 
to  250-ft.  superstructure  so  essential 
to  beauty! 

There  wras,  evidently,  unanimity  of 
opinion  that  The  Tribune  could  not  be 
interpreted  in  terms  of  use  or  service, 
no  matter  how  spiritually  that  service 
might  be  rendered  or  expressed,  with- 
out some  superimposed  feature — often 
the  merest  clap-trap  and  fol-de-rol — to 
catch  the  public  fancy.  Many  designs 
— without  symbolism,  let  us  hope,  and 
without  any  intent  toward  interpre- 
tation— were  claptrap  from  the  base 
courses  to  the  pinnacles — mere  appli- 
cations of  frippery.  Only  into  one  de- 
sign, that  placed  second  by  the  jury 
(but  placed  first  by  over  90  per  cent 
of  the  public,  lay  and  professional, 
who  saw  the  drawings),  did  the  ele- 
ment of  exalted  spirituality  enter,  and 
it  did  enter  and  permeate  this,  the 
only  well-nigh  structurally  pure  and 
thoroughly  logical  solution  of  the 
problem  of  the  lofty  steel  framed 
structure.  This  design  was  present- 
ed by  Saarinen,  of  Helsingfors.  Fin- 
land, who,  perhaps  because  of  his  re- 
moteness from  contaminating  influ- 
ences, and  perhaps  because  of  his  own 
fine  intuitions,  was  able  to  see  the 
problem  clearly  and  see  it  whole.  Ex- 
cepting as  to  the  low,  simple  first 
story,  Saarinen's  forms  are  steel 
forms  clothed  in  stone,  and  not,  like 
those  of  the  design  placed  first  by  the 
jury,  stone  or  masonry  forms  stayed 
and  stiffened  to  their  task  by  steel; 
nor  like  those  of  the  design  unac- 
countably placed  third,  whose  monu- 
mentally massive,  crypt-like  chapel  of 
masonry  crushes  the  hybrid  super- 
structure of  masonry  and  steel.  There 
were  one  or  two  designs  which  recog- 
nized the  steel  structure  and  covered 
it  logically,  but  none  in  subtlety  or  re- 
finement came  within  hailing  distance 
of  the  design  from  Finland. 

It  will  be  interesting  to  study  the 
designs  submitted  in  this  competition, 


both  from  the  standpoint  of  the  re- 
sults achieved  and  from  that  of  the 
attitude  of  the  various  architects  to- 
ward the  problem.  The  designs  range 
from  a  treatment  expressive  of  the 
steel  framework,  which  is  an  absolute 
necessity  to  the  structural  integrity 
of  every  design  presented,  to  a  ma- 
sonry treatment  denying  the  presence 


First    Prize    by    John    Mead    Howells    and 
Raymond   Hood  of  New  York. 


of  the  steel;  ranging  through  the  in- 
termediate steps,  which  as  in  the  de- 
sign placed  first,  include  in  conjunc- 
tion with  a  sub-dominant  vertical 
treatment  of  the  steel  structure,  to 
other  and  intermediate  steps  in  which 
the  conditions  of  treatment  are  re- 
versed; ranging  through  a  laminated 
treatment  showing,  as  in  the  design 
placed  third,  massive  masonry  super- 
imposed    upon    steel-stayed   masonry 
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much  lighter  in  character,  this  in  turn 
superimposed  upon  a  firm  masonry 
base. 

Only  one  in  all  the  multitude  of 
competitors  seems  to  have  come  to 
the  task  clear  eyed;  and  he,  seeing 
the  forms  which  would  fit,  himself  put 
them   on   paper,   himself   made    them 


Second    Prize    by    Eliel   Saarinen    of    Hel- 
singfors,   Finland. 

visible  to  others,  himself  by  a  sin- 
cere attitude  toward  the  problem  in- 
duced the  spirit  to  hover  over  his  pen 
and  finally  to  enter  into  his  design. 
One  or  two  others — all  Americans — 
had,  perhaps,  a  similar  vision,  but 
in  them  it  cannot  have  been  so  clear. 
The  really  disheartening  aspect  of 
this  collection  of  designs  is  that,  out- 
side of  the  work  of  a  small  half-dozen, 
it  seems  to  demonstrate  so  palpably 


the  absence  of  a  fine  idealism  among 
the  architects  of  the  22  nations  repre- 
sented in  the  competition.  No  limi- 
tations were  imposed  excepting  that 
beauty  was  to  be  achieved;  and,  with 
the  few  exceptions  noted,  those  who 
rose  above  the  commonplace  content- 
ed themselves  with  performing  stunts 
of  draftsmanship  and  design;  with 
placing   unrelated    mortuary    chapels, 


Third    Prize    by    Holabird    and    Roche    of 
Chicago. 

crypts,  cathedral  spires,  and  "Boston 
stumps"  upon  under-developed  office 
buildings!  Why  was  the  spirit  of 
beauty  so  evasive  all  the  while?  Why 
did  she  content  herself  with  merely 
flitting  across  the  sheets  of  drawings 
and  refusing  to  enter  into  the  struc- 
tures? 

An  interesting  feature  of  the  de- 
signs was  the  display  of  the  national 
or  racial  limitations  on  the  part  of  the 
designers. 
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The  results  of  the  competition  dem- 
onstrate, too,  that  the  competing  archi- 
tects hold  the  setback,  in  some  form 
or  contrivance,  as  constituting  an  ele- 
ment in  architectural  beauty.  This 
was  not  the  case  until  quite  recently; 
and  then,  the  initiative  was  not  taken 
by  architects  who  had  apprehended 
the  aesthetic  possibilities  inhering  in 
the  scheme,  though  the  experience 
of  ages  should  have  counted  for  some- 
thing, but  by  altruists  who  sought  to 
ameliorate  untoward  physical  condi- 
tions. But  the  designs  under  consid- 
eration indicate  that  the  scheme — as 
ministering  to  the  possible  achieve- 
ment of  the  highest  beauty — has  been 
adopted  by  the  profession  generally, 
to  be  employed  even  in  this  case 
where  no  zoning  laws  nor  legalized 
restrictions  as  to  setbacks  imposed 
purely  physical  limitations  on  the  de- 
signer. 

F.  W.  Fitzpatrick  in  "The  Architect 
and  Engineer"  for  January. — Chicago's 
offering  was  disappointing,  not  one 
really  masterly  solution  of  the  Tri- 
bune's problem,  and  in  most  part  very, 
very  medium  affairs,  with  a  prepond- 
erance of  freak  and  impressively  ugly 
ones.  For  the  home,  the  birthplace 
of  the  skyscraper,  it  surely  did  not 
cover  itself  with  glory. 

New  York's  offering  was  dignified 
and  much  superior  to  Chicago's. 

Some  of  the  European  designs  were 
commendable;  the  second  prize  was 
certainly  an  original  conception,  the 
work  of  a  genius,  and  the  drawings 
were  marvels  of  the  draftsman's  art, 
etchings  most  wonderfully  rendered. 
Indeed,  most  of  the  architects  who 
visited  the  exhibit  were  of  the  opinion 
that  it  had  superior  merit,  and  de- 
served first  place  instead  of  second; 
certainly  it  was  more  original  than 
the  first  prize. 

Most  of  the  other  foreign  offerings 
were  a  revelation  to  us  as  to  what  a 
European  thought  our  skyscrapers 
should  or  could  be;  indeed,  I  never 
saw  under  one  roof  so  many  horrors, 
freaks  and  monstrosities.  As  a  cour- 
tesy, one  in  each  country  was  given 
an  honorable  mention.  One  glance  at 
them,  however,  would  make  an  Amer- 
ican architect  glad  he  had  not  been 
put  in  that  class  and  "mentioned." 

We  are  faddists  and  change  our 
styles  as  the  ladies  do  and  almost  as 
frequently  and  with  as  little  reason 
or  logic.  When  I  was  a  young  man 
Richardson  was  the  vogue,  and  his 
Pittsburgh  Court  House  and  Boston 
Church  were  the  "copy  book  forms" 


set  before  us.  We  all  did  Spanish  and 
Hibernian  and  Hebrew  and  Gentile 
Romanesque.  I  think  I  perpetrated 
over  forty  Romanesque  court  houses, 
and  I  have  counted  two  hundred  of 
Rdchardsonian  influence.  Then  At- 
wood  gave  us  the  beautiful  Arts  Build- 
ing at  the  Chicago  Fair,  and  for  many 
a  year  our  churches,  institutions, 
banks,  cowsheds,  libraries  and  dog- 
kennels  had  to  be  becolumned  Greek 
temples.  Even  today  no  properly  con- 
stituted bank  can  do  business  except 
it  be  behind  a  great  array  of  fluted 
columns  and  massive  entablatures. 
Later  Cass  Gilbert  made  a  stunning 
thing  of  the  Woolworth  Tower,  Gothic 
and  gaily  colored,  and  later  the  War 
gave  us  pictures  galore  of  the  Hun 
mistreatment  of  Belgium  and  French 
Gothic  treasures,  our  young  men  saw 
those  old  towers  and  mossy  Gothic 
beauties,  and  like  the  speckled  rods 
of  old  and  Jacob's  ewes  it  all  had  its 
influence,  and  today  our  tall  buildings 
must  be  Gothic.  It  Is  essentially  ec- 
clesiastical, albeit  the  Tribune  calls 
its  tower  "military"  Gothic. 

I  cannot  quite  see  the  reason  for 
housing  a  newspaper  in  either  an  ec- 
clesiastical or  military  habitat  save 
the  fact  that  the  Tribune  is  somewhat 
militant  and  does  a  lot  of  guiding  of 
public  morals  and  all  that,  which  may 
be  an  intrusion  into  the  realms  of  ec- 
clesiasticism  that  justifies  priestly 
garbing.  Howsomever,  it  is  going  to 
have  a  fine  old  cathedral  tower,  all 
properly  pinnacled,  flying  buttressed 
and  crocketted — a  handsome  building 
withal,  so  here's  success  to  the  Tri- 
bune and  its  selected  architect! 

One  competitor  surmounted  his 
composition  with  a  huge  Sphinx  and 
another  with  a  ragged  newsboy  poised 
upon  one  foot  a  la  Mercury. 

So  it  goes.  Our  noble  profession 
has  expended  a  couple  of  hundred 
thousand  hard-earned  dollars  in  an- 
other competitive  gamble.  One  of 
us  thinks  it  was  just  all  right  and 
as  it  should  be,  two  others  of  us  are 
sure  the  jury  made  a  slight  mistake 
and  the  rest  of  us  are  ready  to  aver 
that  all  competitions  are  a  delusion 
and  a  snare  and  we  shall  never  go 
into  another — until  the  next.  "Fortes 
fortuna  juvat,"  or  shouhl  we  say  in 
this  case,  "Quae  nocent  docent!" 

Louis  H.  Sullivan  in  "The  Architec- 
tural Record"  for  January. — Some  sev- 
enty years  ago,  a  philosopher,  in  the 
course  of  his  studies  of  the  Ego,  sepa- 
rated men  into  two  classes,  distinct, 
yet  reciprocally  related,  to  wit:   Mas- 
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ters  of  Ideas,  and  those  governed  by 
ideas. 

Ego,  considered  solely  as  free  spirit, 
stands  out  visibly  as  Master  of  Ideas. 
Ego,  examined  as  a  spirit  benumbed 
through  lack  of  action,  hence  inert  and 
unfree,  becomes  dim  of  vision  and  re- 
nounces its  will.  It  thus  becomes  the 
slave  of  imposed  ideas  whose  validity 
it  assumes  it  has  not  the  strength  to 
test,  even  were  the  idea  of  testing  to 
arise.  Hence,  in  timidity,  it  evokes 
the  negative  idea  of  Authority  as  a 
welcome  substitute  for  its  declining 
volition. 

Masters  of  ideas  are  masters  of 
courage;  the  free  will  of  adventure 
is  in  them.  They  stride  where  others 
creep.  The  pride  of  action  is  in  them. 
They  explore,  they  test,  they  seek 
realities  to  meet  them  face  to  face — 
knowing  well  that  realities  and  il- 
lusions exist  commingled  within  and 
without,  but  also  knowing  well  that 
Ego  is  its  own.  Hence  they  walk 
erect  and  fearless  in  the  open,  with 
that  certitude  which  vision  brings — 
while  slaves  are  slaves  by  choice. 
They  seek  shelter  in  the  shadows  of 
ideas. 

All  of  this  has  sharply  to  do  with 
the  Tribune  Competition,  for  in  that 
showing  was  brought  into  clearest 
light  the  deadline  that  lies  between 
a  Master  of  Ideas  and  one  governed 
by  ideas.  There  they  came,  squarely 
face  to  face:  the  second  prize  and  the 
first.  All  the  others  may  be  grouped 
aside,  for  what  is  involved  here  is  not 
a  series  of  distinctions  in  composition 
or  in  detail,  but  the  leading  forth  into 
the  light  of  day  of  the  profoundest 
aspiration  that  animates  the  hearts  of 
men. 

If  a  critique  of  architecture,  or  any 
other  art,  or  any  activity  whatsoever, 
is  to  be  valid,  it  must  be  based  upon 
a  reasoned  process.  It  must  enter 
with  intelligence  into  the  object  or 
subject  at  hand,  there  to  seek  what 
signifies,  and  yet  maintain  such  de- 
tachment as  to  render  judgment  un- 
constrained and  free.  A  true  critique 
is  not  satisfied  with  the  surface  of 
things,  it  must  penetrate  that  surface 
to  search  the  animus,  the  thought; 
it  must  go  deeply  to  the  roots,  it  must 
go  to  origins,  it  must  seek  the  elemen- 
tal, the  primitive;  it  must  go  to  the 
depths  and  gauge  the  status  of  the 
work  thereby.  A  true  critique  must 
likewise  derive  of  the  humanities.  It 
is  not  its  function  to  deal  with  cold 
truths  but  with  living  truths.  ' 

Viewed  in  this  light,  the  second  and 


the  first  prize  stand  before  us  side  by 
side.  One  glance  of  the  trained  eye, 
and  instant,  judgment  comes;  that 
judgment  which  flashes  from  inner 
experience,  in  recognition  of  a  mas- 
terpiece. The  verdict  of  the  Jury 
of  Award  is  at  once  reversed,  and  the 
second  prize  is  placed  first,  where 
it  belongs  by  virtue  of  its  beautifully 
controlled  and  virile  power.  The  first 
prize  is  demoted  to  the  level  of  those 
works  evolved  of  dying  ideas,  even 
as  it  sends  forth  a  frantic  cry  to  es- 
cape from  the  common  bondage  of 
those  governed  by  ideas.  The  apposi- 
tion is  intensely  dramatic  to  the  sensi- 
tive mind.  The  Finnish  master-edifice 
is  not  a  lonely  cry  in  the  wilderness, 
it  is  a  voice,  resonant  and  rich,  ring- 
ing amidst  the  wealth  and  joy  of  life. 
In  utterance  sublime  and  melodious, 
it  prophesies  a  time  to  come,  and  not 
so  far  away,  when  the  wretched  and 
the  yearning,  the  sordid,  and  the 
fierce,  shall  escape  the  bondage  and 
the  mania  of  fixed  ideas. 

It  is  wretched  psychology  to  assume 
that  man  is  by  nature  selfish.  The 
clear  eye  of  sympathy  sees  beyond 
a  doubt  that  this  is  not  so;  that  on 
the  contrary,  man  by  nature  is  a  giver ; 
and  it  is  precisely  this  one  discerns  in 
this  beauteous  edifice;  the  native 
quality  of  manhood  giving  freely  of 
inherent  wealth  of  power,  with  hands 
that  overflow,  as  to  say:  There  is 
more  and  more  and  more  in  me  to 
give,  as  also  is  there  in  yourselves — 
if  but  ye  knew — ye  of  little  faith. 

Qualifying  as  it  does  in  every  tech- 
nical regard,  and  conforming  to  the 
mandatory  items  of  the  official  pro- 
gram of  instructions,  it  goes  freely  in 
advance,  and,  with  the  steel  frame 
as  a  thesis,  displays  a  high  science 
of  design  such  as  the  world  up  to  this 
day  had  neither  known  nor  surmised. 
In  its  single  solidarity  of  concentrated 
intention,  there  is  revealed  a  logic  of 
a  new  order,  the  logic  of  living  things ; 
and  this  inexorable  logic  of  life  is 
most  graciously  accepted  and  set  forth 
in  fluency  of  form.  Rising  from  the 
earth  in  suspiration  as  of  the  earth 
and  as  of  the  universal  genius  of  man, 
it  ascends  and  ascends  in  beauty  lofty 
and  serene  to  the  full  height  limit  of 
the  Chicago  building  ordinance,  until 
its  lovely  crest  seems  at  one  with  the 
sky. 

Would  that  one  might  say  words  of 
similar  nature,  if  less  fervent,  for  the 
unfortunate  first  prize;  but  it  is  the 
business  of  this  review  to  make  a 
searching   psychological   analysis   and 
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summary  of  the  two  designs,  as  types, 
in  order  that  the  heavy  of  eye  may 
see  revealed  the  architectural  art  as 
a  vast  beneficient  power  lying  now 
in  continental  sleep,  ready,  ever  ready, 
•to  be  awakened  by  Masters  of  Ideas, 
who  shall  affirm  its  reality  in  elo- 
quence of  form. 

Confronted  by  the  limpid  eye  of 
analysis,  the  first  prize  trembles  and 
falls,  self-confessed,  crumbling  to  the 
ground.  Visibly  it  is  not  architecture 
in  the  sense  herein  expounded.  Its 
formula  is  literary:  words,  words, 
words.  It  is  an  imaginary  structure — 
not  imaginative.  Starting  with  false 
premise,  it  was  doomed  to  false  con- 
clusion, and  it  is  clear  enough,  more- 
over, that  the  conclusion  was  the  real 
premise,  the  mental  process  in  reverse 
of  appearance.  The  predetermination 
of  a  huge  mass  of  imaginary  masonry 
at  the  top  very  naturally  required  the 
appearance  of  huge  imaginary  ma- 
sonry piers  reaching  up  from  the 
ground  to  give  imaginary  support. 
Such  weird  process  of  reasoning  is 
curious.  It  savors  of  the  nursery 
where  children  bet  imaginary  millions. 
Is  it  possible  that  its  author  in  his 
heart  of  hearts,  or  his  head  of  heads, 
really  believed  that  bathos  and  power 
are  synonyms?  It  looks  that  way. 
It  also  looks  like  the  output  of  a  mind 
untrained  in  the  mastery  of  ideas,  in 
the  long  discipline  of  realities  and  the 
test  of  substantial  grounds.  It  looks 
also  like  the  wandering  of  a  mind  un- 
accustomed to  distinguish  between 
architecture  and  scene  painting.  This 
design,  this  imaginary  building,  this 
simulacrum,  is  so  helpless,  so  de- 
fenseless when  brought  face  to  face 
with  mastery  of  ideas  and  validity  of 
grounds,  that  it  is  cruel  to  go  on,  for 
analysis  is  now  becoming  vivisection, 
unless  we  recognize  the  palpable  ef- 
fect of  self-hypnotism.  This  is  not 
to  say  that  the  individual  who  made 
the  first-prize  design  did  not  believe 
he  had  a  great  idea.  Certainly  he 
believed  it,  otherwise  he  would  not 
have  taken  himself  so  seriously. 
Such  seriousness  prevented  him  from 
seeing  the  humor  of  it,  from  seeing 
something  funny  and  confiding.  If  the 
monster  on  top  with  its  great  long 
legs  reaching  far  below  to  the  ground 
could  be  gently  pried  loose,  the  real 
building  would  reveal  itself  as  a  rath- 
er amiable  and  delicate  affair  with  a 
certain  grace  of  fancy. 

No  manipulation  of  words  or  felicity 
of  phrasing  can  screen  from  view  the 
act  of  the  Jury  of  Award,  or  the  dom- 


inating will  of  one  or  more  of  its  per- 
sonnel. The  final  choice  is  most 
obviously  an  act  of  dominion — of  bru- 
tal will.  For,  to  cast  aside,  with  the 
sop  of  money  prize,  the  surpassing 
work  of  a  "foreigner"  of  high  distinc- 
tion and  thorough  discipline  in  execut- 
ed works,  was  an  act  of  savagery  in 
private,  regardless  of  how  neatly,  how 
sweetly,  thereafter,  the  man  may  have 
been  shown  the  door,  as  a  parting  and 
an  honored  guest,  as  one  whose  pres- 
ence in  the  house  had  indeed  triply 
honored  his  host. 

Thomas  E.  Tallmadge  in  "The  West- 
ern Architect"  for  January. — There 
are  certain  outstanding  phenomena 
in  connection  with  the  recent  and 
truly  great  competition  conducted  by 
the  Chicago  Tribune  that  should,  per- 
haps, in  any  critical  comment  on  the 
designs  be  mentioned  first.  They  are 
in  inverse  ratio  to  their  importance: 
First,  the  great  superiority  (with  one 
notable  exception)  of  the  American 
over  the  European  designs;  second, 
the  popularity  of  some  form  of  the 
Gothic  style;  and,  thirdly,  the  produc- 
tion of  one  great  work  of  genius. 

I  remember  years  ago  serving  with 
the  late  William  B.  Jenny  on  a  jury 
to  select  the  winner  of  the  Chicago 
Architectural  Club's  Traveling  Schol- 
arship. He  looked  over  the  collections 
of  drawings,  products  of  inspiration 
and  perspiration,  of  the  Beaux  Arts 
and  the  Bizarre,  and  he  remarked, 
"Well,  I  suppose  we  should  do  as  all 
orthodox  juries  are  supposed  to  do — 
throw  out  the  best  and  the  worst,  and 
give  the  prize  to  some  chap  in  be- 
tween." So  those  who  believe  that 
the  Tribune  has  awarded  its  splendid 
prize  to  a  work  of  great  talent  and 
has  passed  by  a  work  of  great  genius 
should  not  be  too  censorious.  You 
might  have  done  the  same. 

The  design  by  Eliel  Saarinen  of 
Helsingfors,  Finland,  which  received 
the  second  prize,  is  a  work  of  unques- 
tioned genius.  In  his  extraordinary 
conception  Architecture,  long  bound 
with  the  chains  of  precedent  and  bent 
double  with  the  load  of  commercial 
expediency,  bursts  its  bonds  and 
stands  up  as  a  man.  It  is  as  though 
some  Titanic  seed,  planted  deep  in 
the  earth,  had  suddenly  sprung  from 
the  mould  into  the  light  in  a  shim- 
mering bloom  of  stone  and  steel.  It's 
the  best  design  since  Amiens! 

A  more  technical  and  possibly  a 
soberer  judgment  will  expose  some 
reasons  for  this  superiority.  The  de- 
sign in  general  consists  of  a  pyramidal 
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and  telescopic  mass,  with  strongly 
marked  vertical  elements  and  with 
the  surface  slightly  enriched  with 
ornament  and  carved  figures.  The 
extraordinary  sense  of  exaltation,  in 
my  opinion,  is  obtained  not  so  much 
by  the  vertical  elements  as  by  the 
entire  absence  of  the  usual  horizontal 
lids  or  clamps  known  as  cornices,  for 
without  these  heavy  prison  bars  the 
building  escapes,  as  it  were,  in  joy- 
ous freedom  into  the  sky. 

It  is  far  and  away  the  most  truthful 
and  the  best  articulated  building  of 
them  all.  There  is  no  feeling  that 
any  portion  of  the  building  is  support- 
ed by  a  roof.  Each  steel  column,  for 
it  is  essentially  a  thing  of  steel,  comes 
forth  from  the  body  of  the  building 
and  into  the  light  as  it  reaches  higher 
and  higher  and  surface  recedes  from 
surface,  nor,  curiously  enough,  (a  vio- 
lation of  all  canons)  is  any  one  part 
more  richly  decorated  than  another. 
Even  the  culminating  peak,  like  the 
Matterhorn,  is  seamed  and  fretted  no 
more  than  the  structure  of  the  base. 

We  have  said  that  the  First  Prize 
winning  design  is  a  work  of  great  tal- 
ent, in  fact  of  such  superlative  talent 
that  it  is  impossible  to  pick  any  tech- 
nical flaw  in  it.  Go  over  it  with  your 
fine  tooth  comb  of  criticism  and  its 
proportions,  its  scale,  its  detail,  its 
presentation  even  will  not  yield  a 
flaw.  Nor  do  its  virtues  consist  only 
mthe  absence  of  faults.  The  design- 
er's ingenuity  in  maintaining  the  di- 
ameter of  his  main  shaft  by  cutting 
down  his  area  in  the  rear  instead  of 
on  all  sides  is  highly  to  be  commend- 
ed, as  is  also  his  device  of  rounding 
the  corners,  resulting  in  a  softer  out- 
line and  excellent  prospects  from  the 
corner  windows.  The  open  tracery 
at  the  top,  the  flying  buttress  and  the 
lantern  will  be  picturesque  and  even 
dramatically  beautiful  at  least  from 
a  distance.  No,  the  faults  are  moral, 
not  physical;    internal,  not  superficial. 

First,  the  building  lacks  the  inevit- 
able quality  of  genius.  It  is  a  beauti- 
ful but  highly  sophisticated,  even  a 
highly  artificial,  piece  of  architectural 
design.  Its  style  is  its  raiment,  not 
its  flesh  and  blood.  Its  huge  and  heavy 
lantern  rests  on  the  roof,  for  there  is 
no  interior  well  that  rises  through 
the  building.  The  flying  buttresses 
are,  of  course,  stage  scenery  to  the 
last  degree,  for  they  have  no  struc- 
tural nor  even  a  useful  function. 
Nevertheless,  with  the  exceptions  of 
the  great  design  by  the  Finlander,  it 
will  probably  result  in  the  most  beau- 


tiful building  of  the  lot,  and  a  very 
practical  one  as  well;  but  as  for  its 
being  the  most  beautiful  building  in 
the  world — I  doubt  it. 

Had  Number  Three  been  less  dra- 
matically and  poetically  presented  I 
feel  sure  it  never  would  have  attained 
its  proud  position  of  a  prize  winner. 
Even  the  authority  of  the  great  firm 
of  architects  who  produced  it  cannot 
justify  the  huge  Gothic  mass,  presum- 
ably of  masonry,  resting  on  the  roof 
of  a  building  not  Gothic  at  all  except 
in  the  detail  of  its  lower  story,  and 
it  must  be  confessed  none  too  inter- 
esting in  the  arrangement  and  decora- 
tion of  its  shaft. 

The  following  note  appears  at  the 
end  of  Mr.  Tallmadge's  article. 

Although  Mr.  Tallmadge  is  a  mem- 
ber of  the  Advisory  Board  of  The 
Western  Architect,  he  wishes  it  un- 
derstood that  the  expressing  of  opin- 
ion above,  is  his  own,  and  is  not  edi- 
torial; and,  further,  that  he  is  fully 
and  humbly  aware  of  the  truth  of  Vol- 
taire's aphorism,  "It  is  easier  to  criti- 
cise than  it  is  to  achieve." 


Testing  of  Steel  Hoisting  Rope 

Methods  of  testing  steel  hoisting 
rope  and  of  inspecting  such  rope  in 
service  to  determine  when  it  needs 
replacement  are  subjects  in  which 
mining  and  elevator  companies  are 
much  interested,  and  U.  S.  Bureau  of 
Standards  has  been  asked  to  under- 
take an  investigation  to  determine 
practicable  methods  for  such  testing 
and  inspection.  A  member  of  the  bu- 
reau's staff  presented  a  paper  on  the 
subject  at  the  meeting  of  the  Ameri- 
can Institute  of  Mining  and  Metal- 
lurgical Engineers  on  Feb.  21,  and 
plans  for  the  proposed  investigation 
are  under  discussion  with  the  Bu- 
reau of  Mines  and  other  interests  con- 
cerned. In  anticipation  of  a  small 
appropriation  for  carrying  on  this 
work  during  the  coming  fiscal  year, 
the  bureau  is  making  plans  to  begin 
intensive  work  on  the  problem  as  soon 
as  possible.  In  view  of  the  nature 
of  the  inspection  desired,  any  test 
which  may  be  developed  must  be  non- 
destructive. Of  all  such  tests  so  far 
considered,  magnetic  analysis  ap- 
pears to  show  the  greatest  promise, 
and  consequently  this  method  will  be 
given  first  attention.  The  paper  re- 
ferred to  above  will  be  published  in 
the  Transactions  of  the  American  In- 
stitute of  Mining  and  Metallurgical 
Engineers. 
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Sight  Lines  for  Stadia  and  Grand  Stands 


Methods  of  Determining  Size  of  Rises  and  Trend  Described  in  Paper 
Presented  Before  Western  Society  of  Engineers 

By  BERT  M.  THORUD 


Although  there  have  been  numer- 
ous articles  on  stadia  in  the  various 
technical  publications  during  the  past 
ten  years,  with  much  good  descriptive 
matter,  very  little  exact  data  are 
available  on  the  subject  of  sight  lines. 
There  is  usually  a  mere  reference  as 


Sight  Lines  as  Factor  in  Design. — 
Sight  lines  are  a  most  important  fac- 
tor in  present  day  design  of  stadia,  in 
that  they  should  determine  the  cross 
section  of  the  stand.  A  sight  line 
may  be  defined  as  a  straight  line  start- 
ing from  the  normal  position  of  the 


Fig.  /-   Diagram     of  Typical  Sight  Linc 


Fig.  2  -  Diagram    qf    Sight  Lines  for.  Equal   Risers  and  EouAl  Treads 

Figs.  1  and  2. — Diagrams  of  Typical  Sight  Line  and  of  Sight   Lines  for  Equal 
Risers  and    Equal  Treads. 


to  the  size  of  riser  and  tread,  without 
any  explanation  as  to  the  methods 
by  which  they  were  determined, 
few  are  further  described  as  being  of 
a  bowled  cross  section,  or  of  having 
sight  lines  which  assume  for  each  row  a 
certain  clearance  over  the  average 
head  line  of  the  row  immediately  be- 
low, without  specifying  the  limits  of 
vision,  process  of  calculation,  etc. 
Table  illustrates  in  approximately  the 
sequence  of  erection,  various  grand- 
stands and  stadia  with  their  respec- 
tive size  of  riser  and  tread: 

It  will  be  noted  that  the  earlier 
types,  of  which  the  baseball  grand- 
stands are  prominent,  have  equal 
risers  and  equal  treads,  and  that  the 
later  types,  of  which  the  university 
stadia  are  typical,  use  a  variable  size 
riser  with  equal  treads,  thus  produc- 
ing a  bowled  section. 


eye  of  a  spectator  seated  in  any  row 
of  the  stand,  clearing  the  heads  of  the 
spectators  below  and  in  front  and 
terminating  at  a  point  on  the  field, 
which  represents  the  limiting  point 
nearest  the  stand  which  is  included  in 
the    spectator's    view. 

Figure  1  illustrates  a  line  of  sight 
for  a  typical  cross  section  with  the 
vertical  scale  exaggerated.  The  point 
"O"  represents^the  point  of  sight  on 
the  level  of  the  field.  The  point  "e" 
represents  the  normal  position  of  the 
eye,  a  distance  "h"  above  the  level  of 
the  feet  of  a  spectator,  normally 
seated;  "i"  represents  the  horizontal 
variation  of  the  normal  position  of 
eye  from  the  face  of  the  riser,  and 
"x,"  the  clearance  for  each  row,  is 
the  vertical  distance  between  the  posi- 
tion of  the  eye  and  the  top  of  the  hat 
of  the  spectator.     The  line  of  sight  is 
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TABLE    I.— COMPARATIVE    RELATION    OF  RISE  AND  TREAD  OF  SEATING  SEC- 
TION OF  VARIOUS  GRAND  STANDS  AND  STADIA. 

Rise.  Tread 

Polo  Grounds,    New  York    16  in.  2  ft.  6  in. 

Sox  Park,  Chicago,  main  stand   9  in.  2  ft.  7  in. 

Sox  Park,  Chicago,  balcony    15  in.  2  ft.  7  in. 

Cleveland,  main  stand 16  in.  2  ft.  8  in. 

Federal  League,  Brooklyn 6  in.  to  8  in.  2  ft.  9  in. 

Lehigh  University 16%  in.  2  ft.  .7  in. 

Harvard  University 15  in.  2  ft.  5  in. 

Princeton    University    15  in.  to  17  in.  2  ft.  6  in. 

College,  City  of  New  York    16  in.  2  ft.  4  in. 

Yale  University   8  in.  to  12  in.  2  ft.  6  in. 

Syracuse   University    18  in.  2  ft.  3  in. 

University  of  Michigan    9  in.  to  12%  in.  2  ft.  I  in. 

University  of  Tacoma    18  in.  2  ft.  3  in. 

University  of  San  Diego 17  in.  2  ft.  6  in. 

University  of  Ohio  State: 

Lower  deck    11  in.  to  17  in.  2  ft.  6  in. 

Upper  deck 24  in.  2  ft.  6  in. 

University  of  Illinois: 

Lower  deck   8  in.  to  11%  in.  2  ft.  2  in. 

Upper  deck 14%  in.  to  17  in.  2  ft.  2  in. 

Grant  Park  Stadium   8  in.  to  12  in.  2  ft.  6  in. 


the  straight  line  from  "e"  to  "O," 
passing  through  the  point  of  clear- 
ance, distance  "x"  above  the  position 
of  eye  for  the  row  immediately  in 
front. 

Effect  of  Equal  Risers  on  Sight 
Lines. — The  effect  of  equal  risers  on 
sight  lines  is  shown  in  Fig.  2.  It 
will  be  noted  that  the  sight  lines  in 
this  case,  for  any  constant  clearance 
"x"  are  parallel  lines,  and  that  for 
any  succeeding  row  back  of  the  first, 
the  point  of  sight  becomes  further 
away  from  the  stand.  Consequently 
each  succeeding  row  back  of  the  first 
has  a  lesser  seat  value.  In  order  to 
provide  an  ample  view  of  the  field 
from  the  top  seats,  a  higher  riser  is 
required,  which  is  usually  greater 
than  need  be  for  the  lower  seats.  To 
avoid  using  an  impractical  height  of 
riser  it  is  also  usually  necessary  to 
place  the  stand  further  from  the  play- 
ing field  than  would  be  required  for 
a  stadium,  with  a  bowled  section  of 
stand,  that  is  used  for  football  and 
track  only.  Where  a  stand  is  used  for 
baseball,  this  feature  is  not  so  im- 
portant because  a  considerable  dis- 
tance is  required  between  the  dia- 
mond and  the  stand  for  fielding  of  foul 
balls. 

The  advantages  of  equal  risers  are 
convenience  and  simplicity  in  con- 
struction by  repetition  of  a  typical 
section  of  rise  and  tread.  The  disad- 
vantages are  loss  of  seat  values  for 
the  upper  rows  and  a  smaller  seating 
capacity  due  to  the  lesser  number  of 
risers  that  is  possible  in  a  practical 
height  of  stand. 

These  disadvantages  greatly  offset 
the  advantages. 

How  Sight  Lines  Determine  Cross 
Section   of  Stand. — Figure     3     repre- 


sents a  diagram  of  variable  risers 
with  sight  lines  from  a  constant  point 
of  sight,  "O,"  with  a  constant  clear- 
ance, "x"  at  each  riser.  This  diagram 
illustrates  how  the  sight  lines  should 
determine  the  cross  section  of  the 
stand.  Note  that  having  previously 
determined  other  factors,  the  size  of 
each  riser  is  dependent  upon  the  sight 
lines  radiating  from  the  point  of  sight 
"O,"  and  that  each  riser  back  of  the 
first  is  of  increasingly  greater  height 
than  the  riser  immediately  below. 

The  factors  which  must  be  previously 
determined  are  indicated  in  the  dia- 
gram by  symbols  and  are  explained  as 
follows : 

"S"  is  the  distance  from  the  field 
edge  of  the  stand  to  the  point  of  sight 
"O."  The  point  of  sight  is  located 
by  the  layout  of  the  field.  Where  a 
football  field  and  a  track  is  to  be  pro* 
vided,  the  track  usually  surrounds  the 
football  field  and  the  stand  is  located 
close  to  the  outer  edge  of  the  track. 
The  point  of  sight  is  then  determined 
as  a  point  which  will  include  a  good 
view  of  all  track  events.  Sometimes 
this  point  is  selected  at  the  level  of 
the  field  and  the  center  of  the  track, 
but  preferably  this  point  should  be 
taken  in  the  first  or  second  lane  of 
the  track  at  a  level  above  the  track 
about  waist  high  of  a  runner.  The 
advantage  of  the  latter  procedure  is 
apparent  in  Fig.  3,  where  a  line  of 
sight  from  "O"'  at  the  center  line  of 
track  on  the  level  of  the  field  to  the 
uppermost  position  of  eye  indicated 
cuts  the  vertical  line  through  "O"  at 
an  appreciable  height  above  the  line 
A-B,  which  represents  a  level  waist 
high  above  the  field.  For  a  line  of 
sight  from  "O"'  to  the  position  of  eye 
for  the  top  row  of  a  full   section  of 
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stand  (there  are  about  70  rows  in  an 
average  stand)  this  variation  is  usual- 
ly sufficient  to  cut  off  the  view  of  a 
runner  in  the  first  or  second  lane. 
When  no  track  is  included,  the  point 
"O"  is  usually  located  on  the  level  of 
the  field  somewhat  outside  the  play- 
ing field  or  gridiron  to  allow  a  view 
of  an  "out  of  bounds"  play. 

Determination  of  Treads. — "T,"  the 
width  of  a  typical  tread,  is  deter- 
mined by  the  comfort  to  be  provided 
for  the  spectator  and  the  required 
number  of  rows,  or  treads,  necessary 
for  the  desired  seating  capacity,  in 
the  space  available  for  the  depth  of 
the  stand.  The  24^  in.  used  on  the 
Michigan  Stadium   should  be  a  mini- 


tion  of  eye  may  be  considered  to  vary 
from  the  face  of  the  riser,  which 
averages  4  in. 

"x,"  denoting  the  clearance  for  each 
row,  is  determined  as  the  normal  dis- 
tance from  the  theoretical  position  of 
the  spectator's  eye  to  the  top  of  his 
hat.  This  is  generally  between  5  in. 
and  6  in. 

The  elevation  of  the  first  tread  or 
cross  aisle  is  determined  as  follows: 

A  sight  line  is  drawn  from  the  point 
of  sight  "O"  (see  Fig  3)  through  the 
highest  point  of  the  field  wall  or  rail- 
ing and  continued  to  a  point  on  the 
vertical  line  through  the  position  of 
eye  for  the  first  riser,  a  distance  "i", 
from  the  face  of  the  riser.    Measuring 


Fig.  3  -  Diagram    of  V/wmble  Qisem   fob.  Constant  Point  of  Sight 
Constant  Ci.£AJSANcc"x.'/fT  c/ictt  aisea 

Figs.   3   and   4. — Diagram   of  Similar  Trl-     angles  and  Diagram  of  Variable  Riser 
for  Constant  Point  of  Sight. 


mum  and  30  in.  is  considered  ample 
for  comfort,  unless  backs  are  to  be 
provided  for  the  seats,  in  which  case 
31  in.  to  32  in.  gives  better  space  for 
the  spectator's  knees.  If  any  row  is 
used  as  a  cross  aisle,  as  the  first  tread 
is  often  used,  it  should  have  extra 
width-.  The  symbol  "U"  is  used  in  the 
diagram  to  indicate  this  width  of  aisle 
plus  the  thickness  of  the  railing  or 
field  wall  along  the  edge  of  the  stand. 
The  height  "R"  of  this  field  or  rail- 
ing is  fixed  by  other  practical  con- 
siderations. 

"h"  represents  the  height  of  the 
position  of  eye  above  the  tread  at  the 
kvel  of  the  feet  for  a  spectator  nor- 
mally seated,  which  may  be  taken  at 
4  ft.,  and  "i"  represents  the  horizon- 
tal distance  by  which  the  normal  posi- 


down  a  distance  "h"  from  this  point 
locates  the  level  of  the  first  tread.  A 
second  sight  line  from  "O",  through 
the  point  of  clearance  for  the  first 
riser,  a  distance  "x"  above  the  point 
of  position  of  eye  for  the  first  riser, 
continued  to  a  point  on  the  vertical 
line  through  the  position  of  eye  for 
the  second  riser,  locates  the  level  of 
the  second  tread  at  a  distance  "h" 
below  this  point.  The  difference  in 
elevation  between  the  first  and  sec- 
ond treads  gives  the  theoretical  height 
of  the  first  riser.  Continuing  similar- 
ly for  each  riser,  the  height  of  each 
riser  from  the  first  may  be  succes- 
sively worked  out.  Evidently  this 
method  is  graphical  and  subject  to 
more  or  less  error  in  laying  out  the 
entire  cross  section  of  a  stand. 
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An  exact  solution  is  possible  by  the 
solution  of  similar  triangles,  as  indi- 
cated in  Fig.  4.  The  elevation  of  the 
first  tread  must  be  solved  for  first,  as 
follows : 

A  right  angle  triangle  is  formed  by 
the  horizontal  base  line  A-B,  the  ver- 
tical line  at  the  face  of  the  field  wall 
or  railing  and  the  sight  line  from  the 
point  of  sight  "O"  through  the  point 
"e"  ("e"  representing  the  highest 
point  of  the  field  wall  or  railing). 
Two  sides  of  this  right  angle  triangle 
are  known,  "S"  and  "R",  determined 


A  second  sight  line  from  "O" 
through  the  point  of  clearance  for  the 
first  riser,  a  distance  "x"  above  the 
point  "e"  forms  a  right  angle  trian- 
gle of  which  the  base  line  is  equal  to 
S-fU+i,  all  of  which  are  known  and 
which  may  be  denoted  by  the  symbol 
d.  The  vertical  line  of  this  triangle 
is  known  and  is  equal  to  "R+a^x". 
Continuing  the  sight  of  line  to  the  po- 
sition of  eye  "e2"  for  the  second  riser, 
a  second  right  angle  triangle  is 
formed  of  which  the  horizontal  dis- 
tance "T"  is  one  side  and  is  known. 


Fig  5  -  Pif)sRf>M     of  V/txiA&LE.    JZ/seg  for  Constant  Point  of  5/gm 
Constant  Clearance  "x"  /?t  each  Th/rd  R.iser. 


Figs.   5   and   6. — Diagram   of  Similar   Trl  angles,   Constant   Clearance,   and   Dia- 
gram of  Riser  for  Constant  Point    of  Sight. 


as  previously  explained.  Continuing 
the  sight  line  to  point  "e",  which  rep- 
resents the  position  of  eye  for  the 
first  riser,  another  right  angle  trian- 
gle is  formed,  which  is  similar  to  the 
first,  and  of  which  the  horizontal  dis- 
tance "U"  plus  "i"  is  known.  By 
solution  of  similar  triangles  the  ver- 
tical line  of  the  second  triangle,  '%", 
can  be  solved  for,  thus: 
R(U+i) 


Fixing  Elevation  of  Treads. — The 
elevation  of  the  first  tread  can  then 
be  located  as  equal  to  R+ax — h,  above 
the  elevation  of  the  field. 

It  is  next  necessary  to  solve  for  the 
elevation  of  the  second  tread,  which 
is  as  follows: 


By   solution   of   similar  triangles   the 
vertical  side  a,  is  found  equal  to 
T(R+ai+x) 


As  the  difference  in  elevation  between 
the  first  tread  and  the  second  tread 
is  equal  to  the  height  of  the  first  riser, 
and  this  difference  in  elevation  is 
found  to  be  equal  to  (R+aj+x+as— h) 
— (R+a-i — b),  r1=x+s^,  where  Tt  de- 
notes the  height  of  the  first  riser. 

Repeating  this  solution  for  each 
successive  riser  from  the  first,  the 
theoretical  height  of  each  riser  can 
be  accurately  determined,  thus: 

T  [R  +  2a  — a,w,  +  (n-l)x] 


C(n-l) 


where 
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C(n-l)=C,+(n-2)  T. 
T  [R  +  a, a(w)  +  (n-l)x] 


Ca  +  (n-2)  T 
and  the  value  of  any  riser  rn  =  a(n- 
1)  +  x.  It  will  be  noted  that  every 
riser  from  the  first  must  be  solved 
for  before  the  value  of  any  succeed- 
ing riser  can  be  determined. 

A  line  drawn  through  the  points  of 
position  of  eye  for  each  successive 
riser  forms  a  curve  of  increasing  up- 
ward curvature.  As  it  is  impractical 
to  build  a  stand  having  risers  which 
vary  by  fractional  increments  as  de- 
termined by  this  method,  it  has  been 


clearance  of  5%  in.  for  each  third 
riser,  it  is  possible  to  derive  for  the 
same  point  of  sight  "O"  a  curve  of 
position  of  eye  of  less  upward  curva- 
ture than  that  obtained  by  the  pre- 
vious method  of  a  clearance  of  4  in. 
for  each  riser,  such  that  the  varia- 
tion in  size  of  riser  will  be  from  8 
in.  to  12  in.  It  is  evident  that  this 
effects  a  considerable  saving  in  the 
height  of  the  stand. 

The  solution  is  similar  except  that 
the  similar  triangles  are  solved  for 
each  third  succeeding  riser  only,  and 
the  risers  in  between  are  assumed 
to  vary  proportionately. 

In  order  to  obtain  the  closest  prac- 


Fie  7-  Diagram  of    Doublz    Dec*.    Stamp  Illustrating    Sight   LinC3 
Fig.    7.— Diagram    of    Double    Deck   Stand   Illustrating   Sight  Lines. 

customary  in  recent  work  to  assume      tical  approximation  to  the  theoretical 


a  series  of  tangents  to  this  curve  of 
position  of  eye,  varying  the  slope  of 
the  tangents  to  give  risers  varying 
in  height  by  one  inch  or  by  some  con- 
venient fraction  of  the  inch. 

If  the  clearance  "x"  of  5  in.  to  6 
in.  is  used  for  each  riser,  the  curve  of 
position  of  eye  is  found  to  have  a 
rapidly  increasing  upward  curvature, 
such  that  for  a  desirable  number  of 
risers  an  impractical  height  of  stand 
is  required,  with  large  sized  risers. 
Where  this  method  has  been  used,  a 
maximum  clearance  of  4  in.  has  been 
usual,  and  the  risers  have  been  found 
to  vary  from  11  in.  to  17  in.  in  height. 

An  improvement  on  the  above 
method  is  indicated  in  Figs.  5  and  6. 
In  this  method  a  constant  clearance 
"x"  is  taken  for  each  third  riser.  This 
is  based  on  the  assumption  that  a 
spectator  in  any  row  can  easily  look 
between  the  heads  of  the  spectators 
in  the  two  rows  immediately  in  front 
of  him.     In  this  method,  using  a  full 


risers  determined  by  either  of  the 
two  preceding  methods,  it  is  recom- 
mended that  the  variation  in  size  of 
risers  be  made  by  ^4  in.,  it  being  con- 
sidered as  practical  to  use  this  varia- 
tion in  construction  as  a  greater 
variation,  if  any  variation  is  to  be 
used  at  all.  There  will  result  an  ap- 
preciably closer  approximation  to  the 
theoretical  determination  of  the 
point  of  sight. 

Sight  Lines  for  Double  Deck 
Stands. — It  will  be  recalled  that  in 
previous  reference  to  the  Ohio  State 
and  Illinois  University  stadia  that  a 
lower  and  upper  deck  were  men- 
tioned. This  feature  of  these  two 
stadia  has  the  effect  of  bringing 
closer  to  the  field  the  top  rows  of  a 
single  deck  than  would  be  required 
for  the  same  seating  capacity.  How- 
ever, this  bringing  forward  of  these 
seats  increases  the  upward  curvature 
of  the  curve  of  the  position  of  eye 
for  these  upper  deck  rows,  and  conse- 
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quently  increases  the  slope  of  the 
tangents  to  this  curve.  Thus  a  higher 
riser  is  required  for  these  seats,  as 
noted  in  the  previous  table  of  risers 
and  treads. 

A  typical  section  through  a  double 
deck  stand  is  shown  in  Fig.  7.  It  is 
evident  that  another  consideration  of 
sight  line  is  necessary  here.  This  is 
to  fix  the  lowest  elevation  of  the 
front  of  the  balcony,  usually  the 
lower  edge  of  the  front  rail  or  the  un- 
derside of  the  slab  of  the  first  tread 
at  the  back  edge  of  same  so  that  a 
line  of  sight  from  the  eye  of  a  normal 
spectator  in  the  uppermost  row  of 
the  lower  deck  will  terminate  at  a 
point  in  the  stand  at  the  opposite 
side  of  the  field,  which  will  include 
a  desirable  portion  of  the  lower  part 
of  this  stand  within  the  range  of 
vision.  In  addition  it  is  desirable 
that  this  sight  line  includes  a  good 
view  of- an  average  punt  of  a  football. 

As  the  upper  deck  is  not  always 
contemplated  to  be  used  for  track 
meets,  it  is  not  necessary  in  such  a 
case  to  use  the  same  point  of  sight 
for  the  upper  deck  as  was  used  for 
the  lower  deck,  because  a  view  of  the 
track  is  not  essential.  Then  the  risers 
of  the  balcony  can  be  made  smaller 
by  determining  the  point  "O"  at  a  de- 
sirable distance  from  the  edge  of  the 
gridiron  to  include  a  view  of  a  play 
"out  of  bounds." 

Figure  7  also  illustrates  the  advan- 
tage of  using  a  point  of  sight  in  the 
first  lane  of  the  track  at  waist  high 
level  above  the  field,  as  the  point  O 
on  the  vertical  line  O' — O',  in  prefer- 
ence to  the  point  01  at  center  line  of 
track  on  the  level  of  the  field.  Note 
that  a  sight  line  from  the  uppermost 
seat  row  of  lower  stand  to  point  01 
cuts  the  line  O' — O'  at  a  considerable 
height  above  O. 

Method  of  Increasing  Increment  of 
Riser. — Another  method  used  for  the 
Grant  Park  Stadium,  which  may  be 
termed  "the  method  of  increasing  in- 
crement of  riser"  may  be  used  to  ob- 
tain a  bowled  section 

This  method  is  used  where  the 
height  of  stand  is  fixed  by  other  con- 
siderations. In  the  Grant  Park  Sta- 
dium the  top  of  the  uppermost  riser 
was  fixed  by  the  elevation  of  the 
promenade,  which  is  directly  behind 
it  and  which  was  determined  in  ele- 
vation by  the  architectural  design. 
Also  a  cross  aisle  at  about  the  two- 
thirds  height  of  the  stand  from  the 
field,  was  fixed  in  elevation  by  the 
system   of  ramp  approaches   used   to 


reach  same.  Therefore  the  variation 
in  risers  has  to  be  adjusted  between 
these  levels  and  the  level  of  the  first 
tread  which  was  determined  as  for 
the  preceding  methods. 

In  this  method  the  risers  are  inde- 
pendent of  the  lines  of  sight,  but  are 
adjusted  by  cut  and  try  methods  to 
approximate  as  closely  as  possible 
the  theoretical  point  of  sight  deter- 
mined upon. 

The  number  of  treads  are  fixed  by 
the  depth  of  the  stand  divided  by  the 
width  of  tread  which  it  is  determined 
to  use,  which  it  may  be  necessary  to 
adjust  slightly  to  suit  the  number 
of  risers  that  are  found  to  be  practi- 
cal between  the  heights  already  es- 
tablished. 

The  height  of  the  first  riser  may  be 
worked  out  as  previously  described. 
We  will  assume  here  that  the  first 
riser  will  be  8  inches  as  was  deter- 
mined for  the  Grant  Park  Stadium. 
Denoting  the  increment  of  increase 
of  rise  by  D  the  total  rise  between 
any  two  levels  will  equal  the  num- 
ber of  risers  contained  in  this  height 
(or  in  the  depth  between  the  two  ele- 
vations under  consideration)  denoted 
N  x  (8"-f  (n-l)D) 

by .      By    substi- 

2 
tuting  the  number  of  risers  for  N,  the 
value  of  D  may  be  solved  for.     Then 
the    height   of   any  riser  =  rn  =  8"  + 
(N-l)  D. 

Determining  a  section  of  stand  by 
this  method,  a  trial  of  sight  lines  at 
various  points  will  show  varia- 
tion of  the  point  in  sight.  If  the  varia- 
tion is  too  excessive,  an  adjustment 
will  be  necessary,  either  in  the  ele- 
vations of  the  top  steps  or  in  the  num- 
ber of  risers,  or  in  the  size  of  the 
first  riser. 


Mapping    of    National    Forests. — Of 

the  181.799,997  acres  included  within 
the  boundaries  of  the  national  forests, 
20  per  cent  is  accurately  mapped  and 
56  per  cent  has  been  covered  by  rough 
reconnaissance,  according  to  the  an- 
nual report  of  the  Forest  Service, 
United  States  Department  of  Agricul- 
ture. On  about  24  per  cent  no  map- 
ping work  has  been  done. 


Annual  Production  of  Lumber. — The 
annual  production  of  lumber  and 
structural  timbers  for  general  build- 
ing purposes  reaches  a  value  of  nearly 
a  billion  dollars,  says  the  Forest  Ser- 
vice, United  States  Department  of 
Agriculture,  in  its  annual  report. 
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Cost   Keeping    in   Construc- 
tion Industry 

Paper  Read  at  5th  Construction  Con- 
ference    of    Association    of    Cana- 
dian Building  and  Construe- 
tion    Industries 

By  J.  R.  HAGELIN, 

Of    Carswell    Construction    Co.,    Toronto. 

Business  may  be  denned  as  any  oc- 
cupation which  men,  at  the  risk  of 
loss,  seek  to  make  money  by  produc- 
ing commodities  for  sale,  or  buying 
and  selling  commodities,  or  by  hiring 
the  services  of  others  for  utilization 
at  a  profit.  Or  in  shorter  form,  Busi- 
ness is  any  gainful  ocenpation  of 
which  profit  is  the  goal  and  in  which 
there  is  "risk  of  loss." 

Mark  these  words,  "risk  of  loss." 
They  determine  whether  or  not  any 
occupation  is  a  business.  Contracting 
must,  if  this  definition  be  true,  and  it 
is  a  true  definition,  be  a  business,  and 
it  follows,  therefore,  that  contractors 
are  business  men.  Moreover,  we  all 
of  us  wish  to  be  called  business  men, 
but  we  can  remain  true  business  men 
only  so  long  as  we  conquer  and  over- 
come loss. 

I  may  assume,  I  am  sure,  that  all  of 
us  now  in  business  as  contractors 
have  become  so  with  the  determina- 
tion to  make  it  our  life's  work  and 
prime  interest.  To  carry  out  this  de- 
termination it  is  necessary  that  the 
"risk  of  loss"  remain  only  a  risk  and 
not  a  frequent  actuality.  Further,  if 
we  are  to  make  contracting  a  busi- 
ness, we  must  administer  it  with 
profit  as  the  goal. 

The  profit  of  a  business  enterprise 
is  the  surplus  left  over  after  all  the 
costs  have  been  paid.  How  hard  we 
strive  and  how  much  effort  we  put 
out  trying  to  get  a  profit,  but  most  of 
us  miss  consistent  or  constant  profit 
because  we  have  not  paid  enough  at- 
tention, or  the  attention  it  deserves, 
to  cost  keeping. 

Know  Your  Costs. — Now  let  us 
take  a  bird's-eye  view  of  the  con- 
tracting business.  The  contractor  sells 
his  services  by  offering  to  do  a  cer- 
tain undertaking  for  a  specified  sum 
of  money.  He  arrives  at  this  price 
by  dividing  the  proposed  undertaking 
into  its"  component  parts,  estimating 
the  cost  of  each,  adding  them  together 
and  then  adding  thereto  a  sum  for 
profit.    The  costs  set  for  each  item  of 


work  must  be  true.  If  they  err,  assum- 
ing that  the  contractor  is  in  com- 
petition for  the  job  with  worthy 
competitors,  he  will  not  be  awarded 
work  since  his  estimated  costs  are 
higher  than  actual,  or  he  will  face  a 
loss  on  the  job  since  his  estimated 
costs  are  too  low.  This  shows  that 
he  is  not  sound  in  his  practicing  of 
business.  Not  being  sound,  it  follows 
that  he  can  not  survive  against  com- 
petitors who  practice  the  sound  prin- 
ciples of  knowing  every  actual  cost. 

How  is  a  contractor  to  bid  so  as  to 
get  the  work  he  needs  and  so  that 
when  every  contract  has  been  per- 
formed he  has  accumulated  a  surplus 
after  all  expenses  in  connection  with 
that  job  have  been  paid.  There  is 
your  problem,  the  problem  you  have 
asked  yourself  a  thousand  times,  and 
the  problem  that  bothers  you  more 
than  all  others  combined.  The  answer 
to  it  is:  "Knowing  your  eosts."  The 
answer  is  not  for  one  of  you  alone, 
but  for  all  of  you. 

To  know  your  costs  is  to  know  the 
cost  of  direct  labor  and  direct  mate- 
rials for  each  operation,  the  cost  of 
indirect  labor  and  materials,  the  gen- 
eral expense,  overhead  or  burden 
(whichever  name  you  choose)  of  the 
job  and  the  general  expense  or  bur- 
den of  administration  of  the  business 
as  a  whole.  If  you  know  these  then 
you  can  undertake  a  contract  in  a 
fixed  amount  and  feel  that  the  antici- 
pated profit  will  be  materialized  on 
every  job  and  the  year's  business  net 
a  real  profit. 

Objects  of  Cost  Keeping. — The  pri- 
mary objects  of  cost  keeping  are: 

1.  To  enable  a  manager  to  analyze 
unit  costs  with  a  view  to  securing  the 
minimum  cost  possible  of  attainment 
under  existing  conditions. 

2.  To  provide  data  upon  which  to 
base  estimates  of  the  probable  cost  of 
projected  work. 

With  the  regular  and  frequent  unit 
cost  reports  before  him,  the  con- 
tractor analyzes  them  by  comparing 
them  with  corresponding  items  in  re- 
ports received  from  contemporary 
jobs  or  from  previous  work.  A  com- 
parison with  the  allowed  cost  in  the 
estimjate  form  which  the  bid  was 
made  will  show  whether  or  not  the 
results  being  obtained  on  the  job  tend 
toward  safety  or  danger.  As  a  further 
result  of  the  contractor's  analysis  of 
the  cost  reports,  he  may  discover  ex- 
cessive use  of  materials  in  erecting 
the   structure;    excessive  use   of  sup- 
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plies  (in  operating  plant) ;  inefficiency 
of  workmen;  inefficiency  of  foremen; 
padded  pay  rolls;  excessive  loss  of 
time  due  to  plant  breakdown,  plant 
shifting,  waiting  for  materials,  sup- 
plies, etc.,  and  improper  design  of 
plant  for  the  job. 

Most  of  us  contractors  operate,  or 
attempt  to  operate,  two  or  more  jobs 
concurrently,  and  therefore  the  daily 
administration  of  each  job  is  in  the 
hands  of  a  salaried  superintendent. 
Except  with  unit  cost  reports  from 
the  job  regularly  and  frequently,  the 
contractor  relies  altogether  on  his 
visits  to  the  job  to  judge  whether  or 
not  waste  is  being  carried  on,  and 
no  accurate  idea  can  be  formed  until 
too  late  as  to  the  efficiency  of  the  job 
or  as  to  whether  or  not  the  work  is 
costing  more  than  it  should.  But  when 
he  receives  systematically  the  job's 
unit  costs,  he  knows  in  time  and  can 
attempt  to  rectify  or  improve  the  job 
before  it  is  too  late. 

Again  systematic  analysis  of  costs 
lead  inevitably  to  a  study  of  reasons 
for  differences  in  costs,  and  this  study 
of  reasons  is  the  first  step  towards 
inventing  new  methods  and  new 
machines  for  reducing  costs. 

Cost  Keeping  a  Development  of 
Engineers. — Cost  keeping  as  we  treat 
it  is  the  process  of  recording  the 
number  of  units  of  work  and  the  num- 
ber of  units  of  materials  entering  into 
the  production  of  any  given  structure, 
or  into  the  performance  of  any  given 
operation.  The  object  is  to  show  the 
efficiency  of  performance,  and  it  is 
therefore  not  necessary  that  actual 
money  disbursements  need  be  record- 
ed. This  is  what  distinguishes  cost 
keeping  from  bookkeeping. 

Bookkeeping  is  the  process  of  re- 
cording commercial  transactions  for 
the  purpose  of  showing  debits  and 
credits  between  different  accounts. 
Bookkeeping  was  devised  and  devel- 
oped by  merchants;  cost  keeping  by 
engineers — the  first  by  students  of 
profit  and  the  other  by  students  of 
costs. 

In  the  study  of  costs,  the  only  pos- 
sible true  aim  of  the  student  is  to 
reduce  all  costs  to  a  unit  basis,  and 
this  is  absolutely  foreign  to  book- 
keeping. Consequently,  cost  keeping 
must  be  kept  absolutely  divorced  from 
bookkeeping,  and  both  should  not  be 
kept  by  the  same  department.  For 
cost  keeping  is  of  the  nature  of  daily 
reports  by  which  the  daily  perform- 
ance can  be   gauged  and  inefficiency 


discovered.  Bookkeeping  accounts  are 
not  posted  promptly  and  completely 
until  some  time  subsequent  to  actual 
performance. 

Often  in  a  contractor's  first  attempt 
at  a  system  of  cost  keeping,  he  makes 
the  mistakes  of  letting  his  accounting 
or  bookkeeping  department  find  and 
report  unit  costs,  and  the  results  have 
been  so  delayed  and  so  misleading  be- 
cause they  have  been  prepared  from 
a  bookkeeper's  viewpoint,  that  he  has 
quit  in  sheer  disgust  and  reverted  to 
his  original  method  of  guessing. 

Systematic  Reporting  Essential. — 
Immediately  upon  the  award  of  a  con- 
tract, the  contractor's  first  step  is  to 
plan  the  methods  of  performance. 
Having  done  this,  it  becomes  neces- 
sary to  secure  daily,  weekly  and 
monthly  reports  of  such  completeness 
that  the  contractor  can  tell  readily 
what  the  actual  and  relative  perform- 
ances are.  Systematic  reporting  at 
regular  intervals  is  the  means  by 
which  the  manager  is  put  into  con- 
stant touch  with  the  performance'  of 
men  under  him.  To  be  of  value,  these 
reports  must  come  at  regular  inter- 
vals, must  be  in  the  same  form  and 
must  show  quantitative  results  that 
admit  of  instant  comparison  with  pre- 
vious reports.  To  permit  of  compari- 
son, there  must  be  either  similarity  of 
conditions  or  there  must  be  reduction 
to  units  that  are  themselves  practic- 
ally identical. 

It  is  possible  to  establish  units  that 
are  comparable,  but  hardly  possible  to 
compare  operations  on  any  job  with 
those  of  current  or  previous  jobs  in 
any  way  but  by  units;  that  is  to  say, 
no  two  jobs  of  excavation  are  identi- 
cal in  every  respect  for  they  vary  in 
facility  and  in  length  of  disposal,  and 
therefore  if  1,500  cu.  yd.  cost  at  the 
rate  of  $1.50  per  cu.  yd.,  the  contractor 
cannot  tell  if  that  cost  represents 
efficiency  or  inefficiency.  If,  however, 
the  cost  report  shows  the  length  of 
haul  away  as  one  unit  of  cost  per 
cubic  yard,  and  the  picking  and  load- 
ing as  another,  he  may  determine  the 
job's  efficiency  and  learn  a  unit  cost 
which  can  be  used  as  a  basis  in  esti- 
mating some  other  job. 

Use  of  Actual  Costs  in  Estimating. 
— The  progressive  contractor,  when 
estimating  a  proposed  piece  of  work, 
measures  up  the  quantity  for  each  op- 
eration into  which  the  job  divides 
itself,  and  prices  accordingly.  Unless 
he  is  receiving  reports  from  current 
and    past    work,    giving    actual    unit 
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costs  as  before  mentioned,  he  is  guess- 
ing to  a  great  extent  in  pricing  the 
estimate,  and  if  he  lands  the  work, 
his  actual  costs  may  and  probably  will 
vary  to  an  alarming  degree. 

To  illustrate:  Suppose  we  assume 
he  is  estimating  a  one-story  reinforced 
concrete  building  and  takes  off  the 
quantity  of  slab  forms  by  contract 
measurement.  Suppose  further,  he 
has  just  completed  an  eight-story  job 
of  the  same  type  and  has  not  kept 
unit  costs  on  it,  but  does  not  know  that 
theie  were  a  certain  number  of  square 
feet  of  forms  which  cost  altogether 
a  certain  sum  of  money,  from  which 
he  finds  a  cost  per  square  foot  for  all 
operations  in  connection  with  this 
form  work.  Suppose  further,  that  he 
now  prices  the  one-story  building  form 
work  with  the  cost  per  square  foot 
obtained  on  the  high  building.  In  one 
case  he  has  re-use  after  re-use  with 
its  consequent  reduction  in  material 
costs  and  lessened  labor  cost;  in  the 
other,  he  may  have  to  supply  as  much 
material  as  will  cover  all  the  work 
and  give  him  only  one  use.  In  the 
latter  case,  his  labor  costs  will  be 
higher  because  he  does  not  get  any 
preliminary  make  up  for  repetition 
work.  Undoubtedly  when  the  one-story 
job  is  completed,  he  will  find  a  large 
over-run  facing  him  for  his  operation. 
Had  he  maintained  a  system  of  cost 
keeping,  he  would  have  known  how 
much  it  cost  him  for  make-up  as  one 
unit,  erection  as  another,  and  strip- 
ping as  a  third,  and  could  then  price 
his  estimate  very  accurately. 

Every  operation  in  building  a  struc- 
ture does  not  lend  itself  so  readily  or 
easily  to  subdivision  into  prime  units 
and  at  first  glance  it  may  seem  too 
difficult  and  expensive  to  obtain.  The 
cost  can  in  most  such  cases  be  quite 
accurately  determined  by  time  studies 
at  intervals  and  reported  to  head 
office.  A  stop  watch  will  prove  itself 
invaluable  on  every  job. 

The  contractor's  field  organization 
will,  if  they  are  keen  to  do  their  best, 
become  exceedingly  interested  in  the 
daily  cost  results  as  they  would  in 
a  physical  contest.  The  result  to  the 
contractor  will  be  constantly  dimin- 
ishing costs. 

What  the  Unit  Costs  Should  In- 
clude.— Unit  costs  as  reported  from 
the  job  should  never  include  anything 
but  the  direct  labor  and  material  ex- 
pended thereon.  No  superintendent 
or  general  foreman  shoudl  be  included 
in  the  labor  costs,   nor   should   these 


units  include  any  material  costs  such 
as  coal,  plant  supplies,  repairs,  etc. 

In  pricing  out  any  tender,  the  only 
accepted  method  is  to  determine  for 
how  many  weeks  the  superintendent, 
timekeepers,  material  clerks,  general 
foremen,  watchman,  etc.,  will  be  nec- 
essary to  complete  the  jobs  and  price 
them  out  in  an  item  of  indirect  labor 
expenditures.  Included  in  this  item 
will  be  all  traveling  time  and  ex- 
penses. So  that  the  execution  of  the 
job  may  be  compared  to  the  estimate, 
the  cost  reports  should  report  these 
expenditures  under  their  special  head- 
ing. Any  attempt  to  make  unit  costs 
include  their  portion  of  such  indirect 
expense  is  fatal  to  any  real  knowledge 
of  unit  cost. 

So  also  with  the  material  items 
whose  cost  is  not  a  direct  charge 
against  unit  operation.  Such  items  of 
indirect  material  expenditure  are  fuel, 
oil,  tools,  supplies,  plant  serving  nu- 
merous or  general  purposes,  field 
buildings,  structures,  nails  and  such 
items  or  direct  materials  whose  cost 
to  apportion  involves  too  much  effort. 
These  are  to  be  reported  separate 
from  any  unit  cost  and  included  in 
estimates  under  their  own  caption. 

Entering  into  the  costs  of  every 
contract  we  have  such  items  of  ex- 
penditure as  those  for  city  permits 
and  fees,  insurance,  bonds,  field  office 
expenses,  light,  telephone,  workmen's 
compensation,  public  liability,  rent, 
taxes,  interest  on  loans  and  freight 
and  cartage  not  directly  apportion- 
able.  These  amount  to  a  very  re- 
spectable sum  even  on  small  jobs,  and 
they  should  each  be  anticipated  when 
estimating  and  compared  when  re- 
ported by  the  job  as  expended. 

The  arrival  of  materials  on  the  job 
is  as  a  rule  in  advance  of  their  im- 
mediate absorption  into  the  work.  It 
becomes  necessary  to  unload  them 
and  store  awaiting  the  time  of  use. 
The  cost  of  receiving,  unloading  ana 
storing  should  not  be  charged  into  a 
direct  unit  but  should  be  kept  sep- 
arately, and  thus  a  record  of  the  cost 
of  handling  materials  will  be  found 
and  the  contractor  can  see  if  the  job 
is  handling  this  end  of  the  work  with 
explicit  efficiency. 

General  Expenses  Included  in  Cost. 
— Every  part  of  the  work  on  any  con- 
tract so  far  mentioned  can  have  its 
cost  accurately  determined  and  re- 
ported for  analysis  and  comparison 
and  use  in  future  estimates.  There 
are,  however,  further  expenditures  in 
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connection  with  every  contractor's 
business  which  have  to  be  met  by  the 
various  contracts.  These  are  head 
office  salaries  and  administration  ex- 
penses, office  rent,  etc.,  loans,  losses, 
bad  debts  and  unlooked-for  expendi- 
tures commonly  called  contingencies. 
These  can  be  reported  only  in  per- 
centages of  the  total  prime  cost  of  the 
job  or  as  a  percentage  of  the  direct 
labor  of  each  job.  Whichever  way  the 
contractor  chooses,  he  must  be  sure 
he  gets  a  check  on  them  frequently, 
so  that  the  percentage  allowed  for 
these  costs  is  practically  right.  It  is 
an  appreciable  item  for  it  varies  from 
about  3  per  cent  to  about  10  per  cent. 
It  must  be  included  in  each  tender  for 
if  omitted,  a  good  portion  of  antici- 
pated profits  are  wiped  out  at  the 
end  of  the  fiscal  year. 

For  the  past  several  years  we  who 
have  been  tendering  on  jobs  have 
been  struck  with  the  wide  range  from 
low  price  to  the  high  price,  but  you 
have  probably  noticed  that  on  each 
occasion  there  have  been,  say,  three 
or  four  bids  which  have  not  varied 
from  each  other  by  more  than  a  small 
per  cent.  It  is  conceded  that  the 
latter  are  the  proper  figures,  and  you 
will  find  that  mostly  these  are  the  con- 
tractors who  know  their  costs  and 
estimates  on  accurate  knowledge. 
Their  price  is  the  one  that  would 
realize  for  them  a  reasonable  profit. 
A  less  price  only  nets  a  wage  at  the 
best,  and  a  contract  let  on  the  low 
price  is  not  satisfactory  to  the  con- 
tractor who  got  the  job  and  prejudices 
the  public  against  the  profession  since 
they  fail  to  realize  that  the  proper 
price  is  higher  than  the  one  at  which 
the  job  was  let. 


Free  Building  Trades  Schools  of  San 
Francisco  Industrial  Association 

Three  more  free  trade  schools  were 
opened  in  San  Francisco  in  January 
by  the  San  Francisco  Industrial  As- 
sociation. These  new  schools,  accord- 
ing to  a  recent  announcement  of  the 
Industrial  Association,  are  to  teach 
iron  and  brass  moulding,  brick-laying, 
painting  and  paperhanging;  and  are 
being  operated  along  the  same  general 
lines  as  its  plastering  and  plumbing 
schools,  which  have  been  a  pronounced 
success. 

More  than  325  boys  and  young  men 
have  been  graduated  from  the  plaster- 
ers and  plumbers  schools  and  every 
one  of  them  without  a  single  exception 
has  "made  good"  and  is  now  em- 
ployed steadily  in  San  Francisco  and 


the  Bay  region.  The  school  for  plas- 
terers is  now  operating  evenings  as 
well  as  days;  the  evening  classes  hav- 
ing been  established  to  permit  jour- 
neymen to  become  more  proficient 
in  ornamental  plastering. 

The  three  new  trade  schools  will  be 
kept  in  operation  until  the  normal  de- 
mands of  the  community  for  this  class 
of  mechanics  has  been  met.  It  is 
stated  that  six  men  from  the  bricklay- 
ers school  and  eight  from  the  mould- 
ers school,  who  have  already  gone  out 
on  jobs,  have  "made  good";  and  that 
recently  a  class  which  had  been  in  the 
moulders  school  less  than  six  weeks, 
poured  over  a  ton  and  a  half  of  metal 
without  losing  any  and  made  40  cast- 
ings every  one  of  which  was  mechan- 
ically perfect. 

San  Francisco  went  through  the 
year  1922  without  a  single  job  or  ju- 
risdictional strike,  and  the  value  of 
building  permits  showed  an  increase 
of  115%  over  1921,  as  compared  to 
a  country-wide  increase  of  53  per  cent. 
Building  activity  in  San  Francisco  is 
increasing,  it  is  asserted,  and  1923 
promises  to  be  a  "banner  year." 


Record  February  Construction 

February  construction  activity  was 
greater  than  that  of  the  corresponding 
month  of  any  previous  year,  accord- 
ing to  F.  W.  Dodge  Corporation.  To- 
tal construction  contracts  awarded 
that  month  in  the  36  eastern  stafes  of 
the  country  (including  about  seven- 
eighths  of  the  country's  total  con- 
struction volume)  amounted  to  $281,- 
140,000.  The  increase  over  January- 
was  16  per  cent.  The  February  record 
for  27  of  these  states  shows  an  in- 
crease of  33  per  cent  over  February 
of  last  year,  and  for  the  first  two 
months  of  1923  combined  an  increase 
of  32  per  cent  over  the  corresponding 
period  of  1922. 

It  should  be  noted  that  while  activ- 
ity is  large  in  volume  everywhere,  it 
is  relatively  stronger  in  the  south 
and  west  than  in  the  east. 

Last  month's  figures  included:  $113,- 
902,000,  or  40  per  cent  for  residential 
buildings;  $40,275,000,  or  14  per  cent, 
for  industrial  buildings;  $38,893,000, 
or  14  per  cent,  for  public  works  and 
utilities;  $34,698,000,  or  12  per  cent, 
for  business  buildings;  and  $27,668,- 
000,  or  10  per  cent  for  educational 
buildings.    • 

Contemplated  new  work  reported 
during  the  month  amounted  to  $686,- 
813,000. 
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Severe  Fire  Test  of  Winter  Concrete  Construction 


Results  of  Conflagration  Destroying  200,000  Sq.  Ft.  of  Form  Work 

Described  in  Paper  Presented  at  Convention  of  American 

Concrete  Institute,  Cincinnati,  O.,  January,  1923 

By  ARTHUR   R.   LORD, 
President,  Tait  &  Lord,  Civil  Engineers,  Chicago. 


The  McDougall  Terminal  is  a 
large  reinforced  concrete  and  steel 
structure  with  brick  curtain  walls, 
now  under  construction  on  the  lake 
front  at  Duluth,  and  it  is  designed  to 
facilitate  the  shipping  of  perishable 
and  other  commodities  to  the  East 
via  the  all-winter  water  route.  The 
work  on  the  McDougall. terminal  was 
carried  forward  regardless  of  tem- 
perature, with  precautions  deemed 
suitable  to  the  conditions  at  any  par- 
ticular time.  The  only  real  occasion 
for  postponing  work,  in  the  opinion  of 
Jacobson  Bros.,  contractors  for  this 
terminal,  is  a  good  snow  storm  which 
makes  the  job  "blind."  Necessity 
breeds  enterprise  in  such  matters,  for 
Duluth  would  have  an  unduly  short 
building  season  with  all  the  weather 
below  15°  left  out.  Accordingly  the 
construction  of  this  building  went  on 
with  temperatures  at  time  of  deposit- 
ing concrete  all  the  way  from  20° 
above  to  20°  below  zero.  A  very  high 
rate. of  progress  was  also  maintained. 
In  one  part  of  the  building  four  floor 
levels  were  placed  within  2V2  weeks, 
the  last  being  placed  on  the  morning 
of  the  fire.  In  general  no  loss  in  time 
was  involved  in  this  building  as  com- 
pared with  summer  work.  In  a  build- 
ing constructed  under  these  severe 
conditions  and  where  the  greatest 
precautions  as  to  removal  of  forms 
would  be  in  order,  comes  a  fire  which 
substantially  consumed  200,000  sq.  ft. 
of  form  work!  The  only  concrete  to 
fall  was  that  poured  the  same  day. 
This  fire  constitutes  one  of  the 
most  thorough  tests  of  winter  con- 
creting which  has  come  to  the  writer's 
attention. 

The  terminal  is  a  6-story  structure, 
128  ft.  wide  above  the  third  floor  and 
172  ft.  wide  below,  extending  some 
490  ft.  into  the  lake  at  present,  with 
provisions  for  future  extension.  Work 
was  being  pushed  as  rapidly  as  pos- 
sible. The  structural  steel  work 
spanning  the  wagon  docks  and  the 
railroad  tracks  in  the  first  story  was 
completed  but  not  fireproofed.  The 
reinforced   concrete   flat     slab     floors 


and  roof  would  have  been  completed 
by  Jan.  15.  At  the  time  of  the  fire 
all  of  the  fifth  floor  was  poured  and 
some  108  ft.  of  the  sixth  floor  at  the 
south  (Lake  Superior  end).  Form 
work  and  reinforcing  steel  were  in 
place  for  another  large  section  of  the 
sixth  floor  and  form  work  for  108  ft. 
of  roof. 

The  Fire. — Some  400  workmen  are 
employed.  On  Thursday,  Jan.  4,  1923, 
they  quit  work  as  usual  at  5  o'clock. 
At  about  5:15  p.  m.  one  of  the  night 
watchmen  approaching  the  building 
saw  a  small  flare  in  the  fourth  story 
and  ran  to  the  office.  The  superin- 
tendent and  a  foreman  hurriedly  left 
the  office  and  proceeded  to  the  fourth 
story  to  extenguish  the  blaze.  When 
they  reached  the  floor  the  blaze  was 
still  confined  to  a  single  small  area 
some  150  ft.  from  the  ladder.  How- 
ever, before  they  could  reach  it,  the 
blaze  suddenly  spread  with  incred- 
ible rapidly  and  the  two  men  were 
overtaken  by  and  had  to  pass  through 
the  fire  to  reach  the  ladder  and  safety. 
When  they  reached  the  ground  and 
turned  in  an  alarm  at  5:20,  the  entire 
fourth  story  was  a  sheet  of  flame. 

The  fourth  and  fifth  stories  of  the 
building  were  enclosed  in  canvas  and 
heated  by  salamanders.  These  sala- 
manders had  been  charged  with  an- 
thracite coal  for  the  night  just  a  short 
time  previous  to  the  discovery  of  the 
fire.  An  explanation  offered  for  the 
rapid  spread  of  the  fire  is  that  the 
upper  part  of  the  fourth  story  was 
heavily  charged  with  gas  from  the 
salamanders  and  spread  the  flames 
throughout  the  length  of  the  building. 

The  fire  apparatus  responded 
promptly  but  was  delayed  by  the  re- 
moval of  railway  cars  from  the  tracks 
in  and  beside  the  building,  and  the 
hose  lines  were  very  long.  The  form 
work  in  the  sixth,  fifth  and  fourth 
stories  burned  practically  without 
check  and  was  substantially  con- 
sumed. In  general,  the  column  and 
drop  forms  had  been  removed  and  the 
surface  of  these  members  received 
the  full  heat  of  the  fire. 
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Many  of  the  posts  fell,  some  of  the 
joists  either  fell  or  were  supported 
precariously  on  one  or  two  charred 
posts.  This  form  work  offered  little 
by  way  of  support  to  the  slab. 

Some  of  the  form  work,  by  reason 
of  "freaks"  in  the  fire  or  wind,  came 
through  in  unexpectedly  good  shape. 
A  strip  of  roof  forms  along  the  east 
edge  at  the  south  end  and  about  15 
ft.  wide  was  almost  intact  although 
the  balance  of  this  form  work  was 
completely  consumed  and  little  if  any 
water  reached  it.  Some  runways  two 
stories  high  for  pouring  the  roof  also 
escaped  with  minor  damage.  The 
140-ft.  high  tower  was  protected  suc- 
cessfully by  the  fire  department,  as 
was  also  the  mixing  and  distributing 
plant. 

Effect  of  Fire. — The  fire,  starting  in 
the  fourth  story  and  involving  that 
entire  story  within  a  few  minutes, 
spread  rapidly  to  the  fifth  and  sixth 
stories  above.  Form  work  was  in 
place  for  the  sixth  floor  at  the  north 
end  and  the  reinforcing  steel  was 
practically  ready  for  the  concrete.  All 
this  form  work  was  completely  con- 
sumed and  the  steel  dropped  and  tan- 
gled. The  steel  also  underwent  an 
annealing  process  losing  much  of  the 
stiffness  of  hard  grade  material,  so  it 
could  be  bent  as  easily  as  structural 
grade.  The  spirals  and  column  verti- 
cals were  largely  protected  by  the 
metal  forms  but  the  light  wire  spirals 
of  this  story  were  so  badly  twisted 
and  deformed  as  to  be  almost  useless. 
At  the  south  end  the  sixth  floor  had 
been  placed  five  days  before  and  its 
supports  were  entirely  consumed  as 
was  the  form  work  for  the  roof  except 
for  the  "freak"  noted  above.  The 
slab  came  through  this  severe  test 
with  little  more  than  surface  damage. 

The  fire  also  dropped  from  the 
fourth  to  the  first  story  but  in  the 
first  and  second  stories  and  to  a  less 
extent  in  the  third  story  it  was 
checked  by  the  fire  department.  Most 
of  the  form  work  in  the  first  and  sec- 
ond stories  had  been  removed  and 
used  above.  In  the  northwest  corner, 
however,  it  was  in  place  in  all  stories. 
Here  some  structural  steel  was  in 
place  and  not  yet  fireproofed  and  it 
was  most  fortunate  that  it  had  water 
in  time  to  save  it.  The  very  small 
damage  to  the  surface  of  the  sur- 
rounding concrete  shows  that  the  fire 
made  little  heat  here,  although  it 
burned  for  some  time. 

Granite  Pebbles  in  Aggregate 
Cause  of  Principal  Damage. — The  prin- 


cipal damage  to  the  McDougall  termi- 
nal was  due  to  the  presence  in  the  ag- 
gregate of  large  quantities  of  granite 
pebbles  which  "pop"  when  subjected 
to  sudden  intense  change  in  tempera- 
ture. Everywhere  that  spalling  oc- 
curred the  surface  presents  heat-frac- 
tured pebbles.  Where  the  form  work 
was  entirely  consumed  the  surface  of 
columns  and  drops,  which  were  ex- 
posed for  the  entire  length  of  the  fire, 
is  composed  largely  of  such  fractured 
pebbles.  The  quartz  present  in  these 
pebbles  was  so  finely  divided  as  to  be 
scarcely  recognizable  and  the  pres- 
ence of  iron  further  disguised  the  ma- 
terial. It  is  doubtful  if  the  average 
engineer  would  have  classified  much 
of  this  material  as  granite  although 
certain  pebbles  are  readily  identified. 
Where  the  form  work  was  in  place, 
the  fire  ate  its  way  to  the  concrete  at 
the  cracks  between  boards  or  directly 
over  the  joists  where  the  extra  ma- 
terial made  a  hotter  fire  and  in  such 
places  incipient  spalling,  commonly 
very  shallow,  is  general. 

In  a  fire  of  this  limited  duration 
the  square  columns  stood  up  as  well 
as  the  round;  in  both  shapes  the  dam- 
age was  a  surface  damage  almost  en- 
tirely. This  showing  may  have  been 
due  also  to  the  fact  that  the  square 
columns  were  at  the  exterior  walls 
of  the  building  where  the  fire  was  un- 
doubtedly somewhat  less  intense.  The 
deepest  spalling  uncovered  some  of 
the  slab  reinforcing  steel,  principally 
in  the  direct  bands  which  were  from 
one-half  to  one  inch  above  the  forms. 
The  amount  of  spalling  indicates  that 
temperatures  considerably  in  excess 
of  1,070°  F.  (at  which  quartz  pops) 
existed  over  large  areas  in  this  fire. 

Some  panels  poured  the  same  day 
fell  when  the  forms  were  removed 
and  some  actually  stood  up.  Out  of 
16  panels  placed  that  morning  12  fell. 
All  the  columns  remained  standing  ex- 
cept two  and  all  the  exterior  columns 
were  inclined  slightly  inward  and 
have  been  removed  and  replaced.  The 
flat  slab  of  the  fourth  floor  directly 
below  came  through  without  injury 
while  two  rather  deep  spandrel  beams 
broke  under  the  impact  and  have  been 
torn  out  and  replaced.  This  floor  was 
five  days  old.  Some  fourth  story  col- 
umns on  the  west  face  were  cracked 
by  the  early  removal  of  the  slab 
forms  by  the  fire  and  will  be  replaced 
with  new  ones.  Careful  examination 
failed  to  show  any  cracks  in  the  slabs 
in  any  part  of  the  building  outside  the 
small  area  that  was  poured  that  day. 
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Method  of  Concreting. — In  view  of 
the  excellent  behavior  of  this  concrete 
structure  under  fire  test  it  may  be  of 
interest  to  describe  briefly  the  man- 
ner in  which  concreting  was  carried 
on  at  this  job  with  a  temperature 
ranging  to  20°   below  zero. 

The  precautions  were  less,  rather 
than  more,  than  commonly  required. 
Most  specifications  require  the  story 
above  the  slab  just  placed  as  well  as 
the  story  below  to  be  enclosed,  but 
in  this  case  the  story  above  had  no 
canvas    protection   or    salamanders. 

The  materials,  both  sand  and  gravel, 
were  heated  by  means  of  steam  jets 
in  the  piles  and  also  in  the  bins  over 
the  mixer,  keeping  them  free  from 
snow  and  ice  and  raising  them  to  a 
temperature  of  70°  F.  finally.  Con- 
crete was  spouted  to  a  hopper  and 
carted  to  its  final  position  in  the 
forms.  It  was  quite  wet.  The  story 
below  was  enclosed  in  canvas  and  the 
salamanders  fired  a  couple  of  hours 
before  concreting  began. 

The  top  surface  of  the  freshly  de- 
posited concrete  was  not  protected 
and  presumably  froze,  but  as  soon  as 
men  could  walk  on  it  a  layer  of  saw- 
dust and  shaving  some  4  in.  thick  was 
spread  over  it.  In  a  half  hour  or  less 
the  slab  was  warmed  through  again 
and  the  top  became  decidedly  warm 
to  the  hand.  The  floor  finish  was  not 
placed  with  the  slab  but  will  be  placed 
after  the  building  is  fully  enclosed  and 
heated.  While  this  method  departs 
from  usual  practice  in  several  re- 
spects the  "acid  test"  of  fire  seems  to 
have  demonstrated  its  effectiveness 
under  extreme  conditions.  Workmen 
removing  the  concrete  which  fell  and 
that  had  been  heated  only  for  a  part 
of  one  day,  found  it  very  hard  to 
break  with  bull-points  and  sledges. 

Some  Lessons  from  the  Fire. — The 
fire  teaches  us  some  lessons  that  may 
be  valuable  in  our  education  as  engi- 
neers. In  Duluth  all  available  aggre- 
gates for  concrete  work  contain  large 
amounts  of  stone  which  spall  or  pop 
under  sudden  heat  or  when  suddenly 
cooled  as  by  a  stream  of  water  in  a 
fire.  Other  cities  frequently  present 
a  choice  and  this  choice  is  frequently 
ignored.  A  slightly  greater  price  for 
non-spalling  aggregate  would  seem 
to  be  good  insurance.  This  has  long 
been  recognized  as  a  result  of  exten- 
sive laboratory  tests  and  experience 
in  other  fires — but  we  forget. 

This  fire  shows  also  that  concreting 
can  be  successfully  carried  on  in  ex- 
tremely low  temperature  without  loss 
of   speed   or   undue   increase   in   cost. 


At  least  200,000  sq.  ft.  of  this  struc- 
ture received  a  searching  fire  test 
which  would  surely  have  brought 
down  any  frozen  concrete  in  its  path. 

Even  with  concrete  made  from  de- 
cidedly fire-spalling  aggregate  the  loss 
of  value  and  time  in  a  severe  fire  is 
exceedingly  small  as  compared  with 
that  which  results  from  a  similar  fire 
in  a  non-fireproof  steel  framed  build- 
ing. The  total  delay  in  this  construc- 
tion will  hardly  exceed  two  weeks.  It 
should  not  be  overlooked,  however, 
that  winter  concreting  as  now  carried 
on  does  involve  a  largely  increased 
fire  risk  which  must  be  fully  covered 
by  insurance. 

The  superintendence  and  inspection 
work  on  this  terminal  was  carried  out 
under  the  direction  of  the  architect  S. 
Scott  Joy,  of  Chicago.  The  structural 
design  was  made  by  the  writer's  firm 
in  accordance  with  the  Duluth  and 
Chicago   building   codes. 


City   Built   of   Porcelain 

Of  all  the  quaintly  beautiful  old 
world  cities  of  Germany  that  of  Meisen 
on  the  Elbe,  pride  of  Saxony,  occupies 
a  unique  place  of  its  own  in  being  built 
almost  entirely  of  porcelain.  In  1710  J. 
F.  Boettger  established  the  first  royal 
porcelain  factory  on  the  hilltops  over- 
looking the  Elbe  and  from  that  day 
the  city  has  lived  and  thrived  through 
two  centuries  on  the  development  of 
the  industry.  In  the  fifty  years  that 
immediately  preceded  the  great  war 
the  municipality  and  individual 
wealthy  citizens  were  able  out  of  their 
accumulated  wealth  to  substitute 
porcelain  for  brick  and  stone  in  the 
construction  of  buildings,  so  that  now 
one-half  of  the  homes  together  with 
several  factories  and  public  edifices 
are  constructed  almost  entirely  of  this 
translucent  and  very  expensive  ma- 
terial. 

One  of  the  principal  show  places  of 
this  city  is  a  porcelain  villa,  the  home 
of  a  local  magnate,  the  value  of  which 
is  estimated  at  20,000,000  marks  — 
From    "Stone." 


Origin  of  the  Name  "Portland  Ce- 
ment."—Portland  cement,  according 
to  a  bulletin  of  the  Portland  Cement 
Association,  got  its  name,  not  from 
the  place  of  its  origin,  as  many  people 
suppose,  but  from  the  resemblance  of 
Portland  cement  concrete,  as  first 
made,  to  a  widely  used  building  stone 
from  the  Isle  of  Portland,  on  the  coast 
of  England. 
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Co-operation  Between  Engi- 
neer and  Architect 


Abstract    of    An    Address    Presented 
Before  Municipal  Engineers'  Soci- 
ety of  New  York  City 

By  ROBERT  D.  KOHN 

Vice  President  American  Institute  of 
Architects. 

There  has  always  been  a  misunder- 
standing between  architects  and  engi- 
neers as  to  their  particular  functions. 
In  recent  times  this  has  become  more 
noticeable  because  there  have  been 
distinct  instances  where  the  engineers 
felt  that  the  architects  have  intruded 
on  their  field,  and  there  were  frequent 
occasions  when  the  architect  felt  that 
the  engineer  had  invaded  the  field  of 
architecture.  What  we  need  more 
than  anything  else  as  between  the  two 
professions  is  a  clear  understanding 
of  the  respective  functions  of  the  two 
professions.  The  field  is  large  enough 
to  need  no  rivalry.  The  subject  itself 
is  one  that  would  lead  us  far  afield 
and  take  much  time  to  cover.  Let  it 
suffice  for  the  moment  to  point  out 
that  what  is  needed  is  co-operation 
and  not  competition.  The  two  profes- 
sions supplement  each  other. 

What  Architecture  Is. — Architecture 
is  not  the  art  of  applying  decoration 
or  ornament,  or  "piling  up"  ornament 
on  a  structural  form.  It  is  the  art  of 
seeing  into  every  elemental  form  and 
into  the  complete  structures  certain 
fundamental  conditions  that  make  for 
better-looking  structures.  The  beauty 
that  we  all  desire  in  everything  that 
surrounds  us  has  to  be  of  the  essence 
of  the  structure  or  form,  not  merely 
applied  to  it.  By  proper  co-operation 
between  the  engineer  and  architect 
these  results  can  be  attained.  And 
incidentally,  the  study  of  good  form 
and  beauty  is  not  the  sole  function 
of  the  architect.  But  until  now  he 
has  alone  studied  adequately  the 
amenities  of  life  in  many  directions; 
in  other  words,  those  gracious  fea- 
tures which  make .  a  structure  some- 
thing other  than  merely  a  shelter 
against  the  intemperance  of  the  cli- 
mate or  weather. 

Perhaps  the  whole  thing  can  be 
summed  up  by  such  a  case  as  the 
Pittsburgh  bridge  which  was  the  sub- 
ject of  endless  debate  a  year  or  two 
ago  among  the  Pittsburgh  engineering 
societies  because  the  design  of  a  great 
highway  bridge  was  given  to   a  firm 


of  architects.  The  protest  was  in  part 
justified.  The  design  should  have 
been  given  jointly  into  the  hands  of 
engineer  and  architect.  The  element 
of  good  appearance  should  at  the  very 
outset  be  kept  in  mind  in  the  design 
of  a  bridge  as  well  as  any  other  public 
structure,  street  development  or  park- 
way. It  is  unnecessary  to  point  out 
to  an  audience  of  this  kind  how  suc- 
cessful such  co-operations  of  engineer 
and  architect  have  been. 

Co-operation  in  War  Time  Building. 
— A  splendid  illustration  of  what  co- 
operation can  do  is  furnished  by  some 
of  the  war-time  building  in  the  various 
services  of  the  government.  The  par- 
ticular service  in  which  the  speaker 
was  engaged  (the  Housing  division  of 
the  Shipping  Board)  was  particularly 
fortunate  to  have  had  the  co-operation 
of  all  the  professional  men  joined  in 
it.  The  engineering  division  in  charge 
of  Morris  Knowles  of  Pittsburgh,  the 
construction  division  under  W.  G.  Luce 
of  New  York,  and  the  design  division 
under  F.  L.  Ackerman  of  New  York, 
very  soon  realized  what  could  be  ac- 
complished by  a  joint  study  of  everv 
problem  at  the  very  beginning  of  every 
procedure.  In  other  words,  during 
that  strenuous  period  of  war-time  ac- 
tivity, the  architect,  the  engineer,  the 
construction  man,  the  division  in 
charge  of  materials  and  transporta- 
tion the  men  in  charge  of  layouts  for 
water-supply,  gas  and  electricity  and 
street  layouts,  all  sat  down  together 
and  discussed  everything  from  avail- 
able material  to  the  nature  of  the  soil 
and  possible  schemes  of  sewage  dis- 
posal. The  full  import  of  every  hous- 
ing project  was  thus  at  least  touched 
upon  at  the  very  outset,  and  each  di- 
vision responsible  for  the  solution  of 
any  part  of  the  problem  was  con- 
scious of  the  elements  of  the  problem 
faced  bv  the  others.  By  the  middle 
of  1918  the  whole  procedure  had  been 
immensely  improved  by  reason  of  this 
co-operation.  Shortly  after  the  arm- 
istice at  a  conference  held  in  Philadel- 
phia attended  by  probably  a  hundred 
of  the  leading  engineers,  architects 
and  construction  men  associated  with 
the  Shipping  Board  Housing  division, 
there  was  only  one  sentiment  ex- 
pressed as  to  the  most  marked  influ- 
ence of  joint  work  in  that  government 
service.  It  was  that  each  one  realized 
the  inestimable  value  of  co-operation 
in  the  whole  construction  field. 

The  Congress  of  the  Building  Indus- 
try.— There  has  been  one  exceedingly 
interesting  outcome   of  this   war-time 
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work.  In  a  measure  it  was  respon- 
sible for  the  creation  of  what  has  been 
called  the  Congress  of  the  Building 
Industry.  This  congress  movement 
started  about  two  years  ago  and  now 
has  local  branches  in  New  York,  San 
Francisco,  Portland,  Boston  and  Phila- 
delphia, in  which  the  membership  con- 
sists of  seven  or  eight  groups  of  men 
connected  with  or  interested  in  the 
building  industry.  Generally,  the 
groups  are  engineers,  architects,  con- 
tractors, sub-contractors,  labor,  real 
estate  and  finance. 

The  Congress  was  formed  to  bring 
together  all  of  those  elements  for  joint 
discussion  of  their  problems.  It  was 
agreed  at  the  start  that  all  conten- 
tious subjects  like  wage  rates  and  con- 
ditions of  labor  on  which  there  is 
always  a  disagreement  between  em- 
ployer and  employee  should  be  elim- 
inated from  the  discussions  of  the 
Congress.  It  was  recognized  that 
these  topics  would  always  be  a  source 
of  disagreement,  but  it  was  felt  that 
there  are  innumerable  problems  with 
which  the  building  industry  is  faced 
which  can  only  be  solved  by 
joint  study  of  all  those  interested. 
That  the  principle  on  which  the 
Building  Congress  is  based  is  correct 
is  evidenced  by  the  results  already  at- 
tained in  the  establishing  of  an  ap- 
prenticeship school  for  carpenters, 
sheet-metal  workers,  painters  and 
others,  and  the  studies  of  seasonal 
unemployment  and  other  subjects  of 
importance  to  the  building  industry. 
What  has  been  most  eqective  is  the 
fact  that  the  best  results  here  and 
elsewhere  are  always  attained  when 
all  of  the  elements  concerned  in  any 
particular  problem  work  them  out  to- 
gether, rather  than  one  group  impos- 
ing its  will  on  the  rest. 

Results  of  Co-operation. — In  conclu- 
sion, it  seems  important  to  point  out 
that  what  can  be  accomplished  by  the 
engineer  and  architect  co-operating 
in  their  own  field  can  in  a  still  greater 
measure  be  advanced  by  reason  of  the 
professional  men  getting  together  to 
advance  the  causes  of  value  to  the 
public.  The  professional  man  is  im- 
potent in  public  affairs — as  a  rule  he 
is  in  the  minority.  It  is  rare  in  any 
public  service  of  the  government  to 
find  a  man  of  technical  ability  at  the 
head  of  any  department.  Some  lay- 
man is  generally  put  in  charge  and 
he  goes  through  the  motions  of  direct- 
ing the  work,  whereas  the  men  who 
really  know  how  to  do  it  are  generally 
in   the    position    where    they  have   to 


take  orders  and  fight  ignorance  anc 
in  some  cases  worse.  With  the  ex- 
ception of  Mr.  Herbert  Hoover,  who, 
perhaps  as  the  result  of  his  war-time 
service,  is  now  in  the  government 
service,  it  is  hard  to  find  another 
technical  man  who  has  ever  held  a 
position  of  importance  in  the  Federal 
government  service. 

Almost  every  subject  in  the  way 
of  public  improvement  interests  all  of 
the  professions.  The  subject  of  hous- 
ing, which  has  been  endlessly  dis- 
cussed in  the  last  few  years  is  not, 
for  instance,  a  subject  for  the  archi- 
tect alone,  nor  for  the  engineer  alone. 
It  interests  those  two  professions,  but 
it  also  interests  the  physician  in  the 
matter  of  public  health;  it  interests 
the  social  worker  from  the  point  of 
view  of  the  family;  in  certain  fields, 
the  law,  items  of  land  ownership,  the 
proposition  of  maintenance  and  com- 
munity ownership  and  utilities,  etc. 

When  all  the  professions  are 
brought  together  in  some  joint  body 
to  act  on  public  questions  that  arise — 
when  the  weakness  of  a  single  pro- 
fession acting  on  any  public  matter 
is  overcome  by  the  weight  that  can 
be  put  behind  any  movement  by  joint 
action,  then  the*  professionally-trained 
men  of  the  country  will  receive  from 
the  government  the  consideration  that 
they  should  have.  Then  and  then 
alone  will  we  begin  to  get  into  the 
government  an  adequate  measure  of 
that  competence  and  technique  which 
private  corporations  are  wise  enough 
to  buy,  but  which  our  municipal,  state 
and  National  governments  have  never 
seemed  to  be  willing  to  pay  for  or  to 
get  by  any  other  means.  It  is  to  that 
larger  vision  of  the  possibility  of  co- 
operation that  the  speaker  appeals  for 
your  individual  support  and  for  the 
support  of  organizations  like  the  Mu- 
nicipal Engineers. 


Standard  Thicknesses  of  Sheet  Metal 

Letter  circular  24,  one  of  the 
mimeographed  circulars  of  the  U.  S. 
Bureau  of  Standards,  has  just  been 
issued  and  gives  standard  thicknesses 
of  sheet  metals  including  steel  plate 
in  sheets,  galvanized  sheets,  copper, 
brass,  aluminum,  tine  and  terne,  zinc 
and  monel  metal.  The  various  sheet 
metal  and  wire  gages  used  in  design- 
ing the  thicknesses  are  also  discussed. 
The  circular  is  a  collection  into  useful 
form  of  information  that  has  hereto- 
fore been  widely  scattered  and  inac- 
cessible. 
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Model  Analysis  of  Indeterminate  Structures 


Illustration    and    Further    Demonstration    of    Methods    Announced 

a  Year  Ago* 

By  GEORGE  ERLE  BEGGS 

Associate  Professor  of  Civil  Engineering,  Princeton  University. 


[In  our  issue  of  May  24,  1922,  under 
the  title  "Indeterminate  Structures 
Mechanically  Analyzed,"  we  published 
a  paper  which  Prof.  Beggs  had  pre- 
sented at  the  1922  convention  of  the 
American  Concrete  Institute.  In  that 
paper  the  author  described  the  strik- 
ing results  which  he  had  attained  by 
the  use  of  paper  models  in  the  analy- 
sis of  continuous   beams,   the   elastic 


Fig.   1. — Two-Hinged  Circular  Arch,  Span 
30    In.,    Rise    5.6    In. 

arch,  and  other  indeterminate  struc- 
tures. Since  the  former  publication, 
Prof.  Beggs  has  conducted  corrobora- 
tive tests  with  models  of  larger  size 
and  made  of  celluloid  instead  of  paper. 
It  is  these  tests  and  some  of  their 
practical  applications  that  are  covered 
by  the  present  paper. — Editor.] 

The  celluloid  structures  shown  in 
Figs.  1  to  10  are  designed  from  the 
results  obtained  from  smaller  paper 
models.  By  use  of  a  measuring  mi- 
croscope and  special  gages,  as  de- 
scribed a  year  ago,  the  reactions  of 
these  structures  were  completely  de- 
termined for  various  conditions  of 
loading.  As  is  well  known,  a  reac- 
tion is  completely  defined  when  its 
magnitude,  its  angular  direction,  and 
a  point  through  which  its  acts  are 
known.  If  the  reaction  is  taken  by 
a  hinge,  the  point  of  action  is  through 
the  hinge,  and  only  the  direction  and 
magnitude  of  the  force  must  be  de- 
termined. If  any  reaction  of  an  elas- 
tic structure  is  correct  in  position,  di- 
rection, and  amount,  such  single  re- 
action applied  at  the  support  of  the 

*Published  by  permission  from  copy- 
righted proceedings,  American  Concrete 
Institute,    1923. 


structure  will  produce  both  static  and 
elastic  equilibrium. 

In  Fig.  1  is  shown  a  two-hinged 
arch  of  a  few  feet  span  mounted  on  a 
board  and  supporting  a  1.5  pound  lead 
weight.  The  right  end  of  the  arch 
rests  on  a  hinge  pin  and  the  left  hinge 
is  supported  by  an  aluminum  link  fas- 
tened to  the  board  by  a  single  pin  at 
its  upper  end.  The  arch  has  come  to 
rest  under  the  application  of  the  1.5 
pound  load,  and  is  therefore  in  static 
equilibrium.  But  note  that  the  left 
end  of  the  arch  is  deflected  away  from 
its  normal  unloaded  position,  showing 
that  there  is  not  elastic  equilibrium. 
The  link  was  intentionally  placed  on 
the  wrong  reaction  line. 

Again,  refer  to  Fig.  2,  the  direction 
of  the  left  reaction  caused  by  the  mul- 
tiple loading  shown  is  along  the  direc- 
tion of  the  link.  The  free  left  end  of 
the  arch  is  seen  to  move  neither  up 
nor  down  from  its  normal  position, 
even  though  the  arch  shows  consid- 
erable deflection  under  the  applied 
loads.  The  direction  of  this  left  re- 
action was  found  by  study  of  the  de- 
flections of  a  paper  model,  and  the 
truth  of  the  solution  is  established  by 
the  elastic  equilibrium  of  this  larger 
celluloid  structure. 

In  Fig.  3  is  shown  a  two-hinged 
frame  supporting  a  central  load,  This 
frame  was   designed   on   the   assump- 


.Aluminum  Link 


Fig.  2. — Two-Hinged  Circular  Arch,  Span 
30    In.,    Rise   5.6    In. 

tion  that  the  structure  was  supported 
by  hinge  pins  at  the  foot  of  the  col- 
umns. To  demonstrate  the  direction 
of  the  reactions,  the  pins  at  foot  of 
columns  were  removed,  and  the  struc- 
ture entirely  supported  by  two  alumi- 
num links  attached  to  fixed  hinge  pins 
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at  their  upper  ends.  The  satisfactory- 
elastic  equilibrium  is  evident  from  the 
figure,  for  there  is  a  negligible  amount 
of  deflection  of  the  column  supports 
from  their  normal  geometric  position. 
Tn  Pig.  4  is  shown  a  circular  ring  of 
9  inch  radius  and  %  inch  width.    Test 
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Fig.  3.— Two- Hinged   Roof   Frame. 

of  a  paper  model  indicated  that  the 
line  of  thrust  was  5.9  inches  from  cen- 
ter of  the  ring,  whereas  the  approxi- 
mate theory  gives  5.7  inches.  The 
value  obtained  from  the  paper  model 
test  was  used  in  the  design  of  the 
celluloid  ring.  As  shown,  this  ring 
is  cut  at  the  right  end  of  the  horizon- 
tal diameter,  and  the  section  extended 
so  that  a  metal  ring  may  be  intro- 
duced between  the  cut  ends  on  the 
line   of  thrust.     The   fact    of    elastic 


Fig.  4. — Tunnel   Ring. 

equilibrium  is  evident,  for  the  cut 
ends  of  the  ring  section  remain  paral- 
lel to  each  other  when  the  ring  is 
loaded  with  the  3  lb.  lead  weight. 

The  four  post  continuous  portal  with 
columns  fixed  at  bases,  as  in  Fig.  5, 
supports  a  single  inclined  load.  For 
this  loading  the  forces  transmitted 
to  the  foundations  are  in  path  of  the 


inclined  arrows  shown.  When  the 
several  foundations  are  supported 
by  single  hinge  pins,  indicated  by 
the  white  circles,  no  rotation  of  the 
foundations  occurs  when  the  inclined 
load  is  applied  to  the  celluloid  frame. 
The  condition  of  fixity  of  column  bases 


Pulley  and  Corduud  in  applying  food 

Fig.     5.— Multiple     Portal     Supporting     a 
Single   Inclined    Load. 

assumed  in  the  design  is  satisfied,  and 
the  validity  of  the  paper  model  analy- 
sis is  further  established. 

The  celluloid  arch  shown  in  Fig.  6 
is  fixed  at  each  end  and  carries  a  1.5 
pound  lead  weight.  Study  of  a  smaller 
paper  model  showed  that  the  paths  of 
the  two  reactions  are  along  the  white 
arrows  shown.  On  these  reaction  lines 
single  hinge  pins  are  placed  to  attach 
the  foundations  to  the  board.  When 
the  other  pins  indicated  by  the  white 
circles   without   arrows    are   removed 


Fig.    6. — Fixed -End    Arch. 

from  the  foundations  these  founda- 
tions do  not  rotate,  for  they  are  in 
both  static  and  elastic  equilibrium.  If 
the  load  be  moved  to  any  other  point 
of  the  arch,  each  foundation  turns  on 
its  single  hinge  pin,  indicating  that 
elastic  equilibrium  has  been  disturbed. 

Two  weights  have  been  hung  from 
the  same  arch  in  Fig.  7,  and  for  this 
loading  the  reactions  are  along  the 
white  lines  indicated.  As  before,  no 
rotation  of  the  foundations  occurs 
about  the  single  hinge  pins,  which  is 
in  agreement  with  the  design  assump- 
tion that  the  arch  has  fixed  ends. 

The  purpose  of  Fig.  8  is  to  show 
the  truth  of  the  rule  that  the  line  of 
temperature  thrust  passes  through  the 
centre  of  gravity  of  the  ds/I  values 
of  the  arch  rib.  The  right  hand 
foundation  is  fixed  and  a  force  in  the 
path  of  the  white  arrow  has  been 
applied  to  the  left  foundation  in  the 
line  of  the  temperature  thrust.     The 
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foundation  is  found  to  move  parallel 
to  itself  as  it  is  drawn  toward  the  left 
by  the  single  force.  The  effect  of  a 
drop  of  temperature  is  thus  simulated, 
and  the  position  of  the  temperature 
thrust  established. 

The  multiple  arch  with  elastic  col- 
umns in  Fig.  9  is  designed  on  assump- 


Fixed-End    Arch. 


tion  that  columns  are  fixed  at  their 
bases.  If  a  single  central  load  on  the 
centre  arch  is  assumed,  the  forces 
transferred  to  the  four  foundations  are 
along  the  white  lines  shown.  Single 
hinge  pins  placed  on  these  lines  fix 
the  foundations  when  the  10  lb.  load 
is  placed  on  the  centre  arch;  and, 
since  the  column  bases  do  not  rotate 
about  these  single  hinge  pins,  the  de- 
sign assumptions  are  satisfied. 

The  same  multiple  arch  was  de- 
signed on  the  assumption  that  the  two 
right  hand  columns  were  free  to  turn 
on  hinge  supports,  and  that  the  two 
left  hand  columns  were  fixed  at  their 
bases.  On  this  assumption  the  forces 
transmitted  to  foundations  acted  along 
the  dotted  white  lines,  as  shown  in 
Fig.  10.  Note  that  the  two  lines  at 
right  pass  through  the  centres  of  the 
column    feet,     which     were    assumed 


Fig.    8. — Fixed-End    Arch    in    Demonstra- 
tion  of   Position   and   Direction  of 
Temperature  Reaction. 

hinged.  When  the  10  pound  load  is 
placed  on  the  middle  arch  the  two 
right  hand  column  feet  turn,  and  the 
two  left  hand  ones  remain  fixed.  This 
accords  with  the  design  assumption, 
and  demonstrates  again  the  correct- 
ness of  results  obtained  from  obser- 
vation of  the  deflections  of  smaller 
paper  models. 

Practical  Uses  of  the  Model  Method 
of  Analysis. — It  is  not  the  purpose 
here  to  make  a  defense  of  the  use  of 
elastic  structures,  such  as  may  be 
solved  advantageously  by  the  use  of 
models.  The  reader  is  urged  to  make 
his  own  investigations  as  to  the  eco- 


nomic advantage  that  may  be  seized  » 
in  many  cases  by  the  selection  of  a 
continuous  frame  design,  proportioned 
in  its  various  parts  according  to  the 
true  distribution  of  forces  through  the 
structure.  The  principle  that  struc- 
tures designed,  proportioned,  and 
built  as  a  unit  are  more  economical 
than  similar  structures  designed  as 
statically  determinate  ones  will  meet 
with  more  favor  when  every  structural 


Fig. 


9.— Multiple    Arch    with     Elastic 
Columns. 


engineer  can  solve  a  composite  frame- 
work built  of  well  connected  mem- 
bers. The  economy  of  an  elastic  con- 
tinuous structure  is  well  illustrated 
in  the  description  given  on  page  73 
of  the  Engineering  News-Record,  Janu- 
ary 11,  1923,  of  a  continuous  frame 
design  for  the  highway  bridges  over 
the  Bronx  Parkway  roads.  The  esti- 
mated overall  saving  as  compared  with 
the  true  arch  design  is  given  as  $5,000 
per  structure.  This  saving  depended 
upon  an  engineer's  ability  to  design 
the  elastic  frame.  Such  design  may 
be  based  either  upon  deflections  de- 
termined by  mathematical  calculation, 
or  by  measurement  of  the  deflections 
of  a  model  structure. 

In  Fig.  11  is  given  a  comparison  of 
designs  of  continuous  beams  to  illus- 


Fig.   10.— Multiple   Arch   with    Elastic 
Columns. 

trate  the  use  of  an  elastic  model  and 
the  advantage  that  may  be  gained 
by  employing  a  beam  of  variable  sec- 
tion. The  condition  of  loading  is  uni- 
formly distributed  and  not  moving.  If 
this  beam  is  designed  of  uniform  sec- 
tion and  of  depth  to  provide  for  the 
W  V 

maximum     moment it  will  be 

12 
12    in.    wide     by    27    in.    deep.      But 
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let  us  assume  that  a  continuous  beam 
of  variable  section  may  have  some 
advantage  for  the  reason  that  both 
the  moment  and  the  shear  are  largest 
at  the  supports  of  a  continuous  beam. 
We  will  try  a  beam  twice  as  deep  at 
supports  as  at  centre  and  with  section 
uniformly  varying  to  the  quarter 
points.  The  influence  line  for  the 
moment  Mb  at  the  left  support  is 
found  by  making  a  paper  model  of 
these  proportions,  attaching  gages  at 
either  end,  introducing  a  small  rota- 
tion at  left  end  of  model,  and  reading 


Fig.    11. — Comparison    of    Influence    Lines 

for   Continuous    Beams   of   Uniform 

and   of  Variable  Sections. 

the  vertical  deflections  of  the  model 
beam.  These  deflections  are  propor- 
tional to  the  influence  line  ordinates, 
and  the  influence  line  for  moment  at 
left  support  so  determined  is  drawn 
in  Fig.  11  for  Beam  B.  The  influence 
line  for  end  moment  of  Beam  A  was 
platted  from  values  taken  from  pub- 
lished tables.  It  is  seen  that  the  area 
under  the  influence  line  for  B  is  much 
greater  than  for  A.  With  a  distribut- 
ed load  of  2,000  lbs.  per  lineal  foot, 
it  is  found  from  the  influence  line  that 
the  moment  at  left  end  of  Beam  B  is 
77,800  foot  pounds,  and  at  centre  22,- 
100  foot  pounds.  Using  the  centre 
moment  as  figured,  the  required  cen- 
tre section  by  the  customary  method 
of  design  is  found  to  be  12  in.  wide 
x  16  in.  deep.  The  end  section  is  then 
assumed  to  be  12  in.  wide  x  32  in. 
deep,  which  section  is  found  adequate 
with  a  moderate  amount  of  steel  rein- 
forcement. On  account  of  the  greater 
depth  of  Beam  B  at  the  support,  the 
matter  of  shearing  reinforcement  of 
this  beam  is  the  less  serious. 

In  Fig.  12  are  shown  silhouette  ele- 
vations of  the  two  designs,  from  which 
a  saving  of  concrete  is  evident  to  the 
casual  observer.     There  is  actually  35 


per  cent  more  material  in  Beam  A 
than  in  Beam  B.  This  figure  also 
shows  the  advantage  of  variable  sec- 
tion columns  for  multiple  portals.  The 
columns  in  the  two  designs  have  the 
same  amount  of  material,  but  in  de- 
sign B  the  section  is  increased  from 
bottom  upward  to  take  care  of  in- 
creased moments  caused  by  inclined 
reactions  at  column  foundations,  as 
occur  when  live  load  is  not  uniformly 
distributed  or  when  horizontal  forces 
are  present.  It  is  suggested  that  fur- 
ther study  of  designs  A  be  compared 
with  designs  B  to  determine  the  rela- 
tive economy  of  the  latter  when  mov- 
ing loads  must  be  provided  for. 

Recent  Progress  in  Method  of 
Analysis  by  Paper  Models. — To  save 
time  in  reading  the  deflections  of 
many  points  of  a  paper  model  under 
test,  resort  has  recently  been  made 
to  photography  and  the  use  of  double 
exposure  on  a  photographic  plate. 
For  this  purpose  the  paper  of  model 
is  black  with  white  centre  lines  or 
other  measurable  reference  marks.  It 
is  thus  possible  to  record  on  the 
photographic  plate  the  deflections  of 
all  points  of  the  model  caused  by  a 
motion  of  the  support,  and  these  de- 
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Design  &  stronger,  artistic,  und  more 

ECONOMICAL     THflN     A 

Fig.   12. — Comparison   of  Designs  of  Con- 
tinuous   Beams    of    Uniform    and    of 
Variable  Sections  to  Show  Economy 
of  Concrete  in  the  Latter. 

flections  divided  by  the  deflection  of 
the  support  are  influence,  values  for 
the  reaction.  This  process  of  record 
ing  displacements  on  a  photographic 
plate  has  long  been  used  in  astro- 
nomical work. 

Reinforced  Concrete  Building 
Frames  of  Indeterminate  Type.— It  is 
interesting  to  note  in  certain  recently 
constructed  industrial  buildings  both 
in  this  country  and  Europe  in  which 
continuous  reinforced  concrete  frames 
are  used  that  roof  trussing  is  absent 
and  that  a  travelling  crane  is  pro- 
vided. The  sections  and  reinforce- 
ment of  these  structural  frames  de- 
pends  upon   their   loads   and   the   ex- 
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tcrnal  reactions,  the  calculation  of 
which  may  be  made  most  readily  from 
the  deflections  of  a  model  frame.  It 
is  for  this  purpose  that  the  model 
method  of  analysis  is  most  valuable. 


New   Archer   Ford  Building  and 

Paving  Mixer. 

A  mixed  mounted  on  a  Ford  truck 
chassis,  and  operated  by  the  Ford 
engine,  has  been  placed  on  the 
market  by  the  Archer  Iron  Works, 
Chicago,  111.     The  mixer   is     of     the 


hangers  and  bars  of  ^-in.  square 
stock,  C,  are  welded  to  the  angles,  12 
in.  apart.  A  ^-in.  square  bar,  D, 
runs  parallel  to  the  angles  halfway 
between  the  rows  of  hangers.  Arrows 
indicate  the  location  of  welds.  The 
metal  lath  is  then  wired  up  to  the 
^-in.  square  bars  in  the  usual  man- 
ner. 

The  job  was  in  the  nature  of  an 
experiment,  in  that  none  of  those  con- 
cerned had  any  knowledge  of  a  simi- 
lar, previous  application  of  electric 
welding  to  building  construction.    The 


Machine    Fully    Equipped    Ready    for    Use. 

1-bag  size,  giving  7  cu.  ft.  of  mixed 
concrete  per  batch.  The  power  is 
taken  direct  from  the  Ford  motor  by 
means  of  a  unique  take  off  under  the 
hood,  the  full  power  of  the  motor 
being  available  for  driving  the  drum. 
The  mixer  is  one  man  control  and 
can  be  operated  from  the  driver's 
seat  or  from  the  ground. 


Suspended    Ceiling    Carried    by 
Welded  Steel  Work 

A  concrete  construction,  7-story 
building  which  embodies  some  special 
features  is  being  erected  at  86  Bloor 
St.,  West,  Toronto,  by  Professional 
Offices,  Ltd.  In  this  building,  the  ceil- 
ings are  of  the  suspended  type,  the 
space  between  the  concrete  floors  and 
the  plaster  ceilings  being  about  14  in. 
One  entirely  new  feature  in  construc- 
tion, according  to  The  Contract  Rec- 
ord, is  that  the  whole  of  the  steel 
work  for  carrying  the  suspended  plas- 
ter ceilings  is  fastened  in  place  by 
means  of  the  electric  arc  welding 
process,  instead  of  by  the  usual  meth- 
od of  "wiring." 

Rows  of  %  in.  diameter  round  hang- 
ers are  set  in  the  concrete  floor,  as 
shown  at  A,  in  the  illustration,  the 
rows  being  5  ft.  apart,  l^-in.  by  1%,- 
in.  angle  irons,  B,  are  welded  to  the 


Welding     Ceiling     Construction.       Arrows 
indicate   Points  of  Welding. 

work  was  carried  out  by  the  Lincoln 
Electric  Co. 

The  job  was  done  by  four  men,  two 
lathers,  one  welder  and  one  helper. 
The  lather  put  the  steel  up  in  place. 
The  helper  passed  the  steel  up  from 
the  stock  pile  and  shifted  scaffolding 
as  required,  and  the  welder  followed 
them  up.  The  arrangement  worked 
smoothly,  and  good  time  was  made  on 
the  job.  The  welder  occasionally  had 
to  work  a  little  overtime  to  keep  up 
with  the  lathers,  but  he  averaged  ap- 
proximately 135  welds  per  hour,  or 
nearly  1,100  per  day.  This  seems 
fairly  good  going,  especially  as  he 
was  walking  about  on  planks  about 
5  ft.  from  the  ground  and  all  the  weld- 
ing was  over  his  head. 


Elevator  Safety  Code 

The  U.  S.  Bureau  of  Standards,  in 
co-operation  with  the  American  So- 
ciety of  Mechanical  Engineers  and  the 
American  Institute  of  Architects,  has 
undertaken  a  revision  of  the  Elevator 
Safety  Code  originally  published  by 
the  American  Society  of  Mechanical 
Engineers.  A  committee  has  been  or- 
ganized by  the  three  sponsors  to  car- 
ry out  the  details  of  this  work.  The 
chairman  of  this  committee  is  Sulli- 
van W.  Jones  of  New  York ;  vice- 
chairman,    O.    P.    Cummings    of    New 
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York,   and  secretary,  J.  A.  Dickinson  figures  are  also  prorated  to  obtain  an 

of   the    Bureau   of    Standards,   Wash-  estimated  total  for  the  United  States 

ington.     A  meeting  of  the  committee  on    a    capacity    of    250,000    tons    per 

was  held  in  New  York  City  on  Febru-  month. 

ary    19   at   which    arrangements    were  Actual     Per  cent   Estimated 

made      for      several      subcommittees         1922  tonnage         <*         bookings. 

which  will  consider,  respectively,  revi-  April    197,796  89  222,500 

sions  of  the  rules  which  should  apply  May    181,503  81  202,500 

t0Mr,el^at0^^stallat^^th;^  SSS?  ::::::::ill:fo3      11      nlioS 

which  should  apply  to  existing  instal-  August    152,253  68  170,000 

lations,   the   present   requirements   in  September    .  .143,566  64  160,000 

vnrinii<i    nthpr    rnrlpq    now    in    fnrrp    in  October     128,315  58  145,000 

V?£10US    °tnef   C0Cle?    n°y    m    I5rceiin  November     ..108,593  49  122,500 

different   states  and  cities,   and   rules  December    ...130,082  58  145,000 

for  operation  and  for  inspection.  1923. 

January    168,336*  76  190,000 

^  ,    ~   ,  Z       ,  ,  February     ...176,787f  80  200,000 

Tests    of    Column    Sections    for    the  

Delaware  River  Bridge  Joint  /5>eoP££e?  by  161  firms  with  a  caPacity 

n  .     .        *  of  222,605  tons. 

commission  fReported  by  151  firms  with  a  capacity 

The  U.  S.  Bureau  of  Standards  has  of  219,955  tons. 

been   conducting   some   very  interest- 

ing  investigations  on  special  column  Personal* 

sections  similar  to  those  employed  on  ivan    C.    Peterson    and    L.   O.    Hopkins, 

the    new    Delaware    river    bridge    be-  formerly    manager    and    chief     engineer, 

twppn  Philadpinhia   and   Pamrlpn  respectively,      of     the      Chicago     Bascule 

tween  rniiaaeipnia  ana  uamaen.  Bridge  Co.,  severed  their  connection  with 

This  work   is   being   carried   out   for  that   company  on   March   1   and   are  now 

the  Delaware  River  Bridge  Joint  Com-  engaged     in     a     consulting     engineering 

micsqirm       TTntil    rpppntlv   thp    ™inmn«  practice,    specializing    in    movable    bridge 

mission,      until  recently  the   columns  design,  under  the  firm  name  of  Peterson, 

have    been    tested    in    the    horizontal  Hopkins  &   Co.,    at   118   North  La  Salle 

Emery  machine  of  the  bureau,  which  St.,  Chicago,  ill. 

has  a  maximum  capacity  of  2,300,000  ^tatflATO^ta^Ht&^S; 

lb.  in  compression.     The  work  still  to  has  been  awarded  the  Le  Brun  Traveling 

be    done    requires    a    larger    machine,  Scholarship  for  1923,  according  to  an  an- 

ro    thP    invptstitratinn    has    hppn    tmn«  nouncement    from    a    New    York    jury    of 

so   tne    investigation   nas    Deen   trans-  architects.     It   carries   a   cash   allowance 

ferred    to    the    10,000,000    lb.    vertical  of   $1,400   for   six   months   travel  abroad, 

machine     which     has     recently     been  and  is  awarded  under  the  direction  of  the 

moved   from   Pitt^hnre-b  New  York   Chapter  of  the  American  In- 

moyea  rrom  rittsDurgn.  stitute  of  Architects. 

It  is  interesting  to  note  that  in  this  J.     Rowland      Bibbins,     Engineer,     an- 

work  a  new  electrical  telemeter,  de-  nounces  the  opening  of  an  office  at  921 

sienpd  and  ponstrnptpd   at  thp  Pnrpnn  15tn   St"'   Washington,    D.   C,   for  private 

bignea  ana  constructed  at  tne  .Bureau  consulting  practice  in  transportation  de- 

of  Standards,  has  been  used  to  record  velopment.      Mr.    Bibbins    was    formerly 

the  stresses  in  the  various  members.  man,a&er,  Department  of  Transportation, 

THVio    on^oyo+nc,    v.00    ™.™t~a    ^~+„^,v,~i,r  U.   S.  Chamber  of  Commerce,  and  Super- 

The  apparatus  has  proved   extremely  vising   Engineer,    The   Arnold   Co.,    Chi- 

satisfactory  in  service.  cago. 

Structural    Steel    Sales    in  Industrial  Notes. 

«-.   1  The  Chicago   Pneumatic  Tool  Co.,  New 
February  York,  announce  the  appointment  of  H.  J. 
A   furthpr   inrrpasp   in    <jaiAcs    nf   fab  Bradley   as   branch   manager,    San   Fran- 
a  iurtner  increase  in   sales   or  rao-  cisco,    succeeding  J.   K.   Haigh,   who   has 
ricated  Structural  Steel  is  reported  for  been  transferred  to  their  Chicago  branch 
February,    according    to    figures     re-  to  resume  ^^  w°rk- . 
ceived   by   the   Department    of     Com-  ^xJ^'^r3^^^^^^ 
merce  through  the  Bureau  of  the  Cen-  Coeur  d'Alene,  Idaho,  and  will  engage  in 
sus.     February  sales  amounted  to   80  the     manufacture     and     wholesaling     of 
^^„   «~„+   ~e  «v.™    »«»',,  ,.*««*  ~~    „„„,•«„+  Western  red  cedar  posts,  poles  and  piling, 
per  cent  ot  shop  capacity  as  against  The  charter  Gas  Engine  Co.  of  Sterl- 
76  per  cent  for  January.     Total  sales  ing,   111.,   announces  the   purchase  of  the 
reported    for    February    by   151    firms,  entire  "MietzJ'  Oil  engine  (also  known  as 
™^Tv.    .,    0,1,^^    „„««„*+,,   ~p   oio  nec    +^„^         'Mietz  and  Weiss')    business,   heretofore 
with  a  shop  capacity  of  219,955  tons  carried  on  at  128-138  Mott  St.,  and  430 
per  month,  amounted  to  176,787  tons,  East    19th   St.,    New   York   City,    by   the 
the  highest  since  last  May.  AuSU£*    Mietz    Corporation    and    the    Re- 
rp^„„«„rt  K«rtv«^  *****  ™«*,tv*  k„  -\  r&  liance   Oil   Engine   Corporation.     This  ef- 
Tonnage  booked  each  month  by  164  fects  a  merger  and   consolidation,   under 
identical  firms,  with  a  capacity  of  223,-  one  management,  of  two  well  known  in- 
355  tons   per  month,  is   shown  below,  ternal   combustion   engines, 
together    with    the   per   cent    of   shop  Jul?    Mo.T'hS ?  moved    its   officS ?,ffrom 
capacity   represented   by   these   book-  325  Locust  St.,  to  the  Chamber  of  Com- 
ings.    For  comparative   purposes,   the  merce  Bldg.,  511  Locust  St..  St.  Louis. 
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The  Road  Bond  Holder 
Regarded  as  an  Own- 
er of  the  Road 

A  public  utility  rarely  reduces  its 
bonded  indebtedness,  but  refunds  ma- 
tured bonds  with  new  issues.  In 
such  cases  the  bond  holder  is  essen- 
tially one  of  the  owners  of  the  proper- 
ty, differing  but  little  from  a  preferred 
stock  owner.  There  seems  to  be  no 
reason  why  the  owner  of  a  highway 
bond  should  not  be  regarded  as  a 
part  owner  of  the  highway.  It  is  true 
that  he  exercises  no  managerial  func- 
tion other  than  the  function  of  select- 
ing the  community  to  where  he  in- 
trusts the  investment  of  his  savings. 
But  he  secures  his  "dividends"  in  the 
form  of  a  fixed  sum  annually  called 
"interest."  If  bonds  were  made  per- 
petual instead  of  having  a  date  of  ma- 
turity, they  would  not  differ  essential- 
ly from  preferred  stock,  except  in  the 
ability  to  foreclose  in  event  of  failure 
to  receive  the  "dividends." 

To  all  intents  and  purposes  the 
owners  of  most  bonds  are  owners  of 


preferred  stock.  This  is  peculiarly 
true  of  public  bonds,  for  in  their  case 
foreclosure  proceedings  are  so  rare  as 
to  be  practically  non-existent.  Why, 
then,  would  it  not  be  economically 
wise  to  regard  the  owners  of  road 
bonds  as  part  owners  of  the  roads?  If 
so  regarded,  it  would  cease  to  be  con- 
sidered uneconomic  to  raise  large 
sums  by  bond  issues  for  needed  road 
construction.  On  the  contrary,  every 
effort  would  be  made  to  attract  more 
capital  into  this  new  field  of  invest- 
ment. 

But,  it  will  be  argued,  such  a  prac- 
tice might  lead  to  overbuilding.  The 
reply  to  this  is  that  there  is  an  auto- 
matic means  of  avoiding  excessive  ex- 
pansion of  highway  development, 
namely  by  limiting  highway  bond  is- 
sues to  the  amount  that  revenue  from 
motor  vehicles  will  support.  A  com- 
bined license  fee  and  gasoline  tax  fur- 
nishes an  ideal  means  of  securing  toll 
frcm  all  road  users.  Let  us  abandon 
not  merely  short-time  limits  upon 
road  bond  maturity,  but  also  sink- 
ing funds  for  bond  retirements.  Let 
us  regard  road  bond  holders  as  own- 
ers of  valuable  revenue  producing 
properties,  and  we  shall     witness     a 
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progress  in  road  construction  that  will 
approximate  that  in  motor  car  con- 
struction. 


Should  Public  Works  Be 

Curtailed  in  "Good 

Times"? 

The  suggestion  has  frequently  been 
made  that  public  work  should  not  be 
curtailed  in  times  of  general  econom- 
ic distress,  but  should  even  be  in- 
creased in  volume.  Recently  Herbert 
Hoover  has  been  quoted  in  approval  of 
a  plan  to  reduce  the  amounts  expend- 
ed for  federal  buildings  until  there 
comes  a  decline  in  building  activity. 
Possibly  there  is  merit  in  such  a 
plan,  although  we  are  by  no  means 
convinced  that  there  is.  But  of  one 
thing  we  are  certain,  namely,  that 
there  should  be  no  curtailment  of 
road  construction  during  "good  times." 
Not  a  few  editors  of  daily  papers  are 
advocating  a  reduction  in  all  public 
works  expenditures  until  a  general 
decline  in  business  occurs,  three  or 
four  years  hence.  Let  us  consider 
briefly  what  such  a  policy  would  lead 
to. 

In  the  first  place  the  road  building 
season  is  short  at  best,  averaging 
about  eight  months  in  our  northern 
states.  Then  there  is  rainy  weather 
that  reduces  the  number  of  days 
worked  to  about  150  a  year.  Ordi- 
nary delays  in  starting  new  contracts, 
usually  reduce  the  number  of  days  ac- 
tually worked  to  about  125  a  year. 
This  gives  a  very  low  "output  factor" 
for  the  average  road  building  plant. 
Of  the  365  days  only  about  one-third 
are  usually  worked  by  such  a  plant. 
Now  to  make  matters  much  worse  it  is 
being  urged  that  most  of  the  road 
building  be  done  only  during  "hard 
times."  Business  cycles  usually  have 
a  span  of  7  to  10  years  between  pe- 
riods of  deep  depression,  and  the  de- 
pressed or  hardtime  period  is  about 
one-third  as  long  as  the  business  cycle. 
Hence,  if  the  advice  of  some  news 
paper  editors  were  followed,  active 
road  building  would  occur  during 
only  3  years  out  of  every  9,  and  allow- 
ing even  150  days  actually  worked  an- 
nually, there  would  be  a  total  of  450 
days  worked  in  9  years,  or  an  average 
of  only  50  days  a  year! 

The  waste  involved  in  working  an 
expensive  plant  only  14  per  cent  of 
the  number  of  days,  and  less  than  5 
per  cent  of  the  number  of  hours  in  a 


9  year  period,  would  be  great  enough 
to  prevent  adopting  any  such  policy  of 
curtailment  of  road  work  in  "good 
times."  But  more  wasteful,  vastly 
more  wastful,  would  be  the  periodic 
cost  of  organizing  and  training  high- 
way engineering  corps  and  road  con- 
structing gangs  to  work  three  years 
and  then  be  scattered. 

Beside  these  great  economic  ob- 
jections relating  to  construction  on  an 
intermittent  plan  there  is  a  financing 
difficulty  that  would  prove  insuper- 
able. During  "hard  times"  taxpayers 
resist  to  the  utmost  every  suggestion 
that  involves  an  increase  in  public  ex- 
penditures. It  is  difficult  enough  in 
"good  times"  to  secure  approval  of 
fairly  reasonable  appropriations  for 
public  works.  The  difficulty  in  "bad 
times"  would  be  so  great  as  to  bring 
such  work  almost  to  a  halt. 


Adam  Smith's  Erroneous 
Predictions  About  the 
Consequences    of 
Public  Indebt- 
edness 

State,  county  and  municipal  bonded 
indebtedness  is  about  $8,000,000,000  or 
approximately  double  what  it  was  in 
1913,  and  the  federal  government  debt 
is  about  $23,000,000,000.  An  eight  bil- 
lion debt  sounds  very  formidable  un- 
til it  is  expressed  in  dollars  per  inhabi- 
tant. Even  then  there  are  people  who 
may  regard  the  $70  per  capita  debt  as 
being  seriously  objectionable. 

The  investment  in  our  steam  rail- 
ways is  approximately  $200  per  capita, 
in  our  street  railways  $60  per  capita, 
in  our  telephone  systems  $20  per  cap- 
ita. In  these  three  classes  of  public 
utilities  the  investment  totals  $280 
per  capita,  more  than  50  per  cent  of 
which  is  represented  by  bonds.  Yet 
no  one  is  bemoaning  the  size  of  the 
indebtedness  of  public  utilities,  un- 
less it  be  the  stockholder  who  wishes 
that  he  were  the  owner  of  the  entire 
property  free  of  incumbrance. 

Nearly  a  century  and  a  half  ago 
Adam  Smith  predicted  dire  conse- 
quences from  the  fact  that  the  British 
debt  was  $70  per  capita,  and  growing. 
What  would  he  think  of  America  with 
a  debt  of  nearly  $300  per  capita?  In 
common  with  many  economists  of  to- 
day, Adam  Smith  failed  to  see  that  a 
bond  is  usually  an  evidence  of  part 
ownership  in  property,  and,  where  so, 
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is  not  the  dangerous  thing  that  it 
seems  to  be  when  regarded  merely  as 
an  obligation  to  pay. 

In  another  editorial  in  this  issue 
we  have  briefly  considered  a  bond  as 
a  share  in  the  bonded  property. 


more  than  double,  while  the  total  for 
non-trespassers  should  treble? 


Still  1.6  per  Day 

In  the  first  90  days  of  this  year 
deaths  by  automobile  in  Chicago  to- 
talled 147,  or  an  average  of  1.6  daily. 
This  is  just  0.1  death,  or  6  per  cent 
lower  than  the  average  of  the  first  47 
days  of  the  year  published  in  our 
March  7th  issue. 

The  reduction  though  welcome  is 
not  enough,  but  happily  there  are  in- 
dications of  a  change  in  prospect. 
One  drunken  driver  was  recently 
given  90  day  jail  sentence  in  addition 
to  a  fine,  although  he  had  killed  no- 
body. Early  last  month  in  California 
a  woman  was  sentenced  to  250  days 
in  jail  after  having  run  down  and 
killed  a  man  while  intoxicated.  And 
there  have  been  other  sentences 
which  contained  at  least  some  meas- 
ure of  real  punishment. 

One  Chicago  paper  is  printing  daily 
a  dial  with  "Hands  of  Death"  pointing 
to  fatalities  due  to  autos,  guns  and 
moonshine,  and  is  also  using  its  edi- 
torial columns  in  the  campaign  against 
these  menaces.  It  looks  as  if  opinion 
is  being  roused  toward  effectiveness. 

After  the  death  rate  has  been  cut  to 
a  reasonable  minimum — whatever  that 
may  be — and  reckless  driving  has 
been  curbed  as  far  as  is  practicable 
with  the  means  at  our  command,  there 
will  remain  the  tedious  and  somewhat 
thankless  task  of  maintaining  these 
conditions,  for  the  criminal  automo-. 
bilist,  like*  other  criminals,  can  only 
be  held  in  check  by  permanently  sus- 
tained effort. 

It  is  interesting  to  compare  automo- 
bile and  railroad  fatalities.  In  1922 
the  steam  railroads  in  the  U.  S.  killed 
5,852  persons — 2,431  trespassers  and 
3,421  non-trespassers.  We  do  not  have 
at  hand  the  figures  on  .automobile 
deaths  in  the  same  year  but  we  can 
note  figures  for  previous  years,  while 
we  bear  in  mind  that  the  number  has 
been  increasing.  In  1919  there  were 
9,827  persons  killed  in  auto  accidents, 
while  for  1920  the  National  Safety 
Council  estimated  that  the  total  did 
not  exceed  12,000.  What  would  the 
daily  papers  say  if  the  number  of  rail- 
road deaths  should  jump  to  the  num- 
ber of  automobile  deaths— that  is  if 
their    grand    total    should    double    or 


Concrete  Guards  for   High- 
way Embankments 

To  the  Editor:  When  my  eye  first 
caught  the  illustration  on  page  72  of 
your  Nov.  1,  1922,  issue,  showing  the 
concrete  pyramid  embankment  guards 
I  said  to  myself  "There  is  a  Porto 
Rican  photo."  I  was  rather  surprised 
when  I  looked  at  the  caption  under 
the  illustration  to  learn  that  it  was  a 
photo  of  a  road  in  my  own  state,  and 
still  further  surprised  to  learn  that  it 
was  a  photo  of  something  developed 
and  tried  experimentally  there. 

I  well  recall  seeing  similar  con- 
struction  in  the   island   when   I  was 


Concrete  Guards  at  Bridge  at  Utuado. 

there  with  Gen.  Miles'  invading  force 
in  1898,  and  how  it  interested  me, 
though  at  that  time  I  had  not  been 
through  college  and  the  engineering 
side  of  these  posts  did  not  appeal  to 
me.  The  memory  of  this  wasT  so 
strong  that  I  made  up  my  mind  that 
I  would  check  it  up.  I  have  a  book 
of  snap  shots  which  were  taken  in 
Porto  Rico  in  1898  by  Mr.  Dwight  L. 
Rogers  the  Y.  secretary,  who  accom- 
panied our  regiment,  for  the  Y  had 
even  then  seen  the  value  of  its  kind 
of  service  to  the  men  of  our  army. 
These  snaps  I  had  loaned  to  a  school 
that  was  at  a  point  in  their  studies 
of  history  that  made  them  of  interest 
so  that  I  could  not  at  once  check  up. 
I  now  have  the  book  back  and  in  it  I 
find  a  snap  of  the  old  bridge  across  a 
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branch  of  the  Rio  Grande  de  Arecibo 
at  Utuado  which  shows  these  same 
pillars  as  guards  to  the  approach  em- 
bankment. I  have  but  one  print  which 
is  mounted  in  my  book  so  that  I  can- 
not submit  it  for  publication  but  I 
have  cut  a  page  out  of  the  1919  re- 
port of  the  Department  of  the  Inter- 
ior of  Porto  Rico  which  shows  a  fine 
example  of  this  type  of  construction  on 
the  approaches  to  the  bridge  over  the 
Rio  Valenciano  near  Juncos  on  the 
road  from  Caguas  to  Humacao.  I  am 
enclosing  also  a  snap  which  I  recently 
took  of  the  new  bridge  at  Utuado, 
built  to  replace  the  old  one  washed 
away   in    the    tornado    of    1899.      You 


iment  by  the  way  was  brigaded  with 
my  regiment  and  would  remember  the 
"Mudhole  Camp." 

I  hope  that  these  photos  may  prove 
to  be  of  interest  to  your  readers  and 
be  evidence  that  there  is  some  truth 
to  that  old  saying  that  there  is  noth- 
ing new  under  the  sun.  I  wish  by  the 
way  that  more  of  our  people  especial- 
ly engineers  who  have  the  means  and 
the  time  to  travel  would  go  to  Porto 
Rico.  Perhaps  I  am  over  enthusi- 
astic because  I  came  so  near  giving  up 
my  life  in  1898  to  make  this  little  is- 
land part  of  us,  and  so  feel  as  if  I  had 
made  an  investment  in  it,  but  I  think 
more    of   our   travellers    should    pass 


Approaches    to    Bridge    Over    Rio    Valenciano,    Porto    Rico,    Showing    Concrete 

Guards. 


close  to  the  bridge  that  were  there 
in  1898.  The  smaller  truncated  prism 
pillars  will  notice  the  same  type  of  pil- 
lars that  show  in  my  old  photo  are  far- 
ther down  the  road.  Judging  from  a 
parison  of  the  two  photos  I  should 
say  that  the  pillars  were  the  same  in 
both.  I  was  not  of  course  trying  to 
get  engineering  data  when  I  took  this 
snap  but  trying  to  get  a  snap  of  a 
camping  ground  that  was  historical  to 
our  regiment.    The  Sixth  Illinois  Reg- 


Bermuda  and   Jamaica  and  visit  our 
adopted    island. 

DAN   PATCH, 
Aberthaw  Construction  Co. 
Boston,  Mass. 


Road  Convention  of  U.  S.  Good  Road 
Association.— The  11th  Annual  Con- 
vention of  the  U.  S.  Good  Roads  Asso- 
ciation and  the  U.  3.  Good  Roads 
Show  will  be  held  at  Greenville,  S.  C, 
April  16-21. 
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Motor  Truck   Operation  on 
County  Road  Work 

Regulations       of      Canadian       County 

for    Guidance    of    Its    Drivers 

and    Foremen 

In  connection  with  a  paper  read 
Feb.  26  at  the  ninth  annual  conference 
of  the  county  and  township  road  super- 
intendents and  engineers  of  Ontario, 
Mr.  Charles  Talbot,  County  Engineer 
of  Middlesex  County,  Ontario,  sub- 
mitted the  following  regulation  which 
he  had  prepared  to  govern  the  opera- 
tion of  county  trucks  in  1923: 

General  Directions. — One  of  the  op- 
erators of  the  trucks  or  excavator 
shall  be  appointed  foreman.  He  shall 
be  responsible  for  hiring  and  discharg- 
ing all  men  in  connection  with  the 
work  of  loading,  delivering  and  plac- 
ing material.  He  shall  have  no  respon- 
sibility for  the  construction  of  the 
road  other  than  the  delivery  of  the 
material.  He  is,  however,  to  be  re- 
sponsible for  the  placing  of  the  mate- 
rial as  directed  by  the  road  foreman. 

The  right-of-way  from  the  pit  to  the 
point  of  delivery  is  at  all  times  to  be 
kept  in  a  good  state  of  repair.  Where 
a  township  road  is  being  trucked  over, 
the  foreman  shall  at  all  times  main- 
tain it  in  a  safe  and  serviceable  condi- 
tion for  the  trucks  and  after  truck- 
ing is  completed,  is  to  leave  the  road 
in  a  level  and  good  condition.  When 
a  county  road  is  being  trucked  over, 
the  foreman  shall  co-operate  with  the 
foreman  of  the  road  but  the  neglect 
of  the  road  foreman  will  not  relieve 
him  from  the  responsibility  of  the 
proper  maintenance  of  the  road. 

An  accurate  record  of  the  cost  of 
this  work,  done  under  the  direction 
of  the  truck  foreman,  shall  be  kept  by 
him  and  reported  at  least  every  two 
weeks  to  the  county  engineer. 

Trucks. — The  foreman  shall  be  re- 
sponsible for  the  maangement  and 
control  of  each  truck  and  the  exca- 
vator. The  control  of  a  truck  shall 
not  be  assigned  to  any  one  driver  un- 
less the  foreman  considers  it  in  the 
interests  of  the  management  of  the 
work,  so  to  do. 

It  shall  also  be  the  foreman's  duty 
to  see  that  the  trucks  are  regularly 
greased,  oileV'  and  supplied  with  gaso- 
line and  water,  and  that  mechanical 
parts  are  in  proper  order  and  that 
repairs  are  made  at  all  times  with  as 
little  delay  as  possible.  Every  part 
of  the  machinery  shall  be   examined 


daily  and  loose  nuts,  grease  cups,  set 
screws,  bolts,  etc.,  tightened. 

Truck  Foreman. — The  foreman  may 
appoint  one  truck  driver  to  become  re- 
sponsible for  this  part  of  the  work, 
and  may,  if  in  his  opinion  he  deems  it 
advisable,  allow  this  driver  50  ct.  per 
day  extra,  but  his  appointment  will 
not  relieve  the  foreman  from  his  re- 
sponsibility in  the  matter. 

Wages. — All  men  in  connection  with 
the  work  will  be  hired  at  a  weekly 
wage  and  they  shall  be  paid  every  two 
weeks.  Every  man  hired  is  to  board 
and  sleep  in  the  county  camp.  No  al- 
lowance will  be  made  for  meals  or 
lodging  away  from  the  camp  unless 
such  meals  and  lodging  are  ordered 
by  the  foreman.  Wages,  including 
board,  shall  be  as  follows:  Foremen, 
$24  per  week;  truck  drivers  and  op- 
erators, $18  per  week.  Teams  when 
required  will  be  paid  $5  per  day. 

Lost  Time  and  Overtime. — When  by 
reason  of  wet  weather  or  broken  ma- 
chinery men  are  idle,  they  shall  re- 
ceive 75  per  cent  of  their  regular  pay 
the  first  day,  50  per  cent  the  second 
and  third  day  and  their  pay  shall  be 
discontinued  thereafter  until  the  ma- 
chines are  again  in  operation  or  the 
roads  are  in  fit  condition  to  operate 
the  trucks,  unless  the  foreman  can 
place  the  men  repairing  machinery, 
laboring  in  the  pit  or  on  right-of-way 
work,  in  which  case  they  shall  receive 
full  pay. 

Trucks  shall  be  on  duty  10  hours 
each  day;  that  is,  each  truck  driver 
shall  operate  his  truck  10  hours  daily 
Time  to  start  when  the  excavator  op- 
erator starts  to  load  his  truck,  except 
when  the  delay  is  caused  by  the  load- 
er, in  which  case  the  time  will  start 
as  soon  as  the  truck  driver  is  ready, 
but  not  before  7  a.  m. 

When  a  truck  driver  works  less 
than  ten  hours  the  lost  time  shall  be 
deducted  from  his  regular  wages.  If 
he  drives  his  truck  more  than  ten 
hours  he  will  be  allowed  the  regular 
rate  of  wage  per  hour  for  the  extra 
time. 

On  the  first  of  July,  Labor  Day  and 
Thanksgiving  Day  the  men  will  be  al- 
lowed off;  all  other  days  or  part  days 
on  which  they  are  off  duty  shall  be 
deducted  from  their  pay. 

Order  for  Supplies. — In  so  far  as 
possible  the  foreman  shall  receive  an 
order  from  the  county  engineer  for 
the  purchase  of  repairs  for  machinery 
and  supplies  ofther  than  are  ordinarily 
required,  and  shall  in  all  other  mat- 
ters   concerning    the   management   of 
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his  work  advise  with  and  be  directed 
by  the  county  engineer. 

Accounts. — The  foreman  shall  make 
out  a  separate  time  sheet  for  each 
road  in  each  township,  showing  the 
number  of  hours  each  man  works  each 
day  on  each  road,  the  number  of  cords 
of  material  delivered  on  each  road  and 
the  average  length  of  haul  from  the 
pit  to  the  dump.  On  these  time  sheets 
shall  also  be  entered  the  time  of  the 
operator  of  the  shovel  with  his  time 
divided  on  the  different  roads  in  the 
same  way  as  the  time  of  the  truck 
drivers  is  divided. 

He  shall  also  make  out  a  separate 
time  sheet  showing  the  hours  spent  by 
the  men  and  teams  in  the  pit  and  on 
right-of-way  work,  wages  due  the 
cook,  supplies  for  camp  (including 
fuel,  groceries,  etc.),  with  bills  in  each 
case,  the  time  spent  by  a  mechanic  in 
repair  of  each  truck,  and  all  accounts 
for  machinery  repairs  indicated  by  giv- 
ing the  truck  number,  etc.)  and  for 
what  machine  the  repairs  were  pur- 
chased. 

Accounts  for  gasoline  and  oil  shall 
be  O.K'd  by  the  foreman  and  for- 
warded every  two  weeks  with  the  time 
sheets.  Payment  of  these  accounts 
will  be  made  direct  to  the  dealers. 

Truck  operation  sheets  will  be  fur- 
nished each  operator  and  these  shall 
be  filled  up  each  evening  by  the  oper- 
ator on  completion  of  the  work. 


Method  of  Constructing  Pre-Cast 
Concrete  Slab  Bridge  Floor 

During  1922  a  new  floor  of  pre-cast 
concrete  slabs  was  laid  on  the  Con- 
necticut river  bridge  connecting  South 
Hadley  with  the  city  of  Holyoke, 
Mass.  The  methods  of  reflooring  this 
bridge  are  described  by  H.  W.  Wood- 
ill,  city  engineer  of  Holyoke,  in  the 
Concrete  Highway  Magazine,  from 
which  the  matter  following  is  taken. 

The  slabs  were  cast  with  such  care 
that  although  they  were  8  by  20  ft.  in 
size  and  weighed  $y2  tons  each,  an 
excellent  fit  was  obtained  when  they 
were  placed.  As  no  short  detour  was 
available,  traffic  continued  to  use  the 
bridge  during  construction,  the  car- 
track  strip  at  one  side  being  used  in 
passing  the  point  where  \ae  slabs 
were  being  placed. 

Two  160-ft.  spans  of  double  inter- 
section type  trusses  make  up  the 
South  Hadley  end  of  the  bridge.  These 
were  found  to  be  strong  enough  to 
support  the  additional  weight  of  the 
concrete,  but  the  floor  system  needed 


strengthening.  This  was  done  by  put- 
ting in  enough  girders  to  cut  the 
original  16-ft.  floor  beam  spacing  in 
half.  The  new  beams  are  fastened 
by  standard  plate  connections  to  hang- 
ers where  the  web  members  intersect 
midway  between  the  panel  points. 

The  concrete  slabs  are  supported 
by  the  stringers,  which  rest  upon  the 
new  floor  beams,  4  ft.  on  centers,  and 
come  into  the  old  beams.  Fy  casting 
each  slab  with  a  recess  along  one 
bottom  edge,  the  contractor  made  pro- 
vision for  clearing  the  old  floor  beams, 
which  extend  above  the  top  of  the 
stringers.  Slabs  were  placed  with 
their  long  dimension  across  the  road- 
way. 

Plat  arch  construction  was  adopted, 
the  slab  bottom  being  rece*,  ea  trans- 
versely to  form  arches  of  4-ft.  span. 
Small  longitudinal  beams   4  in.  wide 


Conveying  Slabs  on   Frame  of  Heavy  Tim- 
bers  on    Two    Low   Wheels. 

were  carried  through  the  arches.  Re- 
inforcement is  ample  to  carry  the 
assumed  load  even  though  there  is  no 
bearing  on  one  stringer.  The  slab 
thickness  varies  from  13  in.  at  the 
ends  to  about  6  in.  at  tn*e  arch  crowns. 
In  preparation  for  casting  the  slab;? 
careful  measurements  were  made  of 
the  floor  system  and  accurate  levels 
taken.  The  bridge  is  on  a  slight  skew, 
which  further  complicated  matters. 
The  plan  of  the  floor  system  was 
duplicated  at  the  casting  yard  not  far 
from  the  bridge  with  steel  shapes  set 
in  the  same  positions  as  the  stringers 
and  floor  beams.  Sand  carefully 
leveled  constituted  the  bottom  of  the 
mold.  Wooden  arches  were  set  on  the 
sand  to  form  the  arched  recesses  in 
the  slabs.  Concrete  was  placed  in  the 
forms  early  in  the  fall  of  1921  and 
the  first  slabs  were  installed  the  fol-< 
lowing  May,  so  that  an  ample  curing 
period  was  allowed. 
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Gasoline  Tax  Recommended 

at  Pennsylvania  Highway 

Conference 


Conclusions    Regarding    Highway    Ad- 
ministration,    Finance,     Construc- 
tion  and   Maintenance 

Selection  of  road  types  with  some 
idea  of  the  use  to  which  the  road  will 
be  put;  removal  of  state  highway  de- 
partments from  politics;  a  tax  on  gaso- 
line, so  road  users  will  pay  for  road 
construction  and  maintenance  in  di- 
rect ratio  to  the  extent  they  use  roads; 
a  traffic  survey  in  each  state;  uniform 
motor  legislation,  and  elimination  of 
all  grade  crossings  are  recommended 
in  the  report  of  the  conclusions  com- 
mittee named  by  the  highway  confer- 
ence called  by  Governor  Gifford  Pin- 
chot. 

Road  officials  from  25  states  met  in 
Harrisburg  and  for  two  days  discussed 
highway  problems.  To  summarize  the 
conclusions  of  the  conference  a  com- 
mittee was  named  chairmanejd  by 
Thomas  H.  McDonald  of  Washington, 
chief  of  the  Federal  Bureau  of  Roads, 
Other  members  were  Col.  Frederick 
Stuart  Greene,  highway  commissioner 
of  New  York;  Chief  Engineer  A.  W. 
Dean  of  the  Massachusetts  Highway 
commission;  Frank  Page,  chairman, 
North  Carolina  Highway  commis- 
sion; Paul  D.  Sargent,  chief  engineer, 
Maine;  Clifford  Older,  chief  engineer, 
Illinois;  H.  G.  Shirley,  chairman  of 
the  Virginia-  Highway  commission; 
Charles  J.  Bennett,  commission,  Con- 
necticut; and  William  H.  Connell,  as- 
sistant state  highway  commissioner 
of  Pennsylvania. 

The  report  of  the  conclusions  com- 
mitte  is  as  follows: 

Administration. — The  construction, 
maintenance,  financing,  and  operation 
of  highways  is  becoming  more  and 
more  a  question  of  nation  wide  trans- 
portation and  less  one  of  neighborhood 
convenience.  There  are  two  general 
phases  to  every  problem  coming  be- 
fore a  state  highway  department  for 
solution — the  business  and  the  techni- 
cal. A  majority  of  the  states  have  rec- 
ognized this  fact  by  providing  for 
either  engineer  commissioners  or 
technically  trained  engineer  execu- 
tives.    We   believe   this   principle   is 


sound  fundamentally  and  urge  the 
state  authorities,  both  executive  and 
legislative,  to  provide  at  all  times 
strong  engineering  control  in  the  ad- 
ministrative and  executive  work  of 
their  state  highway  departments  and 
engineering  supervision  of  the  con- 
struction, maintenance  and  operation 
of  the  highway  systems. 

To  this' end  we  urge  that  these  de- 
partments be  removed  from  political 
influences,  and  that  continuity  of  ser- 
vice be  preserved  for  a  sufficient  pe- 
riod to  insure  stabilized  policies.  In 
no  other  way  is  it  possible  to  safe- 
guard and  protect  the  interests  of 
the  citizen  who  is  paying  for  the 
roads. 

State  highway  departments,  with 
their  knowledge  of  the  geography  and 
topography  of  the  states,  should  de- 
termine without  legislative  or  other  in- 
terference what  roads  or  systems  of 
roads  should  be  constructed  and  main- 
tained with  state  funds  and  shculd  not 
be  governed  by  legislation  as  to  types 
and  cost  of  construction. 

Finance. — The  highway  departments 
should  be  operated  under  a  budget 
system. 

The  cost  of  building  and  maintain- 
ing an  adequate  system  of  highways 
should  be  distributed  equitably  among 
the  sources  of  highway  revenue  in 
proportion  to  the  benefits  derived  from 
the  improvement. 

The  permanent  features  of  origi- 
nal construction  of  highways  should 
be  financed  on  the  "pay  as  you  go" 
plan  or  from  the  proceeds  of  serial 
bonds,  according  to  the  stage  of  devel- 
opment of  the  highway  system  now 
existing  in  the   several  states. 

The  policy  of  requiring  the  user  of 
the  roads  to  pay  for  the  service  re- 
ceived through  a  license  and  gasoline 
tax  is  a  sound  one,  and  all  revenues 
from  such  sources  should  be  applied 
primarily  to  the  maintenance  and  re- 
construction of  highways. 

Construction. — Owing  to  variations 
in  climate,  soil,  traffic  conditions  and 
available  materials,  no  one  standard 
type  of  pavement  is  practical  for  the 
country  or  even  for  a  state. 

Granite  block,  brick  and  bituminous 
tops  on  a  concrete  foundation,  and  a 
concrete  pavement  may  be  termed  as 
construction  of  the  first  class;  the  so- 
called  flexible  types  of  pavements  may 
be  termed  as  construction  of  the  sec- 
ond class;  and  gravel,  sand  and  clay 
or  other  top  soil  may  be  termed  as 
construction  of  the  third  class. 

The  progressive  method  of  construc- 
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tion,  whereby  the  grading,  structures 
and  drainage  are  first  completed  and 
the  hard  surface  pavement  laid  later, 
is  both  a  practical  and  at  times  the 
most  advantageous  method  of  high- 
way construction. 

Maintenance.  —  Unless  adequate 
maintenance  is  provided  for,  initial 
construction  of  highways  should  not 
be  undertaken  at  all. 

The  same  engineer  who  builds  the 
road  should  be  held  responsible  for 
its  up-keep. 

Traffic — Each  state  highway  de- 
partment should  establish  a  traffic  bu- 
reau to  make  a  highway  transport 
survey  in  all  its  phases  to  determine 
present,  and  forecast  future,  traffic 
conditions  to  assist  in  the  selection 
of  the  economic  road  construction. 

Efforts  should  be  made,  in  co-opera- 
tion with  motor  vehicle  officials,  to 
establish  as  soon  as  possible  uniform 
motor  vehicle  laws  and  regulations, 
so  that  the  user  of  the  road  may  trav- 
el under  uniform  laws  wherever  he 
goes. 

It  is  highly  desirable  that  a  uni- 
form law  be  enacted  by  the  states  of 
the  union  regulating  the  dimensions  of 
motor  driven  vehicles  and  the  wheel 
load  of  such  vehicles. 

An  effort  should  be  made  to  pro- 
vide proper  standard  devices  for  the 
protection  of  the  road  user  and  the 
prevention  of  accidents,  and  no  per- 
son should  be  allowed  to  operate  a 
motor-driven  vehicle  upon  a  public 
highway  until  such  driver  has  been  ex 
amined  and  a  license  showing  com- 
petency has  been  granted. 

We    believe    in    the   installation   of 

simple,  easily  followed  direction  signs. 

A  more  determined  effort  should  be 

made  to  promptly  eliminate  all  grade 

crossings. 

Realizing  the  grave  responsibility 
resting  upon  the  officials  charged  with 
the  administration  of  the  higways  for 
the  safety  of  the  public,  we  earnestly 
appeal  to  the  people  at  large  to  aid 
in  making  these  conclusions  effective. 


Wayne  County,  Michigan,  Paints 

Traffic    Division    Mark   on 

Pavement  by  Machine 

To  reduce  the  cost  of  painting  a 
mark  down  the  center  of  its  concrete 
highways,  Wayne  County,  Michigan, 
has  devised  a  unique  machine  which 
accomplishes  this  purpose  at  a  sub- 
stantial saving  in  time  and  labor.  The 


arrangement  is  described  by  Mr.  Ed- 
ward H.  Hines,  chairman  Wayne  Coun- 
ty Road  Commissioners,  in  the  March 
Concrete  Highway  Magazine. 

The  new  machine  consists  of  a  De 
Vilbiss  compressed-air  painting  ma- 
chine mounted  on  a  Ford  truck.  A 
wooden  wheel  about  2  ft.  in  diameter, 
4  in.  wide  and  covered  with  a  strip  of 
felt  about  1  in.  thick,  revolves  on  an 
axle  which  is  part  of  an  iron  frame 
attached  to  the  rear  of  the  truck.  The 
wheel  is  placed  so  that  it  followed  in 
the  track  of  the  left-hand  wheels  of 
the  truck. 

As  the  truck  is  driven  down  the 
road,  a  spray  of  paint  is  applied  di- 


Painting  Center  Marks  on  Concrete  Pave- 
ment with  Paint  Sprayer  Mounted 
on    Truck. 

rectly  on  the  felt  about  1  ft.  above 
the  pavement.  The  paint  is  imme- 
diately transferred  to  the  pavement 
as  the  felt  covered  wheel  trails  after 
the  truck.  When  not  in  use,  the  iron 
frame  and  the  wheel  are  raised  and 
placed  on  the  truck. 

White  paint  is  being  used  because 
much  of  the  old  concrete  mileage  has 
become  so  darkened  by  oil  drippings 
that  a  black  line  is  hard  to  follow  at 
night.  Before  the  paint  is  applied 
the  center  of  the  road  is  marked  with 
chalk  about  every  50  ft.  to  guide  the 
driver  in  centering  the  line,  or  the 
driver  simply  proceeds  with  his  left 
hand  wheels  over  the  old  line. 

With  the  old  method,  four  painters 
could  stencil  only  a  mile  of  road  a 
day,  whereas  with  the  new  method, 
two  men  can  cover  from  6  to  7  miles 
per  day. 
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Instrument   Based   on   Principles   of   Optical   Levers   for   Measuring 
Deformations  Resulting  from  Suddenly  Applied  Forces 

By  EARL  B.  SMITH, 
U.   S.   Bureau  of  Public  Roads. 


The  strain  gage  described  here  was 
designed  in  the  U.  S.  Bureau  of  Pub- 
lic Roads.  The  work  on  the  develop- 
ment of  this  gage  was  begun  during 
the  summer  of  1920.  Since  that  time, 
several  improvements  have  been  made 
on  the  original  construction.  The  pri- 
mary consideration  in  the  design  of 
this  strain  gage  was  to  secure  an  in- 
strument which  would  respond  to  and 
accurately   measure   deformations  re- 


-* 


Fig.    1. — Essential    Features    of    Gage. 

suiting  from   suddenly  applied  forces 
and  impact. 

Essential  Features  of  the  Gage. — In 
the  development  of  such  an  instru- 
ment it  is  important  that  a  high  de- 
gree of  magnification  of  the  deforma- 
tion in  any  member  to  which  it  might 
be  attached  be  attained.  A  magnifica- 
tion of  from  5  to  10,  or  possibly  20, 
was  found  to  be  too  small.  It  was 
also  realized  that  deformations  oc- 
curring very  quickly,  say  within  one- 
half  second  of  time  and  less,  would 
require  high  velocities  and  accelera- 
tions in  mechanical  multiplying  de- 
vices, and  that  the  resulting  lag  and 
overthrow  would  so  vitiate  the  rec- 
ords that  they  would  not  be  depend- 
able. The  principle  of  optical  levers 
was  then  resorted  to  and  the 
instrument  is  based  on  this  prin- 
ciple. The  optical  principle  and 
essential  features  of  this  strain 
gage  are  shown  diagrammatic- 
ally  in  Fig.  1.  A  and  B  are  the  two 
gage  points  of  the  instrument,  A  be- 
ing the  movable  gage  point,  pivoted 
as  shown  and  operating  at  its  upper 
end  a  mirror  fixed  on  a  pivot  and 
bearing  against  the  end.  A  source  of 
light  is  focused  by  means  of  a  small 
lens   on   the   mirror   and  is   reflected 


back  to  the  film.  In  operation  any 
slight  movement  of  the  gage  point  A 
will  rock  the  small  mirror  about  its 
pivot,  thus  deflecting  the  beam  of 
light  and  magnifying  very  greatly  the 
movement  at  A.  By  this  means  of 
magnification  it  will  be  seen  that  there 
are  only  two  mechanical  moving  parts, 
namely,  the  gage  point  with  its  ex- 
tension and  the  mirror  on  its  pivot, 
and  since  the  movement  in  either  case 
is  extremely  small,  they  respond  read- 
ily with  very  little  inertia  effect.  The 
greater  part  of  the  magnification  is 
attained  by  the  movement  of  the  re- 
flected beam  of  light  caused  by  move- 
ment of  the  mirror  and  this  takes 
place  with  no  inertia  effect,  conse- 
quently there  can  be  no  lag  or  over 
travel.  To  make  the  instrument  re- 
cord a  photographic  film  is  so 
placed  as  to  receive  the  record  of  the 
beam  of  light  which  passes  through 
a  slot  of  suitable  size. 

A  photograph  of  the  actual  instru- 
ment is  shown  in  Fig.  2,  L  being  a 
small  electric  light  bulb,  the  filament 
of  which  is  focused  through  the  lens 
on  to  the  small  mirror  at  N.  The 
image  of  this  filament  is  reflected 
back  across  the  vertical  slot  located 


Fig.    2. — View    of    Actual    Instrument. 

in  the  partition  of  the  instrument  at 
T.  A  roll  of  film  is  caused  to  pass 
this  slot  and  receive  the  record.  In 
the  closed  end  of  the  box  is  a  small 
electric  motor,  whose  speed  is  re- 
duced through  a  worm  gear  and  serves 
as  the  driving  power  for  the  film.  The 
motor  and  the  electric  lamp  are  op- 
erated from  a  12-volt  storage  battery. 
Fig.  3  shows  another  view  of  this  in- 
strument with  the  film  holder  re- 
moved, a  new  film  roll  being  in  place 


(205) 


760 


Roads  and  Streets  Monthly  Issue  of 


April 


but  not  threaded  into  position  ready 
for  use.  This  figure  also  shows  the 
cover  of  the  box  and  the  clamp  which 
is  used  for  fastening  the  instrument 
to  any  member  whose  deformation  is 
to  be  measured.  Fig.  4  shows  a  view 
of  the  gage  point  side  of  the  instru- 
ment. At  the  right  end  is  the  mov- 
able gage  point  which  has  a  sliding 
longitudinal  adjustment  by  means  of 
the  right-hand  thumb  screw  shown. 
At  the  left  end  are  shown  three  gage 


Fig.    3. — View    of    Instrument    with    Film 
Holder  Removed. 

points,  the  two  outside  gage  points  be- 
ing of  the  same  length  and  about  1/16 
in.  longer  than  the  middle  gage  point. 
For  use  on  flat  surfaces,  this  provides 
a  more  stable  and  secure  attachment 
for  the  instrument,  but  in  case  of  nar- 
row plates  and  bars  and  round  rods 
the  center  gage  point  is  used.  The 
instrument  is  clamped  to  the  member 
being  tested  as  shown  in  Fig.  5. 

The  films  used  in  this  instrument 
are  the  regular  commercial  vest-pock- 
et kodak  films  which  are  1%  in.  wide. 
For  certain  kinds  of  work  a  special 
set  of  spools  may  be  provided  on 
which  may  be  wound  motion  picture 
films  which  will  enable  the  operator 


Fig.   4. — Gage    Point    Side    of    Instrument. 

to  secure  long  records  up  to  possibly 
20  ft.  in  length. 

Magnification  of  More  than  500  Pos- 
sible.— It  is  possible  to  get  magnifica- 
tions with  this  instrument  of  more 
than  500.  It  has  been  found,  however, 
that  a  magnification  of  about  200  is 
ample  for  most  cases.  The  instru- 
ment is  calibrated  by  placing  it  on  a 
specially  constructed  block  whereby 
the  movable  gage  point  may  be  moved 


a  known  amount  by  means  of  a  m 
crometer     screw.       This     calibratin 
block  is  so  constructed  that  the  mo 
able  gage  point  may  be  operated  slo 
ly  by  hand  or  rapidly  by  means  of  a 
electric  motor,  so  as  to  study  the  e 
feet  of  rapid  movements  of  the  gag 
point.     With   the   electric   motor  t. 
gage    point    may    be    oscillated    at 
speed  of  about  100  per  second.     Th 
group  of  film  records  shown  in  Fi 
6   are   records   taken   by   this   inst 
ment  on  the  calibrating  block.     Th 
total  movement  on  the  gage  point  du 
ing  these  trials  was  .003  in.;  the  spee 
of  oscillation  was  varied  from  appro: 
imately  2  per  second  to  about  100  pe 
second.      This    particular     trial   w 
made  tov determine  whether  there  w 
any  lag  or  overthrow   of  the  inst 
ment  as  shown  on  the  record.    Car 
f  u  1     measurement 
of     these    original 
records      indicates 
that  the  height  of 
the     record     from 
top    to    bottom    is 
the     same    for    all 
speeds.     The    orig- 
inal   magnification 
of     these     records 
was  250  to  1.    The 
slow      speed     rec- 
ords   show  several 
variations    and    ir- 
regularities,     but 
this     was     due    to 
operating  the  cali- 
brating  device    by 
hand    rather    than 
by    the    motor,    so 
any   slight    hesita- 
tion    or    variation 
of   the   speed   was 
immediately 
shown  on  the  rec- 
ord.   Such  tests  of 
the    instrument    as    shown    by    these 
calibration  films  indicate  that  the  in- 
strument is  reliable  and  will  give  ac- 
curate   records    for    all    deformations 
up  to  about  100  per  second.     In  the 
case  of  bridge  members  where  this  in- 
strument has  been  used,  it  has  been 
found  that  the  period  of  vibration  of 
members  is  usually  not  more  than  20 
per  second.     It  is  then  quite  easy  to 
secure  the  deformation  with  each  vi- 
bration as  well  as  the  maximum  defor- 
mation caused  by  the  impact  of  loads 
moving  at  high  speed  on  bridges. 

This  instrument  has  been  tried  on 
the  members  of  several  highway 
bridges  when  the  bridges  are  subject- 
ed to  truck  traffic  running  at  various 
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Fig.   5 — Incru- 
ment    Clamped 

to    Member 
to  Be  Tested. 
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speeds,  the  resulting  deformations  be- 
ing very  accurately  recorded  on  the 
film.     These    bridge    trials,   however, 


Fig.  6. — Records  Taken   by  Instrument  on 
Calibrating  Block:    (1)  Two  Vibrations 
per  Second;  (2)  Six  Vibrations 
per  Second;    (3)  20  Vibra- 
tions per  Second. 

were  primarily  for  the  purpose  of  try- 
ing out  the  instrument  rather  than  as 
a  test  of  the  bridge. 

There  is  shown  in  Fig.  7  several 
records  of  the  trials  taken  on  one  of 
these  bridges;  a  6-panel  through  Pratt 
truss  on  the  lower  cord.  These  rec- 
ords show  the  character  of  the  rec- 
ords obtained  at  the  different  speeds 
of  the  3-ton  truck  as  it  passed  over 
the  bridge. 


To  Test  Actual  Stresses  in  Roads 
of  Many  States. — Actual  stresses  in 
concrete-road  slabs  and  subgrade  con- 
ditions beneath  are  to  be  investigated 
in  many  states  by  the  Bureau  of  Pub- 
lic Roads  of  the  United  States  Depart- 
ment of  Agriculture.  A  truck  is  now 
being  equipped  with  suitable  appara- 
tus, including  graphic  strain  gauges 
and  an  autographic  deflectometer 
especially  developed  for  the  purpose. 
Data  to  be  collected  will  include  soil 
and    moisture    condition    of    the    sub- 


grade,  design  of  slab,  direction  and 
magnitude  of  stresses,  and  deflection 
of  slab  under  legal  limit  of  loading  as 
well  as  other  loadings.  This  investi- 
gation is  to  start  early  in  the  spring, 
and  some  of  the  southern  states  will 
be  visited  first. 


Earth  Road  Oiling  in  Illinois 

Extensive     Field     Experiments    to     be 
Carried  Out  This  Year 

By  H.  J.   Clemmer, 

Engineer  of  Materials,  Division  of  High- 
ways, Illinois  State  Department  ol 
Public  Roads  and  Buildings. 

Arrangements  have  been  completed 
and  plans  are  well  under  way  for 
carrying  out  some  extensive  field  ex- 
periments in  earth  road  oiling  during 
the  coming  summer  near  Cambridge, 
in  Henry  county,  Illinois.  The  Illinois 
Division  of  Highways  in  co-operation 
with  J.  H.  Reed,  county  superinten- 
dent of  Highways,  plans  to  construct 
an  experimental  oiled  earth  road  of  a 
number  of  sections  employing  the 
different  kinds  and  grades  of  oil  com- 
monly used  in  Illinois  on  some  sec- 
tions and  oil  in  varying  quantities  on 
other  sections  and  observing  the  re- 
sults under  actual  traffic  conditions. 
It  is  also  planned  to  study  other  im- 
portant factors  entering  into  the  con- 
struction of  oiled  roads  among  which 


Fig.  7. — Records  Taken  on  Through  Pratt 
Truss  Bridge. 

may  be  mentioned  the  effect  of  soil 
and  subgrade  conditions,  the  effect  of 
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extremes  of  weather  conditions  and 
the  methods  of  heating  and  applying 
oil. 

13,000  Miles  of  Oiled  Earth  Road  in 
Illinois. — If  all  the  oiled  earth  roads 
of  Illinois  were  laid  out  in  the  form 
of  a  continuous  stretch  of  road,  they 
would  make  a  highway  13,000  miles  in 
length.  These  roads  in  1922  required 
for  their  construction  35,000,000  gal. 
of  oil  and  involved  a  total  cost  of 
about  $2,000,000.  Approximately  14 
per  cent  of  the  total  mileage  of  pub- 
lic roads  in  Illinois  is  now  oiled  and 
no  doubt  carry  a  much  greater  propor- 
tion than  14  per  cent  of  the  total 
traffic. 

The  oiled  earth  road  is  not  adapted 
to  extremely  heavy  traffic  nor  to 
heavy  truck  or  steel  tired  traffic,  but 
under  moderate  automobile  traffic  this 
type  of  road  when  properly  construct- 
ed gives  excellent  service.  For  this 
reason  the  oiled  road  is  best  suited  for 
the  secondary  system  of  roads  where 
the  brunt  of  the  traffic  is  carried  by 
the  paved  trunk  highway.  However, 
due  to  the  absence  of  paved  roads  in 
many  sections  of  Illinois,  the  main  ar- 
teries of  traffic  have  been  oiled  in 
some  cases  with  considerable  suc- 
cess. 

Oiling  Important  Method  of  Road 
Maintenance. — Surface  oiling  of  earth 
roads  was  first  practiced  in  Illinois 
in  about  1910  or  1911  and  since  that 
time  has  made  rapid  strides  until  at 
the  present  time  it  constitutes  one 
of  the  most  important  methods  of 
road  maintenance  in  the  state.  This 
rapid  development  may  be  accounted 
for  first  by  the  lack  of  local  supplies 
of  stone  and  gravel  which  could  be 
utilized  for  other  types  of  roads. 
Second,  the  rapidity  and  ease  of  con- 
struction of  oiled  earth  roads.  It  is 
usually  possible  for  a  county  or  town- 
ship to  oil  and  maintain  its  entire 
system  of  roads  throughout  a  season 
without  an  excessive  outlay  of  equip- 
ment and  at  a  moderate  expense.  It 
is  possible  to  drag  an  oiled  earth  road 
practically  throughout  the  year.  The 
oil  prevents  the  surface  from  freez- 
ing tight  and  otherwise  keeps  it  in 
condition  for  dragging  when  an  ordi- 
nary earth  road  cannot  be  so  main- 
tained. Third,  a  properly  constructed 
oiled  earth  road  is  very  agreeable  to 
traffic  and  this  feature  has  contribut- 
ed in  no  small  degree  to  its  popular- 
ity and  the  demand  on  the  part  of 
the  public  for  its  construction. 

Problems  in  Construction  and 
Maintenance  of  Oiled   Roads. — Coinci- 


dent  with  the   rapid   development 
the  oiled  road  has  arisen  a  number 
problems  in  connection  with  its  coi 
struction     and     maintenance,     anion? 
which  may  be  mentioned  the  folio 
ing: 

1.  What  is  the  best  kind  and  grad( 
of  oil  for  earth  road  treatment? 

2.  What  quantity  of  oil  and  number 
of   treatments   per  season  are  neces 
sary  for  the  maintenance  of  an  earth 
road? 

3.  What  are  the  best  and  most  ecc 
nomical  methods  of  construction,  pai 
ticularly  as  regards  methods  of  heat- 
ing and  spreading  oil,  and  the  prepan 
tion  of  the  road  surface  prior  to  ai 
plying  the  oil? 

4.  What  effect  has  the  character 
the  soil  and   subgrade   conditions 
the  final  results? 

5.  What  are  the  effects  of  the  e^ 
tremes  of  weather  conditions  ant 
what  measures  can  be  taken  to  pre 
serve  an  oiled  earth  surface  througl 
long  dry  periods  and  through  the 
spring  "break-up"? 

While  earth  road  oiling  in  Illinois 
dates   back   but   little   more    than   1( 
years,  it  has  been  practiced  in  certai 
other  states  for  a  much  longer  perioe 
but  owing  to  the  climatic  and  soil  coi 
ditions,  and  the  peculiar  varieties 
oil  available,  Illinois  has  benefited  bi 
little  from  outside  experience  and  the 
methods  of  construction,  maintenance 
and  oil  specifications  which  have  come 
into  use  are  almost  entirely  the  re 
suits  of  her  own  experience. 

In   an  effort  to   find   a  solution 
some   of   the   above   mentioned   prot 
lems  and  to  effect  a  better  and  wide 
understanding  of  the  best  method 
constructing  oiled  earth  roads,  undei 
conditions  existing  and  with  materials 
available  in  Illinois,  this   experimei 
is  being  undertaken. 


Bituminous  Materials  for  Repair 
Pennsylvania  Highways. — The  Penn- 
sylvania State  Highway  Department 
opened  bids  on  March  22,  26  and  27 
for  stone  and  for  bituminous  mate- 
rials for  1923  repair  work.  Bids  were 
asked  on  405,326  tons  of  stone  and 
6,274,164  gal.  of  materials  for  road 
treatment.  The  stone  will  be  used  in 
resurfacing  and  in  repairs  to  maca- 
dam highways.  Of  the  bituminous 
materials,  1,696,112  gal.  are  for  use  in 
the  building  of  penetration-macadam 
thoroughfares  by  the  department's 
maintenance  forces;  and  4,578,052  gal. 
for  surface  treatment. 
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Investigations  by  the  Engineering  Experiment  Station  of  the  Uni- 
versity of  Minnesota  on  the  Utilization  of  Marl 
as  a  Binder  for  Sandy  Roads 


Minnesota  has  many  sandy  roads. 
The  accepted  practice  for  improving 
such  roads  is  to  spread  clay  upon 
them,  and  by  plowing  and  harrowing, 
thoroughly  mix  the  clay  into  the  sand 
of  the  subgrade.  The  road  then  be- 
comes surfaced  with  a  sand-clay  mix- 
ture. The  best  ratio  of  materials  ap- 
pears to  be  two  of  sand  to  one  of 
clay.  This  has  been  found  to  be  a  de- 
sirable ratio,  both  by  analyzing  the 
material  of  existing  natural  topsoil 
roads,  and,  experimentally,  by  com- 
bining material  for  surfacing. 

The  similarity,  in  many  respects,  be- 
tween marl  and  clay  has  suggested 
the  use  of  marl  as  a  binder  on  sandy 
roads.  Accordingly  an  investigation 
of  the  suitability  of  the  material  for 
the  above  mentioned  purpose  was  un- 
dertaken by  the  Engineering  Experi- 
ment Station  of  the  University  of  Min- 
nesota. The  results  are  set  forth  in 
a  bulletin  prepared  by  Mr.  Charles  H. 
Dow,  issued  recently  by  the  station. 
The  notes  following  are  taken  from 
the  bulletin. 

Conclusions  Reached  from  Labora- 
tory Experiments  on  Mixtures  of  Clay 
and  Sand,  and  Marl  and  Sand. — Marl- 
sand  is  a  weaker  combination  than 
clay-sand.  It  will  therefore  break  up 
more  readily  under  traffic  and  be- 
come dusty.  This  condition  of  dusti- 
ness may  be  overcome  by  sprinkling 
with  calcium  chloride. 

Marl-sand  may,  however,  be  strong 
enough  to  stand  light  traffic  and  not 
reach  a  critical  point  where  it  breaks 
down.  It  may  withstand  the  action 
of  auto  tires  where  it  may  not  with- 
stand the  action  of  steel  wagon  tires. 

On  slaking,  the  marl-sand  does  not 
muddy  or  discolor  the  water.  It  is 
practically  insoluble.  For  this  rea- 
son, less  marl-sand  surfacing  will 
wash  away  in  rainy  weather  than  clay- 
sand. 

Marl-sand  does  not  long  remain 
suspended  in  water.  When  marl-sand 
is  dry,  it  resists  for  a  long  time  the 
penetration  of  water.  On  the  con- 
trary, clay-sand  has  an  immediate 
affinity  for  water.  This  quality  of 
marl  may  prevent  the  dry,  dusty  road 
from  getting  the  full  benefit  of  light 
rainfalls. 


As  the  subgrade  of  the  roads  to  be 
treated  with  marl  will  be  invariably 
of  sand,  the  waterproof  quality  of 
marl  will  be  of  no  advantage,  as  it  is 
desirable  to  have  the  sand  subgrade 
moist. 

Marl-sand  dries  out  nearly  as  slow- 
ly as  clay-sand.  If  the  subgrade  is 
moist,  the  marl  surface  should  keep  in 
good  condition,  because  it  will  exhale 
moisture  slowly  at  the  surface. 

Mixtures  of  marl-sand  are  very  com- 
pressible. Finger-packed  mixtures 
compacted  under  the  machine  one- 
fourth.  Clay-sand  is  much  less  com- 
pressible. Marl-sand  yields  its  surplus 
water  very  readily  under  pressure, 
while  clay-sand  retains  its  water  con- 
tent. 

Marl-sand  retains  its  molded  shape 
under  pressure.  Clay-sand  flows  un- 
der pressure.  On  the  road,  this  would 
indicate,  in  the  case  of  clay-sand,  that 
the  ruts  would  become  indefinitely 
deep  from  repeated  pressure  of  traffic. 
The  marl-sand  would  probably  yield 
to  a  certain  degree  of  compressibility, 
but  would  reach  a  limit  where  the  rut 
probably  would  not  deepen  by  direct 
pressure. 

Being  about  the  same  as  lime- 
stones, marl  dust  would  probably  be 
very  objectionable. 

Method  and  Cost  of  Constructing 
Experimental  Road  at  Rice. — Through 
the  co-operation  of  Mr.  Paul.  Zeese, 
highway  engineer  for  Benton  County, 
arrangements  were  made  in  May, 
1922,  to  surface  1,000  ft.  of  the  road 
being  graded  east  from  Rice  toward 
Gilman  and  Foley.  The  remainder  of 
the  road  was  surfaced  with  gravel  by 
the  county,  as  planned,  the  county  de- 
voting to  our  experiment  the  1,000  ft. 
on  the  extreme  east  and  adjoining  the 
concrete  pavement  on  State  Road  No. 
27.  This  was  partly  in  cut  and  partly 
in  fill,  with  a  small  proportion  of  fine 
sandy  loam  entering  into  the  compo- 
sition of  the  fill.  The  subgrade  in  the 
cut  was  pure  sand.  Th^  roadbed  was 
24  ft.  and  marl  was  spread  20  ft. 

The  deposit  from  which  the  marl 
was  secured  lies  2.5  miles  east  on  the 
north  side  of  the  road  and  is  an  old 
pit  from  which  large  quantities  of 
marl  have  been  hauled  previously  to 
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other  portions  of  this  road.  This  marl 
was  spread  with  no  mixing  of  any- 
kind.  The  road  had  not  been  entirely 
satisfactory,  because  the  marl  in  its 
unadulterated  form  became  slippery 
in  wet  weather,  and  because  the 
crown  was  excessive.  Still,  upon  care- 
ful consideration,  the  marl  seems  to 
be  the  saving  constituent  of  this  road 
today,  even  after  its  recent  gravel- 
surfacing.  The  crown  is  now  very 
moderate. 

This  marl  deposit  has  several 
springs  in  it,  at  present,  making  its 
recovery  at  this  time  of  the  year 
somewhat  expensive.  A  stratum  of 
sand  underlies  the  marl,  and  ordinary 
sandy  loam  averaging  2^  ft.  in  thick- 
ness covers  it.  The  costs  Were  high 
because  of  the  difficulty  of  getting  out 
the  small  amount  of  marl  which  wa^i 
required.  If  a  larger  quantity  of  marl 
were  needed,  more  elaborate  and  suit- 
able methods  could  be  devised  to  re- 
duce the  expense  materially.  The  or- 
ganization of  the  county  forces,  be- 
cause of  the  pressure  of  other  work, 
was  not  economical.  Some  difficulty 
may  generally  be  expected  in  obtain- 
ing marl.  After  hauling  it  2y2  miles 
from  the  pit,  the  moist  marl  consoli- 
dated into  a  single  cake.  This  did  not 
unload  easily  from  long,  narrow  truck 
bodies,  but  slid  out  readily  from  the 
broad,  shallow  truck  bodies.  This  de- 
tail of  hauling  should  receive  consid- 
eration. 

The  marl  was  hauled  partly  by 
wagon,  by  trucks  with  trailers,  and 
by  trucks  alone.  Hauling  began 
May  18. 

Methods  of  Applying  Marl. — For  the 
purpose  of  comparing  various  propor- 
tions and  methods  of  applying  marl 
to  the  surface,  the  1,000  ft.  of  experi- 
mental road  was  divided  into  four 
sections.  The  subgrade  was  carefully 
smoothed  before  spreading  the  marl. 

Upon  Section  1  was  spread  6  in.  of 
marl  without  any  mixing  with  the 
sand  below.  It  was  not  anticipated 
that  this  section  would  be  desirable, 
but  it  seemed  necessary  to  demon- 
strate the  wrong  way  of  applying 
marl   as  a  surfacing  material. 

Upon  Section  2  was  spread  3  in.  of 
marl,  and  6  in.  of  sand  of  the  sub- 
grade  was  plowed  up  and  mixed  with 
it.  The  mixture  was  completed  by 
four  plowings  in  all. 

Section  3  had  a  two-course  treat- 
ment, each  course  containing  3  in.  of 
sand  and  3  in.  of  marl. 

After  the  first  3  in.  of  marl  and  3 
in.  of  sand  had  been  mixed,  an  addi- 


tional 3  in.  of  sand  was  hauled  over 
this  surface  by  slips,  the  material 
having  been  left  for  this  purpose  in 
the  partially  finished  ditches.  After 
spreading  the  remaining  3  in.  of  marl, 
the  final  mixture  was  obtained  by 
plowing  again  four  times. 

Section  4  was  the  same  as  Section 
2,  except  that  5  in.  of  marl  was  mixed 
by  plowing  with  6  in.  of  sand. 

Cores  from  the  surface  were  taken 
after  completion  of  the  various  sec- 
tions by  means  of  a  collapsible  gal- 
vanized iron  tube  (Fig.  1).  Of  course, 
nothing  approaching  a  laboratory  mix- 
ture is  possible.  Much  better  mix- 
tures were  obtained  at  Pequot,  where 
the  method  of  mixing  was  better  de- 
veloped. Each  of  the  materials,  sand 
and  marl,  have  qualities  of  stability 
when  wet  and  dry,  respectively,  that 
offset  each  other,  when  the  surface 
mixture  is  either  wet  or  dry.  Of 
course,  the  mixture  improves  under 
traffic,  for  in  wet  weather,  the  marl 
flows  and  mixes  under  pressure  until 
equilibrium   is  reached. 

Method  of  Mixing  Marl  and  Sand. — 
On  account  of  the  organization  of  the 
county  forces  doing  the  hauling,  it 
seemed  necessary  to  spread  the  en- 
tire amount  of  marl  before  any  mix- 
ing was  done.  Consequently,  the 
marl  became  quite  dry.  It  was  found 
that  a  thorough  discing  with  a  spade 
disc  was  necessary  to  pulverize  the 
marl  so  that  it  would  mix  well  in  the 
plowing.  The  disc  cleaned  well,  even 
when  the  marl  was  wet.  The  sur- 
face was  plowed  four  times,  the  mix- 
ture progressing  to  a  satisfactory  fine- 
ness. Careful  regulation  of  the  depth 
of  plowing  was  necessary  to  assure 
the  desired  proportions  of  sand  and 
marl.  It  is  desirable  that  the  marl  be 
mixed  promptly  after  being  hauled,  in 
order  to  retain  its  initial  moisture. 
After  plowing,  the  mixture  is  light 
and  fluffy  and  subsequent  shrinkage 
is  very  great,  as  it  packs  under  traffic. 

The  final  development  in  the  meth- 
od of  mixing  is  described  later  in  de- 
tail under  Pequot  Road. 

Various  attempts  were  made  to  mix 
marl  and  sand  with  the  subgrade  by 
discing  and  by  the  use  of  a  tooth 
harrow,  but  the  plowing  seemed  to 
be  the  most  thorough  and  most  pre- 
cise method.  Working  the  marl 
spreads  it  at  the  sides,  and  allowance 
should  be  made  for  this  in  the  width 
of  distribution. 

Outstanding  Features  of  Marl-Sand 
Mixture. — The  outstanding  feature  of 
the  marl-sand  mixture  is  its  ability  to 
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pack  under  traffic,  and  at  the  final 
shaping  of  the  surface,  with  blade,  it 
was  found  that  horses  which  sank 
deeply  into  the  mixture  at  first,  soon 
were  traveling  nearly  on  top,  as  the 
material  compacted  so  quickly.  Initial 
traffic  produced  only  shallow  ruts 
and,  after  these  had  been  filled  with 
the  blade  once  or  twice,  they  disap- 
peared and  broad  wheel  tracks  took 
their  place.  In  fact,  on  account  of  the 
very  flat  contour  of  the  surface, 
tracks  soon  spread  throughout  the 
surface. 

Sections  2  and  3,  500  ft.,  were  rolled 
after  shaping  with  a  9-in.  pneumatic 
tired  truck  weighing  8,400  lb.  when 
empty.  This  truck  was  rented  at 
$2.50   per  hour   from   the   paving   job 


the  surface,  with  the  expectation  that 
drainage  conditions  would  be  satisfac- 
tory. The  surface  was  completed 
June  1. 

It  may  be  noted  here  that  in  the 
other  roads  which  were  built,  mixing 
of  the  marl  proceeded  promptly  as  it 
was  being  spread,  and  that  the  moist- 
ure retained  in  the  marl  made  a  more 
plastic  surface.  For  a  time,  the  ruts 
were  fairly  deep,  but  yielded  very  rap- 
idly to  maintenance  and  finally  at- 
tained a  condition  very  similar  to  that 
at  Rice. 

After  a  very  heavy  rain  on  June  15, 
the  surface  of  the  road  was  unim- 
paired and  very  firm.  Some  wash  oc- 
curred on  the  sand  shoulders.  It 
seems   that  very    little    maintenance 


Fig.  1. — Sample  Cores  Taken  from  the  Rice  Road  Experimental  Marl-Sand  Construction. 

These  cores  were  taken  from  Sections  1  to  4,  inclusive.  From  left  to  right 
they  are  Section  1,  pure  marl;  Section  2  3  in.  of  marl  and  6  in.  of  sand,  mixed; 
Section  3,  two  courses  of  3  in.  marl  and  3  in.  of  sand,  mixed;  Section  4,  5  in.  of  marl 
and  6  in.  of  sand,  mixed.  The  distinct  line  of  cleavage  is  noticeable  at  the  bottom  of 
Sections  2,  3  and  4,  and  between  the  courses  in  Section  3.  The  cores  are  3  in.  in 
diameter  and  about  8  in.  long  and  were  obtained  by  driving  a  collapsible  tin  tube 
through  the  surface  and  withdrawing  it. 


adjacent.  Eight  round  trips  covered 
the  surface  in  50  minutes'  time.  Roll- 
ing, where  the  surface  mixture  is  very 
wet,  would  be  difficult,  but  no  diffi- 
culty was  experienced  at  Rice,  where 
the  materials,  though  loose,  were 
comparatively  dry.  It  can  not  be  said 
that  the  rolling  is  necessary,  but  it 
compacts  the  road  at  once  through- 
out its  width,  preventing  ruts  from 
forming  under  traffic,  and  greatly  re- 
ducing the  initial  blade  maintenance. 
Because  of  the  sand  subgrade,  only 
an  inch  or  two  of  crown  was  used  on 


will  be  necessary,  as  compared  with 
that  on  gravel  roads  in  their  initial 


Up  to  the  time  when  the  surface 
gets  dusty,  it  improves  with  travel. 
Because  of  its  homogeneity,  it  does 
not  pit  or  develop  waves,  to  any  great 
extent. 

Dust  Prevention  Treatments. — After 
a  protracted  dry  spell,  it  was  found 
that  fast  traffic  raised  a  great  deal  of 
dust.  Two  treatments  were  tried  to 
overcome  this  objectionable  feature. 
On  one  section,  a  scant  inch  of  fine 
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gravel  was  spread.  This  acted  as  an  but  that  to  save  it  from  attrition,  the 
effective  dust  blanket,  and  seemed,  surface  must  be  protected  by  a  gravel 
also,  to  preserve  the  surface  under  blanket  or  calcium  chloride  treatment, 
the  abrasion  of  traffic.  Another  sec-  Conclusions  from  Inspection  Trips 
tion  was  spread  with  calcium  chloride  to  Road. — The  road  was  again  visited 
in  a  dry  form,  1.4  lb.  per  square  yard.  Aug.  10.  Recent  rains  had  largely  re- 
The  surface  has  not  deteriorated  or  stored  the  surface  smoothness  and  it 
raveled  on  this  section,  but  has  the  appeared  in  very  good  shape  through- 
texture  and  feel  of  a  well-beaten  foot-  out,  the  gravel  and  chloride-treated 
path.  portions  being  especially  good. 

Costs. — The  cost  of  the  road  is  sum-  The  Rice  Road  was  visited  again  on 

marized  as  follows:  October  25  and  again  examined  as  to 

ZZiy*  cu.  yd.  of  marl  in  pit  at  $0.15.$  49.69  its  condition.     Preceding  this  exami- 

Pit  expense—  nation,  there  had  been  no  rain  except 

SSSPSaUf^11  2  k  fL  } 227.30  for  a  ™y  light  shower,  for  five  or  six 

Hauling  by  wagons  and  trucks  2V2  weeks,  so  it  was  feared  that  a  consid- 

a  milej\   •••••• 331.25  erable    disintegration    of   the    surface 

IPonlSgm5?0°fnt.SUb.gr.ade. :  i : : : : : : : : : :    4i.fg  would  have  taken  place.     On  the  con- 

Mixing  marl  with  sand  of  subgrade,  trary,     close     examination     indicated 

Gafcium'chlorideVrVatWnt/^On.     MM  ^  l^f^^J^0^     tr^tment 

Gravel  dust  blanket,  150  ft... 10.00  and  gravel  blanket  had,  m  each  case, 

been  effective  in  stopping  the  dust  dis- 

Cost  1,000  ft $720.89  integration    and    had    preserved    the 

The  value  of  a  marl-sand  mixture  surface  nearly  intact.  Vehicles  pass- 
for  road-surfacing  develops  only  with  ing  raised  practically  no  dust  on  the 
a  thick  coat,  say  a  minimum  of  4  in.  graveled  portion  and  none  at  all  on 
of  marl  with  6  in.  of  sand,  which  will  the  calcium  chloride  section.  This 
consolidate  to  about  7  in.  The  sand  latter  section  has  retained  its  mois- 
needs  only  a  little  help.  Because  a  ture  and,  to  all  appearances,  the  sur- 
laboratory  mixture,  filling  the  sand  face  has  not  suffered  any  loss  of  ma- 
voids,  is  impossible,  it  must  be  in-  terial  nor  become  disfigured  by 
ferred  that  the  stability  of  the  sand  traffic.  It  appears  likely  to  remain  in- 
is  developed  through  pocketing  the  definitely  in  its  present  condition,  if 
sand  in  the  mixture  against  displace-  this  is  possible, 
ment.  The   surface     is     very     hard     and 

The  marl  dust  is  very  objectionable,  smooth  throughout,  except  where  pure 

rising  in  a  blinding  cloud  and  adher-  marl  was  applied.     On    this     section, 

ing  tenaciously  to  vehicles  and  to  the  the  surface  was  hot  bladed  smoothly 

adjacent  landscape.  Beneath  the  dust,  before  the  application     of    a     gravel 

the  surface  remains  hard.  blanket    and    is    now    bumpy    and    in 

The  pure  marl  on  Section  1,  as  has  poor   condition   for   driving.     As   has 

already  been  remarked,  is  not  desira-  been  said  before,  this  pure  marl-sur- 

ble.     It  is  too   expensive   because  of  facing  was  not  believed  to  be  either 

the  excessive  thickness  necessary.    It  desirable     or     economical.     If  bladed 

is  difficult  to  maintain  a  surface  free  carefully,  it  may  develop  satisfactorily 

from  waves,  and  it  becomes  slippery  now  that  it  is  in  place, 

in  wet  weather.     The   dust  nuisance  Joining   the    experimental   road    on 

is  an  accompanying  defect,  as  well.  the  east  is  the  section  of  road  grav- 

Protection  of  Surface  by  Gravel  or  eled  by  the  county  upon  a  loam  blan- 
Calcium  Chloride. — Where  the  fine  ket  spread  over  the  sandy  subgrade. 
gravel  dust  blanket  has  been  spread,  It  has  packed  little  and  the  travel  is 
dusting  and  disintegration  have  confined  to  single  tracks.  The  con- 
stopped.  This  appeared  to  be  so  sat-  trast  with  the  marl  road  is  very  no- 
isfactory'  that   the   remainder   of   the  ticeable. 

experimental  road  was  covered  in  the  Portions  of  the  road  farther   east, 

same  manner,  with  the  exception  of  where   marl   had   been     applied     un- 

the  section  noted  just  below.  methodically,  from  time  to   time,  by 

The  portion  of  the  surface  treated  the  county,  are  in  good  shape.     Due 

with   calcium   chloride   has   remained  to  the   final  blending  of   sand,  marl, 

satisfactory.     It   is   smooth   and   free  loam,  and  gravel  by  constant  working, 

from  dust,  and  there  seems  to  be  no  a   fine   surface   has     been     obtained, 

disintegration  in  progress.  Marl  appears  to  be  the  saving  constit- 

The   indications   are   that  this   sur-  uent.      However,      the      experimental 

face  will  stand  an  indefinite  amount  road  built  this  summer  is  as  good,  if 

of  pressure  without  breaking  through,  not  better,  and  was  obtained  almost 
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immediately  in  what  was  practically 
a  single  operation  and  with  great 
economy  of  the  materials  which  had 
to  be  hauled,  namely,  the  marl  and 
gravel. 

Local  road  men  seemed  to  be  much 
pleased  with  the  experiment,  the 
maintenance  man  being  especially  so. 
The  ease  with  which  marl  can  be 
worked  up  in  the  road,  as  compared 
with  the  difficulty  experienced  in 
working  clay  in  surfacing  operations, 
was  the  subject  of  favorable  comment. 

It  appears  from  the  texture  and 
soundness  of  the  crust  as  shown  by 
cutting  out  a  sample,  that  it  might 
withstand  any  ordinary  weight  of 
traffic  and  perform  well  its  primary 
function  of  covering  the  subgrade  with 
a  puncture-proof  coating.  In  this  case, 
due  to  the  extreme  dryness,  the  sur- 
face required  protection  from  attri- 
tion. Where  the  calcium  chloride  pre- 
served the  moisture  content,  the  mate- 
rial became  self-surfacing. 

Under  Section  3,  where  there  was 
a  two-course  application  of  marl,  there 
is  a   10-inch  crust. 

Methods  and  Cost  of  Constructing 
Eperimental  Road  at  Pequot. — The 
road  improved  with  marl  surfacing  in 
Crow  Wing  County  was  located  about 
7  miles  east  of  Pequot,  and  consisted 
of  about  2,800  feet  of  very  sandy  road, 
a  great  part  of  which  was  on  pretty 
stiff  grades.  In  fact,  the  day  the  work 
was  started,  it  was  necessary  to  haul 
a  roadster  up  through  the  deep  sand 
at  one  of  the  steep  places  before  we 
had  hardly  disturbed  the  surface  by 
any  shaping. 

This  road,  when  improvement  was 
undertaken,  while  a  laid  out  road,  was 
little  more  than  a  trail,  and  before  sur- 
facing, it  was  necessary  to  do  a  con- 
siderable amount  of  work  in  straight- 
ening short  stretches  between  sum- 
mits, and  to  do  some  widening  also. 
Marl  was  spread  to  a  width  of  only  12 
ft.  and  the  subgrade  prepared  16  to 
18  ft.,  without  crown  or  ditches,  as  it 
was  believed  that  the  drainage  in  this 
loose,  sandy  subsoil  would  take  care 
of  itself.  The  topography  is  such,  also, 
that  little  water  comes  to  the  road 
from  the  sides.  It  was  also  desirable 
to  get  as  long  a  stretch  of  road  com- 
pleted as  possible,  fixing  up  the 
impassable  portions  first. 

This  improvement  takes  care  of  the 
worst  places  in  this  ten-mile  east  and 
west  road. 

This  work  was  made  possible 
through  the  co-operation  of  Mr.  Wal- 
ter M.  Murphy,  highway  engineer  of 


Crow  Wing  County,  the  expense  of  the 
operation  being  borne  by  the  county. 
The  patrolman  of  this  road,  Mr.  Hal- 
vor  Halvorsen,  acted  as  foreman,  and 
after  the  routine  had  been  established, 
was  able  to  build  a  very  satisfactory 
surface  without  further  supervision. 
This  circumstance  was  considered  a 
good  demonstration  of  the  simplicity 
of  the  method.  He  also  surfaced  the 
county  relocation  built  soon  after- 
wards, a  little  west  of  the  experiment- 
al road. 

The  marl  deposit  is  on  the  south 
shore  of  Long  Lake,  where  it  ap- 
proaches closest  to  Pelican  Lake.  This 
deposit  is  above  water  level  and  about 
2  ft.  thick  where  taken,  but  to  oblige 
the  farmer,  by  refraining  from  cutting 
up  his  field,  the  marl  was  taken  very 
near  the  water's  edge.  This  proved 
to  be  but  a  slight  disadvantage.  The 
lake  levels  in  this  vicinity  have  all 
been  lowered  considerably,  and  abund- 
ant and  dry  deposits  occur  along  all 
the  shores  of  these  lakes. 

Hauling  and  Spreading  Marl. — The 
road  was  divided  into  sections  about 
200  ft.  long  for  working.  Four  inches 
of  marl,  with  6  in.  of  sand,  were  used 
for  the  greater  part.  Five  inches  of 
marl  and  7  in.  of  sand  were  combined 
on  the  steepest  grade.  A  skin  coat  of 
2  in.  was  disced  into  a  level  stretch 
already  comparatively  firm.  There 
proved  to  be  little  benefit  derived 
from  this  last.  The  application  of 
marl  needs  considerable  depth  of  mix- 
ing to  secure  a  thick,  homogeneous 
crust  over  the  sand. 

Hauling  and  Spreading  Marl. — Haul- 
ing and  spreading  began  at  the  dis- 
tant end  of  the  section  nearest  to  the 
pit,  as  wet  marl  is  a  difficult  surface 
upon  which  to  haul.  Spreading  fol- 
lowed on  the  next  section  beyond, 
making  it  necessary  to  haul  through 
the  loose  material  of  the  first  section 
during  the  time  it  was  being  mixed. 
This  did  not  develop  any  great  diffi- 
culty, because  a  plow  team  was  avail- 
able to  help,  as  it  was  occasionally 
needed.  So  the  benefit  of  hauling 
over  the  smooth  road  as  it  was  com- 
pleted, section  by  section,  was  real- 
ized. 

Hauling  was  done  by  team  entirely, 
with  pole-bottomed  wagons.  The  haul 
varied  from  2,000  to  6,000  ft.  About  1 
cu.  yd.  to  a  load  was  carried.  There 
were  several  rains  during  the  progress 
of  the  work.  The  marl  was  mixed 
with  considerable  difficulty,  requir- 
ing repeated  use  of  the  spade  disc  har- 
row.    Traffic  cut  in  rather  deeply,  at 
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first,  but  after  a  small  amount  of  main-  Costs. — Cost    figures    follow.      This 

tenance,  the   surface   became   smooth  cost  very  closely  approximates  a  rea- 

and   rutless.  sonable  charge  for  doing  the  work  and 

Improved  method  of  Construction. —  may  be  considered  typical  on  this  class 

The  method  tried  out  at     Rice,     im-  of  road.    The  length  in  this  case  is  2,- 

proved  upon  here,  and  followed  later  800  ft. 

on   the   Central    Avenue    Road,    is   as      Shaping  subgrade   $23.40 

follows:  352  cu.  yd.  of  marl  in  pit  at  $0.10..     35.20 

1.  Subgrade    is    smoothed    by    any      sp?eadfnend  hauling  marl 2?H9 

convenient  method  and  brought  to  a  ifixlng  marl  with  sand' of  subgrade    40.50 

very   low   crown,   say   not   over   3   in.      Rental  of  tools   3.00 

for  20  ft.  of  width. 

2.  One  half  of  the  total  amount  of  _  *  '  ° 
marl  to  be  used  is  spread  over  a  width  Conclusions  from  Inspection  Visit, 
of  about  2  ft.  less  than  the  proposed  —  Road  work  was  in  Progress  at  Pe- 
finished   surface.  quot  from  June  9  to  June  23>  1922>  in" 

3.  The  third '  operation  is  to  thor-  elusive.  When  visited  August  2,  it 
oughly  pulverize  the  marl  as  finely  as  was  stl11  in  excellent  shape,  only  a  Im- 
possible with  a  disc  harrow  before  tle  dust  appearing  in  one  place.  The 
plowing.  If  dry,  tooth  harrows  may  2_m-  disced  coating  had  pitted  and 
be  used.  Some  marls  are  friable,  as  loosened  a  little.  It  is  believed  that 
in  the  case  of  the  Central  Avenue  ma-  the  P™11^  mixing  of  the  marl,  thus 
terial,  and  there  a  tooth  harrow  was  retaining  its  moisture,  was  an  impor- 
very  satisfactory.  tant  factor  in  developing  a  hard,  firm 

4.  Plow  this  'marl  coating  under,  crust  Some  rain  during  the  construc- 
setting  the  plow  to  elevate  the  re-  tlon  benefited  the  road  as  well,  tho 
quired  amount  of  sand  to  be  mixed  somewhat  hampering  the  building  op- 
with  the  marl.     This  will  vary  with  erations. 

the  kind  of  marl  used,  but  will  be  ap-  The  Pequot  Road  was  again  visited 

proximately    equal    in    amount.      The  October  26  and  27  and  was  found  to 

first  furrow  should  be  started  at  the  be  in  as  good  a  condition  as  when  last 

left  of  the   center,   throwing  towards  inspected,  August  2,  1922.    Since  then, 

the  center,  and  so  on  around,  leaving  there   had  been  little  rain.     The  pa- 

at    its    completion,    deep    furrows    at  trolman    had    record    of    passing    the 

each  side  of  the  road.  Minnesota    Planer    over    the    surface, 

5.  Spread  the  remaining  half  of  the  Sept.  16,  23,  and  Oct.  19,  each  time 
marl.  after  a  light  rainfall.  Only  a  few  small 

6.  Thoroly  pulverize  the  second  stretches  showed  dust.  The  remain- 
coating  of  marl.  der  was   smooth  and   hard.     The   ab- 

7.  Plow  three  times  more,  the  sec-  sence  of  waves  and  chuck  holes  was 
ond  plowing  beginning  at  the  outside  in  great  contrast  to  the  average  grav- 
and  finally  leaving  a  deep  furrow  in  el  road  at  this  season.  Though  only 
the  center.  The  third  plowing  leaves  twelve  feet  wide,  there  was  an  almost 
furrows  at  the  side  and     the     fourth  complete  absence  of  ruts. 

plowing  leaves  a  furrow  in  the  center  This  surface,  where  examined,  was 

again.    If  the  marl  is  very  wet,  it  wilL  too  hard  for  the  shovel,  so  a  hole  was 

be  advisable   to  do   some   pulverizing  carved  through  with  the  knife.     It  so 

between   the   plowings.     Be   sure   the  happened    that   at   the    spot    selected, 

first  plowing  is  not  deeper  than  the  only  6  in.  of  crust  were  found,  but  as 

ones  following,  so  as  not  to  lose  any  noted  above,  it  was  very  dense.     The 

of  the  marl.  intention  was  to  apply  5  in.  of  marl, 

8.  The  last  operation  is  to  blade  the  but  due  to  its  wetness  when  applied, 
surafce  to  the  proper  crown  and  con-  there  seems  to  have  been  consider- 
tour.  able   consolidation. 

The  road  is  now  ready  for  traffic.  The  local  comment  was  uniformly 
Maintenance  should  fill  the  ruts  two  favorable  and  the  road  is  considered 
or  three  times  in  the  next  few  days.  very  successful.  The  county  highway 
Light  blading  appears  to  be  best  for  engineer,  Mr.  Murphy,  was  particular- 
this  purpose.  The  crown  should  be  ^  enthusiastic  over  the  results  and 
kept  low.  In  fact,  it  was  kept  flat  at  has  caused  a  search  to  be  made  for 
the  twelve-foot  width  at  Pequot.  No  marl  deposits  adjacent  to  county  high- 
wash  has  resulted  on  the  hills  from  ways  now  under  construction  with  a 
several  rains  during  a  month  and  a  view  to  its  use  in  surfacing  operations, 
half  up  to  the  time  it  was  last  ob-  Some  marl-surfacing  has  been  done 
served.  by  the  county,  where  the  sand  road 
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already  has  been  surfaced  with  clay. 
This  is  not  believed  to  be  desirable 
as  sand  should  be  worked  up  into  the 
mixture  to  provide  for  wet  weather 
conditions.  It  is  now  as  hard  and 
smooth  as  baked  clay. 

A  little  west  of  the  experimental 
road,  there  was  a  steep,  crooked,  sand 
road  which  would  have  been  improved 
when  building  the  experimental  road, 
but  the  expense  was  prohibitive.  Since 
that  time  the  township  has  relocated 
and  graded  this  stretch  and  the  coun- 
ty has  surfaced  it  with  marl.  The 
foreman  was  instructed  to  use  the 
method  employed  on  the  experimental 
road.  He  applied  about  5y2  in.  of 
marl  18  ft.  wide.  The  result  is  a 
smooth,  hard  road.  This  is  a  further 
demonstration  of  the  simplicity  of  the 
method  as  developed.  The  cost  was 
$132.90  for  600  ft.  of  surfacing  18  ft. 
wide,  at  the  rate  of  $1,170  per  mile. 

Mr.  Murphy  has  surfaced  several 
portions  of  the  Merrifield  Road.  For 
the  time  being,  the  marl  has  been 
spread  only  in  a  thin  layer  upon  the 
clay-surfacing  previously  applied  over 
the  sand  subgrade.  For  some  reason, 
though  the  weather  has  been  dry  for 
a  long  time,  there  is  no  dust.  The 
surface  is  smooth  and  hard  like  baked 
clay.  The  whole  surface  may  break 
up  under  continued  rain  or  after  frost, 
as  does  an  ordinary  clay  road.  It  is 
not  believed  that  this  is  an  ideal  ap- 
plication of  marl.  It  may  ameliorate 
the  stickiness  of  the  clay.  If  the 
present  marl-clay  surfacing  is  worked 
up  with  the  sand  of  the  subgrade,  the 
marl  and  clay  ought  to  be  most  use- 
ful as  surface  ingredients. 

Stimulated  by  the  general  interest 
in  the  road  experimentation  and  the 
simultaneous  investigation  of  the  use 
of  marl  for  the  manufacture  of  ce- 
ment, many  deposits  of  marl  have 
been  recently  discovered.  So  no  lack 
of  material  is  anticipated  where  marl 
is  desirable  for  surfacing. 

Conclusions  Regarding  Marl-Sand 
Surface. — The  experimental  roads 
were  built  during  June  and  July 
and  have  been  held  under  ob- 
servation until  the  last  of  Oc- 
tober. This  has  carried  them 
through  long  dry  periods,  the  most 
trying  time  for  marl  roads.  Although 
this  period  of  observation  is  not  long 
enough  to  justify  ultimate  conclusions, 
certain  deductions  seem  warranted 
and  appear  definite  enough  to  record. 

As  a  slab  to  bear  up  the  weight  of 
traffic  against  breaking  through  into 
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the  subgrade,  the  marl-sand,  surface 
has  proved  entirely  satisfactory. 

The  surface  has  withstood  heavy 
rains  without  noticeable  injury.  Be- 
yond a  certain  amount  of  absorption, 
it  seems  to  be  impervious  to  water. 
In  fact,  the  road  seems  to  thrive  on 
moisture  and  is  at  its  best  under  fair- 
ly frequent  rains. 

The  application  of  a  uniform  coating 
over  the  width  of  the  road,  with  a  very 
low  crown,  seems  to  be  confirmed  in 
principle,  the  idea  being  to  induce 
traffic  to  use  the  full  width  of  the 
roadway,  preventing  ruts  and  concen- 
trated wear.  Therefore,  a  feather- 
edge  application  would  be  insufficient. 

Due  to  the  large  percentage  of  sand 
in  the  mixture,  and  because  of  its 
satisfactory  performance  in  wet 
weather,  we  may  safely  assume  that 
there  will  be  little  difficulty  from  frost 
action. 

The  mixture  in  homogeneous  and 
yields  a  smooth  surface,  without 
waves  or  chuck  holes.  Travel  is  pe- 
culiarly pleasing,  due  to  a  resilience 
very  much  like  the  feeling  under  foot 
of  a  well-worn  foot  path  through  a 
field. 

The  application  and  routine  of  con- 
struction, as  developed  and  described 
under  the  Pequot  Road,  is  very  simple 
and  of  moderate  cost.  It  must  be  said, 
however,  that  such  a  method  must  be 
faithfully  followed,  or  the  results  will 
be  disappointing.  The  inherent  qual- 
ities of  marl  and  sand  can  be  made 
useful  only  by  intelligent  manipula- 
tion. 

After  protracted  dry  weather  and 
under  heavy  traffic,  the  surface  be- 
comes very  dusty,  this  dust  being 
somewhat  more  offensive  than  the  or- 
dinary kinds.  Light  traffic  produces 
little  or  no  dust,  even  during  protract- 
ed dry  weather. 

We  may  say  that,  for  light  traffic, 
the  surfacing  of  a  sand  subgrade  with 
marl-sand  surface  is  satisfactory  from 
every  standpoint,  compares  favorably 
with  other  forms  of  treatment,  and  is 
a  great  improvement  over  the  loose 
sand  through  which  it  is  built.  The 
surfacing  promises  to  be  durable  and 
permanent  to  a  satisfactory  degree 
under  such  traffic. 

Moderate  traffic  will  require  sur- 
face treatment  on  account  of  the  dust 
nuisance.  The  blanket  of  fine  gravel, 
of  not  over  an  inch  in  thickness  spread 
over  about  two-thirds  the  width  of  the 
roadway,  .has  been  entirely  satisfac- 
tory for  this  purpose.  Calcium  chlor- 
ide serves  the  same  purpose     during 
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its  life,  perhaps  even  better.  Because 
marl  holds  moisture  well,  the  appli- 
cations seem  to  be  effective  for  a  long 
time. 

Under  heavy  traffic,  disintegration 
by  dusting  in  dry  weather  will  be  rap- 
id without  surface  protection.  Our 
gravel  blanket  must  be  thicker  and 
we  shall  then  have  in  effect  a  gravel 
road  upon  a  base  course  of  marl-sand. 
There  are  indications  that  this  com- 
bination is  almost  ideal  because  of  the 
freedom  of  the  marl-sand  from  waves 
and  surface  pockets.  Only  a  moderate 
thickness  and  width  of  gravel  are  nec- 
essary, as  it  does  not  need  to  contrib- 
ute structural  strength,  in  addition  to 
the  marl  slab  beneath,  and  occasional 
travel  at  the  extreme  sides  will  be 
well  taken  care  of  by  the  marl. 

Comparison  was  made  in  the  labor- 
atory of  marl  with  clay.  Where  clay 
is  available  and  it  can  be  combined  in 
accurate  proportions  with  sand  as  a 
surface  mixture,  it  is  probably  su- 
perior to  marl-sand.  Pit  clay  varies 
greatly  in  its  sand  content  and  is  dif- 
ficult of  manipulation  in  surfacing. 
Clay  is  at  its  worst  in  wet  weather 
and  at  its  best  in  dry  weather.  Con- 
trasting the  qualities  of  clay  with 
those  of  marl  that  have  been  set 
down,  we  may  say  that  marl  compares 
very  favorably  with  clay  and  is  su- 
perior in  some  respects  as  a  surfacing 
material  for  roads. 

The  experimental  road  built  east  of 
Pequot  in  Crow  Wing  County  is  con- 
sidered very  satisfactory  by  the  coun- 
ty authorities  and  by  local  people 
generally.  The  county  has  independ- 
ently surfaced  a  piece  of  road  in  the 
vicinity,  using  the  precise  method  de- 
veloped on  the  experimental  road.  It  is 
also  giving  satisfactory  service.  A 
search  for  marl  deposits  is  being  made 
near  newly  graded  county  roads  with 
a  view  to  making  quite  general  use  of 
marl  in  surfacing  operations. 


riods  from  the  department,  or  copies 
may  be  bought  by  authorized  institu- 
tions at  the  cost  of  printing. 


"Building  Forest  Roads,"  a  New 
Department  Film. — The  men,  meth- 
ods, and  machinery  engaged  in  build- 
ing good  highways  through  the  great 
national  forests  of  the  West  are 
brought  to  the  fore  in  "Building  Forest 
Roads,"  a  new  one-reel  motion  picture 
just  released  by  the  United  States  De- 
partment of  Agriculture.  The  picture 
is  one  of  a  series  produced  by  the  de- 
partment's Office  of  Motion  Pictures 
for  the  Bureau  of  Public  Roads.  The 
film  may  be  borowed  for  limited  pe 


The    Traffic    Census    as    Aid    in 

Selection   of    Reconstruction 

Project 

The  State  Highway  Commission  of 
Maine  covers  substantially  the  whole 
state  highway  by  automobile  every 
year  and  some  parts  of  the  system 
are  covered  many  times.  In  this  way 
the  commission  is  in  full  personal 
touch  with  the  condition  of  the  whole 
state  highway  system  and  with  the 
needs  of  the  system  as  regards  con- 
struction and  maintenance.  Early  in 
the  fall  it  is  the  custom  of  the  com- 
mission to  make  up  a  list  of  construc- 
tion jobs  for  the  succeeding  year. 
When  the  list  has  been  made  up  it  is 
turned  over  to  the  engineering  divi- 
sion to  make  surveys  and  to  prepare 
plans,  specifications  and  estimates. 
The  commission  passes  on  the  type 
of  construction  to  be  employed. 

It  often  happens  that  the  commis- 
sion lists  more  projects  for  construc- 
tion than  available  funds  will  take 
care  of.  In  this  event  recourse  is 
had  to  the  traffic  census  which  has 
been  taken  for  the  past  several  years. 
Of  two  projects  which  appear  to  be 
equally  in  need  of  reconstruction,  the 
one  is  selected  which  the  traffic  cen- 
sus figures  show  carries  the  heavier 
traffic  and  consequently  is  of  more 
importance  to  the  traveling  public. 
This  appears  to  the  commission  to 
be  the  only  fair  means  of  determining 
which  sections  shall  receive  earliest 
attention. 

The  traffic  census  was  first  inaug- 
urated in  1916  at  about  12  stations  on 
the  state  highway  system.  It  has 
been  carried  along  each  year  since 
and  several  stations  have  been  added 
each  year.  At  the  present  time  traffic 
is  counted  at  about  50  places.  This 
count  is  made  during  the  last  week 
of  August  or  the  first  week  of  Sep- 
tember, from  7  a.  m.  to  7  p.  m.  during 
seven  successive  days.  The  traffic 
count  is  divided  into  traffic  going 
north  or  south  and  east  or  west.  It 
is  divided  into  horse-drawn  and  motor 
vehicle  traffic,  with  several  subdivi- 
sions of  each  class  of  traffic. 


The  First  Woman  City  Manager. — 
The  town  of  Warrenton,  Ore.,  has 
elected  a  woman  as  City  Manager. 
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Valuation  of  Stone  Deposits  for  Crushed  Rock 

Production 


Points  That  Should  Be  Considered  Outlined  in  Paper  Presented  Jan. 

15  at  Annual  Convention  of  National  Crushed 

Stone  Association 

By  JOEL  H.  WATKINS, 

Mining  Geologist,  Leesburg,  Va. 


In  its  relation  to  capitalization  and 
development,  the  valuation  of  a  stone 
deposit  is,  if  anything,  fundamental. 
Strange  to  say,  however,  it  would 
seem  to  be  about  the  last  thing 
thought  of  by  some  of  the  stone-crush- 
ing industry.  No  doubt,  many  of  the 
stone-crushing  enterprises  of  this 
country  have  been  the  outgrowth  of 
local  and  intermittent  demand,  and 
have  been  started  in  a  small  way. 

Stone  deposits  of  any  magnitude  are, 
generally  speaking,  more  or  less  visi- 
ble at  the  surface.  For  an  initial  out- 
put, therefore,  of  limited  tonnage,  the 
erection  of  a  small  crushing  unit  has 
in  most  cases  probably  been  justifi- 
able. Many  of  these  initial  plants 
have  been  enlarged  from  time  to  time 
until  their  capacities  have  been  great- 
ly expanded. 

The  rapid  growth  of  our  towns  and 
cities,  the  thousands  of  miles  of  rail- 
road ballast,  and  the  ever-increasing 
demand  for  crushed  stone  for  high- 
way and  general  concrete  construc- 
tion have  all  helped  to  bring  the  stone- 
crushing  industry  to  the  front  as  a 
sound  and  permanent  business.  A 
large  number  of  these  stone  deposits 
are  well  located  with  regard  to  mar- 
ket conditions  and  have  valuable  ton- 
nage reserves. 

To  some  of  us  at  least  it  would 
seem  that  the  time  has  now  come 
when  an  inventory,  so  to  speak,  of 
such  deposits  should  be  taken  and  a 
present  value  placed  on  their  stone 
reserves.  Such  a  valuation  should  in 
most  cases  be  based  upon  geological 
investigations,  accompanied  by  de- 
tailed geological  maps  and  sections, 
so  as  to  illustrate  thoroughly  the  ex- 
tent and  character  of  the  deposit  un- 
der consideration. 

As  compared  with  metalliferous  ore 
deposits,  the  geology  of  stone  depos- 
its is  comparatively  simple.  With 
perhaps  few  exceptions,  all  of  the 
stone  produced  by  the  crushed-stone 


industry  is  won  by  open  quarry 
methods. 

Occurrence  of  Stone  Deposits. — In 
general,  stone  deposits  may  occur  as 
massive  bodies  without  strike,  dip,  or 
bedding  planes,  as  in  the  case  of  un- 
altered granites,  diabase  (trap  rock), 
and  other  rocks  of  igneous  origin; 
they  may  be  flat  lying  with  distinct 
bedding  planes  of  measurable  thick- 
ness, as  in  the  case  of  limestone, 
sandstones,  and  other  sedimentary 
rocks;  or  they  may  be  folded  and  dis- 
torted until  the  workable  beds  are 
pitching  at  almost  any  angle  from  the 
horizontal,  as  in  the  case  of  both 
metamorphic  rocks  and  unaltered  sed- 
imentary rocks.  These  are  but  ele- 
mentary and  simple  facts  to  the  geolo- 
gist, but  to  the  layman,  the  quarry 
owner,  they  seem  to  impart  some  mys- 
tery of  dubious  import. 

Some  quarrymen,  through  constant 
observation  of  their  own  stone  de- 
posit, become  convinced  that  they, 
better, than  anyone  else,  can  interpret 
its  geological  significance.  They  will 
speak  knowingly  of  such  much-abused 
terms  as  strata  formations,  and  up- 
heavals, and  at  the  same  time  fail  to 
observe  some  of  the  most  obvious 
facts  written  in  the  rocks.  Please  bear 
in  mind  that  when  I  speak  of  geol- 
ogists, I  refer  only  to  men  who  are 
thoroughly  trained  in  their  profession, 
who  have  had  wide  and  varied  experi- 
ence, whose  judgment  is  sound  and 
mature,  and  who  are  honest  in  their 
opinions. 

In  America,  the  profession  is  well 
supplied  with  men  of  this  type,  but 
unfortunately  quarry  owners  do  not,  as 
a  rule,  come  in  contact  with  such  men 
often  enough  to  appreciate  their  worth. 
I  am  afraid  that  it  is  too  often  the 
case  that  when  executives-  of  the 
stone-crushing  industry  make  up  their 
minds  that  they  need  the  services  of 
a  geologist,  they  cast  about  and  final- 
ly engage  the  services  of  an  incom- 
petent man  who  does  not  possess  the 
knowledge   and   experience   so  neces- 
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sary  in  imparting  to  the  owners  the 
information  which  they  desire  and  de- 
serve. 

Considerations  in  Valuation  of  Stone 
Deposits. — I  would  therefore  base  the 
valuation  of  stone  deposits  on  the  fol- 
lowing considerations  in  the  order  of 
their  importance  as  I  see  them  at  this 
time: 

Crushed  stone  is  classed  as  a  low 
grade  commodity — that  is  to  say,  the 
margin  of  profit  per  ton  is  usually 
small.  As  a  dividend  producer,  there- 
fore, a  crushed  stone  proposition  is 
only  attractive  when  its  daily  produc- 
tion is  large  and  the  stone  reserve  is 
adequate.  Take,  for  example,  a 
crushed-stone  plant  of  modern  design 
and  equipment,  and,  say,  of  1,000  tons 
daily  capacity.  Capitalization  of  such 
an  enterprise  should  be  based  on  not 
less  than  25  years'  stone  reserve 
which  would  be  depleted  under  the 
continuous  operation  of  the  plant  at 
capacity.  Amortization  should  be  at 
such  a  rate  as  would  insure  a  return 
of  the  initial  investment  in  not  more 
than  15  years.  Should  the  plant  ca- 
pacity be  2,000  tons  daily,  for  the 
same  body  of  stone,  valuation  should 
be  in  proportion  to  the  increased  ca- 
pacity and  earning  power,  and  amor- 
tization in  proportion  to  the  shorter 
life  of  the  quarry. 

In  order  that  the  available  tonnage 
of  stone  within  a  given  area  be  meas- 
ured with  a  reasonable  degree  of  ac- 
curacy, the  deposit  should  be  visible 
on  at  least  four  sides,  or  there*  must 
be  abundant  geological  evidence  as  to 
the  extent  of  the  deposit,  upon  which 
dependable  estimates  may  be  based. 

Importance  of  Base  Maps. — One  of 
the  first  things  that  a  valuation  en- 
gineer wants  to  see  when  he  ap- 
proaches the  task  of  preparing  a  re- 
port on  a  stone-quarry  property  is  a 
drawing  or  blue  print,  showing  ac- 
curately the  boundary  lines  of  the 
property  which  is  to  be  studied.  Such 
a  map  should  not  only  show  property 
lines,  but  should  show  all  buildings, 
roads,  streams  and  rail  tracks,  and 
,  also  a  topographic  sketch  with  con- 
tour intervals  of  not  less  than  5  ft. 
The  preparation  of  such  a  base  map  is 
plainly  the  work  of  a  civil  engineer 
and  should  not  be  expected  of  a  geol- 
ogist. My  own  observation  has  been, 
however,  that  few  of  the  stone  quarry 
companies  have  really  good  base 
maps,  and  almost  none  of  them  have 
topographic  maps.  To  attempt  to  pre- 
pare valuation  reports  without  base 
maps   is   placing  a  handicap  on   this 


work  which  is  an  injustice  to  the  val- 
uation engineer,  and  detracts  much 
from  the  usefulness  of  his  investiga- 
tions. 

In  measuring  a  stone  deposit,  there- 
fore, it  is  desirable  to  have  good  base 
maps,  upon  which,  and  with  the  aid 
of  geological  sections,  both  the  lateral 
and  vertical  extent  of  the  deposit  can 
be  shown.  Such  measurements  must 
take  into  consideration  both  the  thick- 
ness and  character  of  the  over-burden, 
the  depth  to  which  it  is  at  present 
practicable  to  quarry,  the  varying  ele- 
vations of  the  surface  overlying  the 
area  of  workable  stone,  the  thickness 
and  dip  of  workable  beds,  should  they 
be  overlain  or  underlain  with  unde- 
sirable materials,  and  the  depth  to 
which  it  may  be  practicable  to  work 
the  deposit  at  some  future  time. 

Features  Which  Have  Bearing  on 
Quantity  and  Availability  of  Stone  De- 
posits.— Some  simple  features  may  be 
mentioned  here  which  have  a  geolog- 
ical meaning,  and  which  also  have  a 
bearing  on  the  quantity  and  availabil- 
ity of  stone  deposits.  As  has  been 
stated,  some  stone  deposits  are  mas- 
sive in  form  and  show  no  bedding 
plans  or  lines  of  rock  cleavage.  All 
rocks,  however,  and  especially  igneous 
rocks,  are  divided  into  large  and  small 
blocks  by  systems  of  cracks  and  crev- 
ices known  as  joints.  Jointing  is  usual- 
ly highly  developed  in  basaltic  rocks, 
commonly  known  to  quarrymen  as 
trap  rock. 

These  systems  of  joint  planes  which 
cut  the  rocks  at  various  angles  are  in 
almost  every  case  a  help  to  the 
crushed-stone  quarryman  in  breaking 
down  the  stone,  but  in  many  cases 
they  are  a  hindrance  to  the  dimension 
stone  quarryman  in  getting  out  blocks 
of  marketable  size.  Where  the  stone 
is  massive,  the  overburden,  which 
must  be  moved  before  hard  fresh 
stone  can  be  reached,  is  almost  in- 
variably residual  clay,  or  some  weath- 
ered or  semi-decayed  rock,  unless  the 
overburden  happens  to  be  an  alluvial 
or  glacial  deposit,  which  is  transport- 
ed materials,  and  not  derived  in  any 
way   from   underlying   rocks. 

On  the  other  hand,  limestones,  as  a 
rule,  do  not  decay  or  disintegrate,  un- 
less they  are  very  impure  limestones, 
and  carry  a  large  amount  of  clay  sub- 
stance. Limestones  are  simply  dis- 
solved by  the  weak  acids  carried  in 
solution  by  surface  waters,  and  leave 
behind  a  mantle  of  residual  clay  which 
represents  the  iron-aluminum-silicate 
content   of  the   original  rock.    Under 
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ordinary  conditions,  erosion  carries 
off  much  of  the  residual  formed  in  this 
way.  Limestone  deposits,  which  are 
subject  to  erosion,  therefore,  general- 
ly have  but  a  light  mantle  of  clay. 
This  is  particularly  the  case  in  the 
colder  climates,  where  erosion  usual- 
ly keeps   pace  with  rock  weathering. 

Every  quarryman  who  works  in 
limestone,  however,  is  familiar  with 
pot  holes,  mud  seams,  and  sink  holes, 
which  often  carry  the  stiff  red  clay 
deep  into  the  face  of  the  quarry.  I 
have  seen  limestone  deposits  being 
worked  which  showed  almost  no  resid- 
ual clay,  but  which  were  covered  with 
a  mantle  of  alluvial  clay  from  20  to  50 
ft.  in  thickness,  as  in  the  case  of  the 
limestone  deposits  along  the  Missis- 
sippi River  north  of  Alton,  111.  Again, 
I  have  seen  limestone  beds  which 
were  barely  exposed  in  a  few  places 
at  the  surface,  and  still  the  work- 
able stone  began  but  a  few  Jnches 
below  the  grass. roots,  as  in* the  vicin- 
ity of  Bellefont,  Center  County,  Penn- 
sylvania. 

Underground  Operations  Will  In- 
crease.— Where  the  limestone  is  being 
used  for  lime  burning,  as  furnace  flux, 
and  in  the  manufacture  of  Portland 
cement,  there  are  a  few  locations 
where  the  stone  is  won  by  under- 
ground mining  methods.  Though 
such  cases  are  limited  in  number  at 
the  present  time,  my  prediction  is, 
that  as  time  goes  on,  the  number  of 
underground  operations  of  this  class 
will  increase  from  year  to  year,  due 
to  the  fact  that  some  of  our  most  val- 
uable deposits  which  are  close  to 
large  and  permanent  markets,  are  be- 
ing steadily  depleted  of  stone,  avail- 
able at  or  near  the  surface.  There 
are  cases  which  have  come  under  my 
observation  where  the  use  of  a  drill 
has  been  found  to  be  quite  necessary 
in  order  to  determine  the  extent  and 
character  of  the  stone  where  it  has 
not  been  exposed  by  nature  or  by 
present  quarry  developments.  Such 
exploration  work  may  be  accom- 
plished with  use  of  either  core  drill 
or  churn  drill,  but  the  core  drill  is 
generally  considered  more  desirable, 
as  the  core  taken  out,  foot  by  foot, 
affords  a  better  means  of  both  physi- 
cal and  chemical  examination  of  the 
rock  than  does  the  pulp  from  a  churn 
or  well  drill. 

In  order  to  determine  the  quantity 
of  stone  within  a  given  area,  which 
.will  be  available  under  different  con- 
ditions of  operation,  as  many  meas- 
urements  should  be   taken,  both  lat- 


erally and  vertically,  as  practicable. 
Use  should  also  be  made  of  all  geo- 
logical data  which  are  evident,  and 
which  have  a  definite  bearing  upon 
the  extent  of  the  deposit.  When 
such  information  is  carefully  plot-, 
ted  upon  geological  maps  and 
sections  of  good  scale,  they  af- 
ford the  quarry  owner  and  the 
banker  a  graphic  illustration  of  the 
stone  reserve  and  of  the  physical 
conditions  of  operating  which  they 
can  comprehend  in  no  other  way. 

Physical  and  Chemical  Properties 
of  Stone. — The  physical  and  chemical 
properties  of  stone  which  determine 
its  quality  are  as  important,  in  a  way, 
as  quantity.  For  example,  there  are 
many  localities  where  large  deposits 
of  stone  occur  close  to  market,  but 
which  are  of  no  commercial  value  on 
account  of  being  unsuited  for  any  of 
the  ordinary  uses  of  crushed  stone. 
In  the  Appalachian  states  one  of  the 
predominating  rock  types  of  the  crys- 
talline area  is  mica  schist.  This  rock, 
especially  where  it  is  high  in  mica 
content  and  breaks  into  flat  lense- 
shaped  fragments,  is  unsuited  for 
either  road  metal,  railroad  ballast,  or 
concrete  construction.  Some  rocks 
are  hard  when  freshly  broken,  but 
disintegrate  quickly  upon  exposure  to 
the  atmosphere.  Some  limestones  are 
impure,  soft  and  shaley,  and  are  un- 
desirable for  almost  any  use. 

I  feel  that  this  discussion  should 
have  to  do  chiefly  with  crushed  stone 
for  construction  purposes,  though  I 
realize  that  many  lime,  cement,  and 
fluxing  stone  companies  also  sell 
crushed  stone  in  large  quantities.  The 
chemical  composition  of  rocks,  which 
may  be  used  as  crushed  stone,  affects 
their  value  only  insofar  as  their 
physical  properties  are  concerned. 
The  hardness  of  the  stone  and  the 
manner  in  which  it  breaks  have  much 
to  do  with  its  ease  of  production  and 
its  desirability. 

For  example,  quartzite  and  diabase, 
two  of  our  hardest  rock  types,  general- 
ly break  into  sharp,  angular  frag- 
ments, and  are  admirably  suited  for 
railroad  ballast  and  concrete  con- 
struction. On  the  other  hand,  the 
cost  of  drilling  and  crushing  these 
two  types  is  so  much  in  excess  of  the 
same  cost  items  in  other  types  of 
rock  that  they  necessarily  demand  a 
higher  selling  price  in  order  to  show  a 
reasonable  margin  of  profit. 

Examples  of  Unfitness  of  Some  Stone 
Deposits. — There  are  throughout  this 
country  today,  and  probably  in  every 
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state  in  the  East,  monumental  exam- 
ples of  failures  due  to  physical  and 
chemical  properties  of  stone  which 
were  not  judiciously  taken  into  con- 
sideration before  work  was  begun.  I 
know  of  one  example  wherein  one  of 
our  trunk  line  railroads,  needing  bal- 
last in  one  of  the  states  traversed  by 
its  lines,  first  opened  two  large  quar- 
ries, both  in  mica  schist.  This  rock 
was  fairly  easy  to  drill  and  crush,  but 
unfortunately,  it  broke  into  lense- 
shaped  fragments,  all  of  which  were 
coated  with  fine  scales  of  mica. 

These  quarries  were  operated  for  a 
period  of  years,  and  a  considerable 
mileage  of  the  railroad  was  ballasted 
with  this  material.  Though  it  seemed 
to  take  a  long  time  to  soak  in,  those 
in  authority  finally  came  to  the  reali- 
zation that  the  mica  on  these  lenses 
of  rock  was  acting  as  a  lubricant,  and 
though  wedged  in  tightly  by  constant 
tamping  of  the  section  men,  the  bal- 
last had  no  building  properties  and 
would  soon  work  out  of  place. 
*  A  quartzite  quarry  was  next  opened, 
but  due  to  the  hardness  of  the  stone 
this  quarry  failed  after  a  period  of 
expensive  operation,  when  the  discov- 
ery was  made  that  good  stone  could 
be  purchased  nearby  for  less  than  it 
was  costing  to  produce  the  quartzite. 
Their  next  venture  was  to  give  a 
large  contract  for  ballast,  and  to  sub- 
sidize the  contractor  who  was  operat- 
ing a  quarry  in  red  Triassic  shale. 
This  shale  was  easy  to  drill  and  crush 
and  was  fairly  hard  when  freshly 
broken.  After  a  year  or  two,  however, 
the  shale  began  to  crumble  and  disin- 
tegrate  into   a   clay-like   substance. 

To  relieve  this  situation,  a  fourth 
quarry  was  opened  on  a  large  butte 
of  diabase  within  about  one  mile  of 
the  main  line  of  the  railroad.  Al- 
though this  plant  was  new,  and  had 
ample  trackage  facilities,  it  was  fore- 
doomed to  failure,  as  the  rock  was 
even  harder  to  drill  and  crush  than 
the  quartzite.  The  irony  of  the  whole 
situation  was  that  all  this  time  there 
was  a  perfectly  good  deposit  of  ex- 
cellent ballast  rock  directly  along  the 
tracks  of  the  railroad  and  at  a  cen- 
tral location. 

Many  parallel  cases  of  the  unfitness 
of  some  stone  deposits  for  the  eco- 
nomic production  of  crushed  stone 
may  be  given  here,  but  the  above  ex- 
amples  should   serve. 

Elements  Affecting  Cost  of  Produc- 
tion.— There  are  certain  elements  in 
every  quarry  operation  which  have 
much  to  do  with  the  cost  of  produc- 


tion, but  which  may  vary  for  different 
localities.  Any  feature  which  has  to 
do  with  the  cost  of  production  has 
also  to  do  with  the  earning  power  of 
an  enterprise.  These  are  physical 
features,  some  of  which  may  be  enu- 
merated here  without  going  into  de- 
tail of  example.  The  hardness  and 
breaking  properties  of  the  stone,  men- 
tioned in  the  last  paragraph,  has  to 
do  with  the  cost  of  production.  The 
amount  and  character  of  the  over- 
burden and  the  distance  to  which  it 
must  be  moved  are  variable  elements 
of  cost.  The  workable  thickness  of 
the  stone  itself  and  the  amount  of 
drilling  and  powder  required  per  ton 
of  stone  produced  are  elements  of 
production  cost.  The  amount  of  water 
to  be  handled  and  the  ease  with  which 
the  stone  can  be  moved  from  quarry 
to  crushing  plant  are  elements  of  cost. 
The  topographic  and  structural  fea- 
tures of  every  quarry  either  add  to  or 
reduce  the  cost  of  production,  as  the 
case  may  be.  The  ease  of  physical 
production  is  therefore  another  fac- 
tor which  must  not  be  overlooked 
when  considering  the  value  of  a  stone 
deposit. 

The  question  of  nearness  to  market 
and  to  transportation  is  one  of  inesti- 
mable importance.  It  matters  little 
how  large  a  stone  deposit,  how  de- 
sirable the  physical  and  chemical 
properties  of  the  stone  may  be,  or 
how  cheaply  it  can  be  produced  if  it 
is  so  remote  from  a  permanent  mar- 
ket that  the  cost  of  transportation  ab- 
sorbs all  of  the  profits.  It  is  plain  to 
see  that  a  stone  proposition  which  can 
deliver  into  a  consuming  market  at  5 
ct.  per  ton  less  than  a  competitor  is 
worth  5  ct.  per  ton  more  at  the  point 
of  production,  all  other  things  being 
equal.  The  matter  of  cost  of  trans- 
portation therefore  makes  economic 
production  of  some  stone  deposits  pro- 
hibitive, at  least  under  present  con- 
ditions. Here  the  value  of  a  stone 
deposit  is  again  reflected  in  its  rela- 
tive location  with  respect  to  market. 

Any  stone  deposit  which  is  isolated, 
and  is  close  to  a  strong  market,  has, 
of  course,  special  value.  If  on  the 
other  hand  it  is  surrounded  by  similar, 
deposits,  with  equal  working  condi- 
tions and  large  stone  reserves,  the 
question  of  valuation  must  be  based 
largely  on  its  relative  stone  reserve, 
and  upon  the  price  at  which  any  or 
all  of  the  properties  can  be  purchased. 
Invariably,  one  of  the  first  considera-. 
tions  that  confronts  a  party  who 
seeks    a    location    for    establishing   a 
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stone-crushing  industry  is  the  matter 
of  competition.  What  he  naturally 
wants  to  find  is  a  location  where,  all 
other  things  being  equal,  he  will  at 
least  have  a  market  for  a  reasonable 
portion   of   his   output. 

Where  two  or  more  stone-crushing 
companies  are  operating  on  the  same 
body  of  stone,  having  the  same  physi- 
cal conditions,  the  same  labor  condi- 
tions, and  the  same  market,  if  one 
company  outstrips  its  neighbors  in 
economic  production,  the  reason  for 
greater  efficiency  can  be  quickly  traced 
to  superior  equipment  and  manage- 
ment. The  relative  abundance  of 
stone,  therefore,  in  a  given  locality, 
unless  it  is  all  controlled  by  one  com- 
pany, has  an  important  bearing  on  the 
value  of  individual  deposits. 

Much  has  been  written  on  the  valu- 
ation of  ore  deposits,  but  I  have  seen 
but  few  references  to  the  valuation  of 
stone  deposits.  It  is  evident  that  there 
can  be  no  definite  formula  for  the  val- 
uation of  either  mineral  deposits  or 
stone  deposits,  but  there  are  many 
things  in  common  which  have  to  be 
taken  into  consideration.  Everyone 
knows  that  capital,  plant  design,  and 
management  have  largely  to  do  with 
the  successful  operation  of  any  under- 
taking, but  I  do  not  feel  that  these 
factors  have  anything  to  do  with  the 
value  of  the  stone  deposit  itself,  and 
therefore  should  not  be  open  for  dis- 
cussion here.  An  active  quarry  op- 
eration, like  a  mine,  is  subject  to  con- 
tinuous depletion. 

I  feel  that  the  points  brought  out 
in  this  brief  paper,  though  elemen- 
tary, are  pertinent,  and  should  be 
suggestive  to  those  who  have  not 
given  serious  consideration  to  the 
matter  of  valuation.  Though  a  few 
examples  have  been  given  above,  each 
quarry  proposition  has  its  own  pe- 
culiar features  and  its  own  individual 
problems.  It  is  evident  that  such  fac- 
tors as  are  mentioned  above,  and 
which  enter  into  the  valuation  of 
every  stone  deposit,  must  vary  wide- 
ly with  different  properties  and  dif- 
ferent localities.  Wide  experience, 
keen  observation  and  mature  judg- 
ment help  to  reduce  the  error  in  such 
calculations. 


Co-Partners  in  the  Contract 


Road  Building  Loan  Authorized  by 
Panama. — Under  a  law  recently  en- 
acted in  Panama  the  executive  is  em- 
powered to  contract  a  loan  for  the 
purpose  of  road  building  and  other 
public  works,  involving  an  expendi- 
ture of  $4,500,000. 


Relations   of  the  Contractor,  the  Sur- 
ety and   the  Banker  Described   in 
Address    Presented    Jan.   30   at 
Annual  Meeting  of  the  As- 
sociated General  Con- 
tractors 


By  GUY  LEROY  STEVICK, 

Vice   President,    Fidelity    &    Deposit    Co., 
Los  Angeles. 

In  the  first  place  I  want  to  put  forth 
the  proposition  that  the  contractor 
and  his  surety  are  in  a  limited  degree 
partners,  and  that  when  money  is  bor- 
rowed for  the  performance  of  the  con- 
tract, the  bank  also  becomes  a  partner 
with  the  contractor  and  the  surety. 
When  I  say  that  we  art  partners  in  a 
limited  degree,  I  mean  that  we  are 
in  reality  partners,  and  that  the  in- 
terest of  the  surety  is  not  an  incon- 
siderable one  in  the  contract. 

Interest  of  Surety  and  Banker  in 
Contract. — Now,  what  is  the  interest 
of  the  contractor?  I  think  perhaps  a 
10  per  cent  profit  would  be  an  average 
of  the  profits  which  the  contractor 
hopes  to  get;  but  in  our  experience 
perhaps  an  actual  earned  profit  of  5 
per  cent  is  nearer  correct.  The  surety 
for  going  on  the  bond  gets  1^  per 
cent,  and  the  fact  that  you  add  that 
into  your  contract  price  and  the  own- 
er pays  it  does  not  make  it  any  the 
less  one  of  the  real  expenses  of  the 
transaction.  All  costs  of  construction, 
all  expenses  that  you  have  gone  to, 
ultimately  go  to  the  ultimate  consum- 
er, but  the  surety  has  a  real  interest 
in  the  profits  of  that  transaction. 

In  those  cases  in  which  you  are 
compelled  to  have  a  bank  or  a  financ- 
ing company  to  assist  you,  the  bank 
becomes  a  third  partner  in  the  trans- 
action. In  our  business  if  I  ran  across 
contractors  who  do  not  need  banking 
assistance  at  times,  I  would  feel  that 
we  had  gone  out  of  things  terrestrial 
and  had  gotten  into  things  heavenly. 
The  interest  of  the  bank  in  the 
partnership  is  quite  as  plain  as  the 
surety's.  Generally  speaking  the 
amount  the  banks  are  required  to  ad- 
vance for  financing  contracts  will  be 
approximately  the  reserve  per  cent, 
which  may  be  somewhere  in  the 
neighborhood  of  15  per  cent.  If  the 
banker  charges  7  per  cent  interest  on 
the  money,  you  will  see  that  his  in- 
terest in*  the  matter  is  something  like 
1  per  cent. 
So  that  we  have  the  general  con- 
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elusion  of  all  these  three  interests — 
the  contractor  represents  somewhere 
between  5  and  10  per  cent,  the  surety 
iy2  per  cent,  and  the  banker  1  per 
cent.  If  by  reason  of  the  good  for- 
tune of  the  contractor  he  is  able 
either  to  do  his  own  banking  or  to 
furnish  his  own  bond,  then  that  por- 
tion of  the  2,y2  per  cent  that  he  saves 
is  really  to  be  considered  as  a  part  of 
the  expense  of  suretyship  or  banking. 

Now  when  he  goes  into  a  contract 
all  of  this  is  very  well,  if  things  turn 
out  well;  everything  goes  as  merrily 
as  a  marriage  bell.  But  when  trouble 
comes,  then  it  is  a  good  deal  more 
like  a  divorce  court.  My  experience 
has  shown  that  when  trouble  comes 
to  a  contractor,  the  surety,  the  bank- 
er, the  contractor,  have  not  that  com- 
munity of  interest  with  which  they 
started.  We  find  that  the  bank  is 
scurrying  to  protect  itself,  the  con- 
tractor has  exhausted  himself  in  the 
transaction,  the  surety  is  about  the 
last  to  learn  of  it,  and  our ,  portion  in 
the  deal  is  usually  to  pay  the  labor 
and  material  men  and  to  get  out  of  it 
the  best  way  we  can. 

Financing  the  Contract. — That  con- 
dition led  me  to  think  that  there  was 
something  wrong  in  the  way  in  which 
we  went  about  the  matter.  I  think 
the  trouble  was  that  we  did  not  fully 
appreciate  our  respective  interests  in 
the  transaction,  when  we  started  it. 
We,  as  sureties,  knew  that  the  con- 
tract had  to  be  financed.  The  con- 
tractor knew  it  had  to  be  financed. 
If  we  asked  a  contractor  how  much 
money  it  was  going  to  need  to  finance 
it,  he  said  10  per  cent.  He  shut  his 
eyes  and  we  shut  our  eyes  to  the  fact 
that  it  is  not  safe  to  enter  into  a 
contract  that  has  from  15  to  25  per 
cent  reserve  percentage  upon  a  basis 
of  having  10  per  cent  money  to  go 
into  it. 

The  contractor  may  say  that  he  has 
good  credit  at  the  bank,  but  we  know 
very  well  that  it  is  not  the  intention 
of  the  banks  to  stand  the  loss  in  the 
contract.  Now  the  real  truth  of  th^ 
matter  is,  in  the  very  nature  of  the 
bank's  business,  a  surety  company  has 
no  money  to  loan  to  a  contractor.  On 
the  other  hand,  it  is  the  business  of 
the  bank  to  advance  money,  and  the 
last  thing  the  bank  wants  to  do  is  to 
lose  money.  It  is  our  business  to  guar- 
antee against  loss,  and  the  bank's 
business  to  advance  the  money. 

The  bank  is  going  to  have  security 
in  some  way  or  other  and  we  shall 
not  have  it.     Why  shut  your  eyes  to 


the  fact  that  if  there  is  a  diversity  of 
interest,  the  contract  is  going  to  be 
forfeited  and  the  contractor,  no  mat- 
ter how  able  he  may  be  and  no  matter 
what  the  merits  of  the  contract,  will 
lose  it  and  the  whole  thing  will  go  to 
pot. 

I  came  to  the  conclusion  that  the 
safe  proposition  was  to  face  those 
things  in  advance — if  it  became  neces- 
sary for  a  bank  to  advance  money,  let 
the  surety  know  in  advance  that  it  is 
going  to  have  to  make  it  good  to  the 
bank  in  case  of  trouble. 

In  one  case  that  I  .have  in  mind, 
there  was  a  contract  for  the  paving 
of  a  street  in  a  city  in  California 
amounting  to  a  little  over  $100,000 
That  contract  could  not  be  paid  for 
until  termination  of  the  contract, 
either  in  bonds  or  collected  assess- 
ments. The  contractor  had  expe- 
rience; the  contract  was  a  good  one 
and  the  contractor  was  able  to  prod- 
uce in  money  something  like  20  per 
cent  of  the  contract  price.  He  had 
either  in  quick  assets  or  money  some- 
thing like  $20,000.  We  arranged  with 
a  bond  house  to  sell  those  bonds  at 
93  which  provided  just  about  $100,000, 
the  contract  being  a  little  more  than 
that.  The  contractor  put  up  his  $20,- 
00*0;  the  bank  loaned  $80,000,  and  we 
guaranted  to  the  bank  that  it  would 
be  repaid. 

We  guaranteed  not  only  the  per- 
formance bond  to  the  city,  the  labor 
and  material  bond  to  the  labor  and 
material  men,  but  gave  a  separate 
bond  in  the  sum  of  $80,000  to  the 
bank,  guaranteeing  that  that  contract 
would  be  completed  and  all  bills  and 
labor  claims  paid  and  that  the  assign- 
ments of  the  estimates  or  reserves  or 
bonds  which  should  follow  from  them 
would  come  to  the  bank  free  and 
clear. 

The  bank  was  very  well  pleased  to 
do  that  and  the  money  was  loaned  at 
2  per  cent  less  than  it  would  have 
been  loaned  to  the  contractor  without 
our  bond.  The  contractor  saved  1  per 
cent  on  his  loan.  The  bank  was  satis- 
fied. We  all  established  a  firm  rela- 
tion of  what  was  going  to  happen  if 
trouble  came.  That  was  the  first  case 
that  I  tried  out.  It  worked  out  satis- 
factorily. The  contractor  made  his 
money,  and  we  all  thought  that  we 
had  found  a  very  good  way  of  han- 
dling a  situation  of  that  kind. 

Integrity  of  Contractor  Essential. — 
Another  case  illustrates  something  of 
importance  to  us  and  I  think  to  you. 
This    contractor    ought    not    to    have 
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been  bonded,  and  we  departed  from 
the  very  first  principle  of  suretyship 
which  is  to  require  a  first  class, 
honest,  unimpeachable  man,  but  we 
did  bolster  up  that  contract  in  such  a 
way  that  it  loked  impregnable.  This 
contractor  put  up  with  us  $20,000  of 
Liberty  bonds,  he  gave  us  or  pledged 
to  us  his  plant,  he  pledged  to  us  some 
other  things  he  had.  The  contract  was 
$300,000.  We  borrowed  $200,000  from 
a  bank  and  we  went  surety  to  the 
bank  that  it  would  get  its  money  back. 
After  a  thorough  investigation  by  a 
skilled  man  the  contract  showed  it 
should  have  $100,000  profit. 

That  looked  like  a  fairly  good  thing 
for  the  surety,  the  contractor  and  the 
bank,  and  it  would  have  been  except 
for  one  trouble.  We  overlooked  the 
first  essential  of  all  good  suretyship — 
the  absolute  integrity  of  the  indivi- 
dual. The  $20,000  which  the  contractor 
put  in  and  the  $200,000  which  was  bor- 
rowed from  the  bank,  all  was  put 
under  joint  control  so  that  none  of 
it  could  be  spent  unless  a  representa- 
tive whom  we  designated  approved  of 
the  bills,  and  yet  this  contractor  was 
able  in  the  first  place  to  fake  payment 
and  get  $20,000  with  which  he  repaid 
the  $20,000  bonds  that  he  had  bor- 
rowed from  an  individual  to  give  to 
us.  In  the  second  place,  he  was  able 
to  fake  other  payrolls,  until  he  paid 
for  a  plant  which  he  had  represented 
to  us  was  free  and  clear  at  the  time 
we  started;  and  the  next  thing  he 
became  interested  in  some  other  out- 
side attractions  which  took  $60,000 
more;  with  the  result  that  he  had 
stolen  $100,000  from  the  trust  fund 
which  had  been  created. 

It  is  of  the  utmost  importance  that, 
whatever  rule  we  make,  whatever 
panacea  may  be  created,  honesty  and 
integrity  on  the  part  of  the  contractor 
be  assured. 

Result  of  Co-operation. — One  more 
instance.  In  this  case  we  had  a  good 
contractor,  thoroughly  reliable,  who 
had  over-stretched  himself,  reached 
out  after  too  much,  and  when  trouble 
came  to  him  he  owed  a  large  amount. 
According  to  the  provisions  of  the 
contract  or  agreement,  we  completed 
the  contract  and  paid  the  bank  $180, 
000.  The  bank  had  $60,000  that  it 
loaned  to  the  contractor  prior  to  this 
and  he  owed  $60,000  to  other  people, 
so  that  contractor  was  $300,000  in  the 
hole,  but  by  community  of  interest 
between  the  contractor,  the  banker 
and  ourselves,  we  all  started  in  to 
make    the    situation    as    good    as    we 


could.  It  so  happened  that  the  con- 
tractor had  a  very  valuable  plant, 
some  encumbered  real  estate  and  also 
a  substantial  and  meritorious  claim 
against  the  Government.  Now,  if  all 
three  interests  had  been  pulling  di- 
vergently, that  contractor  would  have 
gone  into  bankruptcy;  his  claim 
against  the  Government  would  have 
gone  to  pot  and  nobody  would  have 
gotten  anything  out  of  it.  But  by  rea- 
son of  the  assistance  and  the  forbear- 
ance of  the  bank  and  the  ability 
which  we  had  in  presenting  the 
matter  properly  to  the  Federal  Gov- 
ernment, we  made  such  an  adjustment 
as  resulted  in  the  payment  to  us  in 
full  of  our  money;  in  the  payment  to 
the  bank  in  full  of  its  money;  in  the 
payment  of  the  contractor's  general 
obligations,  and  he  has  today  a  plant 
and  clear  real  estate  easily  worth 
$250,000. 

That  was  solely  the  result  of  co- 
operation between  the  three  interest- 
ed parties  which  brings  forward 
another  thing.  I  have  so  often  heard 
it  said  by  contractors:  "It  doesn't 
make  any  difference  to  me  who  is 
surety  on  my  bond.  I  want  to  satisfy 
the  owner."  There  is  nothing  more 
erroneous  than  that.  It  is  just  as 
essential  to  the  contractor  that  he 
have  a  good  surety  as  that  he  have 
good  partners. 

Prime  Requisites  for  Making  a 
Loan. — What  are  the  underlying  char- 
acteristics that'  would  move  a  surety 
to  enter  into  an  agreement  of  this 
kind?  I  should  say  in  the  first  place 
that  they  are  identically  the  same  con 
siderations  as  apply  to  preferred 
risks.  In  the  first  place,  and  above 
all  others,  is  the  consideration  that 
there  shal  be  a  good  contractor  with 
experience  in  the  business.  Mr.  Mor- 
gan one  time  said  that  his  prime  re- 
quisite for  making  a  loan  was  an 
honorable  man,  and  that  is  the  prime 
requisite  in  any  surety  matter.  With- 
out that  it  makes  no  difference  what 
arrangements  you  make.  The  second 
thing  is  that  it  must  be  a  good  con- 
tract; it  must  be  a  contract  which 
upon  careful  investigation  by  men  in 
which  the  sureties  have  confidence  is 
a  profitable  contract.  The  next  thing 
important  is  to  know  how  much  other 
work  the  contractor  has,  for  when  we 
go  on  a  contractor's  bond  we  bond 
every  contract  *that  contractor  has. 
If  he  has  $500,000  of  work  on  hand 
and  we  *go  on  his  bond  for  $200,000 
and  it  takes  $300,000  more,  we  have 
bonded   him  for  a  million  dollars.     I 
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have  never  found  a  contractor  that 
failed  on  one  contract,  that  did  not 
fail  on  all  of  them.  That  is  very 
essential. 

The  next  point  is  that  he  must  have 
a  plant  adequate  for  his  work;  or,  if 
he  does  not  have  a  plant,  he  must 
have  enough  actual  money  to  buy  that 
plant  before  he  starts  in;  for  it  never 
will  be  satisfactory  to  a  surety  to 
know  that,  as  a  result  of  the  success- 
ful contract,  the  contractor  is  going 
to  have  a  plant  for  his  profit.  He  must 
always  have  either  in  cash  or  in  avail- 
able, good  security  or  current  assets, 
something  which  we  sometimes  de- 
signate as  loss-paying  power,  of 
substantially  20  per  cent,  enough  to 
cover  a  little  more  than  the  average 
of  losses  that  will  be  encountered  on 
a  contract  of  that  kind. 

In  addition  to  that,  unless  we  are 
surety  upon  all  of  his  contracts,  we 
must  have  a  segregation  of  that  con- 
tract and  of  the  monies  which  we 
have   guaranteed. 

This  plan  that  I  am  urging  upon 
you  is  not  a  panacea  for  all  of  the 
ills  of  a  surety  or  a  contractor,  but 
it  is  a  plea  to  you  that  there  shall  be 
open,  fair  dealing  between  the  three 
interests  I  have  referred  to  in  a 
contract. 

Permit  me  to  suggest  one  other 
thing,  which  would  be  of  great  assis- 
tance in  the  relations  between  surety 
companies  and  this  body  and  the  va- 
rious associations  which  are  repres- 
ented throughout  the  country  by  it. 
That  is,  there  should  be  a  standing 
committee  of  conference  between  your 
local  organization  and  the  local  surety 
company  to  determine  upon  matters 
of  importance  to  that  community.  It 
would  be  of  vast  advantage  to  you 
and  of  vast  advantage  to  us — in  mat- 
ters of  legislation,  matters  of  forms 
of  contracts,  matters  of  estimates 
given  by  public  works. 

One  of  the  greatest  evils  we  find 
today  is  the  under-estimates  which 
are  given  in  public  works.  They 
reserve  25  per  cent  apparently  for 
protection  at  the  end,  but  they  under- 
estimate the  work  as  it  goes  along  at 
least  25  per  cent,  which  forms  a 
reserve  of  25  per  cent,  and  it  is  simply 
foolish  to  go  into  a  contract  with  the 
idea  that  15  per  cent  or  even  25  per 
cent  will  finance  the  contract. 


was  introduced  March  27  in  the  New 
York  state  legislature.  The  measure, 
indorsed  by  the  American  Automobile 
Association,  National  Automobile 
Chamber  of  Commerce,  Automobile 
Merchants'  Association,  and  many 
automobile  clubs,  aims  to  raise  about 
$16,000,000  a  year  for  highway  im- 
provement. 
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New  York  May  Tax  Gasoline. — A 
bill  reducing  to  nominal  rates  regis- 
tration fees  for  motor  cars  and  impos- 
ing a  gasoline  tax  of  2  cts.  a  gallon 


Annual    Election    of    Officers 
National  Paving  Brick  Man- 
ufacturers' Association 

The  annual  election  of  officers  of 
the  National  Paving  Brick  Manufac- 
turers Association  was  held  in  Cleve- 
land, Thursday,  March  22,  at  the  regu- 
lar meeting  of  the  board  of  governors. 
The  following  officers  were  elected: 

O.  W.  Renkert,  president  of  the 
Metropolitan  Paving  Brick  Co.,  Can- 
ton, O.,  chairman  of  the  board  of  gov- 
ernors, succeeding  Spencer  M.  Duty, 
president  of  the  Medal  Paving  Brick 
Co.,  of  Cleveland,  O. 

R.  T.  Hutchins,  vice-president  and 
sales  manager  of  the  Mack  Manufac- 
turing Co.,  Wheeling,  W.  Va.,  presi- 
dent of  the  association  succeeding  O. 
W.  Renkert. 

The  following  officers  were  re- 
elected: 

W.  P.  Blair,  Cleveland,  O.,  first  vice- 
president. 

C.  C.  Barr,  president  of  the  Barr 
Clay  Co.,  of  Streator,  111.,  treasurer. 

Edward  E.  Duff,  Jr.,  Cleveland,  O., 
executive  secretary. 

(Miss)  B.  L.  Beller,  Cleveland,  O., 
assistant  treasurer. 

Stanley  A.  Knisely,  Cleveland,  O., 
assistant  secretary. 

The  meeting  was  marked  by  a  spirit 
of  optimism  concerning  business  con- 
ditions for  1923.  Report  of  the  secre- 
tary showed  that  the  year  1922, 
marked  as  it  was  by  the  coal  and  rail- 
road strikes,  saw  an  increase  of  more 
than  77  per  cent  in  paving  brick  ship- 
ments over  the  low  war  year  of  1918. 
The  very  appreciable  increase  in  1922 
shipments  over  shipments  of  1921 
made  a  most  favorable  impression  on 
the  board.  This  6  per  cent  increase, 
despite  the  railroad  strike,  coal  strike 
and  the  subsequent  car  shortage,  in- 
dicated the  demand  of  communities 
generally  for  brick  streets  and  roads. 
It  was  the  opinion  of  the  board  that 
if  nothing  of  this  nature  occurred  dur- 
ing this  year  that  1923  will  be  a 
record  breaker. 


(224) 


1923 


Engineering  and  Contracting 


779 


Bituminous  Concrete  and  Penetration  Surfaces 

Experiences  in  Ontario  County  Outlined  in  Paper  Presented  at  Recent 

Conference  of  County  Road  Engineers  and  Superintendents 

of  Province  of  Ontario,  Canada 

By   E.   A.   JAMES, 

Engineer,    Toronto    and    York    County    H  ighway  Commission. 


As  paving  engineers  we  appear  to 
be  satisfied  as  to  road  design  and  the 
road  cross  section  and  our  investiga- 
tions are  now  confined  more  frequent- 
ly to  foundations  and  wearing  surface. 

Preparation  of  Base. — Any  founda- 
tion that  is  suitable  for  bituminous 
concrete  is  in  my  opinion  suitable  for 
penetration  surface  but  the  converse 
is  not  true.  A  paper  on  foundations 
will  deal  with  the  type,  thickness  and 
method  of  construction,  but  it  is  with- 
in the  province  of  this  paper  to  deal 
with  the  surface  of  the  foundation, 
because  the  wearing  qualities  of  the 
surface  depend  in  a  marked  degree 
upon  the  bond  between  the  surface 
and  the  foundation. 

If  it  is  an  old  macadam  foundation 
the  road  should  be  swept  but  I  have 
no  objection  to  leaving  on  the  old 
macadam  surface  live  bitumen  that 
may  have  adhered  from  surface  treat- 
ment, provided  that  it  is  uniform  in 
its  application.  If  it  is  not  uniform 
and  exceeds  one-third  of  a  gallon  to 
the  square  yard  it  should  be  removed, 
otherwise  there  is  a  danger  of  the 
bitumen  from  your  surface  penetrat- 
ing and  cutting  back  the  tar  of  the 
old  surface  treatment  to  such  an  ex- 
tent that  you  will  get  excess  tar  and 
therefore  movement  in  certain  patches 
of  your  new  road.  If,  however,  the 
tar  from  the  former  surface  treat- 
ment is  reasonably  uniform,  in  ap- 
plying your  new  penetration  you  can 
make  allowance  for  this. 

When  building  new  macadam  base 
for  penetration  surface  we  sweep  the 
base  until  the  body  stone  project.  We 
are  of  the  opinion  that  many  penetra- 
tion roads  have  been  ruined  by  leav- 
ing a  film  cake  of  fine  lime  between 
base  and  surface  course.  If  it  is  an 
old  brick  road  which  is  being  surface 
treated,  great  care  must  be  taken  in 
evening  up  the  brick  surface  with  a 
lean  mix  of  stone  and  bitumen.  This 
filling  will  be  carried  on  until  you 
have  a  road  camber  which  will  per- 
mit of  a  uniform  thickness  in  the 
wearing  surface. 

A  concrete  base  should  be  lefc 
rough.     Our  preference  is  for  raking 


it  with  a  wooden  rake  at  right  angles 
to  the  line  of  traffic.  The  marks  left 
by  the  rake  should  be  approximately 
x/z  in.  wide,  %  in.  deep  and  4^-in.  cen- 
ters. With  such  markings,  rolling  of 
the  penetration  surface  keys  the 
material  and  even  with  excessive  bitu- 
men there  is  very  little  danger  of 
movement. 

For  bituminous  concrete  when  old 
base  is  being  used  much  greater  care 
must  be  exercised  than  with  surface 
penetration. 

Experiences  with  Hot  Top. — From 
our  experience  in  laying  hot  top  dur- 
ing the  last  four  years  I  have  been 
forced  to  the  conclusion  that  it  is  bad 
engineering  to  lay  hot  top  unless  a 
curb  has  been  constructed.  I  have 
tried  shoulders,  hoping  in  this  way  to 
prevent  any  side  movement  in  the 
hot  top  surface  but  so  far  we  have 
failed.  There  should  be  no  excess 
bitumen  in  hot  top  and  just  as  sure  as 
you  get  side  movement  you  get  a 
perceptibly  weaker  pavement.  This 
criticism  does  not  apply  to  the  pene- 
tration surface  because  we  know  the 
penetration  surfaces  carry  excess  bit- 
umen and  little  openings  are  im- 
mediately healed  in  warm  weather. 

We  are,  therefore,  of  the  opinion 
that  hot  top  on  a  macadam  base  is  a 
type  of  construction  that  will  not  be 
continued,  unless  curbed. 

Where  curb  and  gutter  are  con- 
structed it  is  necessary  that  the 
macadam  base  be  swept  absolutely 
clean  and  this  base  must  not  be  an 
old  bituminous  base  unless  you  are 
satisfied  that  the  bitumen  is  less  than 
Wz  Per  cent  of  the  base.  In  other 
words  the  usual  penetration  macadam 
must  not  be  used  as  a  base  for  hot 
top.  If  it  is  used  you  will  find  the 
bitumen  in  the  base  will  cut  the 
bitumen  in  the  surface  and  a  rolling, 
soft  pavement  will  result. 

Making  Concrete  Base. — A  concrete 
base  should  be  left  rough  no  matter 
whether  you  use  close  or  open  binder. 
It  costs  but  little  and  it  adds  mate 
rially  to  the  life  of  the  pavement.  In 
the  case  of  the  hot  top  the  markings, 
if  with  a  rake,  should  be  made  both 
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ways  but  not  so  deep  as  for  penetra- 
tion but  at  about'  the  same  centers. 
One  of  the  best  markers  we  have  used 
is  a  coil  of  rope  fastened  to  a  tamper. 
The  surface  is  stamped  before  the 
concrete  has  taken  on  such  a  set  as 
will  interfere  with  the  strength  of 
the  base. 

Cause  of  Creeping.  —  By  far  the 
greater  percentage  of  creeping  is  due 
to  the  lack  of  bond  for  the  base  and 
wearing  surface.  A  comparatively  thin 
wearing  surface,  not  bonded  to  the 
base,  develops  both  temperature  and 
traffic  stresses  that  cause  the  wearing 
surface  to  move.  Rolling  and  crack- 
ing follow  and  the  pavement  disinte- 
grates. In  the  mixture  itself  uniform- 
ity in  the  raw  materials  is  an  essential. 
Variation  in  the  percentage  of  con- 
tents must  only  be  permitted  within 
small  limits  as  carelessness  or  ignor- 
ance in  proportioning  the  mixture  is 
without  doubt  the  greatest  cause  of 
failure  in  bituminous  concrete  pave- 
ments. 

In  connection  with  mixing,  care 
should  be  taken  to  prevent  unmeas- 
ured asphalt  to  get  into  the  mix. 

Sheet  Asphalt. — Any  change  that  we 
have  made  recently  in  sheet  asphalt 
has  been  to  increase  the  binder,  which 
is  a  close  binder,  using  a  thinner 
wearing  surface.  We  think  that  the 
binder  serves  two  purposes,  one  to 
prevent  slipping  on  the  base  and  the 
other  to  distribute  the  load  over  a 
greater  bearing  surface.  If  for  any 
reason  %  in.  of  the  wearing  surface 
is  removed  the  pavement  should  be 
repaired  even  if  the  wearing  surface 
is  1V2  in.  So  our  preference  is  for  a 
3-in.  pavement,  2-in.  base  and  1-in, 
wearing  surface. 

Of  course,  the  material  shoufd  be 
brought  to  the  work  at  the  proper 
temperature  and  then  proper  raking 
and  spreading  are  essential.  Of  the 
many  mechanical  processes  in  con- 
nection with  paving,  raking  is  one  of 
the  most  important  and  yet  most  diffi- 
cult for  some  to  accomplish  success- 
fully. It  appears  to  be  an  art  in  itself. 
While  a  good  raker  is  important,  an 
experienced  rolling  man  is  also  essen- 
tial. The  temperature  at  which  it 
may  be  rolled,  the  direction  and  in- 
tensity of  rolling,  are  matters  of 
judgment  which  can  not  be  definitely 
set  by  specifications. 

Penetration  Macadam. — In  penetra- 
tion pavements  the  selecting  of  the 
stone  is  very  important.  Our  expe- 
rience has  shown  that  a  uniform  2-in. 
stone   is    to   be   used.     A   stone   that 


breaks  cubically  will  allow  of  greater 
penetration  than  a  stone  that  slivers. 
The  first  keying  should  be  done  with 
%-in.  and  the  keying  finished  with 
%-in.  stone. 

I  noticed  in  a  recent  inspection  of 
British  road  construction  that  the 
better  penetration  roads  are  hand 
poured.  The  resident  engineers  claim 
that  they  can  get  a  more  uniform 
penetration  because  there  is  not  con- 
solidation from  the  wheels  of  the 
trucks  and  if,  for  any  reason,  small 
areas  become  consolidated  it  is  easy 
to  rake  them  so  as  to  secure  sufficient 
penetration. 

On  our  work  we  find,  however,  it  is 
almost  impossible  to  get  men  who 
are  willing  to  hand  pour  bitumen,  so 
that  with  our  mechanical  appliances 
our  first  care  is  to.  prevent  uneven 
consolidation.  We  never  allow  the  tar 
trucks  to  pass  along  the  loose  stone 
under  their  own  power.  We  haul  them 
with  the  road  roller.  We  also  keep  a 
man  with  a  rake  working  just  ahead 
of  the  spray  to  make  sure  that  for- 
eign substances  are  removed  and  con- 
solidation in  the  stone  loosened.  We 
use  hand  nozzle  and  prefer  it  to  the 
manifold. 

No  matter  what  care  is  taken  with 
loading  the  bitumen  in  the  manifold 
we  find  stoppage  under  the  individual 
sprays  that  leave  weaknesses  in  the 
road.  We  have  not  had  much  diffi- 
culty in  the  training  of  men  to  handle 
nozzle  as  after  a  man  with  judgment 
has  completed  a  couple  of  tanks  he 
knows  from  the  color  of  the  mat  ap- 
proximately the  quantity  he  has  ap- 
plied. 

After  the  first  application  of  bitu- 
men, which  we  usually  make  slightly 
over  a  gallon  per  square  yard,  we  add 
three  quarter  stone  and  roll  until 
there  is  no  movement.  This  rolling 
usually  leaves  a  film  of  dust  which  we 
broom  from  the  surface  and  add  a 
second  application  of  slightly  more 
than  a  half  gallon  covering  it  with 
three-eighth  chips,  rolling  and  sweep- 
ing until  the  mat  is  formed  and  the 
road  waterproof. 

We  then  thrown  the  road  open  for 
traffic  and  either  that  season  or  in 
the  succeeding  season  apply  a  coat  of 
light  bitumen  which  we  cover  with 
very  coarse  sand  or  pea  gravel.  Even 
on  the  heavy  traffic  roads  our  expe- 
rience is  generally  that  it  is  3  years 
before  further  attention  is  required 
and  then  an  application  of  %  gal.  per 
sq.  yd  of  light  bitumen  appears  to 
make  the  road  as  good  as  new.     We 
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have  not  had  success  with  coarse  roll- 
ing on  our  penetration  roads.  Com- 
mencing at  the  edge  and  working  to 
crown  on  longitudinal  rolling  we  find 
a  better  practice. 

Bituminous  Concretes. — Under  the 
head  of  bituminous  concretes  we  in- 
clude all  hot  mix  tops.  Pages  might 
be  written  in  connection  with  the 
specifications  for  this  type  of  pave- 
ment as  there  are  so  many  variations 
in  size  and  character  of  stone  and 
sand  and  in  the  course  of  bitumen 
that  may  be  used  that  one  almost 
finds  it  impossible  to  classify  pave- 
ments even  for  the  purpose  of  com- 
parison. While  general  rules  may  be 
laid  down  as  to  percentages  of  bitu- 
men and  percentages  of  the  various 
sizes  of  stone  and  sand,  yet  variations 
with  these  limitations  are  sufficient  to 
make  a  difference  between  good  and 
bad  pavements. 


Into  the  Depths 

The  tragic  story  unfolded  below  was 
contributed  to  The  Scraper,  the  official 
publication  of  the  Kentucky  Associa- 
tion of  Highway  Contractors.  The 
thoroughness  of  the  contribution,  the 
accuracy  of  its  quotations  and  the 
true,  too  true,  presentation  of  facts, 
leads  us  to  believe  it  was  written  by 
a  contractor  who  expresses  his  inner- 
most thoughts. 

Bible    on    Highway    Contractors    (Re- 
cently). 
Bidding. 

"Boast  not  thyself  of  the  morrow 
for  thou  knowest  not  what  a  day  may 
bring  forth." 

"And  in  my  prosperity  I  said  I  shall 
never  be  moved." 

Signing  Contract. 

"They  shall  be  given  according  to 
their    deeds     and     according    to     the 
wickedness  of  their  adventure." 
Job  25  Per  Cent  Complete. 

"My  God!  My  God!  Why  hast  Thou 
forsaken  me?" 

"All  they  that  see  me  laugh  me  to 
scorn;  they  shoot  out  the  lip;  they 
shake  the  head." 

"Tkey  gaped  upon  me  with  their 
mouths,  as  a  ravening  and  roaring 
lion." 

Job  40   Per  Cent  Complete. 

"I  am  poured  out  like  water,  and 
all  my  bones  are  out  of  joint;  my 
heart  is  like  wax,  it  is  melted  in  the 
midst  of  my  bowels." 

"My  strength  is  dried  up  like  a 
potsherd;   and  my  tongue  cleaveth  to 


my  jaws;    and  thou  hast  brought  me 
into  the  dust  of  the  earth." 

"I  am  troubled,  I  am  bowed  down 
greatly;  I  go  mourning  all  the  day 
long." 

Slipping   (No  Estimate). 

"O!  Spare  me  that  I  may  recover 
strength  before  I  go  hence  and  be  no 
more." 

"I  am  poor  and  needy,  yet  the  Lord 
thinketh  upon  me." 

Bondsmen    Written. 

"Give  them  accdrding  to  their  deeds 
and  according  to  the  wickedness  of 
their  endeavors;  give  them  after  the 
work  of  their  hands;  render  to  them 
their  desert." 

"For  they  shall  soon  be  cut  down 
like  the  grass  and  wither  as  the 
green  herb." 

He  Arrives. 

"With  hypocritical  mockers  in 
feasts,  they  gnashed  upon  me  with 
their  teeth." 

"They    part     my     garments    among 
them  and  cast  lots  upon  my  vesture." 
Later. 

"I  am  forgotten  as  a  dead  man  out 
of  mind;   I  am  like  a  broken  vessel." 


SaiFety    Engineers    Meet    at    Chicago, 
April    17 

A  mid-year  safety  conference  has 
been  called  by  the  Engineering  Sec- 
tion of  the  National  Safety  Council  at 
Chicago,  111.,  April  17,  in  the  audi- 
torium of  the  Western  Society  of  En- 
gineers, 53  W.  Jackson  Blvd.  Handling 
Material,  Dust  and  Fume  Hazards,  and 
Traffic  Safety  are  three  main  topics 
on  the  program. 

The  morning  session  will  deal  with 
causes  cf  accidents  in  handling  ma- 
terials, and  use  of  conveyors  and 
trucks  in  eliminating  material  han- 
dling accidents,  followed  by  a  general 
discussion  of  specific  safety  problems 
in  material  handling.  George  T.  Fon- 
da of  Fonda-Tolsted,  Inc.,  Washing- 
ton, D.  C,  chairman  of  the  Engineer- 
ing Section  of  the  Council,  will  pre- 
side at  the  morning  meeting. 

Preventing  dust  fires  and  explo- 
sions, health  protection  against  dust, 
and  a  discussion  of  practical  methods 
of  dust  and  fume  removal  will  follow 
in  the  afternoon.  Homer  E.  Niesz, 
Commonwealth  Edison  Company,  Chi- 
cago, and  Treasurer  of  the  National 
Safety  Council,  will  preside  at  the 
banquet  in  the  evening  at  which  traffic 
problems  will  be  discussed. 
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The  system  of  road  accounting  as 
applied  to  the  superintendent's  office 
can  only  realize  its  greatest  value 
when  sufficiently  detailed  for  a  cost 
analysis.  A  cost  analysis  cannot  be 
effectively  applied  as  a  basis  of  in- 
formation unless  it  is  accompanied 
with  full  details.  Cost  records  are, 
in  fact,  the  library  to  which  the  su- 
perintendent turns  for  the  essential 
information  regarding  his  work,  and 
the  more  complete  these  records  are, 
the  more  easily  they  are  to  digest. 

Importance  of  Cost  Records. — It  has 
been    said  that  records   of   this   kind 


the  results  of  the  costs  when  com- 
piled. Foremen  thus  given  a  chance 
to  report  upon  their  work  often  add 
valuable  information  which  would 
otherwise  be  lost.  Reliable  informa- 
tion must  be  accompanied  by  a  full 
history  of  the  work  in  order  that  the 
truth  be  known  why  Foreman  Jones 
is  building  a  similar  road  for  $1,000 
per  mile  less  than  Foreman  Smith. 
Foreman  Jones  may  be  a  better  man 
than  Foreman  Smith  in  his  methods 
of  organization,  in  which  case  the  su- 
perintendent does  not  need  a  cost 
sheet  to  draw  this  fact  to  his  atten- 
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are  not  worth  the  trouble  and  time 
it  takes  to  prepare  them,  because  of 
the  varied  circumstances  under  which 
the  work  is  operated.  Be  that  as  it 
may,  the  greatest  value  comes  to  the 
one  who  prepares  the  details,  as  he  is 
able  to  pick  up  the  weak  points  in  the 
organization,  and  prepare  himself  for 
more  efficient  methods  later  on.  Nor 
should  that  information  be  closely 
held  in  the  superintendent's  office,  but 
rather  given  to  the  foreman  in  charge 
of  the  work,  in  order  that  he  may  see 


tion,  although  he  may  need  it  to  prove 
his  argument. 

There  are  no  hide-bound  rules  and 
regulations  for  the  guidance  of  super- 
intendents in  compiling  their  cost 
records,  as  a  means  of  accurate  infor- 
mation; yet  if  he  understands  the  in- 
formation he  has,  and  is  able  to  digest 
it,  the  superintendent  will  be  able  to 
judge  future  work  in  a  more  intelli- 
gent way. 

Use  of  Cost  Records  in  Estimating. 
— Cost   records  intelligently  kept,   so 
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as  to  bring  out  the  essential  parts  of 
the  work,  are  always  at  hand  to  check 
up  the  organization,  and  to  ascertain 
the  economical  limits  of  haul,  of  unit 


tween    detailed    estimated    costs    and 
actual  costs  from  the  cost  records. 

Estimating  has   been   described   as 
an   art,  but  it  may  be  reduced  to  a 
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prices,  of  consumption,  and  other 
things  which  eat  into  the  effective- 
ness of  the  work  in  hand.  Dribbling 
losses  can  be  corrected  from  time  to 
time,  and  the  superintendent  is  al- 
ways protected  from  irregularities,  if 
he  systematically  watches  his  cost 
sheets. 
To  illustrate  this  argument,  let  us 


science.  Prices  of  labor  and  material 
vary  from  time  to  time  as  do  freight 
rates,  and  it  is  therefore  necessary 
that  each  unit  shall  be  separated  in 
order  that  prices  may  be  applied  to 
new  quantities.  At  any  rate,  cost 
records  are  concurrent  with  the  times, 
and  soon  become  obsolete  unless  ac- 
companied by  a  complete  history  of 
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take  up  the  question  of  hauling,  which 
is  one  of  the  most  important  items  in 
road  building.  Given  a  piece  of  road 
to  build,  the  average  distance  from 
the  railway  siding  to  the  work  is,  say, 
one  mile.  What  is  the  economical  dis- 
tance that  field  stone  can  be  hauled 
and  run  through  a  crusher  in  compe- 
tition with  imported  stone?  The- 
oretically, this  can  be  figured  in  the 
office,  but  unless  a  close  check  is  kept 
on  the  work,  say,  once  a  week,  many 
dollars  are  wasted  either  in  cutting 
out  the  crusher  too  soon,  or  not  soon 
enough.  Moving  material  is  not  a 
proportional  item;  that  is,  if  it  costs 
$1  to  move  1  cu.  yd.  1  mile,  it  does  not 
mean  that  it  costs  $5  to  move  1  cu. 
yd.  5  miles.  It  is  surprising,  if  not 
educational,  to  note  the  difference  be- 


the  work.  Construction  engineers  are 
notorious  for  under-estimating  work, 
and  while  no  one  believes  this  "art" 
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to  be  intentional,  yet  it  does  illustrate 
the  lack  of  sufficient  information. 
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Reason  for  Cost  Keeping  Systems. 
— As  the  writer  is  more  familiar  with 
the  cost  keeping  system  in  use  in  the 
county  of  Victoria,  perhaps  it  would 
not  be  amiss  to  describe  that  par- 
ticular system  in  detail.  First  of  all, 
we  must  have  a  reason  for  the  sys- 
tem, and  secondly  a  determination  to 
carry  it  to  its  final  conclusion.  This 
suggests  four  subdivisions: 

First — Systematic  collection  of  all 
the  information. 

Second — Regular  payment  of  ac- 
counts and  distribution  of  charges. 

Third — Study  of  costs  as  the  work 
progresses. 

Fourth — An  annual  report  of  the 
County  Council. 

Our  reason  for  the  system  is  that 
we     have     purchased     about     $50,000 


ing,  material,  freight,  metalling,  etc. 
without  any  consideration  for  the  d( 
partment  returns,  and  then  instruc 
the  foreman  to  include  these  classif 
cations  when  he  submits  his  pay  lisl 
etc.  These  details  are  of  course 
tailed  for  the  use  of  the  treasurer 
making  entries  for  the  department 
turns. 

Having    now   decided   upon   the   ii 
formation    desired    for    the    work 
hand,  the  bills  commence  to  come 

Time  Books. — Time  books  are  sup- 
plied by  and  remain  the  property  of 
the  road  system  board.  They  are 
numbered  and  recorded  in  the  office 
of  the  superintendent  to  whom  they 
must  be  returned  when  filled  in,  or  at 
the  end  of  the  season. 

Time  books  are  to  be  entered  at  the 
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Fig.  5.— Weekly  Summary  Sheet  for  Report  of  Construction  Foreman. 


worth  of  road  machinery,  and  are 
therefore  committed  largely  to  the 
"day  labor"  method  of  construction. 
Whether  or  not  we  are  getting  bene- 
ficial results  as  against  the  more  pop- 
ular "contracting"  methods  is  illus- 
trated through  our  cost  sheets,  backed 
up  by  systematic  collection  of  all  the 
information. 

The  Cost  Records.— When  a  piece 
of  construction  work  is  authorized  by 
the  road  system  committee,  a  "cost 
record"  sheet  is  placed  among  the 
accounts  on  the  file  (and  in  the  form 
of  a  file  and  not  as  a  book)  for  the 
particular  road  in  question,  and  iden- 
tified by  the  location  such  as  Lot — 
Con. — Twp.,  as  well  as  the  historical 
name  such  as — Hillhead  Line,  Ag- 
new's  Swamp,  Kelly's  Hill.  We  then 
determine  what  information  we  want 
on  that  particular  job  such  as  grad- 


end  of  each  day,  and  in  case  of  dis- 
pute with  an  employe,  the  foreman 
must  always  be  able  to  take  his  oath 
clearly  and  conscientiously  that  his 
time  book  shows  the  number  of  hours 
worked  on  each  day,  and  that  the 
record  was  made  on  the  day  shown. 

Pay  Roll. — Pay  lists  are  to  be  sub- 
mitted to  the  superintendent's  office 
on  the  forms  provided  at  the  end  of 
each  week.  They  are  compiled,  dis- 
tributed and  presented  for  endorse- 
ment to  the  county  road  system  com- 
mittee by  the  superintendent  every 
two  weeks  and  duly  paid.  Names  and 
initials  must  be  correctly  given,  and 
special  attention  paid  to  employes' 
names  when  one  or  more  members  of 
a  family  are  shown. 

The  distribution  or  amount  of 
money  to  be  charged  to  each  road, 
township,    job    and    classification    is 
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most    important    and    should    be    ac- 
curately recorded. 

Every  foreman  is  expected  to  ex- 
amine the  checks  received  before  be- 
ing handed  to  the  men,  and  in  case  of 
an  error,  the  check  should  be  imme- 
diately returned  for  correction.     It  is 


DISTRIBUTION 

ROAD 

CLASS 

MUN. 

JOB 

OIS'N 

CHQ. 

Fig.    6. — Form     Showing     Distribution     of 
Purchases. 

desirable  that  every  check  should  be 
presented  for  payment  as  soon  as  pos- 
sible, and  not  held  by  the  owners,  as 
the  accounting  department  has  con- 
siderable trouble  and  annoyances 
with  outstanding  checks. 

Field    Accounts. — The     superintend- 
ent,    general     foreman,     foreman     in 


matter  how  small,  in  order  that  they 
may  be  checked,  and  charged,  intel- 
ligently to  the  work  to  which  they 
belong.  They  must  be  submitted  in 
duplicate  and  a  carbon  copy  for  this 
purpose  is  suggested. 

Accounts  must  be  certified  to  by  the 
authorized  person  ordering  the  sup- 
plies, before  they  are  sent  to  the  su- 
perintendent's office.  The  best  way 
to  do  this  is  to  have  the  foreman 
"O.K."  and  charge  each  purchase  by 
signing  the  counter  slip  at  the  time  of 
delivery.  All  such  counter  slips  or 
orders  shall  be  attached  to  the  ac- 
count when  rendered.  In  case  of  de- 
livery by  truck,  .  the  counter  slip 
should  be  certified  to  by  the  foreman 
and  retained  by  the  truck  owner  and 
attached  to  the  owner's  account  at 
the  end  of  the  month.  In  this  case, 
the  owner's  account  must  be  present- 
ed before  the  dealer's  account  can  be 
checked  and  paid,  unless  he  wants  to 
get  duplicate  receipts  from  the  fore- 
man. The  accounts  as  presented  are 
duly  checked  and  classified  in  the  su- 
perintendent's office  using  a  rubber 
stamp  for  a  guide  as  follows: 

The  clerk  then  enters  the  account 
upon    a    distribution    sheet    which    in 
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A  Similar  Form  Is  Used 

'ii   :     a   !  ".\d 


charge  of  work,  and  engineers  in 
charge  of  machinery  are  the  only  per- 
sons authorized  to  order  or  receive 
goods  on  the  county's  account.  In  case 
of  doubt,  enquiries  must  be  made  at 
the  superintendent's  office. 

Accounts  are  rendered  monthly  no 


turn  is  brought  before  the  road  sys- 
tem committee  for  sanction  and 
passed  to  the  treasurer  for  payment. 
A  duplicate  copy  of  everything  is  re- 
tained in  the  superintendent's  office 
and  filed  together  under  the  date  of 
the    committee    meeting.      These    ac- 
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counts  are  then  entered  on  their  re- 
spective cost  sheets,  and  when  done, 
the  superintendent  can  refer  to  them 
for   his   information. 

Now  supposing  John  Smith  comes 
into  the  office,  and  complains  that  he 
has  not  been  paid  his  wages  or  ac- 
count, or  that  the  check  received  is 
for  the  wrong  amount.  He  states 
where  he  was  working,  or  to  whom 
he  supplied  the  goods,  and  in  a  very 
short  time  through  the  assistance  of 
the  cost  sheet  which  gives  the  date  of 
the  committee  meeting,  the  numbers 
of  the  account,  his  name  and  the 
goods  supplied,  his  original  account 
can  be  turned  up,  and  satisfaction  be 
given  to  him  as  to  its  disposal. 

During  1922,  4,631  checks  were  is- 
sued in  payment  of  wages  and  ac- 
counts, and  there  are  of  course  many 
inquiries  as  to  the  number  of  hours 
allowed,  rates,  etc.,  and  it  is  there- 
fore necessary  to  have  everything 
in  detail  and  accessible  especially 
when  operations  are  going  on  over 
250  miles  of  road.  The  "Order  Book" 
is  dispensed  with  as  far  as  possible. 
Supposing  Foreman  Jones  wants  50 
sacks  of  cement,  and  he  writes  an  or- 
der for  that  amount  to  a  certain  deal- 
er, when  the  truckman  calls,  he  finds 
that  the  dealer  mentioned  hasn't  any 
cement  left,  and  he  goes  to  another 
who  happens  to  have  only  25  sacks. 
The  order  is  left  to  be  changed  of 
course,  but  it  isn't  always  so  treat- 
ed, and  the  foreman  and  superintend- 
ent have  difficulty  in  getting  things 
to  check  up.  Besides,  the  order  book 
is  always  in  a  coat  pocket  some  place 
else  when  wanted,  and  only  about  half 
the  items  are  covered. 

Purchase  of  materials. — Our  system 
is  to  have  the  original  counter  slips 
certified  to  in  the  field  by  the 
foreman  and  classified  when  the  goods 
are  delivered,  and  the  counter  slip  is 
then  retained  by  the  dealer  and  at- 
tached to  the  bill  when  it  is  submitted 
to  the  office.  Checking  is  therefore 
very  simple,  and  bills  are  not  delayed 
by  being  carried  around  in  somebody's 
pocket  waiting  signatures.  Deliveries 
are  usually  made  by  truck  drivers  in 
town,  who  in  turn  submit  their  bill 
in  detail  showing  just  what  material 
they  hauled  and  where  it  went  to,  so 
this  in  turn  is  another  check  on  the 
dealer  and  the  foreman. 

Another  system  we  have  is  to  ar- 
range a  similar  price  for  our  principal 
commodities  with  the  various  dealers, 
and  give  them  all  a  chance  to  supply 
a   certain    quantity.     The    reason   for 


this  is  to  overcome  storage  of  ma- 
terial in  car  lots  if  imported  by  the 
county,  and  therefore  avoid  store- 
house checking  and  troubles  inci- 
dental thereto. 

Foreman's  Report  of  Work. — Hav- 
ing now  completed  the  work,  the  fore- 
man is  directed  to  collect  all  his  bills 
and  send  them  in  for  payment,  and  at 
the  same  time  he  is  asked  to  submit 
a  report  which  first  of  all  gives  the 
history  of  how  he  carried  out  his 
work,  and  any  peculiar  method  adopt- 
ed.   He  also  fills  in  a  form  Fig.  8: 


Type  Road  No 

Lots  Con Twp 

Extent  and  History  of  work 

Total  length  of  road  graded  ft. 

Total  length  of  road  metalled  ft. 

Width  of  graded  road  ft. 

Width  of  metalled  surface  ft. 

Area — graded  surface sq.  yds. 

Area — metalled   surface    sq.    yds. 

Depth  of  metalled  surface   in. 

Depth  of  ditches   ft. 

Volume  of  graded  material  . . .  cu.  yds. 
Volume  of  metal  placed  on  road    .... 

cu.  yds. 

No.    of    loads    of    metal    placed    on 

road  number 

Average    total    length    of    haul    of 

metal  miles 

Date  started  crushing  

Stopped   Working  days   

Total   

Average     No.     of     loads    of    metal 

hauled  per  day 

Detail   of   cost    (To  be  filled  out  in 

Supt's.  office  

Grading    ...  cu.  yds.     Rate  $....   $.... 
cu.  yds. 

Metal    loads       Rate     

cords 

Crushing cords       Rate     

Hauling    . . .     cords      Rate     

Spreading    ..     cords      Rate     

Note — Any  other  unit  of  measurement 
or  description  of  material  can 
be  used. 

Results 

Miles    graded. .  .  Rate  $ $ 

....  Miles   metalled .  Rate     

Sq.  yds.  graded  Rate 

....   Sq.  yds.  metalled  Rate 


Total  rate  per  mile 


Fig.  8. — Form   for  Foreman's  Job    Report. 

When  the  extent  and  history  of  the 
work  is  received,  the  superintendent 
adds  the  actual  detail  cost  to  the  re- 
port, and  makes  his  deductions.  If 
he  finds  discrepancies,  high  costs,  or 
even  low  costs  or  anything  of  that 
nature,  which  attracts  attention,  he 
immediately  holds  a  conference  be- 
tween the  general  foreman,  the  fore- 
man in  charge  of  the  worK  and  him- 
self, and  together  they  find  out  the 
reasons  of  these  over  charges,  or  even 
the  unexpected  good  showings,  which 
information  is  used  by  all  in  the  plan- 
ning of  the  next  job  to  be  undertaken. 
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In  using  this  or  any  other  system 
of  cost  keeping,  the  essential  point  to 
bear  in  mind  is  not  to  overdo  it,  or 
try  to  collect  usless  information.  First 
of  all,  try  to  keep  a  good  check  on  the 
organization,  and  second,  procure  suf- 
ficient information  so  that  you  can 
explain  the  entire  transaction  if 
called  upon  to  do  so  from  facts  and 
figures. 

Culverts  and  bridge  records  are  also 
made  by  the  foreman  on  a  form,  and 


well  as  another  form  covering  his 
equipment.  These  returns  are  com- 
piled, and  submitted  to  the  interested 
parties.  Usually  each  Reeve  receives 
a  copy  showing  the  number  of  miles 
of  road  constructed,  number  of  miles 
gravelled,  number  of  culverts  placed, 
etc.,  as  well  as  a  compilation  showing 
the  total  cost  of  each  individual  piece 
of  work  duly  classified  for  each  town- 
ship. 

The  Annual   Report. — In  conclusion, 
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in  addition  to  this,  no  structure  is 
placed  without  written  instructions 
from  the  office.  In  this  way  the  com- 
plete history  and  cost  of  the  work  is 
kept.  The  item,  "Size  of  Opening" 
(Fig.  9)  might  be  divided  to  show  both 
the  old  and  the  new  structure. 

At  the  end  of  the  season,  each  main- 
tenance foreman  is  asked  to  fill  in  a 
form   covering  his   season's   work,  as 


it  might  be  said  that  the  compilation 
of  an  "Annual  Report"  is  the  most  in- 
structive work  that  the  superintend- 
ent can  carry  out  individually.  In 
gathering  the  data,  he  not  only  finds 
the  discrepancies  in  his  office  system, 
but  is  able  to  view  the  results  of  his 
year's  operations  collectively,  and  can 
determine  on  some  improvements  for 
the  season  to  come. 
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Economic  Aspects  of  Road  Building  Equipment 

Plant  and  Operation  Records,  and  Methods  of  Care  and  Handling' 
Equipment  Described  in  Paper  Presented  at  9th  Annual  Con- 
vention of  the  Canadian  Good  Roads  Association 

By  FRED  L.  MACPHERSON. 

Office    Engineer,    British    Columbia   Department  of  Public  Works  of  British  Columbia, 

Victoria,   B.   C. 


Recording  of  plant  is  worthy  of 
more  particular  attention.  Most  high- 
way officials  and  contractors  keep 
some  kind  of  records  of  plant  but 
many  do  not  take  the  initial  trouble  in- 
volved, contenting  themselves  with 
looking  up  files  when  particulars  are 
required. 

Recording  Methods  of  British  Col- 
umbia Department. — Of  the  methods 
tried  by  this  department  the  card  in- 
dex system  has  been  found  simplest 
and  most  accessible.  A  card  5  by  8  in, 
is  in  use  both  at  headquarters  and 
in  district  offices.  Besides  giving  all 
the  necessary  particulars  as  to  type, 
size,  cost  and  year  of  purchase,  such 
a  card  can  be  made  a  useful  record  of 
the  renewal  and  maintenance  costs 
for  several  years.  Particularly  after 
a  period  of  2  or  3  years  a  card  of  this 
nature  affords  a  comparative  idea  or 
the  cost  of  renewals  and  repairs  in 
relation  to  first  costs,  number  of  days 
of  operation  being,  of  course,  always 
taken  into  account. 

When  purchasing  a  plant  of  similar 
type  such  figures  can  aiso  be  made  i 
basis  of  comparison.  Cards  of  this 
nature  could,  of  course,  be  elaborated 
upon  but  the  principle  remains,  name- 
ly, the  individual  recording  of  every 
unit  of  any  size,  importance  and  value. 
The  recording  of  factory  machinery 
has  become  a  recognized  necessity, 
since  every  machine  is  a  unit  capable 
of  performing  or  turning  out  a  speci- 
fied amount  of  work  at  a  specific  rate 
and  at  a  Known  cost,  but  this  princi- 
ple has  not  been  generally  extended 
to  highway  equipment.  Particularly 
in  the  highly  organized  paving  plants 
a  recording  system  is  very  essential 
in  order  to  contrast  same  with  smaller 
plants  where  more  manual  labor  is 
employed. 

The  chief  reason  for  employing  la- 
bor-saving devices  is  not  only  to  save 
labor — the  cost  of  which  is  still  com- 
paratively high — but  to  produce  more 
uniform  and  efficient  work  and  to 
undertake  this  expeditiously  during 
short  construction  seasons  when  "time 
is  the  essence  of  the  contract."     Fair 


comparisons  between  machinery  and 
labor  are  therefore  possible  only  when 
satisfactory  records  are  systematical- 
ly kept.  This  subject  will  be  touched 
upon  further  under  "operation  rec- 
ords." 

The  best  method  of  using  such  cards 
is  to  make  out  one  whenever  any  new 
piece  of  equipment  is  purchased,  en- 
tering on  the  card  all  essential  partic- 
ulars. Copies  of  the  cards  should  be 
supplied  to  the  responsible  officials 
and  the  reference  number  painted  on, 
or  affixed  to  the  equipment  in  a  suit- 
able and  conspicuous  place. 

Numbering  and  Naming  Systems. — 
The  numbering  system  adopted  by  the 
department  is  both  alphabetical  and 
numerical.  While  the  alphabetical  sys- 
tem might  not  be  so  suitable  for  a 
greater  variety  of  plant  (and  even 
then  the  letters  could  be  duplicated 
and  triplicated)  it  is  desirable  to  have 
a  distinctive  and  distinguishing  num- 
ber for  every  unit  of  any  size  and 
value.  Particularly  where  a  large 
number  of  trucks  are  in  use  such  cards 
are  indispensable  for  keeping  records 
of  transfer.  Without  some  systematic 
ready  reference  doubt  and  confusion 
are  likely  to  result  in  the  course  of  a 
few  years. 

The  affixing  of  a  reference  number 
suggests  another  matter  too  frequent- 
ly overlooked — the  naming  of  the  De- 
partment, corporation  or  contractor, 
owning  the  equipment.  Not  only 
should  every  truck,  tractor,  roller,  etc., 
have  the  name  of  the  owner  conspic- 
uously placed  on  the  equipment  but 
where  rock  crushing  outfits,  paving 
plants,  etc.,  are  in  use  a  large  attrac- 
tive sign  should  be  displayed.  It  is 
good  business  alike  to  governments 
and  corporations  to  demonstrate  to 
the  ever-critical  taxpayer,  that  they 
are  "on  the  job,"  and  to  the  contractor 
it  is  a  first-rate  and  cheap  advertis- 
ing medium.  Motorists,  in  particular, 
are  very  keen  to  take  note  of  such 
things,  and  transients  are  certain  to 
obtain  good  impressions  and  carry 
them  home.  Therefore,  if  you  have  a 
plant  worth  boosting,  boost  it  in  this 
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practical  manner,  show  you  mean  busi- 
ness, that  you  are  a  genuine  good 
roads  enthusiast  out  for  results.  Such 
a  system  of  displaying  signs  or  notices 
is  capable  of  greater  development  in 
a  paving  project  where  the  daily  out- 
put and  progress  chart  can  be  shown 
for  the  benefit  of  the  public.  Inciden- 
tally it  is  an  incentive  to  those  in 
charge  of  the  plant  as  well  as  to  the 
workers  who  have  naturally  a  pride, 
and  more  than  a  pay-roll  interest,  in 
the  work  under  construction. 

Plant  Inventory  and  Operation  Rec- 
ords.— With  an  annually  increasing  in- 


carefully  and  systematically  there  can 
be  no  dependable  check  on  the  output 
or  operation  of  the  plant  and  on  the 
work  of  the  operators  and  workmen. 
Especially  where  a  large  number  of 
trucks  and  tractors  are  in  constant 
use,  daily  records  are  almost  indis- 
pensable if  road  officials  are  to  arrive 
at  any  satisfactory  estimate  of  the  na- 
ture and  extent  of  the  work  accom- 
plished and  uniform  and  efficient  re- 
sults are  to  be  obtained.  Granted 
that  forms  are  liable  to  abuse  and 
that  a  great  quantity  of  valueless  data 
is  often  kept  at  much  trouble  and  not 
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Fig.  1. — Form  for  Recording  Daily  Opera- 
vestment  in  plant,  it  is  imperative 
that  a  proper  inventory  of  it  be  made 
at  least  annually  for  the  use  of  head- 
quarters staff,  and  say,  quarterly,  for 
recording  at  the  district  offices.  Such 
a  periodical  stock-taking  is  essential. 
In  view  of  the  quantity  and  variety 
of  equipment  in  use,  operation  records 
are  essential  for  purposes  of  compari- 
son, for  keeping  note  of  output  and 
useful  cost  data,  and  lastly  for  stimu- 
lating effort  and  encouraging  effi- 
ciency.    Unless  some  record  is  kept 

(23 


tions   of  Tractor. 


a  little  expense,  the  principle  is  com- 
mendable and  the  practice  desirable. 

Figure  1  shows  the  form  in  use  by 
this  department  for  records  of  trucks 
and  tractors.  As  such  details  chiefly 
concern  the  local  officials,  «a  fort- 
nightly or  monthly  summary  can  oe 
made  up  for  the  use  of  headquarters 
staff.  As  conditions  and  circum- 
stances vary  so  much,  the  difficulty  of 
making  satisfactory  comparisons  of 
returns  is  admitted  but  general  con- 
clusions can  always  be     arrived     at. 
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Abuses  are  likely  to  arise  from  care- 
less, irregular  and  indifferent  meth- 
ods of  keeping  costs.  However,  if  no 
regular  accounting  is  kept,  operators 
and  workmen  tend  to  become  careless 
and  lose  the  incentive  so  essential  for 
satisfactory  workmanship.  Education 
and  oversight  are  the  chief  require- 
ments in  remedying  any  abuses  or  de- 
fects. Since  automobiles  form  a  large 
part  of  an  efficient  highway  system, 
records  should  be  systematically  kept 
of  mileages  and  costs.  Simplified 
forms  have  been  adopted  to  be  filled 
in  monthly  by  the  district  officials  and 
returned  to  headquarters  quarterly. 
The  output  of  rock  crushing  plants, 
mechanical  loaders  and  excavators 
should  be  regularly  kept  and  the  rec- 
ords be  conveniently  available  for  in- 
spection of  visiting  officials. 

Accountancy  Side  of  Road  Machin- 
ery.— While  more  attention  is  now 
being  paid  to  the  accountancy  side  of 
road  machinery,  there  still  appears  to 
be  room  for  reform  and  improvement 
in  many  highway  departments  and 
contractors'  organizations.  In  the 
purchase  of  any  large  pieces  of  equip- 
ment likely  to  be  used  on  several 
undertakings  over  a  period  of  years, 
some  scientific  method  of  accounting 
as  recommended  by  the  U.  S.  Bureau 
of  Public  Roads  should  be  adopted.  In 
such  a  method,  or  rather  system,  a 
rental  factor  is  computed  to  cover  de- 
preciation, fixed  charges,  overhauling, 
lost  time,  storage  and  supervision. 
What  depreciation  involves  is  a  moot 
question  capable  of  different  interpre- 
tation— a  term  frequently  very  loosely 
employed.  But  generally  speaking  the 
economical  life  of  road  equipment  is 
estimated  to  be  at  its  end  when  the 
value  has  depreciated  to  a  minimum 
of  25  per  cent  of  its  first  cost.  This 
may  be  too  low  a  basis,  but  in  any 
event  the  average  annual  deprecia- 
tion is  easily  arrived  at  by  dividing 
the  75  per  cent  (or  whatever  standard 
is  fixed)  of  the  first  cost  by  the  num- 
ber of  years  of  probable  life  of  equip- 
ment. Those  interested  in  the  work- 
ing details  should  consult  Bulletin  No. 
660  on  "Highway  Cost  Keeping,"  is- 
sued by  the  U.  S.  Dept.  of  Agriculture. 

Many  contractors  inflate  the  cost  of 
one  job  and  lower  that  of  others  by 
charging  up  to  the  first  the  entire 
cost  of  the  equipment  procured  for 
one  job  but  used  on  several.  Gener- 
ally speaking  this  method  is  permis- 
sible in  the  case  of  small  equipment 
likely  to  be  worn  out  on  a  job,  but 
large  plant  should  be  charged  to  the 


work  directly  benefited.  This  can  be 
satisfactorily  accomplished  by  adopt- 
ing a  rental  factor  as  shown  in  Table 
1.  Of  course,  it  is  possible  to  procure 
closely  similar  results  by  keeping  de- 
tails of  the  cost  of  repairs,  renewals, 
cleaning,  storage,  etc.,  and  at  the  end 
of  each  year,  after  fixing  an  appraisal 
value,  charging  the  costs  pro  rata  to 
the  job  on  which  the  equipment  was 
used.  But  whatever  method  is  adopt- 
ed, the  costs  should  be  properly  seg- 
regated under  renewals,  repairs, 
cleaning,  storage  and  rentals,  so  that 
the  relationship  of  each  cost  item  may 
be  noted  and  any  necessary  econo- 
mies effected. 

Where  separate  plant  accounts  are 
kept,  depreciation  should  be  annually 
written  off  so  as  not  to  inflate  plant 
assets  unduly.  The  practice  of  com- 
puting a  fixed  rental  charge  for  each 
plant  unit  and  charging  daily  as  if 
the  plant  had  been  hired,  is  a  com- 
mendable one.  Besides  distributing 
the  costs  where  they  properly  belong, 
namely,  to  the  job  expressly  bene- 
fitted (thus  showing  the  segregations 
in  their  true  relationship)  this  method 
tends  to  better  care  and  handling  of 
plant,  in  order  to  reduce  to  the  mini- 
mum the  rental  charges  based  on  orig- 
inal outlay  and  operation  costs. 

Care  and  Handling  of  Plant. — In 
view  of  the  large  amounts  involved, 
this  aspect  of  the  subject  has  not  been 
given  adequate  attention.  It  is  a  mat- 
ter for  comment  that  whereas  indoor 
machinery  is  given  every  care  and 
consideration,  regularly  cleaned,  oiled, 
and  overhauled  so  as  to  produce  the 
maximum  of  efficiency,  outdoor  ma- 
chinery, particularly  when  not  in  use, 
is  frequently  left  to  its  own  resources 
— unattended  to,  uncared  for,  subject 
to  alternating  weather  conditions,  and 
rusting  out  rather  than  wearing  out. 
Two  important  points  are  involved, 
the  care  of  machinery  during  opera- 
tion, and  its  care  in  idleness.  No  road 
machinery  operates  automatically,  so 
that  much  of  its  efficiency  rests  large- 
ly with  the  human  factor,  the  opera- 
tor upon  whose  control  and  guidance 
results,  good,  bad,  or  indifferent  are 
produced.  Skillful  management,  con- 
sistent care  and  "eternal  vigilance" 
are  the  chief  essentials  in  the  suc- 
cessful operation  of  all  plants,  no 
matter  its  type  or  size.  More  than  any 
other  class  of  machinery,  highway 
equipment  is  susceptible  to  deteriora- 
tion from  the  very  outset.  Operating 
usually  among  dirt  and  dust,  often 
over  rough  ground,  exposed  to  vary- 
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ing  weather  influences  and  frequently 
roughly  handled,  rapid  deterioration 
is  most  natural.  Hence  the  reason  for 
the  greatest  care  and  attention  to  all 
the  details  of  lubricating  and  protect- 
ing the  important  working  parts, 
cleaning  and  keeping  clean  the  entire 
plant,  so  as  to  reduce  depreciation  to 
a  minimum  and  obtain  the  maximum 
capacity. 

A  good  all-around  operator  is  ja,  most 
valuabe  asset,  and  as  equipment  is  the 
better  for  continuous  uniform  care 
and  handling,  not  lavishly  treated  the 
one  time  and  the  next  wantonly  ne- 
glected, premanency  of  such  appoint- 
ments in  a  salary  basis  should  be  en- 
couraged. It  is  perhaps  in  the  care, 
or  rather  lack  of  care  during  the  idle 
periods  that  the  majority  of  highway 
officials  and  contractors  prove  inatten- 
tive and  neglectful.  Continued  expo- 
sure to  weather,  particularly  in  pre- 
vailing damp  atmospheres  and  in  bad 
ground,  tends  to  produce  more  rapid 
deterioration  *than  an  entire  season's 
continuous  but  careful  operation. 
Thus  at  the  close  of  each  season's 
work,  or  previous  to  any  lengthy  spell 
of  idleness,  machinery  should  not  only 
be  put  under  proper  cover,  but  should 
be  thoroughly  overhauled  and  cleaned; 
any  defects  made  good  and  renewals 
installed.  Particular  attention  should 
be  given  all  brass  or  other  engine 
fittings,  and  all  important  and  valua- 
ble fixtures  liable  to  be  damaged,  or 
possibly  stolen,  should  be  removed, 
labelled,  boxed  or  otherwise  carefully 
safeguarded.  All  bearings,  wearing 
surfaces,  and  other  essential  parts 
likely  to  rust  should  be  liberally  treat- 
ed with  oil  or  other  preservative.  Any 
necessary  painting  should  also  be  at- 
tended to  at  this  time. 

Storing  Equipment. — In  place  of  re- 
moval to  a  warehouse  or  equipment 
shed,  .which  latter  should  be  water- 
tight and  as  damp-proof  as  possible,  it 
may  prove  more  convenient  and  less 
costly,  (as  in  the  case  of  roadrollers) 
to  house  in  the  equipment.  The  chief 
concern  is  to  preserve  the  machinery 
from  adverse  atmospheric  or  weather 
influences. 

Whatever  storing  method  is  adopted 
the  important  matter  is  to  put  the 
plant  away  in  such  a  condition  that  it 
will  be  readily  available  at  the  short- 
est notice  when  next  required.  Many 
highway  officials  and  most  contractors 
instead  of  storing  up  plant  at  the  close 
of  the  job  or  season  only  store  up 
trouble  for  themselves  at  the  com- 
mencement of  the  next  job  or  season, 


when  it  is  found  that  many  repairs 
are  necessary.  Under  such  conditions 
it  is  impossible  to  expect  a  prompt 
and  satisfactory  commencement  of 
any  undertaking  with  resulting  normal 
plant  outfit.  In  work  of  any  size  an 
immediate  and  successful  start  is  a 
great  factor  in  producing  the  best  re- 
sults and  in  satisfying  overseer  and 
workman  alike  and  this  can  only  be 
accomplished  by  having  the  plant 
promptly  on  the  job  in  serviceable 
condition.  Therefore,  be  sure  to  have 
a  "kind  to  machinery  week"  regular- 
ly at  the  close  of  every  season  if  you 
wish  to  conserve  the  interests  of  your 
plant  and  to  further  the  welfare  of 
your  human  organization. 

Central  Garages  and  Repair  Depots. 
— With  the  increasing  use  of  trucks 
and  tractors  in  highway  work,  exten- 
sive maintenance  and  repairs  neces- 
sarily result.  Where  there  is  suffi- 
cient equipment  to  justify  the  capital 
outlay  joint  garages  and  repair  de- 
pots should  be  established  at  con- 
venient centers  for  storing  trucks, 
etc.,  and  undertaking  all  repairs  and 
renewals.  This  department  has  now 
two  central  garages  in  the  interior, 
each  capable  of  storing  about  40  cars. 
These  buildings  are;  equipped  with 
modern  appliances  for  repairing  and 
overhauling  and  are  in  charge  of  a 
competent  official  under  whom  are  ex- 
perienced mechanics. 

While  owned  and  operated  by  this 
department,  the  garages  are  used  by 
forestry  and  other  government  officials 
and  detailed  accounts  kept  as  in  a 
private  business. 

This  has  proved  an  efficient  and 
economical  method  of  taking  care,  of 
a  valuable  plant.  With  a  qualified  man 
in  charge,  not  only  can  the  work  be 
done  more  expediously  and  satisfac- 
torily, but  assistance  and  advice  can 
be  given  drivers  in  the  matter  of  mak- 
ing repairs  in  the  field  and  in  proper- 
ly caring  for  and  handling  the  equip- 
ment under  their  charge.  Most  of 
you  are  familiar  with  the  delays  and 
disadvantages  of  the  private  garages. 
Repairs  and  overhauling  undertaken 
at  different  private  garages  by  differ- 
ent mechanics  (many  of  them  only 
learners)  are  likely  to  prove  less  sat- 
isfactory and  more  costly  in  the  long 
run  than  in  a  central  garage  of  above 
nature.  It  is  mostly  a  matter  of  good 
planning  and  efficient  management. 
Apart  from  such  buildings,  equipment 
sheds  or  warehouses  should  be  con- 
veniently located  in  every  district  for 
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the  storing  and  shelter  of  plant  not  in 
regular  use  or  during  the  winter  sea- 
son. 

Considerable  money  is  often  tied 
up  in  keeping  plant  known  to  be  sur- 
plus, or  unserviceable,  or  such  as  has 
outlived  its  usefulness.  Little  is  to 
be  gained  and  much  lost  by  storing 
plant  probably  in  good  condition  but 
quite  unsuitable  for  use  anywhere. 
Every  effort  should  be  made  to  dis- 
pose of  it  by  direct  sale  or  in  trade. 


Too  frequently  plant  is  kept  lying 
round  both  idle  and  depreciating  lat- 
terly to  be  of  little  more  than  scrap 
value.  Even  when  such  equipment  as 
trucks  and  tractors  have  proved  satis- 
factory and  serviceable,  it  will  be 
found  after  two  or  three  seasons,  more 
advantageous  to  trade  such  trucks  for 
later  models.  Better  satisfied  opera- 
tors, more,  and  more  efficient  work 
and  all-round  economy  are  likely  to 
result  from  such  a  procedure. 


Reproduced  from  "Road  Economics' 
Regulation   of  Weight   Is    Essential;   Why    Not  Also   Regulation  of  Size? 
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Highway  Views  and  News  in  Various  States 

Editorials  and  Articles  from  Official  Publications  of  State  Highway 

Departments 

The  example  of  the  Perth  Amboy 
Bridge  must  not  be  repeated  in  Wyo- 
ming. Elsewhere  we  publish  an  ac- 
count of  the  new  Bridge  Project  but 
recently  approved,  which  is  to  replace 
a  structure  put  up  in  1906,  no  longer 
adequate  either  in  strength  or  width 
to  carry  modern  traffic.  Think  of  a 
structure  costing  millions  having  a 
life  of  less  than  20  years!  It  is  ob- 
viously economical  to  design  struc- 
tures for  considerably  heavier  traffic 
than  we  can  at  present  foresee,  in  or- 
der to  save  them  for  their  entire  life. 
In  the  meantime  the  Department  keeps 
in  touch  with  -the  trend  of  motor  ve- 
hicle design,  having  data  from  prac- 
tically every  motor  vehicle  manufac- 
turing company  in  the  United  States, 
covering  statements  as  to  their  be- 
liefs of  future  requirements  in  the 
way  of  heavier  units  of  transportation. 
Thus  every  possible  factor  concerning 
future  traffic  requirements  is  taken  in- 
to consideration  in  order  that  our 
structures  may  be  actually  permanent 
and  fully  serve  traffic  as  it  may  come. 


Amount  of  the  Gasoline  Tax  in 
South  Carolina 

From   South   Carolina   Highway   Bulletin. 

January  collections  from  the  2  ct. 
a  gallon  tax  on  gasoline  amounted  to 
$80,581.94  according  to  figures  fur- 
nished by  the  South  Carolina  Tax 
Commission. 

The  amount  collected  for  the  preced- 
ing ten  months,  commencing  with 
March,  was  announced  to  be  $767,032.- 
65,  making  $847,614.59,  the  total 
amount  for  the  eleven  months  in 
which  the  tax  has  been  imposed. 

According  to  the  Act  one-half  of  this 
amount  was  credited  to  the  general 
fund,  to  be  used  for  defraying  the  or- 
dinary expenses  of  the  State  Govern- 
ment, and  the  remaining  half  was  dis- 
tributed to  the  counties  to  be  used  ex- 
clusively for  the  construction  or  main- 
tenance of  roads. 

The  distribution  among  the  coun- 
ties is  in  such  manner  that  the  amount 
received  by  each  county  bears  the 
same  ratio  to  the  total  amount  distrib- 
uted as  the  amount  of  the  assessed 
value  of  property  in  such  county  bears 
to  the  total  amount  of  the  assessed 
value  of  the  property  in  the  entire 
state. 


Design    of    Bridges    for    Future 
Traffic 

From  News  Letter  Wyoming  State  High- 
way Department. 

Once  in  a  while  we  hear  of  com- 
plaints that  the  Department  builds 
bridges  too  heavy  for  present  day 
traffic  needs.  Outside  of  the  fact  that 
we  only  meet  Federal  Aid  require- 
ments, it  is  well  to  consider  that  in 
the  planning  of  a  Federal  Aid  Bridge 
Project  the  first  consideration  has  to 
do  with  its  proposed  location,  nor  can 
such  a  project  be  approved  until  it  is 
definitely  shown  that  such  location 
will  not  be  affected  by  possible 
changes  of  road  location  in  any  part 
of  the  district  to  be  served  by  the 
improvement.  Hence  the  structure 
must  be  designed  to  serve  such  traffic 
as  may  come  upon  it  for  the  next  fifty 
or  a  hundred  years,  for  its  fixed  loca- 
tion means  that  it  must  serve  a  long 
life  and  economy  demands  •  that "  it 
serve  faithfully. 


Small  Towns  and  Through  Roads 

From   Kentucky   Road    Builder. 

Generally  when  a  new  road  project 
is  under  discussion  every  little  town 
along  the  route  will  contend  that  lo- 
cation should  pass  directly  through  it. 
In  state  where  through  traffic  is  much 
greater  than  in  Kentucky,  the  small 
town  people  are  beginning  to  realize 
how  objectionable  the  great  volume 
of  traffic  is  on  their  main  street.  At 
first  they  were  amused  by  counting 
the  number  of  automobiles  that  passed 
daily  or  in  observing  the  great  variety 
of  color  schemes  used  by  the  different 
states  on  their  license  tags.  After  sev- 
eral years'  experience  in  maintaining 
their  street,  the  cost  has  been  count- 
ed and  they  found  that  repairs  and 
maintenance  was  an  appreciable  item 
in  the  expenditure  of  their  budget. 

Not  only  is  the  cost  altogether  ob- 
jectionable, but  interruption  to  busi- 
ness and  the  increased  danger  to  pe- 
destrians have  brought  about  a  re- 
versal of  desire.  Now  through  high- 
ways are  being  routed  outside  the 
town  limit..  Both  the  state  of  Illinois 
and  that  of  Missouri  have  adopted  the 
policy  of  avoiding  small  towns,  even 
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though  it  becomes  necessary  in  some 
cases  to  construct  a  new  piece  of 
road  around  the  town.  The  necessity 
for  this  policy  has  even  been  felt  in 
states  as  far  west  as  Nebraska. 

While  the  State  Highway  Commis- 
sion of  Kentucky  has  given  no  expres- 
sion of  its  opinion  in  the  matter  it  is 
certainly  well  worth  the  while  of  the 
inhabitants  of  small  towns  to  thor- 
oughly consider  the  matter  of  desig- 
nating a  through  road  down  their  main 
street. 


Expense  of  Administering  High- 
way Laws  in  Texas 

From  the  Texas  Highway  Bulletin. 

A  chart  of  the  disbursements  out  of 
the  state  highway  fund  has  been  made 
by  the  State  Highway  Department.  It 
shows  that  97.7  per  cent  of  all  moneys 
disbursed  out  of  this  fund  is  for  high- 
way construction,  1  per  cent  for  sal- 
aries, office  and  traveling  expenses, 
0.8  of  1  per  cent  is  to  cover  certain 
charges  fixed  by  law  and  0.5  of  1  per 
cent  are  advances  made  to  the  coun- 
ties and  Federal  Government  that 
will  be  repaid  into  the  highway  fund. 
The  sources  of  revenue  for  this  fund 
are  aid  from  the  Federal  Government 
and  license  fees  from  the  automobile 
owners.  The  aid  from  the  Federal 
Government  constitutes  over  two- 
thirds  of  the  funds. 


A  45- Year  Old  Timber  Bridge 

From  North  Carolina  Highway  Bulletin. 
One  by  one  the  old  bridges  over  the 
streams  throughout  North  Carolina 
are  being  replaced  by  modern  struc- 
tures of  concrete  reinforced  *  with  a 
network  of  steel  and  designed  to  safe- 
ly bear  the  loads  of  years  to  come. 
Notable  among  these  bridges  is  that 
over  Haw  River  at  Bynum,  Chatham 
County,  on  route  No.  75  between  Pitts- 
boro  and  Chapel  Hill.  For  the  past  40 
or  50  years  traffic  across  the  stream 
at  this  point  was  served  by  the  old 
covered  wooden  bridge  pictured  above. 
It  is  an  interesting  fact  that  this  old 
bridge  when  built  some  45  years  ago 
was  bid  in  by  the  successful  contrac- 
tor, according  to  records  in  the  Chat- 
ham County  courthouse  at  Pittsboro, 
for  the  sum  of  $4,444.44.  The  struc- 
ture was  built  of  oak  and  put  together 
with  large  pins  of  the  same  material 
and  when  torn  down  to  make  way  for 
the  new  structure  some  of  the  mem- 
bers were  found  to  be  in  perfect  con- 
dition.    As  a  whole,     however,     the 


structure  was  in  such  shape  as  to  be 
unsafe  for  the  constantly  increasing 
traffic  to  which  it  was  subjected. 

The  new  bridge,  Project  No.  400,  is 
approximately  800  ft.  long  in  over-all 
dimensions,  consisting  of  nineteen 
40-foot  reinforced  concrete  deck  gird- 
er spans  and  will  cost  in  round  figures, 
$57,420.  R.  M.  Walker  and  Co.,  of 
Atlanta,  Ga.,  are  contractors  for  the 
work  and  expect  to  finish  the  Project 
within  a  short  time. 


State     Police     on     Trunk     Line 
Highways 

From  the  Texas  Highway  Bulletin. 

There  is  much  criticism  on  the  part 
of  the  motorist  and  the  traveling  pub- 
lic in  the  enforcement  of  the  highway 
law  on  the  trunk  line  highways  of 
this  state.  It  seems  to  be  the  opinion 
of  many  that  the  fee  system  under 
which  the  officers  are  working  causes 
them  to  make  arrests  in  many  cases 
where  it  is  unnecessary.  Many  tour- 
ists are  heartily  in  favor  of  state  po- 
lice on  the  trunk  line  highways  in  this 
state.  It  is  contended,  and  doubtless 
true,  that  the  great  variation  in  the  en- 
forcement of  the  traffic  law  is  due  to 
the  fact  that  local  officials  have  dif- 
ferent rules  regarding  the  enforce- 
ment of  these  laws  and  that  if  state 
police,  under  the  direction  of  either 
the  Adjutant  General's  Department 
or  the  State  Highway  Commission, 
could  be  used,  it  would  be  a  forward 
step  toward  eliminating  this  irregu- 
larity in  the  enforcement  of  our  traffic 
law. 


Eighteen  States  Now  Have  Gaso- 
line Tax 

From  Colorado  Highways. 
Wisconsin  will  collect  lc  road  rev- 
enue from  every  gallon  of  gasoline 
used  in  motor  vehicles  on  the  high- 
ways. Road  officials  interested  in  the 
matter  of  raising  money  for  roads  by 
tax  on  the  gasoline  consumed  by  mo- 
tor vehicles  will  be  interested  in  the 
following  Wisconsin  figures.  During 
the  fiscal  year  there  was  tested  in  the 
state  2,518,495  bbls.  of  gasoline.  This 
is  approximately  1  bbl.  for  every  man, 
woman  and  child  in  the  state,  the  pop- 
ulation being  2,631,839.  There  are  50 
gal.  of  gasoline  in  a  barrel,  making  a 
total  of  125,922,950  gal.  used  in  the 
state.  Using  4,000  miles  as  the  aver- 
age for  the  miles  for  all  cars  per  year, 
and  12  miles  per  gallon  as  the  average 
miles  secured,  Wisconsin's  325,000  li- 
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censed  cars  would  probably  use  108,- 
330,000,  which  at  the  rate  of  1  ct.  per 
gallon  would  net  the  state  $1,083,333. 

Of  the  eleven  states  whose  legisla- 
tures convened  last  year,  four  enacted 
a  gasoline  tax.  They  are  Maryland, 
Louisiana,  South  Carolina  and  Missis- 
sippi. Bill  for  a  gasoline  tax  are 
still  pending  in  Massachusetts  and 
Rhode  Island.  In  all  of  these  cases, 
as  has  hitherto  been  the  custom,  the 
gasoline  tax  has  been  enacted  in  ad- 
dition to  the  customary  motor  vehicle 
registry  and  general  license  fees.  The 
gasoline  tax  in  these  four  states  is  1 
ct.  a  gallon. 

These  recent  additions  give  a  total 
of  18  states  in  the  Union  which  collect 
fees  on  gasoline  purchased  within 
their  borders.  The  14  which  previous- 
ly had  the  law  are  Arizona,  Arkansas, 
Colorado,  Connecticut,  Florida,  Georg- 
ia, Kentucky,  Montana,  New  Mexico, 
North  Carolina,  Oregon,  Pennsylvania 
South  Dakota  and  Washington.  The 
rate  in  every  case  is  1  ct.  a  gallon,  ex- 
cept in  Oregon,  where  the  fee  is  2  ct. 
A  gasoline  fee  bill  was  introduced  into 
the  recent  New  York  legislature,  but 
in  view  of  the  fact  that  registry  fees 
were  materially  increased  on  both  pas- 
senger cars  and  trucks  no  serious  ef- 
fort was  made  to  pass  it. 

The  general  assembly  of  Colorado 
is  now  considering  a  bill  which  will 
increase  the  gasoline  tax  in  this  state 
from  1  ct.  per  gallon  to  2  ct.  The  re- 
ceipts from  the  tax  will  be  applied  to 
the  road  fund  for  maintenance  and 
new  construction. 


Loads  Limited  on  Massachusetts 
State  Roads. — William  F.  Williams, 
Commissioner  of  the  State  Depart- 
ment of  Public  Works,  on  March  28 
issued  an  order  limiting  the  weight  of 
load  and  truck  on  state  highways  to 
15,000  lb.  A  law  was  passed  last  year 
whereby  the  commissioner  has  the 
authority  to  limit  the  weight  of  a 
truck  and  load  to  as  low  as  10,000  lb 
This  law  is  a  seasonal  one,  and  Mr. 
Williams  feels  that  if  he  were  to  lower 
the  gross  weight  to  less  than  15,000 
lb.  the  action  would  be  too  drastic  at 
present,  especially  for  trucking  con-'* 
cerns. 


Traffic     Warning. — This     notice     is 
posted   at  the   beginning    of   a    sharp 
curve  on  a  south  Georgia  highway: 
DRIVE   SLOW 


YOU  MIGHT 
MEET  A  FOOL 


The  Care  of  Roads  During 
the  Spring  Break-Up 

Radio  Talk  by  Ben   H.  Petty,  Assist- 
ant   Professor    of    Highway    Engi- 
neering,   Broadcasted    by    the 
Purdue    Radio    Broadcast- 
ing    Station,     Monday 
Night,     March     12. 

In  the  short  time  allotted  to  me 
this  evening,  I  wish  to  speak  to  those 
who  may  be  listening  in  on  the  timely 
subject  of  "Caring  for  Our  Roads  Dur- 
ing the  Spring  Break-Up."  Perhaps 
many  of  you  have  in  the  last  few  days 
experienced  that  exasperating  situa- 
tion of  being  mired  to  the  hubs  on 
one  of  our  public  roads,  unable  to 
extricate  yourself,  and  have  had  to 
be  pulled  out  by  some  accommodating 
brother  autoist  or  towed  out  by  a 
neighbor's  team.  Just  a  few  days  ago 
that  same  stretch  of  road  was  in 
splendid  condition,  with  a  smooth, 
hard  surface  and  all  appearances  of 
stability.  And  now  apparently  the 
very  bottom  has  dropped  out  of  the 
road  so  that  even  a  light  Ford  car  is 
unable  to  navigate  through  the  mud. 
Naturally  you  are  perplexed  over  the 
sudden  transformation  and  probably 
wonder  what  is  the  cause  of  it  all. 

There  is  nothing  mysterious  about 
it.  The  cause  of  all  the  difficulty  can 
be  explained  in  just  three  words — 
TOO  MUCH  WATER.  Perhaps  you 
will  say  that  there  had  been  no  rain- 
fall or  snow  for  several  days  previous 
to  the  time  the  roads  broke  up.  This 
does  not  alter  the  case  for  the  water 
was  in  the  road  all  winter,  but  in  a 
frozen  condition  and  therefore  not 
noticeable.  But  now  the  frost  is  going 
out  of  the  ground,  the  ice  changing 
to  water  and  the  resultant  saturated 
road  surface  and  subgrade  becomes  a 
quagmire   in  many  places. 

Many  people  place  the  blame  on 
the  thaw  but  this  is  not  the  real  cause 
of  the  trouble.  We  must  look  back 
into  the  past  some  three  months  or 
more  for  the  real  difficulty. 

It  is  an  erroneous  idea  that  the 
thaw  causes  the  damage  to  our  roads 
in  the  springtime.  The  injury  was 
done  when  the  water  in  the  road  froze 
and  the  particles  of  gravel,  broken 
stone,  sand  or  still  finer  particles  of 
earth  or  clay  were  pushed  apart  by 
the  expanding  power  of  freezing 
water.  As, long  as  the  road  is  frozen 
it  is  hard  and  firm  and  will  carry  the 
maximum  loads  with  ease.    The  thaw 
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merely  allows  the  Ice  to  melt  and 
assume  its  original  volume  of  water. 
The  damage  only  becomes  apparent 
after  the  thaw  sets  in. 

Let  us  follow  through  this  damage 
to  roads  caused  by  excess  water.  We 
must  go  back  to  the  late  fall  for  the 
beginning  of  the  trouble.  Take  a 
gravel  or  stone  road  for  instance  that 
has  been  packed  down  hard  during 
the  summer  and  is  giving  very  satis- 
factory service.  The  late  fall  rains 
and  early  winter  snows  before  the 
temperature  drops  sufficiently  to 
solidly  freeze  the  roads,  subject  the 
surface  and  shoulders  to  a  consider- 
able amount  of  water.  As  roads  of 
this  type  are  not  impervious  to  water, 
some  of  the  rain  and  melting  snow 
will  penetrate  into  the  road.  Unless 
proper  drainage  provisions  have  been 
made  this  absorbtion  of  moisture  will 
be  greatly  accelerated  and  a  large 
percentage  of  this  surface  water  will 
soak  into  the  road  surfacing  material 
and  subgrade.  In  some  cases  this  con- 
tinues practically  to  the  point  of  satu- 
ration. 

The  surface  will  probably  become 
muddy  in  places  under  traffic  but  will 
continue  to  carry  the  loads  because 
with  the  exception  of  the  upper  inch 
or  two  the  road  maintains  its  hard, 
compact  condition  secured  during  the 
summer. 

Now  comes  the  drop  in  temperature 
sufficient  to  freeze  the  road  into  a 
solid  mass  and  if  the  local  patrolman 
has  been  fortunate  enough  to  have 
smoothed  out  the  surface  just  pre- 
vious to  the  freezeup,  a  good  solid 
riding  surface  will  be  provided  as 
long  as  the  freezing  temperature 
lasts. 

To  all  outward  appearances  the 
road  is  in  splendid  condition,  but, 
nevertheless,  the  damage  has  been 
done  and  we  need  only  wait  till  the 
spring  thaw  comes  to  reveal  it. 

We  are  all  more  or  less  familiar 
with  the  powerful  bursting  effect  of 
water  when  left  to  freeze  in  a  closed 
vessel.  This  is  illustrated  in  the 
bursting  of  frozen  water  pipes.  When 
our  roads  freeze  up  in  the  winter  the 
freezing  water  expands  and  in  doing 
so  pushes  apart  the  particles  of  the 
road  material,  thereby  loosening  and 
breaking  up  the  hard  compact  road 
bed  that  had  previously  existed.  As 
stated  before,  this  condition  is  not 
apparent  so  long  as  the  road  is 
frozen.  Alternate  freezing  and  thaw- 
ing during  the  winter  tends  to  push 
the  road   particles  farther  apart  and 
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increase  the  disintegration.  When  the 
frost  finally  leaves  the  road  in  the 
spring  it  leaves  behind  a  loose,  disin- 
tegrated, spongy  mass  of  gravel  prac- 
tically saturated  with  water,  and  even 
a  lightly  loaded  vehicle  will  sink  into 
it  up  to  the  hubs.  Figuratively  the 
bottom  has  dropped  out  of  the  road 
and  the  cause  can  be  traced  to  the 
water  which  was  absorbed  by  the  road 
in  the  fall  and  winter. 

From  a  consideration  of  the  above 
facts  it  is  quite  evident  that  a  con- 
siderable part  of  the  work  undertaken 
to  improve  roads  during  the  spring 
break-up  should  be  started  the  preced- 
ing fall.  Drainage  is  the  first  con- 
sideration. The  road  surface  should 
be  kept  smooth  and  crowned  about 
one-half  inch  to  the  foot  so  as  to  shed 
the  rainfall  to  the  side  ditches  and 
not  permit  it  to  stand  on  the  surface 
and  soak  in.  The  careful  use  of  a 
road  grader  or  good  drag  of  the  type 
used  by  the  state  highway  mainte- 
nance department  will  accomplish 
this  result.  In  dragging,  care  should 
be  taken  not  to  form  a  secondary 
ditch  on  the  shoulder  which  will  pre- 
vent the  surface  water  flowing  off  into 
the  side  ditches.  Adequate  ditches 
should  be  provided  along  each  side  of 
the  road  to  proper  grade  so  that  they 
will  not  only  collect  the  water  which 
runs  off  the  road,  but  will  quickly 
carry  it  away.  Too  many  so-called 
side  ditches  are  merely  collecting 
basins  which  catch  the  water  running 
off  the  surface  of  the  road  and  hold 
it  alongside  until  it  can  soak  down 
under  the  road  and  soften  up  the  road 
bed.  This  type  is  worse  than  no  ditch 
at  all.  The  patrolman  should  make 
it  his  last  duty,  just  prior  to  the 
winter  freeze-up,  to  see  that  all  side 
ditches  are  cleaned  out  properly  and 
that  all  culverts  are  free  from  ob- 
structions so  that  the  water  can  drain 
away  from  the  road  as  quickly  as 
possible. 

During  the  winter'  the  grader  or 
drag  should  be  used  after  each  snow- 
fall to  remove  the  snow  from  the  road 
surface  before  it  has  opportunity  to 
melt  and  soften  the  road.  This  gives 
the  sun  and  wind  free  play  in  drying 
and  keeping  dry  the  surface.  From 
time  to  time  during  the  winter  the 
temperature  will  rise  sufficiently  to 
eliminate  the  frost  from  the  upper 
inch  or  two  of  the  road  surface.  The 
patrolman  should  immediately  grasp 
this  opportunity  to  go  on  the  road 
with  the  grader  or  drag,  filling  up  all 
ruts  and  depressions,  thereby  forcing 
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out  the  ponded  water  so  it  can  drain 
off  to  the  side  ditches  and  the  sun 
will  soon  dry  the  surface.  When  drag- 
ging roads  in  this  condition  it  will 
usually  be  found  necessary  to  take  a 
short  hitch  on  the  drag  so  that  the 
front  end  will  be  lifted  clear  of  the 
road,  otherwise  it  will  dig  too  deeply 
into  the  soft  surface.  A  road  grader 
can  be  used  successfully  in  smoothing 
out  a  very  soft  road  surface  by  re- 
versing the  blade,  thereby  presenting 
the  convex  face  to  the  road  instead  of 
the  sharp  cutting  edge.  By  smooth- 
ing the  surface  during  every  short 
thaw  it  will  freeze  again  with  a 
smooth,  even  riding  surface. 

In  spite  of  these  many  precautions 
the  secondary  type  roads  will  absorb 
more  or  less  moisture  with  the  result- 
ing heaving  and  loosening  of  the  road 
metal  due  to  frost  action.  Therefore 
they  are  bound  to  be  more  or  less 
soft  when  the  frost  leaves  in  the 
spring  However,  the  objectionable 
features  incident  to  the  annual  spring 
break-up  can  be  greatly  mitigated  by 
earnest  effort  towards  eliminating  as 
much  water  as  possible  from  the  road 
material. 

There  are  sections  on  most  every 
road  that  are  difficult  to  drain  and  in 
spite  of  all  precautions  they  will 
usually  go  to  pieces  for  a  few  days 
in  the  early  spring.  In  such  cases  it 
is  a  good  plan  to  dig  a  trench  from 
the  side  ditch  into  the  center  of  the 
road  at  staggered  intervals  of  20  or 
30  ft.  and  back-fill  them  with  coarse 
stone,  cinders  or  other  porous  mate- 
rial that  will  provide  an  outlet  for  the 
water  in  the  body  of  the  road.  A 
thick  application  of  cinders  over  the 
entire  broken-up  section  will  in  many 
cases  make  the  road  passable  in  a 
very  short  time. 

Remember  that  these  broken-up  sec- 
tions of  road  will  continue  as  mud 
holes  until  the  water  is  removed 
from  them.  A  building  can  be  con- 
structed on  quicksand  if  the  water  is 
first  removed  from  it.  Likewise  these 
soft  spots  in  the  road  will  harden  and 
carry  the  heavy  loads  just  as  soon 
as  the  water  is  withdrawn. 

Obviously  it  is  impossible  to  pre- 
vent entirely  the  absorption  of  water 
on  gravel  and  stone  roads  without  the 
use  of  some  surface  treating  material. 
Consequently  we  can  expect  certain 
sections  of  these  roads  to  become  soft 
and  unstable  during  a  period  of  from 
one  to  three  weeks  each  spring.  Dur- 
ing this  time  all  heavy  hauling  should 


be  barred  from  the  road,  thereby 
avoiding  excessive  expenditures  of 
money  in  repairing  damage  done  by 
heavy  loads  passing  over  these  soft- 
ened roadbeds. 

There  is  a  law  on  the  statute  books 
of  this  state  which  applies  directly 
to  this  situation.  It  was  passed  in 
1905,  slightly  amended  in  1907,  and 
reads  as  follows: 

"It  shall  be  unlawful  for  any  person 
to  haul  over  any  turnpike,  macadam, 
or  gravel  road  (the  term  "gravel  road" 
to  include  any  road  graded  and  gravel- 
ed with  not  less  than  1  yd.  of  gravel 
to  8  ft.  in  width  and  9  ft.  in  length 
of  such  road)  at  any  time  when  the 
road  is  thawing  through  or  by  reason 
of  wet  weather  is  in  condition  to  be 
cut  up  and  injured  by  heavy  hauling, 
a  load  on  any  vehicle  with  tires  of 
less  than  three  inches  in  width,  the 
combined  weight  of  which  load  and 
vehicle,  including  the  driver,  shall  be 
more  than  twenty  -  five  hundred 
pounds;  or  on  any  vehicle  with  tires 
of  three  inches  and  less  than  four 
inches  in  width,  the  combined  weight 
of  which  load,  vehicle  and  driver, 
shall  be  more  than  three  thousand 
pounds;  or  on  any  vehicle  with  tires 
of  four  inches  and  less  than  five 
inches  in  width,  the  combined  weight 
of  which  load,  vehicle  and  driver, 
shall  be  more  than  thirty-five  hundred 
pounds;  or  on  any  vehicle  with  tires 
five  inches  or  over  in  width,  the  com- 
bined weight  of  which  load,  vehicle 
and  driver,  shall  be  more  than  thirty- 
eight  hundred  pounds.  Any  person 
violating  any  provision  of  this  section 
shall,  on  conviction,  be  fined  not  less 
than  five  dollars  nor  more  than  fifty 
dollars  for  each  load  so  hauled:  Pro- 
vided, That  any  road  supervisor  or 
gravel  road  superintendent  shall  have 
police  power  to  arrest  upon  sight  any 
person  who  is  seen  violating  or  by 
warrant  any  person  who  has  violated, 
any  of  the  provisions  of  this  section 
within  the  county  or  township  for 
which  such  road  supervisor  or  gravel 
road  superintendent  is  elected  or  ap- 
pointed, and  that,  on  conviction  of  the 
defendant  in  such  cause,  there  shall 
be  assessed  by  the  court  trying  the 
same  a  fee  of  two  dollars  in  each  case, 
to  be  paid  to  the  person  making  such 
arrest." 

It  is  quite  evident  that  the  law  as 
it  now  stands  is  in  urgent  need  of 
revision,  if  strictly  enforced  it  would 
eliminate  practically  all  automobiles 
and  trucks,  as  well  as  many  wagons 
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from  the  roads  in  wet  weather.  How- 
ever, it  affords  the  road  officials  an 
instrument  for  stopping  all  excessive- 
ly loaded  vehicles,  thereby  affording 
our  roads  some  much  needed  protec- 
tion at  this  time  of  year.  Proper 
precautions  taken  to  protect  our  roads 
during  the  spring  break-up  will  save 
the  taxpayer  thousanas  of  dollars 
each  year. 


Tile  Drainage  for  Highways 

Practice    in    Oxford    County,    Ontario, 

Described   in    Paper   Presented   at 

Recent  Conference  of  Ontario 

County     and     Township 

Road     Engineers     and 

Superintendents 

By  F.  J.  URE, 

County  Engineer,  Oxford    County,  Ontario, 

All  of  the  county  roads  of  Oxford 
county  are  old  established  graded 
highways,  most  of  them  graveled,  and 
with  provision  made  for  carrying  off 
the  surface  water. 

The  Preliminaries.  —  When  the 
"powers  that  be"  decide  that  a  certain 
road  is  to  be  improved  under  the 
county  system  the  superintendent,  ac- 
companied usually  by  the  reeve  of  the 
township,  and  sometimes  the  engi- 
neer, makes  a  trip  over  the  road  as 
soon  as  possible  after  the  frost  'comes 
out  in  the  spring,  and  decides  in  a 
general  way  along  what  parts  of  the 
road  the  existing  open  ditches  should 
be  supplemented  by  subsoil  drains. 
They  also  inquire  as  to  what  available 
and  what  farm  lands,  if  any,  are  like- 
ly to  be  affected  by  the  drains  to  be 
constructed  along  the  road  or  by  the 
outlets  which  it  may  be  necessary  to 
construct  through  private  property. 
The  county  has  always  co-operated 
with  the  owners  of  adjoining  lands, 
and  will  put  in  any  desired  size  of 
tile,  upon  terms  agreed  upon  or  de- 
termined by  the  engineer.  The  county 
usually  pays  the  cost  of  a  4-in.  tile 
drain;  the  difference  in  cost  of  the 
larger  size,  if  required,  is  charged  to 
the  private  owners. 

The  next  step  is  to  get  the  signa- 
tures of  all  such  owners,  if  possible, 
to  an  agreement  referring  all  such 
matters  to  the  engineer,  whose  deci- 


sion is  said  to  be  final,  and  usually  is. 
If  any  owner  objects  to  that  feature 
of  it,  we  insert  a  clause,  reserving 
a  right  of  appeal  to  the  county  judge. 
The  course  is  then  clear  for  the  engi- 
neer to  go  on  and  stake  out  the 
drains  previously  decided  upon,  al- 
though in  this  respect  he  is  usually 
allowed  to  exercise  his  own  judgment. 

Surveys  and  Estimates. — A  plan  and 
profile  are  then  made  showing  the 
location  of  the  road  drains  and  out- 
lets, the  depth  of  the  drains,  grades, 
sizes  of  tile,  location  of  catch  basins, 
etc.  An  estimate  of  the  cost  is  made, 
and  if  any  private  owners  are  liable 
for  a  portion  of  the  cost  a  short  state- 
ment is  -prepared  reciting  the  agree- 
ment previously  referred  to,  referring 
to  the  plan,  profile,  specifications,  and 
estimate  attached,  and  reciting  that 
the  drains  are  to  be  constructed  by 
the  county  and  that  by  a  certain  date 
each  of  the  owners  shall  pay  to  the 
county  the  sum  of  money  set  opposite 
his  name.  This  is  signed  by  the  engi- 
neer and  a  liberal  number  of  copies 
supplied  to  the  superintendent.  A  copy 
should  be  filed  with  the  township  clerk 
for  the  purpose  of  record. 

Laying  Tile. — The  tile  is  usually 
laid  on  both  sides  of  the  road  except 
when  the  natural  slope  of  the  land  is 
away  from  the  road  on  one  side,  in 
which  case  only  the  higher  side  of 
the  road  is  tiled;  In  most  cases  the 
tile  are  laid  in  the  ditch  or  gutter  but 
from  2y2  to  3  ft.  deeper,  which  usual- 
ly means  that  the  tile  are  about  5  ft. 
below  the  crown  of  the  road.  This 
method,  I  think,  gives  as  good  results 
as  a  Zy2  to  4  ft.  drain  laid  in  the 
shoulder,  and  the  digging  costs  one- 
third  less.  In  springy  spots  where 
cross-drains  are  required  I  am  of  the 
opinion  that  these  should  be  built  of 
stone  instead  of  tile  as  the  latter  are 
more  easily  displaced  or  stopped  up. 

It  is  important  that  the  catch  basins 
should  be  properly  located  and  sub- 
stantially built,  otherwise  they  will 
soon  become  detrimental  to  the  drain 
rather  than  useful.  It  is  also  important 
that  the  outfall  should  be  protected 
by  a  first-class  quality  of  concrete 
which  will  not  deteriorate  under  the 
trying  conditions  to  which  it  is  usually 
subjected.  Sometimes  this  should  be 
in  the  form  of  a  head-wall,  but  in  many 
cases  it  is  sufficient  to  encase  the  last 
6  or  8  ft.  of  drain  in  a  shell  of  3  to  1 
concrete  about  4  in.  thick.  In  any 
case  the  outlet  should  be  easy  to  find 
so  that  it  may  be  inspected  and  kept 
clear  of  obstructions. 
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Feeder  Highways 


Necessity   for   New    Specifications   for 
This  Type  Pointed  Out  in  Address 
at    19th    Annual    Road    School, 
Purdue  University,  Lafay- 
ette, Ind. 

By  WILLIAM  J.  TONKEL, 

Road    Superintendent,    Allen    County, 
Indiana. 


m»         j  r\r%»»«***^«*.i-i«*»     £«*■>     so  many  inches  of  coarse   stone  and 

Macadam    Construction  then  p  >t  on  about  5  or  6  in  of  screen. 

ings,  thus  making  the  required  depth 
as  per  specifications.  This,  I  think, 
is  a  very  serious  fault,  for  screenings 
are  not  supposed  to  be  a  wearing  sur- 
face but  are  supposed  to  be  a  filler  for 
the  voids  so  that  each  large  stone  will 
be  keyed  in  place  and  in  time  cement 
itself  together  into  a  solid  piece  of 
metal. 

No  doubt  the  contractor  would  much 
rather  put  on  a  thick  coating  of 
screenings  because  it  handles  much 
easier,  rolls  much  easier,  and  imme- 
diately upon  completion  of  his  job 
he  calls  the  county  commissioners, 
the  surveyor  and  superintendent  on 
the  road  and  shows  them  a  very 
smooth  job,  but  this  only  holds  for  a 
little  time  and  soon  the  screening 
coat  starts  to  pit  up  in  small  holes 
and  buckle  in  waves. 

Therefore,  I  say,  why  not  put  on  a 
coarse  screening  of  about  3  in.  in 
thickness  and  roll  this  down  so  that 
a  smooth  surface  will  result  and  at 
the  same  time  your  wearing  material 
(that  being  the  coarse  aggregate)  will 
be  close  to  the  surface. 

Another  thing  I  believe  should  be 
done,  and  that  is — put  on  1  in.  or  1% 
in.  coating  of  limestone  chips,  grad- 
ing from  %  in.  to  %  in.,  free  from 
dust,  on  top  of  all  this.  This  would 
serve  as  a  guarantee  to  the  wearing 
surface. 

Use  of  Old  Macadam. — Now  after  a 
macadam  road  of  this  type  has  been 
constructed  and  has  served  the  com- 
munity for  a  number  of  years  and  in 
the  course  of  progress  this  road  grad- 
uates from  the  feeder  type  to  a  main 
artery  of  commerce,  I  can  see  no  rea- 
son why  this  solid  roadbed  should  be 
torn  up  and  thrown  away,  for  I  think 
that  what  is  known  as  an  umbrella- 
type  of  construction  (by  this  I  mean  a 
top  of  some  bituminous  material  on 
top  of  this  solid  base)  would  change 
this  plain  macadam  road  into  a  pave- 
ment type  of  construction  which  is 
resilient  and  adapts  itself  to  climatic 
conditions. 

Therefore,  I  feel  that  as  every  feed- 
er highway  graduates  into  a  main 
artery  of  transportation  that  instead 
of  tearing  up  the  old  roadbed  and 
throwing  away  the  initial  cost  of  con- 
struction, that  with  a  few  added  dol- 
lars spent  along  this  line  you  can  give 
the  community  a  paved  road  second 
to  none. 

Of  course,  it  is  necessary  to  main- 
tain and  keep  up  this  type  of  construc- 


I  find  that  with  very  few  exceptions 
the  specifications  on  plain  macadam 
roads  today  are  the  same  as  they 
were  10  years  ago  and  I  think  this 
should  be  remedied  at  once,  for  10 
years  ago  we  knew  very  little  of  the 
big  5-ton  truck  carrying  about  10  tons 
of  weight.  The  specifications  consist 
of  about  6  or  8  in.  of  base  material 
rolled  down,  on  top  of  which  2  or  3 
in.  of  screenings  was  thrown,  as  a 
filler,  and  the  result  today  is  that 
when  these  heavy  loads  pass  over  this 
kind  of  a  road  they  tear  through,  the 
road  gives  way,  and  holes  and  chucks 
appear  in  a  very  short  time,  which, 
of  course,  necessitates  quite  a  lot  of 
maintenance. 

Suggested  Specifications. — I  think 
that'  in  the  construction  of  a  good 
plain  macadam  road  I  would  suggest 
the  following  specifications: 

First  of  all — 100  per  cent  drainage. 

Next — a  12-in.  base  of  large  stone, 
consisting  of  about  8  in.  of  stone  rang- 
ing from  iY2  to  2V2  in.  in  size,  on  top 
of  which  a  thin  coating  of  screenings 
should  be  placed  and  then  rolled 
down. 

On  top  of  this  a  second  course  of 
stone,  ranging  from  2^  to  1%  in.  in 
size,  4  in.  thick,  on  top  of  which  a  3- 
in.  layer  of  coarse  screenings,  grading 
%  in.  to  dust,  should  be  spread  and 
rolled  down  so  that  the  voids  in  the 
coarse  stone  would  be  entirely  filled. 

Now  I  think  that  a  very  important 
factor  in  a  successful  plain  macadam 
road  is  the  rolling.  By  attaching  a 
sprinkler  arrangement  along  with  the 
roller  and  rolling  a  road,  not  once,  but 
25  times  from  end  to  end  yon  are 
bound  to  create  a  solid  mass  of  metal 
in  time. 

One   Fault  with    Present   Method. — 

Another  fault  I  find  with  the  pres- 
ent-day method  on  the  plain  macadam 
construction  is  the  fact  that  the  con- 
tractor wants  to  put  down  a  base  of 
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tion,  but  I  know  of  no  highway  that 
is  permanent  and  free  from  mainte- 
nance except  it  be  the  ocean,  the  great 
lakes  and  our  navigable   streams. 


in 


The     Elevating     Grader 
Gravel  Road  Main- 
tenance 

The  gravel  used  in  the  construction 
of  gravel  roads  in  the  southern  por- 
tion of  New  Jersey  has  clay  for  its 
principal  binding  agent.  Many  of 
these  gravel  roads  are  subject  to 
heavy  traffic,  with  the  result  that  dur- 
ing the  dry  summer  season  there  is 
considerable  abrading  of  the  surface, 
and  as  a  consequence  the  finely  di- 
vided material,  such  as  clay,  is  blown 
away  and  there  is  left  upon  the  sur- 
face the  coarser  sand  and  the  peb- 
bles. The  sand  and  pebbles  without 
the  clay  become  what  is  known  by 
gravel  men  as  "dead  gravel,"  owing 
to  the  fact  that  it  will  no  longer  bind 
and  form  a  dense,  hard  surface. 

This  dead  material  is,  therefore, 
scraped  off  to  the  sides  of  the  road, 
where,  if  allowed  to  accumulate,  it 
will  in  time  form  windrows,  which  not 
only  seriously  impede  drainage,  but 
also  very  materially  narrow  the  width 
of  the  roadway.  It  is,  therefore,  nec- 
essary to  remove  this  material  from 
the  sides  of  the  road.  In  the  past 
such  removal  has  generally  been  done 
by  hand,  the  material  being  shoveled 
into  wagons  or  trucks  and  carted 
away.  Where  removal  has  been  neg- 
lected for  a  considerable  length  of 
time  the  windrows  frequently  became 
as  much  as  4  to  5  ft.  in  width  and  1 
to  2  ft.  in  depth,  so  that  their  removal 
by  hand  becomes  an  exceedingly  cost- 
ly proposition.  How  an  elevating 
grader  was  used  in  removing  the 
"dead  gravel"  is  described  in  March 
Successful  Methods  by  Mr.  A.  W. 
Muir,  superintendent  of  Maintenance 
of  the  New  Jersey  State  Highway 
Commission. 

The  accompanying  illustration 
shows  the  method  adopted.  Two  men 
in  the  truck  assisted  in  loading.  It 
was  found  necessary  to  place  men  in 
the  trucks  in  order  to  trim  the  load, 
particularly  in  the  cases  of  trucks 
having  high-sided  bodies,  where  it  was 
not  possible  to  get  the  trucks  close 
enough  to  the  grader  to  distribute  the 


material  without  hand-trimming.  It 
was  also  found  that  the  material  was 
slightly  difficult  to  handle  owing  to 
the  fact  that  it  had  a  tendency  to 
slide  back  on  the  belt,  as  it  was  large- 
ly composed  of  sand  and  pebbles.  For 
that  reason  it  was  necessary  to  keep 
the  elevator  at  as  low  an  angle  as 
possible.  By  keeping  the  elevator  low 
the  difficulty  in  handling  the  material 
on  the  belt  was  eliminated,  but  it  was 
delivered  all  on  one  side  of  the  truck. 
Owing  to  the  fact  that  the  material 
being  handled  is  objectionable  on  the 
center  of  the  road,  it  was  necessary 


Removing  Waste  Material  from   Roadside 
with  Elevating  Grader. 

to  stop  the  tractor  and  grader  while 
a  loaded  truck  was  coming  out  from 
under  the  grader  and  an  empty  one 
was  going  under.  The  greatest  effi- 
ciency from  all  equipment,  therefore, 
demanded  that  a  full  load  be  placed  iu 
every  truck,  thus  giving  an  added  rea- 
son for  hand-trimming  of  the  material 
on  the  trucks. 

By  means  of  the  method  adopted  it 
was  possible  to  load  a  5-ton  truck 
with  the  material  in  approximately  3 
minutes.  The  material  was  handled 
at  a  cost  of  from  40  to  50  cts.  per 
cubic  yard,  which  was  considered  very 
reasonable  in  view  of  the  fact  that  in 
many  cases  the  haul  for  the  disposal 
of  the  material  ran  as  high  as  a  mile, 
and  the  costs  were  further  increased 
owing  to  the  fact  that  difficulty  was 
frequently  experienced  with  the 
trucks  becoming  stuck  on  the  dump, 
owing  to  the  soft  nature  of  the  soil  in 
south  Jersey.  Despite  this  handicap 
the  work  progressed  smoothly. 


Conference  on  City  Planning. — The 
Annual  National  Conference  on  City 
Planning  will  be  held  at  the  Southern 
Hotel,  Baltimore,  Md.,  April  30  and 
May  1  and  2.  It  is  expected  that  over 
200  delegates  will  be  in  attendance. 
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Tourist  Traffic  as  a  Factor  in 
Highway  Development 


Paper    Presented    Jan.    16    at    Annual 

Convention    of   American    Road 

Builders'  Association 

By  A.  R.  HIRST, 

State    Highway    Engineer    of    Wisconsin. 

Quite  commonly  the  term  "tourist" 
has  been  accepted  to  mean  one  who 
is  traveling  for  pleasure  at  some  dis- 
tance from  his  home  environment.  In 
some  states  the  term  "tourist"  means 
a  person  from  without  the  state. 
There  is  no  justification  for  these 
distinctions.  If  we  accept  the  Web- 
ster definition  the  tourist  traffic  on 
our  highways  is  all  traffic  using  the 
highways  as  a  part  of  a  sightseeing 
or  pleasure  trip.  Therefore,  in  the 
consideration  of  tourist  traffic  we 
must  include  not  only  the  traffic 
traveling  in  cars  coming  from  without 
the  state,  but  the  traffic  of  the  people 
of  the  state  itself. 

Of  course,  the  volume  of  this  traffic 
varies  with  the  seasons,  especially  in 
the  northern  states.  The  tourist 
traffic  in  states,  such  as  Wisconsin,  is 
practically  confined  to  late  May,  June, 
July,  August,  and  early  September. 
Doubtless  in  the  states  south  of  us 
the  seasons  are  longer,  especially  in 
those  states  making  a  feature  of 
winter  resort  business,  but  the  effect 
of  the  children  going  to  school  is 
such  that  the  bulk  of  the  tourist 
traffic  in  practically  every  state  un- 
doubtedly falls  in  the  non-school 
months. 

Effect  of  Tourist  Traffic  on  High- 
way Type. — We  doubt  very  much 
whether  tourist  traffic  has  had  or 
will  have  any  large  effect  upon  the 
type  of  highways  or  the  location  of 
highways  of  any  state.  There  are, 
of  course,  exceptional  instances  where 
highways  are  built  exclusively  to 
make  accessible  to  tourists  certain 
areas  or  certain  specific  features  of 
scenic  or  historic  interest,  and  in 
those  specific  cases  the  volume  and 
character  of  the  tourist  traffic  will 
indicate  the  necessity  for  and  will  dic- 
tate both  the  location  and  character 
of  the  road. 

In  the  vast  majority  of  cases,  how- 
ever, in  every  American  state,  regard- 
less of  the  amount  of  tourist  traffic 
using  the  area,  it  is  our  opinion  that 
the  location  of  the  highway  and  its 
type  will  be  dictated  almost  entirely 


by  the  business  uses  which  the  road 
must  be  built  to  serve. 

In  very  few  cases  will  a  superiority 
of  alignment  of  grade  or  surface  be 
indicated  and  forced  by  the  amount 
of  tourist  traffic  over  a  principal  state 
highway.  In  some  cases  on  roads 
heavily  traveled  by  tourist  traffic  the 
amount  of  this  traffic  will  dictate  a 
wider  type  of  surface  than  would 
have  to  be  built  to  serve  the  business 
traffic,  but  it  is  our  opinion  that  these 
cases  are  very  limited.  The  thing 
that  is  going  to  dictate  the  location 
and  type  of  the  great  majority  of  our 
highways  is  the. demands  and  uses  of 
motor  trucks,  motor  busses,  and  if 
the  local  tributary,  heavy  business. 

There  are  some  roads  in  areas 
which  are  not  business  areas  and 
where  roads  are  built  and  maintained 
largely  to  serve  tourist  traffic,  the 
location  of  which  will  be  dictated 
solely  by  the  requirements  of  tourist 
traffic. 

In  such  areas  of  scenic  or  resort 
value  the  location  and  alignment  of 
roads  will  and  should  be  dictated  not 
by  the  theoretical  requirements  of 
shortness  of  distance  and  ease  of 
grades  which  should  prevail  in  the 
construction  of  main  roads  built  for 
business  service,  but  the  locations 
will  and  should  be  largely  predicated 
on  making  the  roads  as  pleasant  to 
travel  as  is  possible  by  taking  ad- 
vantage of  every  chance  for  a  scenic 
view  and  of  artistic  effects  in  general. 

The  surfaces  of  such  roads  need 
not  be  of  the  kind  dictated  by  heavy 
business  traffic  in  the  congested  areas. 
As  long  as  vision  is  preserved,  both 
vertical  and  horizontal,  a  large 
amount  of  easy  curvature  can  and 
should  be  used,  and  distance,  within 
reasonable  limits,  is  quite  immaterial 
if  the  bulk  of  the  traffic  is  tourist 
traffic. 

Summing  up,  it  is  our  opinion  that 
tourist  traffic  has  had  and  will  have 
very  little  influence  upon  the  con- 
struction policies  of  states,  in  so  far 
as  determining  widths,  characters  or 
locations.  It  will  have  an  influence 
on  the  development  of  certain  roads 
which  will  be  developed  largely  in 
accordance  with  the  tourist  demands 
and  the  type  of  country  traversed. 

Maintenance  Program  and  Tourist 
Traffic. — As  to  the  interest  of  tourist 
traffic  on  the  maintenance  programs 
of  states,  the  tourist  traffic  will  in- 
fluence these  programs  in  so  far  as 
it  is  a  percentage  of  the  total  maxi- 
mum traffic  on  any  road.     It  will,  in 
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many    cases,    force    the    construction      a    standard    design,    either    on    posts 


of  roads  of  a  higher  type  than  the 
local  needs  would  demand  because 
of  its  severe  demands  on  low  type 
roads  at  certain  seasons.  It  is  possi- 
ble, for  instance,  to  maintain  gravel 
roads  under  certain  weather  condi- 
tions up  to  a  certain  total  traffic  per 
day  without  surface  treatments  and 
with  general  satisfaction  to  the  traffic. 
But  if  this  traffic  is  vastly  increased 
during  certain  periods  it  is  necessary 
from  the  standpoint  of  road  surface 
and  of  public  safety  (on  account  of 
dust)  to  either  build  a  higher  type 
road  or  to  surface  treat  the  inferior 
type.  It  is  probably  not  often  that  a 
surface  treated  gravel  road  is  the 
truly  economical  type,  and  therefore 
where  surface  treatments  are  im- 
pelled by  tourist  traffic  the  construc- 
tion of  more  permanent  types  of  sur- 
facing may  be  impelled. 

Naturally  the  increased  traffic,  due 
to  tourist  business,  produces  in- 
creased maintenance  costs  in  some 
cases.  However,  these  increased 
maintenance  costs  due  to  tourist 
traffic  on  certain  specific  stretches 
are  a  very  small  portion  of  the  total 
maintenance  program  of  any  state 
which  is  maintaining  a  state-wide 
road  system,  and  can  probably  be 
practically  disregarded  in  a  study  of 
the  economics  of  real  all-year-around 
service  to  traffic. 

Summing  up  the  maintenance  situa- 
tion, it  is  our  opinion  that  the  light 
tourist  traffic  has  very  small  influence 
on  the  cost  or  the  policies  adopted  for 
maintenance  by  the  average  state. 
It  involves  certain  extra  costs,  espe- 
cially in  specific  instances  on  inferior 
road  surfaces.  On  the  higher  types 
of  road,  it  means  practically  no  dif- 
ference in  the  maintenance  cost,  and 
probably  no  difference  in  the  mainte- 
nance cost  on  most  of  the  lower  types 
of  road  such  as  earth.  It  is  only  in 
the  case  of  some  of  the  intermediate 
types  of  structures  that  it  increases 
the  cost  of  maintenance  by  throwing 
the  balance  on  the  side  of  more  ex- 
pensive types  of  maintenance. 

Taking  Care  of  Tourist  Traffic. — 
Long  distance  traveling  imposes,  or 
should  impose,  upon  states  the  re- 
sponsibility for  directing  and  proper- 
ly taking  care  of  this  traffic.  This 
direction  should,  in  our  opinion,  take 
the  following  forms: 

1.  A  logical  marking  between  logi- 
cal destinations  of  the  main  arteries 
of  traffic  with  a  number. 

These  numbers  should  be  placed  in 


placed  along  the  roadside,  or  on  ob- 
jects such  as  telephone  poles,  culvert 
endwalls,  etc.,  already  present.  This 
numbering  should  be  carried  through 
incorporated  cities  and  villages  even 
more  carefully  than  through  the  rural 
districts.  There  is  always  more  con- 
fusion in  directing  traffic  through 
such  places  than  there  is  even  in  find- 
ing one's  way  in  the  rural  districts. 

2.  The  publication  of  a  map  show- 
ing the  type  and  numbers  of  the  main 
highways,  so  that  there  may  be  se- 
lected from  the  map  the  numbered 
route  to  follow,  so  that  all  that  v. 
mains  is  to  pick  up  the  numbers  on 
the  ground  and  follow  them  to  the 
desired  destination. 

Points  1  and  2  include  the  Wiscon- 
sin system  of  road  marking  and  num- 
bering, originated  by  the  author  of 
this  paper  in  1917,  and  which  has 
since  been  adopted  by  many  other 
states  as  the  standard,  and  by  some 
foreign  countries  as  well. 

3.  A  detour  service  consisting  of 
maps  indicating  the  detours  and  roads 
under  construction  corrected  at  least 
weekly. 

Issuance  of  such  a  map  was  started 
in  Wisconsin  in  1921  and  its  success 
was  instantaneous.  These  maps  are 
sold  at  a  minimum  figure  to  public 
places  throughout  the  state  and  from 
these  maps  all  travelers  can  deter- 
mine the  route  which  they  should 
take  to  encounter  the  minimum  diffi- 
culties on  any  given  day.  The  big 
service  which  they  perform  is  in 
keeping  the  traffic  away  from  those 
lengths  of  road  along  which  it  is  espe- 
cially difficult  to  maintain  traffic 
adequately.  Their  principal  service 
is  to  tell  the  traveler  what  roads  to 
keep  away  from,  and  for  this  service 
they  are  invaluable. 

4.  A  thoroughly  consistent  system 
of  marking  and  maintaining,  not  only 
the  system  covered  by  the  numbering 
and  marking,  but  all  detours  from 
this  system. 

One  of  the  largest  items  of  cost  in 
the  construction  or  maintenance  of 
roads  is  the  cost  of  detours,  and  if  our 
people  can  be  brought  to  realize  that 
included  in  the  cost  of  construction 
there  must  be  included  the  cost  of 
making  detours,  we  would  advance 
much  more  rapidly  in  the  public  de- 
mands for  this  service. 

5.  The  state  highway  department 
should  maintain,  not  only  at  their 
qentral  office,  but  at  all  division 
offices,  traffic  information  bureaus. 
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6.  In  addition  there  should  be 
available  for  use  by  commercial  or- 
ganizations, banks  and  business 
houses,  well  thought  out  maps  of  va- 
rious scales,  furnished  to  these  houses 
at  cost,  so  that  there  may  be  the 
most  widespread  publicity  of  the  tour- 
ing routes  and  their  condition  in  a 
given  state. 

The  curse  of  the  country  has  been 
poor  and  prejudiced  map  service.  It 
is  our  contention  that,  within  reason- 
able limits,  a  state  cannot  make  a 
mistake  in  furnishing  the  maximum 
kind  and  number  of  highway  maps 
needed  for  all  types  of  highway  map 
service. 

Traffic  Service  an  Essential. — All 
the  above  includes  traffic  service,  un- 
known ten  years  ago,  but  it  is  a  traffic 
despatching  service  which  is  absolute- 
ly essential  in  the  proper  conduct  of 
the  highway  traffic  of  any  state.  The 
time  has  gone  by  when  the  states  can 
afford  to  have  a  myriad  of  motorists 
seeking  blindly  to  find  their  way.  It 
is  expensive,  it  is  unnecessary,  and  it 
produces  a  loss  of  time,  money,  and 
morals  not  compatible  with  modern 
progress. 

The  traffic  must  be  directed,  not 
only  for  its  own  advantage  in  saving 
in  time  and  money,  but  for  the  ad- 
vantage of  the  state  and  county  high- 
way departments  in  keeping  traffic 
off  of  roads  where  it  would  be  incon- 
venienced and  also  inconvenience  con- 
struction and  maintenance  operations. 

We  know  from  personal  experience 
that,  while  undoubtedly  our  construc- 
tion and  maintenance  work  is  wel- 
comed, and  probably  most  of  our 
citizens  and  many  of  our  visitors  ap- 
preciate the  importance  of  it  and  the 
meaning  of  it  to  them  as  travelers; 
it  is  the  traffic  service  which  we  have 
furnished  —  the  numbering  of  our 
highways,  the  key  maps,  the  traffic 
service  maps — which  has  brought  ten 
commendatory  comments  to  one  com- 
mendatory comment  brought  out  by 
our  construction  and  maintenance  op- 
erations combined.  The  people  ap- 
preciate this  kind  of  service,  they 
know  that  it  means  dollars  to  them, 
and  more  than  dollars,  it  means  com- 
fort, convenience,  safety  and  speed  in 
their  travels.  The  American  public 
is  going  to  insist  upon  more  and  more 
of  it,  and  it  behooves  all  who  are  con- 
nected with  highway  development, 
whatever  the  unit  of  government  they 
serve,  to  recognize  this  demand  and 
to  meet  it. 


Inspection  of  Concrete  Pav- 
ing Jobs 

Duties   of    Inspector    Outlined   in   Ad- 
dress  Before  Class   in   Roads   and 
Pavements   at  Michigan  Agri- 
cultural College 

By  J.   H.   WASSON, 

Field    Engineer,    Portland    Cement    Asso- 
ciation. 

The  importance  of  the  inspector  on 
a  concrete  paving  job  is  very  often 
underestimated.  The  uniformed  pub- 
lic is  too  apt  to  think  of  him  as  an 
unnecessary  expense,  and  -too  often 
the  inspector  himself  fails  to  realize 
the  responsibility  of  his  position  and 
what  the  intelligent  and  conscienti- 
ous performance  of  his  duties  mean 
to  the  public.  Most  contractors  are 
also  vitally  interested  in  securing  a 
good  job  and  value  careful,  intelli- 
gent inspection.  A  known  uniform 
interpretation  and  enforcement  of  a 
given  set  of  specifications  is  all  that 
the  competent  contractor  asks. 

The  Importance  of  Inspection. — The 
greatest  weakness  in  the  concrete 
pavement  industry  today  is  not  a  ques- 
tion of  design,  nor  of  completeness 
of  specifications,  but  it  is  the  ques- 
tion of  being  able  to  construct  the 
pavement  in  the  field  according  to  the 
design  and  specifications.  Able  en- 
gineers may  have  designed  the  pave- 
ment, a  very  complete  set  of  specifi- 
cations may  have  been  prepared,  and 
yet  if  weak,  inefficient,  poorly  paid  in- 
spection is  depended  upon,  it  is  prac- 
tically hopeless  to  expect  high  grade 
work.  The  quality  of  the  finished  joo 
depends  in  many  cases  upon  the 
character  of  the  roadside  inspection. 

The  public  as  a  whole  pays"  for  a 
first  class  job.  Anything  short  of  the 
quality  of  job  paid  for  is  a  direct  eco- 
nomic loss  and  can  be  expressed  in 
dollars  and  cents.  It  is  the  inspector's 
duty  as  representative  of  the  public 
on  the  job  to  see,  so  far  as  it  is  within 
his  power,  that  the  public  receives  a 
dollar's  worth  of  road  value  for  each 
dollar  invested. 

Loss  to  Public  from  Poor  Inspection. 
— I  shall  discuss  this  subject  from 
the  standpoint  of  the  dollar  invested, 
and  in  that  way  I  hope  to  be  able  to 
point  out  the  loss  to  the  public  result- 
ing from  poor  inspection,  and  later  on 
will  point  out  precautions  necessary 
to  prevent  this  loss.  Let  us  assign  es- 
timated values  to  certain  items  one  or 
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more    of    which   are    too    often   over-  Checking    Subgrade,    Time    of 

looked    in    the    construction   of   one  and  Amount  of  Water. — We  will  : 

course    concrete   pavements.     This    I  take  each  of  these  items  up  in  detail 

believe    will   bring   out   more   clearly  and   briefly   discuss   methods   of  pre- 

the  importance  of  the  duties  of  an  in-  venting    their    occurrence.     Here    is 

spector,  and  will  focus  attention  upon  where    the    duties     of    the    inspector 

those  principles  in  pavement  construe-  come  in. 

tion  which  when  violated  have  a  di-  To  insure  correct  depth  of  pave- 
rect  effect  upon  the  economic  value  ment  require  forms  set  and  fine  grad- 
of  the  completed  pavement.  This  dis-  ing  completed  at  least  100  ft.  ahead 
cussion  presupposes  that  both  the  ce-  of  the  mixer  at  all  times, 
ment  and  aggregates  have  been  tested  Insist  on  the  use  of  a  subgrade  tem- 
and  found  to  be  satisfactory.  plate.  Check  this  template  from  time 
Let  us  assume  $1.00  as  the  unit  in-  to  time.  Watch  the  subgrade  behind 
vested  in  a  concrete  pavement  and  the  mixer,  check  it  when  it  appears  to 
then  determine  how  the  road  value  be  high.  Check  the  crown  of  the  fin- 
received  from  this  investment  is  af-  ished  pavement.  This  can  be  done 
fected  by  inefficient  inspection.  Table  either  with  a  string  or  with  a  level 
I  will  illustrate  what  is  meant:  . 

TABLE    I. 

A  Cumulative 
Effect  in  per      Road  value        road  value 

Amount  cent  on              received              received 

invested  in  strength  and       per  dollar          per   dollar 

pavement.                       Deficiency.                         quality  of  slab.       invested.  invested. 

$1.00      None    None                   $1.00                     $1.00 

$1.00       %  in.  shy  in  depth   12.5                       0.875                     0.875 

$1.00       45  sec.  mix  instead  of  60  sec 6.0                       0.94                       0.815 

$1.00      Too  much  water  2  in.  to  6  in.  slump.  10.0                       0.90                       0.715 
$1.00       8%    reduction    in    amount    cement 

specified    8.0                       0.92                       0.635 

$1.00       Sand  content  increased   6.0                       0.94                       0.575 

Stone  content  decreased. 

$1.00      Improper   finish    4.0                       0.96                       0.535 

$1.00      Insufficient  curing  10.5                       0.895                     0.43 

$1.00      Uneven  riding  surface    15.0                       0.85                       0.28 


In  the  above  table  I  have  listed  the 
more  common  shortcomings  in  con- 
crete pavement  construction  and  have 
given  the  estimated  effect  of  each  on 
the  finished  product.  One  or  more 
of  these  are  very  apt  to  be  found  on 
any  poorly  inspected  job.  These 
values  will  vary  of  course. 

The  real  significance  of  the  possible 
loss  due  to  poor  inspection  may  be 
seen  by  considering  the  amount  in- 
vested to  be  $27,000  or  about  the  cost 
of  1  mile  of  pavement.  When  the  fac- 
tors in  the  last  column  of  the  table 
given  above  are  applied  it  can  be  seen 
that  although  the  mile  of  pavement 
cost  $27,000  its  actual  road  value  may 
be  only  $18,045  or  even  less.  In  other 
words,  while  the  cost  per  mile  may 
not  vary  but  a  few  per  cent,  the  road 
value  received  by  the  public  per  mile 
or  per  square  yard  may  vary  100  per 
cent  or  more.  There  is  no  question 
but  what  from  the  standpoint  of  road 
value  received,  incompetent  inspec- 
tion on  the  job  is  the  most  expensive 
thing  that  can  be  placed  in  a  con- 
crete pavement,  while  well  paid,  com- 
petent inspection  is  the  cheapest 
thing  that  can  be  placed  in  a  pave- 
ment. 


and  •  rod.  The  level  and  rod  is  the 
most  satisfactory  and  leaves  no 
chance  for  arguments.  Remember  that 
it  is  the  correct  crown  of  the  com- 
pleted pavement  and  not  the  crown 
of  the  strike  board  which  insures  the 
specified  depth  of  pavement. 

The  time  of  mixing  is  sometimes 
fixed  by  a  mechanical  timing  device 
which  warns  the  operator  when  all 
materials  in  the  drum  have  been 
mixed  for.  one  minute.  In  other  cases 
a  small  clock  is  hung  in  front  of  the 
mixer  operator  so  that  he  can  see  by 
the  clock  when  the  contents  in  the 
drum  have  been  mixed  for  one  min- 
ute. In  either  case,  however,  the  in- 
spector should  keep  close  check  on 
the  time  of  mixing  by  referring  to  his 
own  watch. 

Too  much  water  can  be  prevented 
by  following  the  requirements  of  the 
slump  test  which  is  now  included  in 
most  specifications  for  one  course  con- 
crete pavement.  Tests  should  be  made 
regularly  as  this  helps  to  focus  the 
attention  of  the  workmen  on  the  im- 
portance of  the  water  content.  Wet 
concrete  tends  to  flatten  out  and  flow 
into  place  and  therefore  requires  less 
energy  to  handle  it  than  does  a  fairly 
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stiff  consistency  such  as  is  required 
by  the  slump  test.  It  is  this  fact  that 
always  acts  as  an  inducement  to  the 
workmen  to  increase  the  water  con- 
tent. 

A  close  check  on  the  amount  of 
cement  received  on  the  job  and  a 
count  of  the  empty  cement  sacks  at 
night  will  serve  as  a  check  on  the 
amount  of  cement  used.  The  amount 
of  cement  required  per  cubic  yard  of 
concrete  should  be  and  usually  is 
specified.  The  amount  of  cement  re- 
quired per  square  yard  can  easily  be 
computed  from  this.  Then  knowing 
the  number  of  square  yards  laid  in 
any  one  day  the  amount  of  cement 
required  can  be  figured  and  checked 
against  the  amount  received  on  the 
job  and  the  empty  sacks. 

Careful  attention  to  the  proportion- 
ing of  the  sand  and  gravel  will  pre- 
vent the  use  of  an  excess  amount  of 
sand. 

Pavement  Finish. — By  improper  fin- 
ish as  used  here  I  mean  finishing  the 
pavement  without  tamping  or  other- 
wise compressing  it.  Tamping  by 
means  of  a  mechanical  finishing  ma- 
chine or  by  hand  is  essential  to  good 
concrete  pavement. 

Proper  curing  of  concrete  pavement 
requires  that  the  surface  be  kept 
moist  for  10  days.  This  can  ordinar- 
ily be  done  best  in  this  section  of  the 
country  by  covering  the  surface  of 
the  pavement  with  2  in.  of  earth  and 
then  keeping  this  damp.  Six  or  8  in. 
of  straw  is  sometimes  used  very  ef- 
fectively in  place  of  the  earth.  In 
either  case  particular  attention  should 
be  given  to  seeing  that  the  pavement 
slab  at  the  joints  and  along  the  edges 
is  well  covered  and  kept  moist.  It  is 
particularly  desirable  to  develop  max- 
imum strength  at  joints  and  along  the 
edges  of  the  pavement  for  the  reason 
that  these  are  points  where  the  max- 
imum stresses  will  occur.  On  (  city 
streets  it  usually  is  more  economical 
to  keep  the  pavement  moist  by  some 
other  means  than  the  earth  covering. 
This  can  be  done  either  by  means  of 
sprays  or  by  continuous  sprinkling. 
Sometimes  it  may  be  necessary  to  lay 
pavement  later  into  the  fall  than  is 
ordinarily  considered  good  practice. 
In  such  cases  it  is  of  maximum  impor- 
tance that  the  pavement  does  not 
freeze.  This  can  be  prevented  by  fol- 
lowing any  one  of  several  methods 
which  will  not  be  discussed  here.  The 
maximum  amount  of  money  which  it 
is  economical  to  spend  to  prevent 
freezing  is   equal   to  the   cost  of  re- 


moving the  frozen  slab  plus  the  cost 
of  a  new  slab  in  its  place.  This  sim- 
ply means  that  it  will  always  pay  to 
take  precautions  against  freezing,  and 
if  the  work  is  to  continue  late  into 
the  fall  these  precautions  should  be 
insisted  upon  absolutely.  There  is 
one  other  danger  in  laying  concrete 
pavements  late  in  the  fall  and  that 
is  in  opening  the  pavement  before  it 
has  set  sufficiently  due  to  the  delay 
in  setting  on  account  of  low  tempera- 
ture. In  general  pavements  in  this 
section  of  the  country  laid  after  Oct. 
15  should  be  kept  closed  from  traffic 
for  at  least  one  month. 

Securing  Even  Riding  Surface. — 
The  public  judges  a  pavement  by  its 
riding  qualities.  A  rough  riding  sur- 
face invites  criticism  from  all  who 
ride  over  it.  Such  criticism  is  just. 
As  a  rule  it  does  not  cost  any  more 
in  materials  or  labor  to  lay  a  smooth 
riding  pavement  than  to  lay  a  rough 
pavement.  It  is  simply  a  question  of 
workmanship.  In  some  cases  there 
may  be  a  difference  in  the  labor 
charge  of  one  man  in  that  it  may  be 
necessary  to  pay  the  finisher  as  much 
as  50  ct.  per  hour  more  than  the  com- 
mon laborer  is  receiving.  The  15  per 
cent  deducted  in  the  table  above  on 
account  of  uneven  riding  surface  may 
seem  high  on  first  thought,  but  when 
we  consider  the  rough  riding  pave- 
ment from  the  standpoint  of  the  oc- 
cupant of  the  car,  the  added  wear  and 
tear  on  every  car  that  goes  over  it, 
and  the  increased  effect  of  the  heavy 
wheel  loads  on  the  pavement  itself 
due  to  this  unevenness,  I  do  not  be- 
lieve that  15  per  cent  will  be  found 
to  be  excessive.  The  best  method  of 
securing  an  even  riding  surface  is  by 
careful  and  continuous  use  of  the  10- 
ft.  longitudinal  straight  edge.  The 
straight  edge  should  be  used  on  the 
concrete  surface  while  it  is  still  plas- 
tic in  order  that  the  low  places  may 
be  filled  or  the  high  places  ironed  out. 
Each  morning  before  the  previous 
day's  run  is  covered  it  should  be  care- 
fully gone  over  in  order  to  make  cer- 
tain that  you  are  getting  the  degree 
of  surface  finish  specified. 

Essentials  for  Good  Inspection. — In 
conclusion  I  would  say  that  in  my 
judgment  stability  of  character,  a 
definite  knowledge  of  what  good  con- 
crete is,  and  knowledge  of  how  to 
make  it  are  essential  for  good  inspec- 
tion. The  inspector  should  be  able  to 
direct  how  to  do  the  work  right  from 
the  beginning  instead  of  having  to 
wait  until  it  is  completed  and  then  in- 
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form  the  contractor  that  it  is  not  sat- 
isfactory. It  is  cheaper  both  from  the 
standpoint  of  the  contractor  and  from 
the  standpoint  of  the  public  that  the 
pavement  be  made  right  the  first  time. 
Removal  and  replacement  is  waste. 
The  inspector  coming  on  a  new  job 
should  read  and  re-read  the  specifi- 
cations. A  clear  understanding  of  the 
specifications  and  plans  gives  the  in- 
spector confidence  in  himself  and 
wins  the  respect  and  confidence  of  all 
others  connected  with  the  job.  He 
should  remember  that  he  is  in  a  very 
responsible  position  from  the  stand- 
point of  the  public's  best  interest.  He 
should  be  fair  but  stand  absolutely 
for  good  work.  In  other  words,  he 
should  see  that  the  public  gets  a  dol- 
lar's worth  of  road  value  from  each 
dollar  invested. 


Improvements  in  the  "Schramm" 
Line  of  Portable  Air  Com- 
pressor Outfits 

During  the  past  year,  radical 
changes  have  been  made  in  the  gov- 
erning, ignition  and  fuel  feed  systems 
of  the  "Schramm"  line  of  portable  en- 


compressor  valves  are  of  the  very  lat 
est  disc  type,  located  in  large  valve 
cages  which  give  easy  access  to 
incoming  and  outgoing  air.  Both  ei 
gine  and  air  compressor  have  large 
water  hoppers,  cast  integral  with  the 
cylinders.  This  eliminates  all  fans, 
radiators  and  water-cooling  tanks. 
The  air  tanks  have  been  enlarged, 
and  the  capacities  of  the  compressors 
themselves  have  been  increased.  The 
trucks  are  heavier  and  all  outfits  em- 
body the  new  features  of  the  engines 
and  compressors.  The  amount  of  pres- 
sure obtained  from  these  outfits  is  in 
direct  proportion  to  the  amount  of  air 
used  by  the  pneumatic  tools.  By 
means  of  a  pressure  regulator  on  the 
compressor,  which  can  be  adjusted  by 
the  operator  while  the  machine  is  in 
motion,  the  engine,  in  turn,  has  suffi- 
cient power  to  easily  operate  the  com- 
pressor at  its  maximum  pressure  and 
air  delivery,  but  the  governing  system 
on  the  engine  automatically  regulates 
the  fuel  in  accordance  with  the  de- 
mands made  by  the  compressor.  If 
only  a  small  amount  of  air  is  being 
used,  the  compressor  will  make  no 
more  than  is  required  and  the  engine 
in  turn  will  not  use  any  more  fuel  than 


Schramm   Portable  Air   Compressor. 


gine-driven  air  compressor  outfits. 
The  original  principle  of  direct- 
connecting  the  engine  to  the  com- 
pressor by  means  of  a  two-throw 
crankshaft  is  still  used.  The  crank 
arms  are  set  180°  apart  and  while 
the  engine  connecting  rod  and  pis- 
ton are  traveling  in  one  direction, 
the  compressor  connecting  rod  and 
piston  are  traveling  in  the  opposite 
one.  In  addition  the  flywheels  have 
heavy  counterweights  in  them  which 
help  insure  a  steady  running,  even- 
balanced  unit.  The  compressor  is  a 
single-acting,  single  cylinder  unit.  The 


is  required  to  make  such  amount  of 
air.  The  outfits  are  built  in  six  sizes, 
ranging  from  15  to  140  cu.  feet  of  free 
air  per  minute.  They  are  manufac- 
tured by  Schramm,  Inc.,  West  Chester, 
Pa. 


New  Lakewood  Subgrader 

A  development  of  the  Lakewood 
wood  frame  subgrader  has  been  de- 
veloped by  the  Lakewood  Engineer- 
ing Co.,  Cleveland,  O.,  to  meet  the 
demand  for  a  heavier  unit,  and  one 
which   could   be   equipped  with  scari- 
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fying  teeth  on  the  front  member  to 
assist  in  breaking  up  the  subgrade 
ahead  of  the  blades.  The  wood  frame 
subgrader  will  still  be  furnished,  but 
the  steel  tool  will  be  supplied  to  con- 
tractors desiring  a  stronger  and  heav- 
ier machine.  The  machine  will  cut 
to  either  a  flat  or  crowned  subgrade 


New    Lakewood    Steel    Subgrader. 

and  can  also  be  adapted  for  the  new 
Illinois  design  of  subgrade,  which 
provides  for  a  slab  considerably  thick- 
er at  the  edges  than  at  the  middle.  A 
turntable  pedestal  allows  the  machine 
to  be  raised  off  of  the  forms  and 
turned  in  the  middle  of  the  road  to 
allow  the  roller  or  trucks  to  pass. 


Surface  Treated  Gravel  Renders 
Unusual  Service 

In  the  spring  of  1916,  San  Marcos, 
Tex.,  a  town  with  a  population  of  over 
5,000,  took  up  the  matter  of  improving 
its  downtown  streets  and  also  a  num- 
ber of  its  residential  streets,  all  of 
which  previously  had  plain  gravel  sur- 
faces. Prior  to  that  time  it  had  been 
the  custom  to  water  the  streets  daily, 
and  consequently  traffic  had  formed 
the  gravel  into  a  very  compact  sur- 
face. 

A.  L.  Davis,  mayor  of  San  Marcos, 
had  been  advised  to  treat  the  business 
and  residential  streets  with  asphaltic 
road  oil  and  to  pave  the  public  square 
with  some  sort  of  permanent  con- 
struction. But,  due  to  a  lack  of  funds, 
the  mayor  decided  to  improve  the 
entire  yardage  by  treatment  with 
road  oil.  The  work  was  personally 
supervised  by  the  mayor,  consisting 
of  two  applications  of  Texaco  No.  55 
road  oil,  using  y3  gal.  in  each  appli- 
cation. The  second  application  was 
made  10  days  after  the  first,  and  each 
application  was  covered  lightly  with 
fine  gravel  or  coarse  sand. 

Today  the  streets  around  the  square 
are  in  excellent  condition  in  spite  of 
the  fact  that  traffic  has  continuously 
increased.  And  the  other  streets 
treated,   where  the   gravel   was   suffi- 


ciently thick  to  form  a  firm  founda- 
tion, also  are  in  fine  condition. 

The  only  work  necessary  for  the 
upkeep  of  the  streets  in  the  7  years 
which  have  transpired  since  the  work 
was  done  has  been  the  occasional  in- 
spection of  the  streets  and  the  renew- 
al of  worn  and  thin  spots  with  road 
oil  and  sand. 


New  Rotary  Snow  Plow 

A  new  machine  brought  out  by  the 
C.  D.  Edwards  Manufacturing  Co.,  Al- 
bert Lea,  Minn.,  for  clearing  highways 
and  city  streets  of  snow,  is  illustrated 
below.  The  machine  is  a  double  ro- 
tary affair  operated  by  its  own  80  h.p. 


Rotary  Feature  of  Machine. 


The  Plow  in  Action. 

engine.  It  can  be  quickly  attached  to 
any  sort*  of  traction.  In  the  tests 
shown  in  the  illustration,  a  10-ton  Holt 
tractor  was  used.     In  this  test,  it  is 
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stated  that  most  of  the  snow  was  de-  Industrial  Notes 

livered  about  100  ft.  from  the  rotary;  ~    D    ^  , .    ,          ,        . 

some,  however,  was  broken  into  such  thS '  BBar»ee°nT  °cl  IS'thf&Vo?-' 

fine  particles  that  it  passed  with  the  Ace  at  Aurora,  111.,  has  recently  been  giv- 

air  almost  as  a  mist.  The  outfit  will  Sll*?1?/*®  .?£  l}le  ^ber%Gr,?,ene-  ?fflce  ln 
«]«««  0«  o  f+  omori,  ^fci-i,  ,„rm  ml~~.u.  Detroit  with  the  title  of  district  man- 
clean  an  8  ft.  swath,  which  will  permit  ager.  Mr.  Gould  is  a  graduate  of  the 
traveling    along    the    highways    until  University  of  Illinois  and  has  been  with 

the  return  trip  of  the  machine.     The  "i®  Ba£*To^rv?Qn*e  »™«?^0w«r«««^^ 

.  .    f      .   ,.               ,  .               ,  year.    He  has  had  considerable  conveyor 

primary   object   of  the   machine   is   to  experience,   having  been  with   the   engi- 

make  the  first  cut  right  after  a  snow  neering,    and     erection     department     of 

storm,  and  to  do  it  quickly.  XT^TeTrv^ zTlV^T* 

the  air  service. 

n    -m.        r      o                   j.o»          •  Joseph    T.    Ryerson    &    Son,    Inc.,    with 

COSt      Ot      ravement      Kepairs      in  main   plant  and  offices   in   Chicago,   have 

Nowawlr     N     I  purchased  the  plant,  stock  and  good  will 

newarK,  r*.  j.  of  the  Cincinnati  Iron  &  steel  Co.,  Cin- 

Rv    t    -ttt    TiAWARri  cinnati,    O.     The    Ryerson    company    will 

r>y   j.    vv.   nuvvAivu,  now  have  sjx  steel-service  plants,  located 

Consulting  Engineer,  Newark,  N.  J.  at   Chicago,    St.    Louis,    Detroit,    Buffalo, 

,      ^T     T      .                       „            .  New  York  and  Cincinnati.    The  plant  of 

Newark,   N.   J.,    is    a   manufacturing  the  Cincinnati  Iron  &  Steel  Co.  occupies 

cirv    of     <ifln  000     nonnlatirm        Tt     has  a  ful1  city  block  at  Front  and  Freemont 

city    or    tiw.uvv    population,      it    nas  sts<>   with  about    110,ooo    feet    of    floor 

heavy   traffic    of   motor    vehicles,    not  space.     Lewis    E.    Skinner    who   is   well 

known    in    steel    circles    through    his    18 

only  withm  it  but  connecting  it  With  years    with    the    Ryerson    company,    now 

Npw   York     PhiladPlnhia     Ptp  nas  charSe  of  the  plant.    Mr.  Skinner  will 

New    I0rK,   .rniiaaeipnia,   etc.  be  assisted  by  C.  A.   Parnell,  former  as- 

The  streets  are  well  paved  and  kept  ?>is~  ^  to1  Afthur  Aiisnui,  at  the  Ryerson 

in  good  repair.     The  cost  of  repaying  cifffordF   Messinger,  for  the  past  three 

or  maintaining  each  kind  of  pavement  years  general  sales  manager  of  the  Chain 

is    analyzed    and    tabulated   so   as   to  Belt  p°:>   Milwaukee,    has   been    elected 

^„^„+„«n,r    Ani™™;„~    „,i,~  +    m~a~    ~#  second  vice-president.  Mr.  Messinger  was 

eventually   determine   what    kinds    of  graduated  from  the    Sheffield    Scientific 

pavements   are   most   economical.  School,  Yale  University,  in  1911  and  en- 

rrn,^   „„«„„i    „~^~„+   *~„   moi    ^*   iv,„  tered  the  employ  of  the   Chain  Belt  Co. 

The  annual   report  for  1921   of  the  the  same  year.    He  has  at  various  times 

director     of     public     improvements  occupied     the     positions     of     advertising 

shows  the  cost  of  repairs  per  square  manager,     manager     of    concrete     mixer 

I       i                      ,   1**JaiLa   ^    7uaiC  sales  and  general  sales   manager.    He  is 

yard  ot  pavement  bases  and  of  sur-  aiso  a  director  of  the  Chain  Belt  Co.  and 

face  layers,  separately  and  added  to-  a  director  of  the  Interstate  Drop  Forge 

eether  Co.,    Milwaukee.      The     Chain     Belt    Co. 

s            '  manufactures  conveying  and  transmission 

The  total  paved  streets  on  Dec.  31,  chains,    concrete    mixers,    conveying   ma- 

1921,   was    282   miles.     The    principal  ^rn^' tra^namrRe^  screens'  a11  un" 

kinds  of  pavements  are  shown  in  the  Maj.     Frederic    E.    Wheeler,    formerly 

table  below.  president    of   Finlay-Wheeler,    Inc.,    con- 

ThP  citv  has  an   Pxrpllpnt  mnnirinal  tractors'    equipment    dealers     of    Buffalo 

ine  city  nas  an  excellent  municipal  and  Rochester>  N.  y    has  joined  the  Chi- 

asphalt  pavement  plant  equipped  with  cago  sales  staff  of  Blaw-Knox  Co.,  man- 
storage  bins,  conveyors,  steam  rollers  ufacturers  of  road  builders  equipment, 
and  QtrPPt  tonl«  ThiQ  nlant  rost  clamshell  buckets,  steel  forms  for  con- 
ana  street  toois.  inis  piant  cost  crete  construction,  Prudential  sectional 
$76,355,  not  including  the  land.  This  steel  buildings,  transmission  towers  and 
plant  repairs  all  old  asphalt  pave-  other  steel  products.  Maj.  Wheeler  is  well 
™«„+„  „«/i  i~™  „~™~  „/„,  ^«^.  ^„  qualified  to  handle  the  Blaw-Knox  line 
ments  and  lays  some  new  ones  on  £y  reaSon  of  his  four  years  of  experience 
new  locations.  The  cost  of  repairs  as  general  manager  of  Finlay-Wheeler, 
made  by  the  city  plant  in  1921  to  the  Blaw-Knox      sales      representatives      in 

«,««**-     ™i,,-li,     w.    ~     ~~„„„a     +v,~  western  New  York.    Previous  to  this  he 

pavements    which    have    passed    the  was    for    three    years    superintendent  'of 

5-year  guaranteed   periods  of  the  ori-  construction   for    the   Donner    Steel    Co., 

einal     contractors     is     shown     in    the  after  two  years  as  resident  engineer  for 

gnidi     contractors    is     snown    in     tue  Erie  R                Huntington,  Ind. 

following  table:  

COST  OF  1921  PAVEMENT  REPAIRS  BY  NEWARK,  N.  J.,  CITY  ASPHALT,  ETC., 

PLANT. 

Surface  layer.  Concrete  base.               Total, 

Kind  of  Pavement.                       Sq.  yds.  Per  sq.  yd.        Sq.  yds.      Per  sq.  yd.         both.* 

Sheet    asphalt 51,499  $1.8126               3,979             $2.3313             $4.1439 

Granite    block    27,815  1.5262              1,131              2.6651              4.1913 

Brick 6,679  3.4968               3,236               4.1820               7.6788 

Asphalt  block    126  4.2169                    59               2.9908               7.2077 

Wood  block    4,168  4.4164              3,487            . 1.5341f            5.9505 

♦Total  both — means  where  surface  and  base  were  repaired  at  same  locations. 
tRepairs  to  base  of  wood  block  pavement    consisted    of    replacing    injured    1    in. 
mortar  cushion   with  another  on  the  existing  good  6  or  8  in.  concrete  base  below. 
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How  to  Persuade  Water 

Consumers  to  Favor 

Metering 

When  the  incandescent  electric 
lamps  were  first  introduced  45  years 
ago,  the  rates  charged  were  based 
upon  the  number  of  lamps  in  service. 
This  was  soon  found  to  be  an  uneco- 
nomic practice,  for  it  put  a  premium  on 
wastefulness.  Our  older  readers  will 
recall  the  time  when  it  was  a  com- 
mon thing  to  see  lamps  burning  in 
broad  day  light.  Why  should  the 
householder  turn  off  the  current  when 
his  bill  for  lighting  would  be  unaltered 
by  such  thrift? 

In  the  matter  of  water  consumption 
most  householders  are  today  as  waste- 
ful as  were  the  users  of  electric  light 
up  to  30  years  ago,  and  for  the  same 
reason. 

Electric  companies  found  it  profit- 
able for  all  concerned  to  meter  the 
current  sold,  for  it  enabled  them  to 
reduce  costs  and  reduce  rates,  while 


coincidentally  increasing  net  earnings. 

Water  departments  secure  equally 
desirable  results  by  metering  and 
nearly  all  water  consumers  would  be 
metered  were  it  not  for  the  ignorance 
so  prevalent  among  water  consumers. 
It  is  the  task  of  waterworks  superin- 
tendents and  engineers  to  dispel  this 
ignorance. 

One  way  of  educating  the  public  is 
to  enclose  with  every  water  bill  to 
flat  rate  customers  a  pamphlet  setting 
forth  the  economic  advantage  of  uni- 
versal metering.  Point  out,  for  exam- 
ple, why  electric  lighting  is  no  longer 
sold  on  a  flat  rate  basis.  Give  facts 
to  show  that  it  is  cheaper  to  cool 
water  with  ice  than  by  letting  the 
water  run  continuously  in  summer; 
likewise  that  it  is  cheaper  to  lag  the 
service  and  house  pipes  with  mineral 
wool  than  to  leave  the  faucet  open  to 
prevent  freezing. 

It  costs  money  to  pump  electric 
juice  through  wires.  Likewise  it  costs 
money  to  pump  water  through  pipes. 
Water  is  no  more  "free"  than  elec- 
tricity. Work  must  be  done  and 
money  expended  to  secure  either  kind 
of  juice— the  Edison  kind  or  the 
Adam  kind. 
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Continuous    Versus    In- 
termittent Pumping 

There  are  many  cities  that  pump 
water  into  reservoirs  during  the  day 
time  only,  the  pumps  being  idle  at 
night.  This  plan  is  rarely  economic 
where  electric  power  is  available,  as 
may  be  learned  from  investigating  the 
present  practice  in  regions  where 
water  for  irrigation  is  pumped. 

Electric  power  companies  operating 
in  irrigated  areas  have  learned  that 
it  is  more  economic  to  operate  electric 
pumps  continuously,  for  in  this  way  a 
relatively  small  power  plant  can  pump 
a  large  quantity  of  water.  Of  course 
the  farmer  must  provide  a  small  res 
ervoir  into  which  the  water  flows 
continuously  during  the  irrigating  sea- 
son. But  the  annual  interest  and 
maintenance  charges  on  the  reservoir 
are  much  less  than  the  annual  cost  of 
electric  power  and  fixed  charges  on 
the  smaller  pump  and  motor. 

In  the  case  of  a  city  a  correspond- 
ing saving  can  often  be  effected  by 
enlarging  the  existing  reservoir  so 
that  a  motor-driven  pump  can  be  op- 
erated continuously.  This  does  not 
necessitate  having  two  or  three  shifts 
to  operate  the  pump  house.  One  man 
can  attend  continuously  to  an  electric 
pump  if  an  accident  signal  system  is 
installed  in  his  home.  Even  without 
any  such  signal,  many  irrigating 
pumps  are  operated  continuously  by 
farmers. 


Overcoming     Troubles 
with  New  Wells 

Several  years  ago  the  editor  was  in- 
terested in  a  small  irrigation  project 
for  which  a  well  had  been  sunk  to  a 
depth  of  600  ft.  Water  rose  in  the 
well  to  within  60  ft.  of  the  surface, 
but  when  the  pump  was  installed  it 
would  not  "hold  the  vacuum."  Sev- 
eral "well  experts"  were  called  on  for 
advice,  and  all  declared  that  there  was 
an  inadequate  supply  of  water.  Final- 
ly a  plumber  was  hired  to  go  over  the 
pipe  connections  to  search  for  leaks, 
even  though  the  "well  experts"  had 
declared  that  there  were  none.  With 
an  automobile  pump  the  plumber  filled 
the  pipe  with  compressed  air,  and 
with  an  air  gage  showed  that  the 
air  was  leaking.  He  then  heated  every 
joint  of  the  pipe  with  a  blow-torch 
and  wiped  the  joints  with  a  candle. 
This   closed    the   leaks   so   effectively 


that  the  condemned  well  immediately 
proved  to  be  an  excellent  producer. 

In  another  case  a  well  failed  to  give 
a  satisfactory  yield,  and  it  was  de- 
cided that  the  casing  had  not  been 
properly  perforated.  Study  of  the 
problem  disclosed  that  a  perforator  de- 
signed for  a  smaller  casing  had  been 
used,  and  it  was  concluded  that  the 
walls  of  the  casing  had  been  distorted 
by  the  knives  and  merely  dented  in- 
stead of  being  cut  through.  Accord- 
ingly a  new  perforator  was  used,  with 
the  result  that  abundance  of  water 
was  secured. 

Occasionally  mistakes  are  made  in 
perforating  the  casing  in  the  wrong 
places.  Perforations  that  open  into  a 
clay  stratum  are  obviously  useless.  At 
the  other  extreme  are  perforations 
into  quicksand,  resulting  in  clogging 
the  well.  Sometimes  it  is  necessary  to 
pump  for  two  weeks,  with  frequent 
surging,  before  the  fine  material  in 
the  gravel  is  removed  sufficiently  to 
permit  a  free  flow  of  water  into  the 
well. 


Filter  Plant  Operations  at  Brook- 
line,  Mass. 

The  filter  has  continued  to  give  ex- 
cellent results,  removing  all  the  man- 
ganese— the  mineral  which  gave  the 
most  trouble  of  all — and  95  per  cent 
Of  the  iron.  The  water  delivered  to 
the  consumer  has  been  uniformly 
clear  and  sparkling  and  free  of  all 
odors  and  tastes.  A  careful  study  of 
the  iron  penetration  in  the  sand  since 
it  was  first  put  in  use  nearly  six  years 
ago,  shows  that  it  is  not  the  most 
economical  way  to  remove  all  the 
sand  which  shows  traces  of  iron  at 
each  scraping  and  add  new  clean  sand 
sufficient  to  bring  the  filter  back  to 
grade,  but  to  add  less  sand  or  none 
at  all  until  only  about  18  in.  of  sand 
remains,  the  minimum  depth  which 
will  insure  proper  filtration.  The  re- 
maining sand  should  then  all  be  taken 
out  and  the  filter  filled  to  the  proper 
height  with  clean  sand.  This  method 
of  operation  will  require  an  additional 
sand  court  for  storing  the  sand.  The 
court  can  be  built  between  the  filter 
and  tricklers  at  an  expense  of  about 
$1,500  and  this  sum  is  included  in  the 
estimates  for  the  coming  year. 

The  tricklers  have  been  operated  in 
the  usual  way  and  so  far  show  no 
signs  of  clogging. — From  the  1922  re- 
port of  Fayette  F.  Forbes,  Superinten- 
dent of  Water  Works,  Brookline, 
Mass. 
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Design  of  Masonry  Dams 

To  the  Editor:  In  your  issues  of 
Dec.  13,  1922,  and  Jan.  10,  1923,  you 
give  a  paper  by  Edward  Wegmann  on 
"The  Design  of  Masonry  Dams."  On 
page  125  of  the  issue  of  Dec.  13  Mr. 
Wegmann  refers  to  the  fact  that  all 
early  writers  failed  to  mention  under 
pressure  on  a  dam.  He  then  refers  to 
several  dams  that  failed  and  states 
that  the  cause  was  under  pressure. 
He  hints  that  it  is  scarcely  necessary 
to  consider  under  pressure  and  states 
that  "it  all  depends  upon  the  nature 
of  the  foundation  upon  which  the  dam 
is  to  be  built.  If  it  consists  of  a  per- 
vious, badly  fissured  rock,  some  allow- 
ance for  upward  pressure  should  be 
made  in  designing  the  profile  of  the 
dam." 

Mr.  Wegmann  does  not  attempt  to 
show  how  the  porosity  or  density  of 
the  foundation  has  any  effect  on  th3 
entrance  of  water  into  the  lowest 
mortar  joint  of  a  masonry  dam,  such 
as  the  one  at  Austin,  Texas,  which 
failed.  Also  he  does  not  state  how  a 
perfectly  watertight  joint  can  be 
made,  even  between  a  good  solid  rock 
foundation  and  a  concrete  dam,  or 
how  water  can  be  kept  out  of  hori- 
zontal joints  in  concrete.  If  any  water 
penetrates  and  has  not  a  more  or  less 
free  outlet,  it  will  attain  a  pressure 
corresponding  to  its  head. 

It  is  a  dangerous  thing  to  advocate 
the  ignoring  of  under  pressure  or  even 
to  belittle  its  consideration,  as  Mr. 
Wegmann  has  done.  It  is  a  slender 
thread  on  which  to  hang  the  lives  and 
homes  of  thousands  of  souls — the  ab- 
solute impermeability  of  a  soil.  It 
does  not  take  fissure  for  water  to  pene- 
trate under  a  dam,  and  it  does  not 
take  fissures  for  water  to  attain  a 
high  pressure  in  soil.  Dig  a  well  near 
most  any  body  of  water,  and  water 
will  fill  that  well  up  to  the  level  of 
the  main  body,  fissures  or  no  fissures. 
This  means  penetration  and  it  means 
pressure,  the  things  that  have  wrecked 
a  large  number  of  dams. 

One  of  Mr.  Wegmann's  arguments 
to  sustain  the  attitude  that  he  has 
always  held  against  the  consideration 
of  under  pressure  is  that  the  large 
Croton  dam,  which  he  illustrates  on 
page  126,  was  designed  by  the  late 
Alphonse  Fteley,  who  ignored  under 
pressure  in  the  design.  It  is  not  the 
idea  in  the  mind  of  the  designer,  no 
matter  how  eminent  he  may  be,  that 
is  going  to  sustain  a  structure,  nor 
to   determine  what  forces   act   on   it. 


Whatever  may  have  been  the  process 
that  went  on  in  the  mind  of  this  de- 
signer, it  is  a  fact  that  cannot  be 
disputed  that  the  section  of  the 
Croton  dam  is  heavy  enough  and  wide 
enough  at  the  base  to  resist  overturn- 
ing and  sliding  with  full  under  pres- 
sure exerted  on  the  entire  base,  ac- 
cording to  the  dimensions  given  in 
Mr.  Wegmann's  paper.  Hence  Mr. 
Wegmann's  argument  against  consid- 
eration of  under  pressure,  so  far  as 
this  dam  is  concerned,  has  no  force 
whatever. 

Mr.  Wegmann  states  that  the  Aus- 
tin, Texas,  dam  failed  by  reason  of 
under  pressure.  At  the  time  of  its 
failure,  in  1900,  everything  else  was 
reported  as  the  cause,  including  partial 
vacuum  under  the  falling,  sheet  of 
water.  It  was  not  until  about  8  or  10 
years  after  this  failure  that  any  pub- 
lished statement  appeared  which  at- 
tributed the  failure  to  under  pressure. 

Mr.  Wegmann's  statement  concern- 
ing the  failure  of  early  writers  to 
mention  under  pressure  is  true  only  of 
writers  of  books  on  dams,  where,  of 
course,  one  would  look  for  mention  of 
such  things.  In  1870  an  engineer  used 
under  pressure  in  designing  a  dam. 
In  1888  Mr.  James  B.  Francis  read  a 
paper  before  the  American  Society  of 
Civil  Engineers  and  advocated  its  con- 
sideration. In  1895  Mr.  John  D.  Van 
Buren  read  a  paper  before  the  same 
body  and  recommended  the  same 
thing.  In  spite  of  this,  and  the  fact 
that  dams  were  then  cited  that  had 
failed  because  of  under  pressure,  no 
book  on  dams  ever  gave  a  hint  as  to 
under  pressure  being  a  force  to  con- 
sider in  designing  a  dam  until  about 
1910. 

On  both  of  the  occasions  before  the 
American  Society  of  Civil  Engineers 
Mr.  Wegmann  took  part  in  the  discus- 
sion and  belittled  the  consideration  of 
under  pressure.  On  both  occasions  he 
advanced  the  argument  that  water 
gets  through  a  wall,  where  it  does 
penetrate,  by  capillarity  and  not  with 
force.  He  attempts  to  show  on  these 
occasions,  as  well  as  in  Vol.  75,  1912, 
Am.  Soc.  C.  E.  Trans.,  that  only  a  few 
of  the  dams  that  have  failed  have  had 
that  failure  clearly  traced  to  under 
pressure.  It  appears  that  high  water 
has  been  the  cause  in  most  cases. 

All  of  these  arguments  are  puerile; 
they  are  dangerous.  Water  that  pene 
trates  a  wall  by  capillarity  will  not 
flow  away  without  a  force  behind  it. 
Safety  is  not  a  matter  of  degree  or 
percentage.     Dams   must   be   100   per 
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cent  safe,  or  they  are  not  safe.  I  once 
knew  a  farmer  who  said,  to  reassure 
visitors,  that  his  dog  had  not  bitten 
many  people.  I  avoided  that  dog  as 
unsafe.  Dams  should  be  built  for  high 
water,  floods,  cloudbursts,  whatever 
condition  may  arise  due  to  abundant 
supply  of  water,  or  they  are  not  safe. 

EDWARD  GODFREY. 
Pittsburgh,  Pa. 


fin  accordance  with  our  custom,  the 
above  letter  was  submitted  to  Mr. 
Wegmann  for  such  comment  as  he 
might  wish  to  make.  His  reply  fol- 
lows.— Editor,  Engineering  and  Con- 
tracting.] 

To  the  Editor:  Your  favor,  enclos- 
ing a  copy  of  a  letter  from  Mr.  Ed 
ward  Godfrey  of  Pittsburgh,  Penn.r 
criticising,  rather  severely,  a  paper  on 
"The  Design  of  Masonry  Dams,"  which 
I  wrote  for  the  International  Congress 
of  Engineers,  held  last  September  at 
Rio  de  Janeiro,  Brazil,  and  published 
in  your  "Water  Works  Monthly"  of 
Dec.  13,  1922,  and  Jan.  10,  1923,  was 
duly  received. 

In  answer  to  Mr.  Godfrey's  criticism, 
I  would  like  to  state  the  following 
facts : 

In  the  paper  referred  to  I  stated 
that  the  early  writers  on  the  subject 
of  masonry  dams  did  not  consider  a 
possible  upward  water  pressure  under 
the  base  of  the  dam,  or  at  any  as- 
sumed horizontal  joint,  in  designing 
profile  types,  and  that  it  was  not  until 
the  failure  of  the  Bouzey  dam,  in 
France,  in  1885,  and  of  the  Austin 
dam,  in  Texas,  in  1900,  that  engineers 
began  to  realize  the  danger  of  failure 
from  upward  pressure  for  masonry 
dams,  built  on  porous,  pervious  found- 
ations, or  on  rock  full  of  seams  and 
fissures. 

Mr.  Godfrey's  criticism  of  this  state- 
ment is  that  while  writers  of  books 
may  not  have  mentioned  upward  pres- 
sure on  dams  prior  to  1885,  an  engi- 
neer used  upward  pressure  as  early  as 
1870  in  designing  a  dam,  that  James 
B.  Francis  advocated  its  consideration 
in  1888  (see  Trans.  Am.  Soc.  C.  E.,  Vol. 
19,  p.  147)  and  that  John  D.  Van 
Buren  recommended  the  same  thing 
in  1895  (see  Trans.  Am.  Soc.  C.  E... 
Vol.  34,  page  493).  The  engineer,  who 
considered  upward  pressure  as  early 
as  1870,  to  whom  Mr.  Godfrey  refers, 
was  M.  Bidaut,  the  chief  engineer  of 
the  Gileppe  dam,  the  profile  of  which 
is  shown  on  Plate  48  of  Wegmann's 
book  on  the  "Design  and  Construction 
of  Dams."    This  profile,  for  a  depth  of 


water  of  147.6  ft.,  has  the  very  un- 
usual top  width  of  49.2  ft.  and  a  width 
of  base  of  215.9  ft.  The  corresponding 
widths  of  the  new  Croton  dam,  for  the 
same  depth  of  water,  are,  respectively, 
18  and  110  ft. 

The  profile  of  the  Gileppe  dam, 
which  involves  about  75  per  cent  of 
useless  masonry,  has  been  severely 
criticized  by  European  engineers.  Mr. 
Bidaut  considered  in  his  calculations-: 
not  only  upward  pressure  under  the 
dam,  but  assumed,  also,  water  to  per- 
colate to  such  an  extent  through  the 
masonry  as  to  reduce  its  specific  grav- 
ity from  2.3  to  1.3.  The  design  of  its 
profile  is  certainly  not  to  be  admired. 

The  papers  on  high  masonry  dams, 
by  J.  B.  Francis  and  John  D.  Van 
Buren,  to  which  Mr.  Godfrey  refers, 
were  read  before  the  American  So- 
ciety of  Civil  Engineers  after  the  fail- 
ure of  the  Bouzey  dam  had  occurred, 
viz.,  respectively  in  1888  and  1895.  Mr. 
Francis  gives,  in  his  paper,  two  for- 
mulas for  determining  the  profile  of 
a  masonry  dam:  one  for  a  dam  sub- 
ject to  upward  pressure,  and  the  other 
for  the  case  where  no  upward  pres- 
sure occurs.  Mr.  Francis  makes,  how- 
ever, no  recommendation  in  his  paper 
as  to  whether  upward  pressure  should 
generally  be  considered  in  designing  a 
masonry  dam  or  not. 

Mr.  Van  Buren,  on  the  other  hand, 
recommends  that  an  upward  pressure 
under  the  base  of  the  dam,  due  to  the 
full  head  in  the  reservoir,  and  at  each 
assumed  horizontal  joint,  should  always 
be  considered  in  designing  the  profile 
of  a  masonry  dam,  and  that  where  ice 
occurs,  an  additional  allowance  for  ice 
pressure  should  be  made. 

The  profile  designed  by  Mr.  Van 
Buren  with  these  conditions  for  a 
depth  of  water  of  250  ft.,  has  a  base 
width  of  352  ft.,  while  the  width  of 
the  New  Croton  dam  for  the  same 
depth  of  water  is  only  206  ft.  If  the 
profile  of  the  New  Croton  dam  had 
been  designed  according  to  Mr.  Van 
Buren's  recommendations,  its  base 
would  have  been  about  400  1*-  wide. 
With  a  maximum  depth  of  foundation 
of  about  130  ft.,  think  what  the  ex- 
pense of  excavating  a  trench  over  400 
ft.  wide  would  have  been. 

The  question  arises :  Should  outward 
pressure  under  the  base  of  a  dam, 
and  at  each  assumed  horizontal  joint, 
be  always  assumed  in  designing  a 
masonry  dam,  and,  if  so,  to  what  ex- 
tent? Evidently,  this  depends  upon 
the  nature  of  the  foundation  and  the 
engineer  must  use  good  judgment  in 
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deciding  whether  to  make  allowance 
for  upward  pressure,  and  for  how 
much. 

In  France  there  are  many  fine  ma- 
sonry dams,  up  to  165  ft.  in  height, 
whose  profiles  were  designed  without 
making  any  allowance  for  upward 
pressure.  In  none  of  the  dams  in  the 
Croton  watershed,  designed  by  Mr. 
A.  Fteley,  viz.:  New  Croton  dam,  297 
ft.  high,  Titicus  dam,  135  ft.  high,  and 
Sodom  dam,  98  ft.  high,  was  any  al- 
lowance for  upward  pressure  made  in 
designing  the  dams.  There  are  many 
other  masonry  dams  in  America  de- 
signed in  the  same  way. 

Mr.  Godfrey  states  in  his  letter: 
".  .  .  it  is  a  fact  that  cannot  be  dis- 
puted that  the  section  of  the  Croton 
dam  is  heavy  enough  and  wide  enough 
at  the  base  to  resist  overturning  and 
sliding  with  full  under  pressure  ex- 
erted on  the  entire  base,  according  to 
the  dimensions  given  in  Mr.  Weg- 
mann's  paper."  Let  us  examine  this 
question. 

The  profile  of  the  New  Croton  dam 
was  based  entirely  upon  that  of  the 
Quaker  Bridge  dam,  which  was  de- 
signed after  elaborate  studies  and  cal- 
culations. The  profile  of  the  latter 
dam  (see  plate  78  of  Wegmann  on 
Dams),  which  was  designed  for  a 
maximum  depth  of  water  of  258  ft., 
has  a  top  width  of  18  ft.  and  a  width 
of  216  ft  at  the  base.  The  horizontal 
resultant  of  the  water  pressures  on 
both  sides  of  the  dam  amounts  to 
1,843,594  lb.,  and  has  a  lever-arm  of 
93.31  ft.  above  the  base  of  the  dam. 
The  total  weight  of  the  masonry  and 
gravel  in  the  river  bed,  supported  by 
the  base  of  the  dam,  is  4,531,609  lb. 
The  above  data  are  taken  from  Mr. 
A.  Fteley's  Report  on  the  Quaker 
Bridge  Dam,  published  by  the  Aque- 
duct Commissioners  of  New  York  in 
1889. 

With  these  official  data,  a  simple 
calculation  shows  that  if  we  assume 
a  full  water  pressure,  due  to  a  head 
of  258  ft.  under  the  base  of  the  dam, 
the  overturning  moment  is  more  than 
trebled  and  the  factor  of  safety 
against  overturning,  which  ought  not 
to  be  less  than  2,  is  reduced  to  1.03. 
The  line  of  resistance  for  reservoir 
full  would  cut  the  base  within  4  ft. 
of  the  down-stream  toe,  causing  great 
tension  at  the  up-stream  face  of  the 
dam  and  great  pressure  at  the  down- 
stream face.  According  to  theory,  a 
dam  of  incompressable  masonry,  built 
on  an  unyielding  foundation,  would 
not  be  overturned  so  long  as  the  lines 


of  pressure  lie  within  its  profile.  In 
practice  with  real  masonry  this  is 
far  from  being  true. 

If  we  should  calculate  the  pressure 
in  the  masonry  in  the  above  case  by 
the  formulas  for  a  uniformly  varying 
stress,  and  neglect  any  stability,  due 
to  tension  in  the  masonry,  as  recom- 
mended by  writers  on  dams,  we  would 
find  the  maximum  pressure  near  the 
down-stream  face  to  be  about  128  tons 
per  sq.  ft.  With  the  line  of  pressure 
for  reservoir  full  only  4  ft.  from  the 
down-stream  toe  the  pressure  in  the 
masonry  would,  probably,  not  be  dis- 
tributed as  a  uniformly  varying  stress, 
but  there  can  be  no  doubt  that  if  the 
dam  did  not  fail  at  once  it  would  be 
on  the  point  of  failure. 

As  actually  built,  the  New  Croton 
dam  has  a  width  of  base  of  only  206 
ft.— 10  ft.  less  than  that  of  the  pro- 
posed Quaker  Bridge  dam — and  has  to 
resist  the  water  pressure  of  a  head  of 
287  ft.,  which  is  28  ft.  greater  than  the 
head  on  the  Quaker  Bridge  dam.  The 
former  dam  has,  therefore,  less  stabil- 
ity than  the  latter  and  with  full  up- 
ward pressure  would  be  very  near  the 
point  of  being  overturned,  even  if  the 
masonry  and  the  foundation  were  ab- 
solutely unyielding,  which  is  never  the 
case. 

In  conclusion,  I  would  say  that  I  do 
not  belittle  the  action  of  the  upward 
water  pressure,  where  it  exists,  but 
claim  that  there  are  many  rock  found- 
ations where  it  need  not  be  taken  into 
account  in  designing  a  masonry  dam. 
If  cost  had  not  to  be  considered,  we 
might  adopt  some  simple  rule  and 
make  the  base  of  a  dam  iy2  to  2  times 
the  depth  of  water  which  it  has  to 
retain.  Skill  in  engineering  consists, 
however,  in  obtaining  the  required 
safety  at  a  minimum  of  expense. 

E.  WEGMANN. 
New  York,  N.  Y. 


Tree  Planting  by  Water  Department 
of  Springfield,  Mass. — In  1912  the 
policy  was  adopted  of  planting  white 
pine  trees  on  watershed  land  of 
Springfield  and  with  the  exception  of 
the  three  years  during  the  war,  plant- 
ings have  been  made  annually  up  to 
the  present  time.  In  1922  4,000  Scotch 
pine  and  4,000  Norway  spruce  were 
planted  on  the  Ludlow  watershed; 
and  14,000  Scotch  pine  and  9,000  Nor- 
way spruce  on  the  Little  River  water- 
shed. This  brings  the  total  amount 
to  287,200  trees  which  have  been  set 
out  on  water-works  land. 
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Water  Waste  and  Results  of 
100  Per  Cent  Metering 

Abstract  of   Paper   Presented   Before 
Engineers'  Club  of  Baltimore,  Md. 

By  A.   E,  WALDEN, 

Operating     Agent,     Annex     Water     Com- 
panies, Baltimore,  Md. 

The  causes  of  water  waste  are  many 
and  include:  Failure  to  turn  off  spig- 
ots after  using  water,  failure  to  turn 
off  hose  after  washing  sidewalks,  un- 
necessary sprinkling  of  lawns  and 
sidewalks,  leaky  fixtures,  leaky  mains 
and  services,  toilets  with  too  large  a 
tank  capacity,  deferring  maintenance 
of  fixtures,  garages  now  on  a  flat  rate 
which  are  supposed  to  be  metered, 
unauthorized  use  of  water  for  pur- 
poses other  than  for  fire  from  fire  pro- 
tection systems  (for  which  a  readi- 
ness-to-serve charge  only  is  made),  hy- 
draulic elevators  not  re-using  the 
water,  street  and  sewer  flushing,  un- 
authorized use  of  fire  hydrants  foi 
steam  rollers,  etc.  All  these  cases 
can  be  controlled  automatically  by 
metering.  And  not  only  without  ad- 
ditional cost  but  with  reduction  of 
cost  and  an  increase  in  quantity  of 
water  available. 

The  proof  of  waste  under  a  flat  rate 
system  is  easily  shown  by  examining 
statistics  of  cities  where  a  change 
from  flat  rate  to  metered  rate  has 
been  made.  In  these  cases  a  reduc- 
tion is  shown  of  from  40  per  cent  to 
50  per  cent  of  what  had  been  pumped 
under  flat  rate  systems.  To  measure 
and  locate  the  waste  at  all  adequately 
meters  must  be  used,  as  only  with 
meters  can  it  be  told  whether  the  use 
of  the  water  is  legitimate  or  waste. 
In  the  flat  rate  system  the  cost  of  ef- 
fective operation,  inspections,  pitome- 
ter  tests,  waste  surveys,  etc.,  more 
than  offsets  the  cost  of  meters.  Un- 
like flat  rate  inspections,  meters  are 
on  the  job  all  the  time.  No  public 
utility  would  be  considered  on  a  sound 
operating  basis  if  its  unaccounted-for 
product  exceeded  10  per  cent  of  its 
total  product,  yet  most  water  depart- 
ments, and  even  privately  operated 
water  companies,  will  show  that  the 
unaccounted-for  use  of  water  will  be 
at  least  40  per  cent  of  the  total  pump- 
age.  This  is  particularly  true  where 
a  flat  rate  system  is  used. 

Experience  in  Waste  Elimination.— 
Wherever  meters  have  been  installed, 
whether   the    system    is    partially    or 


wholly  metered,  there  has  been  a 
marked  reduction  in  the  water  deliv- 
ered, with  no  apparent  reduction  in 
the  legitimate  use  of  water.  For  in- 
stance, in  the  northern  and  western 
sections  of  the  new  annex  of  Balti- 
more and  Baltimore  County  the  per 
capita  consumption  is  now  from  40 
to  50  gal.  daily.  But  before  100  per 
cent  metering  it  was,  in  Catonsville 
at  least,  100  gal.  per  capita  daily.  In 
Highlandtown,  which  is  less  than  20 
per  cent  metered  and  where  there  is 
a  preponderance  of  industrial  use,  the 
per  capita  consumption  is  about  140 
gal.  a  day.  Baltimore  City's  dail.v  per 
capita  consumption  is  about  170  gal. 
Now  this  170  is  a  far  higher  figure 
than  would  be  had  with  meters.  Cleve- 
land reduced  her  per  capita  daily  con- 
sumption from  165  to  90  gal.  In  1898 
Milwaukee,  with  about  60  per  cent  of 
the  total  service  metered,  had  reduced 
the  per  capita  daily  consumption  from 
about  300  to  80  gal.  In  Los  Angeles 
metering  reduced  the  figure  from  300 
to  an  average  of  120  gal.;  and  in  this 
case  the  presence  of  wide,  deep  lawns 
and  much  shrubbery  probably  make 
the  consumption  much  greater  than 
would  otherwise  be  the  case.  In  At- 
lanta, Ga.,  the  reduction  gained  by  the 
installation  of  meters,  in  the  total 
water  delivered  was  60  per  cent. 

Comparison  of  Cost  Under  Flat  Rate 
System  and  Under  a  Metered  System. 
— Where  flat  rates  are  in  effect  the 
water  consumption  varies  from  150  to 
200  gal.  per  day  per  capita.  Where 
metered  rates  are  in  effect  the  con- 
sumption is,  in  general,  40  to  50  gal. 
Thus  there  is  four  times  as  much 
water  used  under  a  flat  rate  system 
as  is  used  under  a  metered  system. 
This  means  that  land  must  be  bought 
and  paid  for  under  the  flat  rate  sys- 
tem for  reservoirs  to  care  for  a  stor- 
age four  times  greater  than  would  be 
needed  under  a  metered  system.  Four 
times  greater  capacity  is  required  in 
the  pumps,  in  the  purification  plant 
and  in  the  distributing  system.  The 
operating  expense  of  pumping,  purify- 
ing and  distributing  four  times  as 
much  water  as  would  be  used  with 
meters  installed  is  also  very  consider- 
able. 

Cost  of  Installation. — The  unit  cost 
of  installation  (including  the  cost  of 
the  meter)  will  be  about  $12.00  in  the 
old  part  of  Baltimore  and  about  $15.50 
in  the  annex.  Taking  the  installation 
cost  at  $15.50  and  assuming  there  are 
10,000  services,  we  should  have  a  cost 
of  $155,000,  on  which  interest,  sinking 
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funds,  and  depreciation  of,  say,  9  per 
cent  will  have  to  be  paid.  We  can 
assume  then  that  $225,000  will  be  the 
yearly  meter  expense  provided  Balti- 
more is  100  per  cent  metered.  If  the 
city  of  Boston,  with  a  consumption  ol 
112  gal.  daily  per  capita,  is  taken  as 
comparable  to  Baltimore,  there  is  no 
reason  why  the  consumption  in  Bal- 
timore should  not  be  reduced  from 
170  to  112  gal.  This  would  be  a  re- 
duction of  34  per  cent  and  would  save 
the  citizens  of  Baltimore  at  least  $344,- 
435  yearly.  This  saving  is  at  present 
a  dead  loss  to  the  citizens.  It  would 
pay  for  the  entire  cost  of  installation 
of  meters  within  five  years. 

How  Meters  Reduce  the  Cost  of 
Water. — There  is  no  doubt  that  a 
considerable  reduction  in  the  tax  rate 
could  be  made  if  water  was  sold  en- 
tirely by  meter.  From  my  knowledge 
of  business  and  from  a  study  of  water 
works  statistics,  the  reduction  in  the 
tax  rate  should  be  from  15  ct.  to  25  ct. 
There  is  no  reason  why  the  actual 
reduction  in  water  supplied  should  not 
equal  or  exceed  50,000,000  gal.  daily. 
It  is  possible  to  reduce  the  actual 
water  consumption  in  Baltimore  by 
one-half,  or  from  170  gal.  per  day  per 
capita  to,  say,  85  gal.  per  day  per 
capita.  Immediately  the  capacity  of 
the  system  is  doubled  for  the  same 
population,  and  instead  of  an  assumed 
life  of  10  years  before  additional  cap- 
ital expenditures  are  required  there 
would  be  a  life  of  20  years.  Putting 
it  another  way  we  can  say  that  the 
same  capacity  would  be  able  to  serve 
double  the  population.  The  operating 
expenses  will  also  be  cut  in  half. 
Taking  the  total  average  cost  per  mil- 
lion gallons  delivered  at  $80.00  (as  is 
reported  from  statistics  of  28  cities 
in  1919)  we  have,  for  a  reduction  of 
20,750  million  gallons  reduced  the 
yearly  operating  cost  by  $1,606,000. 
Deducting  the  yearly  assumed  meter 
expense  of  $225,000  we  have  a  net 
yearly  saving  of  $1,381,000,  or  23  ct. 
on  the  tax  rate.  "The  present  filtra- 
tion plant  can  be  made  to  supply  the 
needs  of  an  increased  population  to 
the  extent  of  40  per  cent  to  50  per 
cent  with  the  elimination  of  the  pres- 
ent waste.  If  the  waste  is  not  stopped 
the  plant  must  be  increased.  The  cost 
of  new  units  for  the  filtration  plant 
will  exceed  the  investment  in  meters 
The  investment  in  distribution  sys 
tern  is  less  with  meters  than  on  a  fiat 
rate.  Why  continue  a  system  requir- 
ing a  20-in.  main  for  a  particular  ex- 
tension when  under  a  meter  system  a 


12-in.  main  will  supply  all  the  water 
needed?  The  operating  cost  decreases 
as  the  amount  of  water  pumped  de- 
creases, as  to  pumping,  filtration  and 
chemical  treatment.  The  saving  on 
such  costs  will  be  greater  than  the 
cost  of  operating  on  the  meter  sys- 
tem. If  meters  are  decided  upon  now 
there  will  be  enough  money  already 
authorized  to  enable  the  city  to  buy 
them,  if  not  decided  upon,  another 
loan  will  be  necessary  within  ten 
years  to  increase  the  supply." 

The  cost  of  the  wasted  water  is 
much  greater  than  the  fixed  and  op- 
erating charge  of  a  meter  system. 
The  cost  of  purchasing  and  installing 
would  be  distributed  over  a  5-year 
period,  whereas  deferring  the  use  of 
water  meters  reduces  the  margin  be- 
tween an  ample  and  an  insufficient 
supply  of  water.  The  city  should  have 
protection  in  addition  against  the  cost 
of  handling  the  extra  sewerage  caused 
by  the  present  waste.  Indeed  meters 
should  be  installed  even  with  an  un- 
limited supply  of  water,  because  it  is 
cheaper  to  use  meters  than  to  do  with- 
out them,  and  it  costs  less  money  to 
have  water  on  a  metered  basis  than 
on  a  flat  rate.  Without  a  meter  sys- 
tem for  recording  the  amount  of  water 
used  and  a  charge  for  water  by  meter 
based  on  both  fixed  and  fluctuating 
yearly  costs,  there  is  no  incentive  for 
any  private,  domestic  or  industrial 
customers  or  any.  city  department  to 
avoid  waste.  The  city  departments  as 
well  as  private  users  waste  water 
under  the  present  system.  In  no  sense 
of  the  word  can  meters  be  said  to  in- 
crease the  expense  over  that  of  the 
flat  rate.  The  only  saving  of  a  flat 
rate  is  in  the  annual  billing  as  com- 
pared with  quarterly  billing  with 
meters,  and  that  is  more  than  offset 
by  the  added  expense  of  stopping  or 
trying  to  stop  the  waste  in  other  ways 
Quarterly  meter  readings  keep  the 
meters  in  first  class  order  owing  to 
the  more  frequent  inspections. 

How  Water  Meters  Fairly  Distribute 
the  Cost  of  Water. — The  supply  of 
water  is  not  a  fixed  service,  like 
police  and  fire  protection,  organized 
to  an  extent  dependent  only  upon  the 
amount  of  population,  but  is  a  service 
varying  according  to  the  amount  of 
use;  hence  that  part  of  the  use  over 
and  above  the  minimum  required  for 
health  and  sanitation  is  a  cost  cor 
rectly  chargeable  to  the  individuals 
responsible  for  the  waste  and  should 
be  collected  from  them  and  not  from 
the  tax  levy.    The  method  of  charging 
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for  water  through  meters  is  a  fairer 
method  of  charging  than  under  any 
other  system.  Water  rates  cannot  be 
equalized  as  between  occupants  of 
separate  houses  of  the  same  size,  nor 
as  between  families  of  the  same  size, 
for  the  use  is  different  in  each  case; 
so  that  any  attempt  at  equalization 
that  is  not  based  on  the  amount  of 
water  used  is  a  farce.  Meters  are 
necessary  to  effect  rates  based  on  the 
amount  of  water  used.  It  is  not  fair, 
for  instance,  to  use  any  but  a  meter 
basis  where  some  houses  have  flush 
tanks  of  8  gal.  capacity,  and  others 
have  them  of  only  5  or  3  gal.,  and 
different  types  of  faucets  and  other 
water  fixtures. 


Use  of  Deep  Well  Water  to 

Secure  Alkalinity  for 

Treating  Surface 

Waters 


Abstract   of   Paper   Presented    at   An- 
nual   Meeting    of    North    Carolina 
Section    of    American     Water 
Works    Association 

By   GEO.   P.    WOMBLE, 

Superintendent,     Municipal    Electric    and 
Water  Department,  Washington,  N.  C. 

Upon  putting  into  service  our  new 
filtration  plant  it  was  soon  found  that, 
owing  to  the  amount  of  alum  required 
to  get  proper  coagulation,  it  was  nec- 
essary to  use  a  very  large  quantity  of 
soda-ash,  which,  aside  from  the  exces- 
sive cost  entailed,  proved  difficult  to 
regulate  properly. 

After  investigating  the  problem  it 
was.  decided  to  drive  a  test  well  on 
our  property  to  ascertain  the  advis- 
ability of  using  deep  well  water  for 
securing  the  desired  alkalinity.  Upon 
completion  of  the  well,  tests  showed 
the  alkalinity  of  the  water  to  be 
around  300  p. p.m.  which  for  all  intents 
and  purposes  was  satisfactory.  The 
test  well  was  driven  to  a  depth  of  60 
feet,  at  which  level  a  sufficient  quan- 
tity of  water  was  obtained. 

Upon  finding  a  sufficient  quantity  of 
water  suitable  for  our  purposes  it  was 
decided  to  sink  five  3-inch  wells,  which 
furnished  an  ample  supply  for  our  use. 
These  wells  were  spaced  over  an  area 
of  about  200  ft.  square,  rectangular  in 
shape.  The  casings  were  all  brought 
to  one  header  and  carried  to  the 
pump,  which  is  of  the  triplex  pattern, 
with  a  capacity  of  300  gals,  per  min- 


ute. This  was  formerly  used  in  our 
old  water  plant  for  pumping  from 
wells,  and  has  proven  highly  satisfac- 
tory in  its  new  location. 

The  capacity  of  the  filtration  plant 
is  1,000,000  gals,  per  day.  At  present 
there  is  a  consumption  of  about  450, 
000  gals,  per  day.  The  alkalinity  of 
the  raw  water  varies  from  4  to  5  p.p.m 
Previous  to  the  employment  of  deep 
well  water  for  correcting  the  deficient 
alkalinity,  we  used  alum  at  the  rate  of 
500  lbs.  per  million  gals,  and  soda  ash 
at  the  rate  of  300  lbs.  per  million  gals. 
We  now  use  about  300  lbs.  per  mil- 
lion gallons  and  no  soda-ash. 

The  ideal  arrangement  for  using 
well  water  for  correction  of  deficient 
alkalinity  is  to  place  a  meter  in  the 
discharge  line  between  the  pump  and 
mixing  chamber  and  by  metering  the 
raw  water  supply  the  alkalinity  can  be 
regulated  to  a  nicety,  resulting  in  a 
quality  of  water  greatly  to  be  desired. 
The  amount  of  well  water  used  is  reg- 
ulated by  a  gate  valve  placed  in  the 
suction  line  to  the  pump,  and  is  varied 
in  accordance  with  the  results  of  lab- 
oratory tests  of  the  filtered  water. 

It  has  been  our  experience  that  this 
method  of  treatment  is  far  more  satis- 
factory than  the  soda-ash  or  other 
treatments.  The  savings  in  our  case 
have  reached  in  some  instances  as 
much  as  $5  per  day,  varying  of  course 
with  the  price  of  soda-ash  and  quanti- 
ties used. 

The  original  layout  as  described  was 
enlarged  a  year  ago  by  adding  two 
more  wells  of  the  same  size  and  con- 
nected to  the  original  suction  header. 
This  enlargement  was  not  made  on 
account  of  a  lack  of  water  for  cor- 
rection of  deficient  alkalinity,  but  to 
increase  our  supply  to  the  point 
where  we  could  depend  upon  the  wells 
as  an  auxiliary  to  our  regular  supply 
in  event  of  the  failure  of  our  filtration 
plant  or  other  cause.  We  were  fully 
justified  in  making  this  additional  en- 
largement by  the  conditions  which 
presented  themselves  in  less  than  60 
days  after  the  completion  of  the  work. 
Being  situated  on  the  Coast  our  water 
supply  ma;  become  brackish  upon  a 
continuance  of  winds  from  the  south- 
east, which  carry  the  tide  into  the 
creek  from  which  we  obtain  our  sup- 
ply. During  the  period  referred  to,  the 
prevailing  winds  from  the  southeast 
lasted  for  about  60  days  and  caused 
the  surface  supply  to  become  salty, 
whereupon  our  well  pump  was  brought 
into  play  and  furnished  our  total  sup- 
ply   during    the    whole    period. 
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Intensive  Operation  of  Construction  Equipment 


Methods  of  Spreading  the  Load  Curve  in  Work  for  Water  Depart- 
ments  Outlined   in   Paper   Presented   Before    Iowa 
Section  of  American  Waterworks  Assn. 

By  HOMER  V.  KNOUSB, 

Construction    Engineer,    Metropolitan    Utilities  District,  Omaha,  Neb. 


In  Fig.  1  are  presented  three  curves 
giving  the  performance  by  weeks  of 
a  wheel  type  trenching  machine  hav- 
ing a  maximum  capacity  of  a  trench  24 
in.  wide  by  6  ft.  deep.  The  first 
curve,  or  "machine  operator's  score" 
gives  values  of  hours  digging  plus 
hours  moving  divided  by  hours  dig- 
ging plus  hours  moving  plus  hours  re- 
pairing. Idle  time  is  not  considered  in 
this  curve,  inasmuch  as  the  operator 
is  not  responsible  for  the  time  when 
there  is  no  work  provided  for  the  ma- 
chine. 

The  second  curve  or  "general  fore- 
man's score,"  checks  the  total  time  of 
digging,  moving  and  repairing  to  total 
working  hours,  and  is  an  index  of  the 
degree  to  which  the  work  was  pro- 
vided for  the  machine. 

The  third  curve  is  a  combination  of 
the  first  two,  and  represents  the  value 
of  the  machine  to  the  district. 

By  decreasing  repair  time  and  in- 
creasing digging  time,  it  will  be  possi- 
ble for  the  operator  to  increase  his 
score.  Since  digging  time  is  figured 
by  measuring  the  amount  of  trench 
opened  and  dividing  by  an  allowance 
of  100  ft.  per  hour,  it  is  not  unreason- 
able to  expect  that  a  score  of  between 
90  and  100  may  be  obtained  by  tho 
operator.  While  the  machine  is  capa- 
ble of  digging  138  ft.  per  hour,  an  al- 
lowance for  "digging  in,"  raising  over 
other  services,  cleaning  of  buckets 
when  necessary,  oiling,  greasing  and 
adjustments,  makes  100  ft.  per  hour 
for  the  entire  day  a  reasonable  aver- 
age to  expect. 

How  the  Score  Sheet  Will  Increase 
Operating  Efficiency.— The  general 
foreman  will  be  able,  by  better  co- 
ordination of  his  work,  to  reduce  the 
idle  time  and  to  obtain  a  higher  score. 
Pipe-laying  gangs  can  be  directed  to 
follow  the  machine  as  may  be  neces- 
sary to  keep  their  part  of  the  work 
as  closely  behind  the  trenching  ma- 
chine as  possible,  and  when  numerous 
or  difficult  connections  are  necessary, 


extra  gangs  may  advantageously  be 
used  to  keep  the  progress  at  a  maxi- 
mum. 

It  is  proposed  to  furnish  a  corrected 
score  sheet  weekly  to  the  men  inter- 
ested, and  to  instruct  them  so  that 
they  may  figure  their  score  day  by  day 
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Fig.     1. — Weekly     Scores     of     Trenching 


and  thus  be  fully  informed  as  to  how 
they  are  succeeding  in  obtaining  max- 
imum results.  While  this  should  re- 
sult in  obtaining  a  better  load  curve 
for  the  machine  it  should  also  result 
in  increasing  the  efficiency  of  all  cor- 
related work. 

It  is  confidently  expected  that,  by 
using  the  system  of  records,  the  men 
responsible  for  the  various  factors  will 
be  able  to  visualize  the  progress  of 
their  work  and  so  increase  the  operat- 
ing efficiency  that  the  unit  cost  of 
trenching  may  be  decreased  from  20 
to  30  per  cent. 

The  machine  considered  in  the  fore- 
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going  paragraphs  is  essentially  a  one- 
purpose  machine;  but,  in  the  con 
struction  department  of  utilities,  there 
are  many  operations  which,  although 
rather  disimilar,  may  often  be  per- 
formed by  a  single  piece  of  equipment. 

Increasing  Load  Curve  of  Back- 
Filler. — For  example,  a  back-filler  now 
in  use  by  this  department  has  had  its 
load  curve  greatly  benefited  by  adapt- 
ing it  to  several  uses.  In  addition  to 
being  a  rapid  back-filler,  it  has  been 
used  on  other  work,  as  follows: 

For  unloading  cast  iron  pipe  from 
cars,  the  costs  were  reduced  60  per 
cent  (Fig.  2). 

With  bottom  dump  buckets,  deep 
excavations    may    be     handled     more 
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Fig.  2. — Back-Filler  Unloading  Pipe. 


cheaply  and  the  work  speeded  up  as 
compared  with  hand  methods. 

For  erecting  reinforcing  steel  and 
forms  in  building  work,  the  backfiller 
made  a  satisfactory  traveling  crane. 

For  pouring  concrete  in  column 
forms,  a  special  mast  and  bucket 
made  the  handling  of  the  work  a  sim- 
ple matter  (Fig.  3). 

The  Metropolitan  Utilities  District 
has  in  service  a  small  gasolene-driven 
drag  line  which  has  proven  very  use- 
ful for  excavating  trenches  for  large 
size  pipe,  for  handling  pipe  while  lay- 
ing, for  unloading  sand  and  stone,  for 
unloading  and  bunkering  coal  and  as  a 
back-filler. 

Compressor  Outfit  Mounted  on 
Truck  Chassis. — An  Ingersoll-Rand  air 
compressor  was  placed  in  service 
about  July  1.  While  cost  data  are  not 
available  in  sufficient  detail  to  be 
published,  it  is  felt  that  its  purchase 
was  wise. 

The  compressor  was  delivered  on  a 
steel  truck,  but  it  soon  became  evi- 
dent that  the  racking  due  to  trailing 
behind  a  truck,  over  rough  pavements, 
would  cause  material  damage.  It  was 
then  decided  to  mount  the  unit  on  the 
chassis    of   an    old    truck    which    had 
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been  retired  from  service,  and  the 
first  plan  contemplated  the  use  of  tho 
chassis  as  a  trailer.  As  the  mount- 
ing progressed,  it  became  evident 
that,  with  only  minor  changes,  the 
unit  might  be  made  to  be  propelled  by 
the  engine  of  the  compressor,  and  in 
Fig.  4  the  completed  unit  is  shown 
The  space  formerly  occupied  by  the 
engine  has  been  utilized  as  a  tool- 
box, and  all  necessary  equipment  may 
be  carried  to  handle  the  various 
classes  of  work,  without  the  neces- 
sity of  providing  a  truck  to  aid  in 
moving  from  job   to  job. 

The  compressor  has  been  used  in 
connection  with  a  "paving  breaker," 
to  cut  paving  for  the  installation  of 
water  and  gas  mains.  This  paving 
breaker  is  a  heavy,  non-rotating  air 
hammer,  using  iy2  in.  moil  point  steel, 
and  is  very  effective  in  breaking  con- 
crete base.  A  chisel  point  tool  is  used 
for  cutting  and  lifting  sheet  asphalt, 
or  asphaltic  concrete,  and  the  moil 
point  is  used  for  raising  brick. 

Foundry  tampers,  to  which  was 
added  a  large  foot,  were  found  effec- 
tive in  tamping  re-filled  material  in 
trenches.  One  man  with  this  tool  was 
able  to  do  the  work  of  six  men  with 
hand  tampers  and  do  it  better.  Where 
the  soil  was  dry  and  powdery,  it  was 
necessary  to  moisten  the  material  in 
order  to  get  it  all  into  the  trench. 

A  jackhammer  drill,  for  use  in  cut- 
ting holes  in  walls  and  slabs,  and  for 
removal  of  old  foundations,  is  a  valu- 
able addition  to  the  equipment,  and 
chipping  hammers  are  useful  in  many 
places. 

Use  of  Cement  Gun. — A  cement  gun 
has  been  used  on  two  jobs,  one  of 
which  was  especially  difficult,  due  to 
the  desire  to  obtain  a  pleasing  archi- 
tectural effect  on  concrete  walls  ad- 
jacent to  pressed  brick  and  cut  stone 
work.  As  far  as  appearance  is  con- 
cerned, the  work  was  entirely  success- 
ful, and  it  is  believed  that  the  stucco 
will  remain  permanently  in  place.  An 
other  job  was  the  guniting  of  the  ver- 
tical walls  of  a  settling  basin,  and  the 
compressor  has  proven  satisfactory 
for  the  use  of  the  cement  gun,  as  well 
as  for  running  the  chipping  hammers 
and  for  sand  blasting. 

When  used  in  connection  with  a  ce- 
ment gun,  a  large  field  of  use  is 
opened  to  the  compressor,  since  gun- 
ite  cannot  only  be  used  for  improv- 
ing the  appearance  of  old  structures, 
but  is  particularly  adapted  to  the 
water-proofing  of  structures  designed 
to  be  water  containers.    Undoubtedly 
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many  more  uses  will  be  found  for  the 
compressor  as  particular  conditions 
arise  and  it  should  be  possible  to  get 
an  attractive  load  curve. 

Selection  and  Use  of  Trucks. — A 
great  deal  of  care  should  be  given  to 
the  selection  of  trucks,  to  obtain  eco- 
nomical capacities,  body  types  suited 
to  the  work,  tire  equipment  which  has 
a  low  cost  per  mile  and  yet  of  a  de- 
sign which  may  successfully  travel 
under  difficult  road  conditions,  under 
the  emergency  requirements  so  often 
imposed  in  waterworks  operation. 
But,  with  all  these  conditions  ideal, 
considerable  losses  may  occur  due  to 
a  lack  of  consideration  of  its  proper 
utilization.  The  writer  uses  a  des- 
patcher  to  order  the  movements  of  all 
trucks,  and  has  found  that  not  only 
was  there  less  idle  time,  but  material 
was  delivered  to  the  job  more  nearly 
at  the  time  it  was  needed,  gangs 
could  be  moved  at  the  time  they  were 
ready  and  a  truck  was  always  avail- 
able at.  some  point  in  the  city  to  han- 
dle emergencies.  In  this  connection, 
the  trailer  was  designed  to  make 
rapid  transit  of  repair  tools  possible 
without  the  necessity  of  loading  and 
unloading  a  truck  whenever  a  move 


Fig.    3.—Back. Filler    with    Special    Mast 
and   Bucket  Handling  Concrete. 

was  necessary.  Since  this  item  of 
labor  was  avoided,  it  was  possible  to 
equip  the  trailer  with  tools  to  meet 
practically  all  emergencies  and  make 
it  a   much   more   valuable   unit  than 


under  the  previous  plan  of  loading 
small  tool  boxes,  derricks,  tackle  and 
shovels  onto  a  truck.  By  the  use  of 
a  spring-cushioned,  rubber-tired  trail- 
er, the  truck  could  travel  at  its  nor- 
mal speed,  whereas  with  the  steel- 
tired  wagon  trailer,  speeds  of  more 
than  four  to  five  miles  per  hour  would 


Fig. 


4. — Compressor    Mounted    on    Truck 
Chassis. 


have  soon  wrecked  the  running  gear, 
wracked  the  body  and  so  mixed  up  the 
contents  of  the  wagon  that  tools  would 
have  been  damaged  and  rendered  use- 
less. 

Another  item  of  automobile  expense 
that  is  generally  overlooked  is  that  of 
unnecessary  mileage.  The  speed  of  a 
car  makes  the  long  way  to  a  job  seem 
of  small  importance,  allows  a  return 
for  forgotten  tools  to  be  made  so  eas- 
ily and  makes  careless  routing  a  mat- 
ter that  is  almost  impossible  to  de- 
tect. Probably  15  to  25  per  cent  auto 
mileage  might  be  eliminated  by  con- 
sideration of  these  items. 

Element  to  Be  Considered  in  Bet- 
tering Load  Curve. — To  summarize 
the  elements  which  should  be  consid- 
ered when  endeavoring  to  improve  a 
load  curve,  we  have: 

1.  With  a  "one  purpose"  machine,  it 
should  be  so  designed  to  give  maxi- 
mum hours  of  useful  work  with  mini- 
mum time  out  for  repairs. 

2.  "Multi-purpose"  machines  should 
be  designed  to  be  adaptable  to  the 
maximum  number  of  uses  spread  as 
nearly  over  the  entire  year  as  possi- 
ble. 

3.  Correlated  work  should  be  so  or- 
ganized that  the  equipment  is  able  to 
work  all  possible  hours. 

4.  Supervision  should  be  such  that 
duplication  of  trips  of  trucks  and  pos- 
sible "empty"  or  unnecessary  mileage 
are  avoided  and  no  other  work  or  men 
are  kept  waiting. 
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Depreciation  as  Factor  in  Fixing  Water  Rates 

Results  of  Study  Conducted  by  the  Detroit  Bureau  of  Governmental 

Research 


In  response  to  an  inquiry  from  the 
Detroit  Water  Department  as  to 
whether  depreciation  should  be  in- 
cluded as  one  of  the  factors  in  fixing 
the  water  rates  for  Detroit,  a  study 
of  depreciation  and  water  rates  has 
been  made  by  the  Detroit  Bureau  of 
Governmental  Research  of  which  Mr. 
Lent  D.  Upson  is  director  and  secre- 
tary. The  results  of  the  study  are 
given  by  the  bureau  in  a  memorandum 
issued  last  February.  We  quote  from 
the  memorandum  as  follows: 

Depreciation  Should  Be  Included. — 
It  is  our  opinion  that  depreciation  in- 
cluding the  factor  of  obsolescence 
should  be  included  as  a  basis  for  fix- 
ing water  rates,  under  conditions 
which  are  set  forth  herein. 

The  water  rates  should  be  sufficient 
to  provide  at  least  for  the  deprecia- 
tion of  (1)  all  assets  acquired  from 
earnings,  and  (2)  those  assets  ac- 
quired from  the  proceeds  of  bond 
sales  and  having  a  probable  life  of 
less  than  30  years. 

Mr.  Fenkell's  report,  "Meter  Rates 
for  Detroit,"  July,  1922,  reports  assets 
of  the  water  department  as  of  Dec.  31, 
1921,  of  $35,655,542,  and  liabilities  of 
$15,899,188,  this  latter  figure  including 
a  bonded  debt  of  $12,067,114.  Thus  the 
department  has  an  excess  of  assets 
over  liabilities  (surplus)  of  $19,756,354. 

The  city  of  Detroit,  therefore,  dur- 
ing 50  years  of  municipal  operation  of 
its  water  system  has  acquired  from 
earnings  and  bonds  since  matured 
properties  valued  at  nearly  twenty 
million  dollars.  Inasmuch  as  there  is 
no  liability  in  the  form  of  bonded  debt 
offsetting  these  assets,  the  water  rates 
are  relieved  from  making  provision 
for  a  sinking  fund  on  this  value. 

There  does  exist,  however,  a  def- 
inite obligation  to  maintain  fully  the 
integrity  of  this  investment,  which 
may  be  done  only  by  providing  from 
current  operation  an  ample  deprecia- 
tion reserve. 

Some  of  the  assets  of  the  depart- 
ment were  acquired  from  the  proceeds 
of  bond  sales.  Particularly  has  this 
course  been  followed  during  recent 
years  of  the  city's  rapid  growth  and 
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the  necessity  of  development  and  ex- 
tension of  the  water  system.  Bonds 
issued  by  the  city  of  Detroit  are  usual- 
ly term  bonds,  maturing  30  years  from 
date  of  issue.  By  statutory  require- 
ment, the  city  is  obligated  to  provide 
a  sinking  fund  sufficient  to  retire  the 
bonds  at  maturity,  and  it  has  been 
customary  for  the  Water  Department 
to  include  in  its  rates  an  amount  suf- 
ficient to  meet  this  required  sinking 
fund  charge.  Included  in  the  invest- 
ment acquired  by  the  Water  Depart- 
ment from  bonds  are  properties  hav- 
ing a  probable  life  of  less  than  30 
years.  Their  replacement,  at  the  ex- 
piration of  their  life,  cannot  properly 
be  made  from  another  30-year  bond 
issue.  The  result  of  such  manner  of 
financing  would  be  to  increase  the  lia- 
bility of  the  business  without  increas- 
ing the  value  of  the  plant. 

Under  these  conditions,  it  is  neces- 
sary that  provision  for  financing  re- 
placements and  renewals  of  assets 
having  an  estimated  life  of  less  than 
30  years  be  made  from  earnings.  This 
can  be  accomplished  only  by  includ- 
ing as  a  proper  element  in  fixing  the 
rates  a  depreciation,  or  replacement, 
charge  on  this  kind  of  property. 

Depreciation  Related  to  Mainte- 
nance.— It  may  be  argued  that  such 
proposed  charge  for  depreciation  need 
not  be  included  as  a  factor  in  deter- 
mining the  proper  charg|e  for  water, 
because  the  expenses  contemplated 
thereunder  should  be  included  under 
the  factor  of  maintenance.  This  re- 
quires analysis  of  the  term  "mainte- 
nance," as  the  subject  of  depreciation 
is  inseparably  connected  with  mainte- 
nance. In  fact,  it  is  embraced  in  the 
term.  Maintenance  may  be  said  to  con- 
sist of  both  current  repairs  and  de- 
preciation. Used  as  a  term  for  re- 
pairs, maintenance  means  the  "up- 
keep" of  the  property,  as  distinct  from 
its  "use"  in  operation,  and  should  be 
considered  to  cover  the  expenditures 
for  current  or  ordinary  repairs,  re- 
newals, or  replacements  resulting 
through  wear  and  tear,  or  through 
those  casualties  which  are  incidental 
to  the  nature  of  the  operation  and 
which  are :  necessary  to  keep  up  the 
productive  capacity  of  the  plant  to  its 
original  or  equivalent  state  of  effi- 
ciency. 
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When,  however,  through  wear  and 
tear,  inadequacy,  obsolescence,  super 
session,  or  public  requirements,  a  com- 
plete replacement  or  renewal  of  any 
building  or  structure,  facility  or  unit 
of  equipment  is  made  necessary  re- 
gardless of  such  current  expenditures, 
the  uncurrent  or  extraordinary  re- 
pairs, renewals,  or  replacements 
should  be  charged  to  the  Depreciation 
Reserve  accumulated  for  the  purpose 
through  charges  to  operating  expenses. 

The  foregoing  principles,  it  is  be- 
lieved, are  definitely  recognized  by 
public  utility  commissions.  If  it  be 
accepted  that  the  appropriate  mainte- 
nance account  should  be  charged  for 
all  replacements,  or  that  the  charges 
be  distributed  over  a  group  of  main- 
tenance accounts,  thus  merging  such 
charges  with  current  "upkeep,"  it  is 
recognized  by  this  bureau  that  a  de- 
preciation charge  would  be  unneces- 
sary. However,  it  is  our  judgment 
that  such  procedure  is  not  to  be  com- 
mended. 

Advantages  of  Separate  Deprecia- 
tion Charge. — To  merge  depreciation 
with  maintenance  destroys  all  possi- 
bility of  determining  the  amount  ex- 
pended on  current  "upkeep"  and  the 
amount  expended  on  replacements, 
and  owing  to  the  uneven  intervals  of 
time  between  replacements  of  large 
and  costly  units  of  equipment,  causes 
large  fluctuations  in  operating  expense 
and  in  annual  surplus.  Maintenance 
may  be  small  one  year  and  large  an- 
other. The  result  would  be  a  series 
of  unstable  operating  costs,  rendering 
it  difficult  or  impossible  to  measure 
efficiency  in  conduct  of  the  utility  be- 
cause of  the  range  in  amounts.  There 
appears  to  be  another  sound  argument 
for  establishing  a  fixed  policy  of 
definite  depreciation  charge  annually, 
in  a  municipally  owned  and  operated 
utility. 

Owing  to  changes  in  personnel  of 
the  administering  official  or  board,  and 
of  the  executive  having  power  of  ap- 
pointment, in  the  absence  of  such 
fixed  policy  it  would  be  possible  to 
produce  unusually  low  operating  costs 
for  a  period  of  years,  were  such  offi- 
cials so  inclined,  by  deferring  all  but 
the  most  necessary  and  urgent  repairs 
and  replacements.  The  interests  of 
the  greatest  number  of  the  citizens 
would  appear  to  be  best  conserved  for 
all  time  by  provision  against  such  pos- 
sible political  maneuvering  of  utility 
operations. 

Depreciation  and  the  Sinking  Fund. 
— It  is  true  that  a  municipally  owned 


utility  whose  property  is  acquired 
largely  from  loans  by  bond  sales  dif- 
fers from  a  privately  owned  utility  in 
the  matter  of  elements  entering  into 
the  fixing  of  rates.  Provision  must 
be  made  in  the  case  of  the  municipal 
utility  for  the  retirement  of  its  bond- 
ed debt  at  maturity  (for  Detroit  utili- 
ties, by  charger),  while  the  privately 
owned  utility  may  refund  its  debt.  In 
the  case  of  the  Detroit  water  utility, 
the  bonds  issued  have  been  largely 
general  city  bonds,  backed  by  the 
faith  and  credit  of  the  city,  rather 
than  mortgage  lien  bonds  against  the 
property  of  the  utility.  Therefore, 
there  exists  no  necessity  for  the  util- 
ity to  pay  the  interest  and  sinking 
fund  requirements  upon  its  bonded 
debt.  But  the  practice  has  been  to 
meet  these  fixed  charges  from  reve- 
nues. We  believe  that  this  practice 
is  a  sound  and  conservative  one. 

To  provide  for  a  depreciation  charge 
in  addition  to  providing  for  the  re- 
demption of  the  debt  incurring  in  ac- 
quiring the  property,  would  seem  to 
be  double  charge  against  water  users 
during  the  period  such  charges  ara 
made.  This  in  a  measure  is  true.  But 
it  must  be  recognized  that  the  plant, 
to  furnish  the  service  for  which  it 
was  created  by  the  public,  must  be 
kept  at  all  times  at  a  state  of  operat- 
ing efficiency.  The  only  source  of 
revenue  for  meeting  maintenance  and 
replacement  costs  sufficient  to  keep 
the  plant  at  the  requisite  75  per  cenf, 
or  90  per  cent,  operating  efficiency  is 
from  current  revenues.  Similarly,  the 
only  source  for  providing  a  sinking 
fund  reserve  for  bonded  debt  is  from 
current  operating  revenues  during  the 
life  of  the.  bonds.  Therefore,  so  long 
as  there  are  bonded  obligations,  it 
seems  the  dual  charge  is  mandatory 
upon  the  customers  of  the  utility. 

In  the  privately  owned  utility,  it  is 
usually  not  mandatory  to  provide  for 
the  complete  amortization  of  ihe  cap- 
ital debt.  This  liability  in  the  form 
of  bonds  is  usually  maintained  at  an 
amount  approximating  the  value  of 
the  capital  investment,  and  the  bonds 
issued  are  customarily  refunded  at  ma- 
turity.  

A  municipally  owned  utility  (in 
Michigan)  is  obliged  by  law  not  only 
to  provide  for  the  amortization  of  its 
capital  debt,  but  must  do  so  within  a 
period  not  exceeding  30  years. 

From  the  point  of  view  of  econom- 
ical operation  of  a  municipal  utility, 
it  would  be  a  sound  financial  pro- 
cedure to  advocate  a  change  in  the 
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present  state  law  that  requires  the 
funding-  of  its  bonded  debt  within  a 
period  of  30  years  regardless  of  the 
life  of  the  asset  acquired.  However, 
provision  for  co-ordinating  the  term 
of  a  bond  issue  with  the  probable  life 
of  the  property  is  suggested  here  only 
as  a  matter  for  consideration. 

Water  Works  a  Social  Necessity. — 
To  refuse  to  recognize  that  the  neces- 
sity exists  for  keeping  the  plant  at  a 
maximum  of  operating  efficiency,  by 
a  charge  therefor  to  operation,  is  to 
refuse  to  recognize  that  the  utility  is  a 
social  necessity,  established  for  the 
common  good,  to  furnish  an  essential 
commodity  to  the  inhabitants  of  the 
community  continuously  and  for  all 
time.  The  plant  must  be  so  main- 
tained, then,  from  day  to  day,  and 
year  to  year,  quite  regardless  of  the 
conditions  attending/  the  debt  where- 
by it  was  established,  and  provision 
attendant  upon  its  refunding. 

The  Charge  for  Depreciation  Sub- 
ject to  Principles  Adopted. — Prom  the 
foregoing  discussion,  it  is  clear  that 
this  bureau  believes  that  depreciation 
(or  replacement)  should  be  included 
as  an  element  of  expense  for  rate- 
making  purposes,  in  accordance  with 
the  conditions  set  forth. 

The  bureau,  however,  is  not  pre- 
pared to  state  that  it  agrees  wholly 
with  the  application  of  the  principle 
of  depreciation  as  set  forth  by  Mr. 
Fenkell  in  his  report,  "Meter  Rates 
for  Detroit"  (pp.  11-12),  or  the  amount 
that  should  be  included  in  fixing  water 
rates.  The  amount  is  a  subject  that 
may  be  determined  after  agreement 
upon  the  general  principles. 

It  seems  clear  that  the  amount 
should  be  sufficient  to  guarantee  to 
future  generations  the  integrity  of  the 
full  amount  of  surplus  now  represent- 
ed in  the  plant,  as  accumulated  from 
revenues  in  the  past.  It  would  be 
favoritism  to  future  users  to  dissipate 
this  surplus  by  reducing  rates  below 
a  figure  that  would  assure  the  per- 
manence of  the  surplus. 

Further,  the  rates  must  be  sufficient 
to  provide  for  the  replacement  when 
necessary  of  the  present  assets  ac- 
quired from  bond  sales  and  having  an 
estimated  life  of  less  than  30  years. 

To  arrive  definitely  at  the  amounts 
that  will  assure  these  conditions,  is  a 
subject  that  will  require  careful  con- 
sideration by  those  in  authority,  and 
is  deemed  without  the  scope  of  this 
discussion. 

In  advocating  the  establishment  of 


a  depreciation  or  replacement  re- 
serve, the  bureau  contemplates  that 
such  charge  would  not  unduly  affect 
the  water  rates.  The  rates  should 
continue  to  be  so  low  in  Detroit  that 
neither  will  the  utility  operate  with  a 
view  to  making  a  profit  nor  will  the 
necessity  use  of  water  be  curtailed. 


Municipal    Water    Softening    in 
Illinois 

Some  interesting  facts  regarding 
the  hardness  of  municipal  water  sup- 
plies in  Illinois  were  given  by  Mr.  A. 
M.  Buswell,  chief  of  Illinois  State 
Water  Survey  Division,  in  a  paper 
presented  March  22  at  the  15th  annual 
convention  of  the  American  Water 
Works  Association.  He  stated  that  the 
majority  of  the  waters  of  the  state 
have  a  hardness  of  from  300  to  600 
parts  per  million.  Only  one  water, 
from  Mount  Olive,  has  a  hardness  of 
less  than  100,  only  seven  less  than 
200  and  only  38  less  than  300.  Com- 
pared with  the  water  supplies  in  the 
East  these  waters  are  extremely  hard. 
For  example  in  Massachusetts  only 
16  well  waters  and  one  surface  water 
used  for  municipal  supplies  has  a 
residue  of  more  than  200  parts  per 
million.  In  Illinois  in  addition  to  the 
waters  already  mentioned  58  have  a 
residue  between  600  and  1,000;  57 
have  a  residue  between  1,000  and 
2,000;  11  between  2,000  and  3,000;  5 
between  3,000  and  4,000;  one  between 
4,000  and  5,000,  and  one  has  more 
than  5,000. 

Data  were  presented  to  show  that 
either  of  two  items  would  justify  mu- 
nicipal water  softening: 

1.  The  soap  waste  in  a  town  of 
40,000  inhabitants  with  a  water  of  300 
ppm.  hardness  amounts  to  a  ton  per 
day. 

2.  The  cost  of  operating  pumps, 
cisterns  and  pressure  pump  for  even 
10  per  cent  of  the  population  would 
probably  pay  for  a  municipal  water 
softening  plant. 

The  effect  of  hard  water  on  the 
growth  of  a  city  is  illustrated  by  two 
towns  in  the  state  where  the  water  is 
exceedingly  hard.  These  towns  had 
very  little  growth  in  the  last  20  years 
while  other  towns  similarly  situated 
but  with  better  water  supplies  have 
grown  rapidly. 

Mr.  Buswell  stated  that  the  use  of 
the  very  highly  mineralized  waters 
seems  impracticable  and  an  attempt 
should  be  made  to  obtain  better 
waters  if  any  are  available. 


(176) 


1923  Engineering  and  Contracting  823 

Winter  Concrete  Work  on  Large  Sewage  Plant 

How  Construction  on  One  of  Largest  Sewage  Treatment  Plants  in 
Country  Was  Continued  Despite  Adverse  Weather  Conditions 

By   RALPH  A.   LINGLEY, 

Superintendent  of  Sewers,  Worcester,   Mass. 


The  city  of  Worcester,  through  act 
of  the  legislature,  is  obliged  to  con- 
struct and  place  in  operation  Imhoff 
tanks  and  filter  beds  before  the  end  of 
the  year  1924.  As  this  is  a  large  un- 
dertaking involving  the  expenditure  of 
about  $3,000,000,  and  the  time  is 
limited,  the  writer  and  his  assistant  in 
charge  of  the  construction  work,  Mr. 
Earle  Perry,  are  using  every  means 
possible  to  keep  the  work  progressing 
in  order  to  finish  on  time. 

One  item  of  considerable  volume 
which  progresses  winter  and  summer 


by  about  10  ft.  in  depth  of  crushed 
stone  as  a  trickling  filter. 

In  connection  with  the  filters  are 
the  large  Imhoff  tanks  for  the  settle- 
ment of  sewage,  the  walls  of  which 
were  constructed  right  through  the 
winter  weather  in  the  manner  herein- 
after described. 

All  the  aggregates  are  produced  on 
the  ground  including  both  the  sand 
and  crushed  stone.  Sand,  stone  and 
water  were  heated  by  live  steam  from 
stationary  boilers.  The  concrete,  after 
being  mixed  in  a   14   S  Smith  mixer, 
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Photograph  Taken  Jan.  16,  1923,  Showing     General  View  of    Imhoff  Tanks   Under 
Construction   at   That   Time. 


is  the  production  of  about  two  million 
cement  tile  composed  of  a  1  to  3 
mixture  of  cement,  stone-dust  screen- 
ings and  sand,  of  the  following  dimen- 
sions: 16  in.  x  4  in.  x  iy2  in.  These 
tiles  are  cured  in  two  steam  chambers 
at  the  rate  of  about  3,000  per  day  and 
are  then  placed  on  edge  iy2  in.  apart 
over   channels  and  are  then   covered 


was  carried  in  1-yd.  Insley  controll- 
able form  buckets  on  flat  cars  drawn 
by  Minster  6-ton  gas  locomotives  on  a 
narrow-gauge  railroad  to  a  convenient 
point  where  the  bucket  was  handled 
into  the  wall  forms  by  either  a  4-ton 
Lidgerwood  cableway  with  movable 
towers  or  boom  derricks. 

No  calcium  chloride  or  other  com- 
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pound  was  used  to  lower  the  freezing 
point.  The  work  was  continued  on 
any  day  when  the  temperature  showed 
15°  above  zero  or  higher  at  the  start 
of  the  work. 

The  walls  are  reinforced  concrete 
1%  to  2  ft.  in  thickness.  The  forms 
are  2-in.  planed  plank  panels  on  4x4-in. 
studding  with  the  lower  5  ft.  of  each 
section  boarded  up  on  the  outside  with 
%-in.  boards  filled  between  the  studs 
with  straw,  shavings  or  sawdust.  The 
walls  were  about  20  ft.  in  height,  con- 
structed in  two  10-ft.  lifts,  the  lower 
5  ft.  of  each  construction  protected  as 
above  indicated.  The  upper  5  ft.  of 
the  construction  was  protected  by 
canvas  covering  hanging  down  over 
the    sides    with    lime    steam    exhaust 


holdups,  however,  outside  of  those  on 
account  of  the  temperature,  have 
been  on  account  of  the  snow  falling 
in  such  volume  that  it  was  necessary 
to  clear  the  tracks  and  runways  be- 
fore work  could  proceed. 


A  $500,000  Gift  for  Scientific  Re- 
search.—Following  the  $500,000  gift  of 
Ambrose  Swasey  of  Cleveland  making 
possible  the  organization  of  the  Engi- 
neering Foundation  comes  news  from 
London  that  Sir  Alfred  Yarrow  has 
given  the  same  amount  to  the  Royal 
Society  for  the  same  purpose.  Sih  Al- 
fred's philanthropy,  it  was  said  at  the 
national  headquarters  of  the  American 
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Placing     Concrete     in     Wails     of     Imhoff    Tanks   in    Cold   Weather. 


under  the  canvas  for  56  hours  after 
pouring. 

The  reinforcing  is  %  in.  square  bars 
12  in.  on  centers  vertically,  reducing 
to  2  ft.  on  centers  at  the  top  of  the 
wall.  All  horizontal  rods  are  spaced 
9  in.  on  centers  on  the  outside  and 
12  in.  on  the  inside.  The  forms  were 
removed  from  the  wals  any  time  after 
the  steaming  process  was  completed. 

Rod  ties  are  used  to  hold  the  forms 
together  and  are  pulled  24  hours  after 
concreting. 

The  mixture  is  a  1-2-4  concrete. 

The  snow  fall  during  this  season 
was    exceptionally   heavy.     The    only 


Society  of  Mechanical  Engineers  in 
New  York  Sity,  of  which  he  is  an  hon- 
orary member,  is  another  step  toward 
the  identity  of  effort  which  engineers 
and  men  of  science  are  striving  to  ac- 
complish throughout  the  Anglo-Saxon 
world.  The  funds  donated  by  Mr. 
Swasey,  called  the  dean  of  American 
engineering  profession,  are  being  ap- 
plied, it  was  said  in  a  statement  just 
issued  by  the  Engineering  Foundation, 
"for  the  furthmerance  of  research  in 
science  and  engineering,  or  for  the 
advancement  in  any  other  manner  of 
the  profession  of  engineering  and  the 
good   of  mankind." 
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Customer  Ownership  of  Public  Utilities 


How  a  Water  Company  Secured  Funds  for  Improvements  Described 

in  Paper  Presented  March  21  at  15th  Annual  Meeting  of 

Illinois  Section  of  American  Waterworks  Association 

By  F.  C.  AMSBARY,     • 
Manager,  Champaign  &  Urbana  Water  Co. 


Some  writers  maintain  that  the  prob- 
lem of  ownership  of  public  utilities, 
municipal  or  privately  owned,  is  be- 
ing solved  by  the  rapid  growth  of  the 
customer  ownership  plan  which  they 
claim  combines  all  the  best  argu- 
ments used  in  favor  of  private  owner- 
ship or  municipal   ownership. 

What  Customer  Ownership  Is. — Cus- 
tomer ownership  is  simply  privately 
managed  and  publicly  owned  utility. 
This  is  made  possible  by  the  sale  of 
stock  to  the  patrons  of  the  company 
In  time  the  stock  control  will  be  in 
the  hands  of  the  company's  customers 
who  can  dictate  its  policies,  etc. 

Many  privately  owned  public  utili- 
ties stock  is  owned  by  a  few  persons 
who  control  management.  When  such 
a  company  begins  to  sell  its  stock  to 
its  customers  this  stock  is  usually 
preferred  stock,  the  proceeds  being 
used  for  plant  extension  and  improve- 
ments. 

Until  the  past  year  preferred  stock 
in  an  Illinois  corporation  was  issued 
declaring  it  had  no  voting  power,  ex- 
cept under  certain  conditions,  but  the 
Illinois  Supreme  Court  has  recently 
decided  that  all  stock  has  voting 
power,  at  least  for  directors.  As  a 
result  of  that  all  the  vast  amount  of 
preferred  stock  sold  in  this  state  by 
the  corporations,  in  some  cases  the 
holders  of  common  stock  who  have  all 
along  had  control,  are  now  in  the  mi- 
nority. This  might  spread  consterna- 
tion in  the  ranks  of  some  corpora- 
tions if  it  was  not  for  the  fact  that 
there  is  little  likelihood  of  concerted 
interference  by  a  multitude  of  small 
stockholders  so  long  as  they  get  their 
dividends  regularly  and  the  manage 
ment  of  the  company  is  competent, 
but  the  multitude  of  small  stockhold- 
ers, who  in  the  aggregate  hold  the 
control,  will  probably  have  a  humaniz- 
ing effect  on  the  management  of  the 
average  utility  for  he  must  know  that 
if  he  does  not  manage  satisfactorily 
there  is  a  power,  however  dormant  it 
might  seam,  that  can  be  aroused  and 


cause  his  downfall.  This  is  as  it 
should  be.  The  people  interested 
should  have  control. 

Why  the  Company  Decided  on  Pre- 
ferred Stock. — I  will  confess  the  com- 
pany I  am  interested  in  had  no  par- 
ticular motive  in  adopting  the  cus- 
tomer ownership  idea  other  than  to 
get  money  to  carry  on  important  and 
much  needed  extension  and  better- 
ment to  its  plant,  which,  like  most 
other  utilities,  had  gotten  behind  with 
its  building  program  because  of  the 
war.  We  were  up  against  it  for  funds. 
The  banks  loaned  us  large  sums  of 
money.  We  turned  back  what  little 
profits  we  made  and  yet  we  needed 
more  and  we  considered  several  plans 
for  raising  it. 

We  held  quite  a  sum  of  unissued 
bonds  which  the  Commission  had  au- 
thorized to  be  issued.  These  were  5 
per  cent  bonds  maturing  in  1932. 
These  bonds  would  not  bring  over  75 
ct.  and  the  discount  would  under  the 
law  have  to  be  amortized  out  of  the 
earnings  and  only  80  per  cent  of  the 
cost  of  Improvements  could  be  issued 
on  bonds  under  terms  of  the  trust 
deed.  We  considered  a  second  mort- 
gage 6  per  cent  bond  maturing  si- 
multaneous with  our  5's  already  out. 

But,  after  considering  all  plans,  we 
decided  on  the  7  per  cent  preferred 
to  be  sold  at  par.  In  this  way  we 
would  get  100  ct.  on  the  dollar  and 
we  thought  we  might  gain  some  good 
will  by  having  more  stockholders  in 
our  city,  among  our  customers.  Be- 
fore doing  this  certain  legal  formali- 
ties had  to  be  complied  with,  such  as 
obtaining  authority  from  the  Secre- 
tary of  State  and  authorization  from 
the  Illinois  Commerce  Commission. 

When  this  was  accomplished  we  put 
on  a  stock  selling  campaign  which 
consisted  of  liberal  space  in  the  news- 
papers and  circular  letters  addressed 
to  all  of  our  consumers. 

How  the  Stock  Selling  Campaign 
Was  Conducted. — Money  was  tight  at 
the  time  we  started  our  campaign  and 
our  community  knew  very  little  about 
stocks.  Our  investors  knew  what  a 
farm  or  real  estate  mortgage  was  very 
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well  and  what  little  knowledge  they 
had  of  stock  was  gained  by  invest- 
ments they  had  made  in  industrials 
which  had  been  forced  on  them  by 
committees  of  our  townsmen  who  so- 
licited them  to  buy  in  order  to  estab- 
lish in  our  midst  some  manufacturing 
concern  which  was  being  induced  to 
come.  These  investments  proved  com- 
plete losses,  so  that  many  of  our  in- 
vesting people  formed  a  dislike  for 
anything  in  the  way  of  stock. 

We  tried  to  show  them  the  differ- 
ence between  a  utility  stock,  which 
had  behind  it  30  years  of  successful 
operation  dealing  in  a  necessary  com- 
modity, and  an  experimental  manufac- 
turing concern. 

The  sale  moved  slowly  and  we  found 
it  necessary  to  go  out  among  our 
friends  and  ask  them  to  buy  and  the 
stock  began  to  move.  No  doubt  some 
bought  because  we  asked  them  to,  but 
quite  a  few  who  bought  in  this  way 
have  made  voluntary  purchases  of 
more  stock  since. 

We  really  have  an  attractive  invest- 
ment. With  a  valuation  of  $800,000 
on  our  property  and  but  $320,000  of 
bonds  in  hands  of  the  public  our  plant 
is  under  capitalized.  The  earnings  of 
our  property  are  sufficient  to  pay  the 
7  per  cent  preferred  dividends  more 
than  twice.  We  offered  our  stock 
either  for  cash  or  monthly  payments 
of  $10  per  share  per  month,  but  very 
few  bought  on  the  installment  plan. 

We  now  have  no  trouble  in  dis- 
posing of  stock  fast  enough  to  take 
care  of  our  plant  account  require- 
ments. 

The  Asset  of  Good  Will.— There  is 
one  feature  connected  with  this  prop- 
osition that  must  impress  itself  on  all 
waterworks  managers  and  that  is  the 
good  will  which  naturally  comes  to 
the  company  by  acquiring  new  stock- 
holders among  your  customers.  Sev- 
eral incidents  have  already  come  to 
our  attention  that  proves  they  take 
an  interest  in  the  welfare  of  the  com- 
pany. 

One  attractive  feature  of  this  in- 
vestment is  that  this  stock  is  free 
from  tax  to  Illinois  investors  and  the 
company  pays  the  normal  income  tax. 

It  is  quite  possible  the  time  will 
come  when  it  will  be  burdensome  to 
pay  7  per  cent  for  capital.  As  a  safe- 
guard we  made  our  preferred  stock 
callable  at  103  any  time  after  three 
years  from  date  of  issue. 

Before  placing  our  stock  on  sale  we 
interviewed  every  bank  in  town,  show- 
ing   them    our   balance    sheet,    telling 
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then  if  our  plans  and  expressing  the 
hop  hey  would  help  us  in  the  sale, 
So  far  as  I  have  been  able  to  learfc 
no  bank  has  "knocked"  our  stock. 
Much  of  the  stock  we  have  sold  haa 
been  with  the  recommendation  of 
bankers. 

Most  of  the  banks  are  loaded  with 
securities  to  sell  to  their  customer 
and  we  have  been  frankly  told  that  a 
a  matter  of  business  they  prefer  t 
sell  their  own  wares  on  which  the: 
make  a  profit,  but  when  told  by  a  cus 
tomer  they  want  our  stock  if  the  bank 
er  says  it  is  all  right,  they  have  so  far 
as  we  are  able  to  learn,  invariably 
endorsed  it. 

Before  opening  our  stock  selling: 
campaign  we  called  into  a  meeting 
at  our  office  one  evening  about  a  dozen 
men  that  we  thought  would  be  able 
to  sell  our  stock.  We  took  consid- 
erable pains  and  incurred  some  ex- 
pense to  prepare  data  in  conveniens 
form  with  application  blanks,  etc.,  and 
found  considerable  enthusiasm  among 
those  present,  but  it  proved  a  failure. 
Not  one  of  them  did  any  business. 
Quite  likely  after  presenting  the  sub- 
ject to  two  or  three  people  and  meet- 
ing with  no  encouragement  they  be- 
came discouraged. 

Advantage  of  Issuing  Stock  at  Dif- 
ferent Rates. — It  would  be  well  for 
anyone  who  is  considering  an  issue  of 
preferred  stock  to  look  into  a  scheme 
that  we  have  been  advised  to  be  legal 
and  feasible. 

It  is  to  have  authorized  such  stock 
in  series,  say  Series  A  to  bear  5  per    | 
cent,   Series  B  5%  per  cent,  C  6  per    I 
cent,  D  6^  per  cent  and  E  7  per  cent.    | 
such  stock  to  have  no  preference  oup 
series  over  any  other  series  as  to  any- 
thing and  differ  only  as  to  the  amount 
of  dividends. 

It  is  obvious  that  the  advantage  is 
great  of  having  stock  at  various  rates! 
of  dividends  to  sell  in  accordance  with 
the  prevailing  rate  of  interest,  and  the 
possibility  of  recalling  the  high  divi- 
dend rate  stock  and  selling  the  small 
dividend  rate  stock  to  retire  the 
higher  rate  stock. 

We  are  sorry  that  this  scheme  was 
not  conceived  before  we  started  our 
issue  and  advise  all  interested  to  look 
into  its  merits. 


Leaks  in  Water  Mains  at  Spring- 
field, Mass.— During  1922  there  were 
35  leaks  in  main  pipes  of  the  water 
department  of  Springfield.  This  is  an 
average  of  0.H  per  mile  of  main  pip<~ 
in  use. 
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Forestation:   A  Problem  in  Public  Service 
Accounting 


Suggestions  for  Taking  Care  of  This  Item  Given  in  the  March  Journal 
of  the  American  Water  Works  Association 

By  EDWARD  FIELD. 

Auditor    and    Statistician,    Public    Utilities  Commission,   State  of  Connecticut. 


Within  a  comparatively  few  years 
the  authorities  controlling  both  mu- 
nicipal and  private  water  supply  sys- 
tems have  been  engaged  in  a  work 
known  as  "forestation  and  reforesta- 
tion." The  importance  of  this  branch 
of  their  operations  as  a  means  of  pro- 
tection of  the  water  supply  sources 
and  for  hygienic  reasons  is  well  rec- 
ognized. 

A  New  Accounting  Problem. — For- 
estation has  brought  into  the  financial 
operations  of  such  water  supply  sys- 
tems an  accounting  problem  which,  in 
its  beginning,  was  not  seriously  con- 
sidered as  a  distinct  proposition,  but 
it  has  become,  by  reason  of  its  in- 
creased magnitude,  an  item  of  impor- 
tance in  the  accounting  systems  of 
such  companies.  In  most  of  the  states 
in  the  Union  the  Public  Service  Com- 
mission (or  by  what  other  name  it 
may  be  called)  has  jurisdiction  over 
water  companies  either  private  or  mu- 
nicipal, or  both.  In  most  of  such 
states  uniform  systems  of  accounts 
have  been  promulgated,  telling  how 
and  in  what  manner  each  item  of  ex- 
pense and  revenue  shall  be  treated, 
but  in  none  of  the  uniform  systems  of 
accounts  at  present  is  there  any  ref- 
erence to  how  this  important  item 
shall  be  treated. 

It  is  a  new  question,  and  the  various 
companies  and  municipalities  are  prac- 
tically left  to  determine  for  them- 
selves how  the  various  items  entering 
into  it  shall  be  charged  or  credited. 
It  would  seem  that  the  time  has  now 
arrived  when  a  policy  should  be  adopt- 
ed and  a  consistent  method  prescribed 
for  taking  care  of  the  cost  and  reve- 
nue incident  to  forestation.  To  out- 
line a  definite  plan  for  this  is  attended 
with  some  difficulties.  Yet  some  defi- 
nite scheme  must  be  devised  which 
will  meet  all  the  exigencies  of  the  sit- 
uation and  which  shall  be  fixed  upon 
as  a  proper  method  of  taking  care  of 
the  accounting  side  of  this  question. 
In  some  of  the  states  the  matter  of 
accounting  for  public  utilities  is  par- 
tially regulated  by  the  statute  law  of 
the  state,  while  in  others  it  is  solely 


under   control    of   the   Public    Service 
Commission. 

The  Connecticut  Law. — There  may 
also  be  legal  questions  which  may  be 
involved  under  certain  circumstances. 
Section  6249  of  the  General  Statutes 
of  the  State  of  Connecticut,  Revision 
of  1918,  provides  as  follows: 

"Every  person  claiming  the  right  of 
possession,  whether  as  mortgagor  or 
otherwise,  to  any  land  subject  to  any 
mortgage  duly  executed  and  recorded, 
who  shall,  while  such  mortgage  is  un- 
released  of  record,  impair  the  value  of 
the  premises  subject  to  such  mortgage 
by  removing,  destroying,  or  injuring 
any  buildings  or  fixtures  on  the  land 
so  mortgaged,  or  by  cutting  wood  not 
necessary  for  fire  wood  to  be  used  on 
said  land  by  the  family  of  the  mort- 
gagor, or  by  any  other  means,  without 
the  consent  in  writing  of  whoever  ap- 
pears of  record  to  be  the  owner  of,  or 
interested  in,  such  mortgage,  and  with 
the  intent  to  defraud  any  owner  or 
person  interested  in  such  mortgage,  or 
with  the  intent  to  lessen  the  value  of 
the  property  subject  to  such  mortgage 
to  the  injury  of  any  person  owning  or 
interested  in  such  mortgage,  shall  be 
fined  not  more  than  $100  or  impris- 
oned for  not  more  than  three  months, 
or  both." 

The  effect  of  this  statute  might  pre- 
clude a  water  company  whose  prop- 
erty was  subject  to  a  mortgage  as  se- 
curity in  pursuance  of  a  contract  on 
the  issue  of  its  bond  from  impairing 
its  value  by  cutting  timber  from  such 
mortgaged  premises,  and  might  re- 
quire such  company  to  set  aside  the 
value  of  any  wood  so  cut  or  removed, 
or  the  proceeds  from  the  sale  of  any 
wood  cut,  as  a  deposit  in  lieu  of  mort- 
gaged property  sold  to  be  accounted 
for  in  due  time  to  the  mortgagee,  and 
if  such  cutting  or  removal  was  in  con- 
flict with  any  of  the  provisions  of  said 
law,  such  company  might  be  penalized 
for   such  illegal  proceedings. 

Three  Viewpoints  From  Accounting 
Standpoint.  —  From  an  accounting 
standpoint  we  are  met  with  three 
viewpoints:    Is   the   expense   a   proper 
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item  of  operating  cost  or  is  it  a  proper 
charge  to  capitalization?  On  the  other 
side,  is  the  revenue  incident  to  fores- 
tation  an  operating  revenue,  or  is  it 
an  income  applicable  to  the  invest- 
ment which  the  municipality  or  the 
private  company  may  have  in  its  plant 
and  equipment,  or  is  it  a  distinct  and 
separate  accounting  problem? 

The  watershed  of  a  water  supply 
system  usually  consists  of  large  tracts 
of  wild  country,  heavily  wooded,  of 
hills  and  vales,  left  to  its  natural  de- 
velopment. The  wooded  territory  is 
subject  to  many  changes.  Forest  fires 
may  sweep  over  and  devastate  many 
acres  of  what  was  once  thickly  grown 
and  heavily  shaded  woodland  tracts, 
wind  storms  and  sleet  and  ice  break 
down  and  destroy  large  trees  and  the 
thick  underbrush,  and  the  debris  thus 
created  interfere  with  the  future 
growth  of  other  trees.  The  destruc- 
tion of  large  tracts  by  fire  leaves  the 
land  open  to  the  full  force  of  heavy 
rains  and  melting  snows,  causing  an 
erosion  of  the  soil  which  may  divert 
the  brooks  and  streams  and  to  some 
extent  destroy  the  sources  of  water 
supply.  For  many  years,  and  until 
within  a  comparatively  few  years,  no 
attention  was  paid  to  this,  but  it  is 
now  recognized  as  a  hydrological 
problem  which  must  be  met  and  the 
damage  repaired  or  prevented  if  the 
water  supply  system  is  to  be  main- 
tained up  to  its  standard,  its  efficiency 
increased,  or  its  supply  protected. 
Thus  there  has  come  about  the  neces- 
sary expenditure  of  large  sums  of 
money  for  this  purpose.  Watershed 
property,  in  its  first  cost  to  the  munici- 
pality or  company  controlling  it,  is 
usually  a  small  part  of  the  cost  of  the 
whole  water  works  system,  even 
though  it  may  be  a  very  important 
part  of  such  a  system. 

Three  Major  Classes  of  Operating 
Expenses. — The  operating  expenses  of 
a  water  supply  system  are  usually 
divided  into  three  major  classes: 

Water  supply  operations. 

Water  supply  maintenance. 

General  and  miscellaneous  expenses. 

Operating  expenses  are  usually  in- 
tended to  include  all  items  of  ex- 
pense that  have  been  necessarily  in- 
curred in  being  prepared  to  serve,  or 
in  serving,  the  public  as  a  water  com- 
pany. This  includes  the  expense  of 
maintaining  intact  the  organization  of 
the  utility,  the  collecting,  pumping, 
distribution  and  sale  of  water  and  all 
processes  necessarily  incident  there- 
to. 


Maintenance  expenses  are  intended 
to  provide  for  the  upkeep  of  the  sys- 
tem and  cover  all  expenditures  for 
current  or  ordinary  repairs,  renewals 
or  replacement  of  property  resulting 
through  wear  and  tear  or  through 
those  casualties  which  are  incidental 
in  the  operation,  and  which  expendi- 
tures are  necessary  in  order  to  keep 
up  the  productive  capacity  of  the 
plant  to  its  original  or  equivalent  state 
of  efficiency. 

General  and  miscellaneous  expenses 
are  those  expenses  particularly  con- 
nected with  the  administration  of  the 
property,  including  its  accounting  and 
commercial  expenses,  costs  of  injuries 
or  damages,  general  insurance 
charges  of  a  miscellaneous  character. 

Water  supply  operation  expenses 
are  usually  subdivided  into  four  divi- 
sions for  the  allocation  of  costs  of 
operations  incident  to  its  collecting, 
its  purification,  its  pumping,  and  its 
distribution  systems. 

In  What  Class  Does  Forestation 
Fall? — Into  which  one  of  these  several 
classes  would  the  cost  of  forestation 
naturally  fall?  The  expenses  particu- 
larly applicable  to  the  collecting  sys- 
tem include  wages  and  expenses  for 
inspecting  and  policing,  of  caretakers 
and  other  employes,  but  does  not  in- 
clude any  items  of  repairs.  The  ex- 
penses incident  to  the  purification 
system  included  the  wages  of  men  em- 
ployed in  the  purification  works,  their 
personal  and  incidental  expenses,  the 
expenses  of  running  the  works,  includ- 
ing the  cost  of  chemicals  and  supplies, 
labor  for  cleaning  basins  and  works, 
removing  ice,  scraping  and  cleaning 
purification  apparatus,  and  the  heat- 
ing and  lighting  and  other  incidental 
expenses  applicable  to  structures. 
Pumping  system  expenses  include  the 
salaries  or  wages  and  personal  ex- 
penses of  pumping  station  employes, 
fuel,  water  power,  electric  power,  elec- 
tric lighting,  gas  for  power  and  light- 
ing, janitor  services,  oil,  waste,  sup- 
plies, etc.  Items  of  repairs  are  ex- 
cluded. Distribution  expenses  include 
tne  cost  of  inspecting,  guarding  and 
caring  for  the  transmission  mains  and 
accessories,  storage  reservoirs,  tanks 
and  standpipes,  the  cost  of  inspecting, 
testing  and  caring  for  the  distribution 
mains  and  accessories,  service  pipes, 
meters,  etc.,  and  all  expenses  in  con- 
nection with  the  transmission  and  dis- 
tribution of  water,  except  the  cost  of 
repairs.  Certainly  any  cost  incident 
to  forestation  would  not,  unless  re- 
motely, fall  within  the  line  of  expenses 


(182) 


1923 


Engineering  and  Contracting 


829 


applicable  to  strictly  operating  costs. 
It  is  not  necessary  to  enumerate  the 
various  items  of  costs  of  maintenance. 
Maintenance  costs  of  these  same  sev- 
eral divisions  include  and  almost  en- 
tirely consist  of  expenses  incident  to 
repairs  and  keeping  the  various  parts 
of  the  water  system  in  proper  condi- 
tion. Forestation  costs  do  not  seem 
to  come  within  the  various  items 
which  make  up  maintenance  expenses, 
and  such  costs  of  forestation  may 
hardly  be  regarded  as  general  or  mis- 
cellaneous expenses.  If  tne  costs  of 
forestation  are  not  properly  to  be  in- 
cluded in  costs  of  operation  or  of 
maintenance,  then  they  must  be  ex- 
cluded from  consideration  as  being 
applicable  to  the  cost  of  operating  the 
plant. 

In  the  accounting  systems  of  public 
utilities  provision  is  made  for  taking 
care  of  all  expenses  and  income  ap- 
plicable to  other  classes  of  operations 
which  are  designated  as  outside  or 
auxiliary  operations.  Outside  or  aux- 
iliary operations  of  a  public  service 
company  may  be  defined  as  such  oper- 
ations as  are  not  incidental  to  the  par- 
ticular business  of  the  utility.  Fores- 
tation then  would  not  come  within  this 
definition,  for  reforestation  is  inciden- 
tal to  the  business  of  a  water  com- 
pany. 

It  may  be  contended  that  foresta- 
tion, being  in  the  nature  of  bringing 
about  a  condition  that  has  resulted 
from  various  causes,  might  be  con- 
sidered in  the  nature  of  repairs.  Main- 
tenance repairs  of  a  water  works  sys- 
tem are  generally  considered  to  be  the 
expenses  necessary  to  keep  the  sev- 
eral parts  of  the  constructed  system 
in  a  proper  condition  for  a  continua- 
tion of  the  service  for  which  it  was 
originally  constructed  and  to  produce 
immediate  results. 

Forestration  Costs  Not  Chargeable  to 
Investment. — Forestation  is  a  process 
of  bringing  about  a  new  condition. 
The  results  of  forestation  are  only 
shown  in  years  ahead.  It  is  a  precari- 
ous process.  In  some  instances  the 
planting  of  trees  has  resulted  in  the 
trees  dying  and  two  or  three  attempts 
being  made  before  a  species  of  trees 
could  be  found  that  would  thrive  in 
the  soil.  The  unusual  expense  inci- 
dent to  the  process  would  seem  to  pre- 
clude it  from  being  charged  as  an  ex- 
pense of  operating  the  plant.  The 
only  other  division  of  accounts  open 
for  costs  of  forestation  is  the  invest- 
ment   account.      The    investment    ac- 


count of  water  supply  companies  is, 
generally  speaking,  what  is  called  the 
"Plant  and  Equipment,"  consisting, 
briefly,  of  plants  and  structures,  ma- 
chinery, mains  and  miscellaneous  ad- 
juncts to  such  distribution  system. 
The  only  division  therefore  to  which 
forestation  applies  is  land.  The  land 
of  a  water  company,  which  in  its 
greater  part  consists  of  its  watershed, 
is  usually  rough  woodland,  and  is 
charged  in  the  investment  account  at 
its  cost  and  so  remains  during  its  ex- 
istence as  a  part  of  the  water  supply 
system,  unless  for  very  good  reasons 
to  the  contrary,  which  must  be  the 
subject  of  consideration  by  the  Public 
Utilities  Commission  exercising  juris- 
diction. When  it  was  purchased,  it 
was  probably  at  the  usual  low  price  of 
woodland  country,  but  in  the  years 
that  have  intervened  since  its  pur- 
chase, and  during  the  years  of  its  con- 
trol by  the  water  company,  nature  has 
contributed  to  a  tremendous  increase 
in  its  value,  not  in  the  land  itself,  but 
in  the  growth  of  the  timber  upon  it. 
A  lapse  of  20,  30,  or  40  years  or  more 
has  brought  about  a  change  in  the 
character  of  the  growth  on  the  water- 
shed and  the  value  of  the  wood  there- 
on has  increased  many  times  the 
value  of  the  property.  The  revenue 
which  may  be  derived  from  the  sale  of 
lumber,  telegraph  and  telephone  poles, 
railroad  ties  and  spars,  without  detri- 
ment to  the  watershed,  probably  ex- 
ceeds in  many  instances  the  actual 
cost  of  the  whole  property  at  the 
time  of  the  establishment  of  the  water 
company.  In  regarding  such  revenue, 
it  certainly  would  not  be  good  ac- 
counting to  credit  the  cost  of  the  land 
or  the  capital  investment  with  the 
proceeds  of  such  sales,  and  thereby 
destroy  the  historical  cost  of  the  plant 
and  equipment,  for  it  is  the  rule  of 
all  public  service  accounting  that  the 
investment  in  plant  and  equipment  be 
carried  on  its  books  at  cost.  It  might 
occur  that  somewhere  on  the  water- 
shed there  was  discovered  a  valuable 
mineral  vein  or  a  ledge  of  highly  de- 
sirable building  material  which,  with- 
out detriment  to  the  watershed,  might 
be  worked  for  a  substantial  profit. 
The  income  therefrom  would  not,  and 
should  not,  be  accredited  to  the  orig- 
inal cost  of  the  property.  If,  there- 
fore, such  unearned  income  should  not 
be  credited  to  its  cost,  then  any  cost 
for  substituting  trees,  with  the  inci- 
dental expenses  attending  such  proc- 
ess, should  not  be  added  to  the  cost  of 
such  property.    In  this  event  the  costs 
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of    forestation    are    not   costs    charge-  should  be  directly  credited.     Foresta- 

able  to  investment.  tion  is  so  different  from  the  ordinary 

There  may  be  one  other  division  of  operations  of  a  water  company  that 
accounts  that  might  be  suggested  as  the  accounting  relative  to  it  should  be 
proper  for  the  cost  and  revenue  of  separate  and  distinct, 
forestation,  and  this  is  under  the  head  There  seem  to  be  certain  good  rea- 
of  "Expense  and  Revenue  of  Non-oper-  sons  for  this  suggestion.  If  the  costs 
.ating  Physical  Property."  Upon  re-  of  forestation  are  charged  to  operat- 
flection,  however,  it  will  be  seen  that  ing  expenses,  then  this  expense  is 
this  division  of  public  service  account-  transferred  to  the  public  through  the 
ing  would  be  entirely  inappropriate  prices  charged  for  the  service  which 
for  the  purpose.  Non-operating  physi-  the  accounting  company  renders, 
cal  property  is  that  property  which  While  the  revenue  received,  being  no 
has  been  acquired  by  a  company,  such  part  of  revenue  derived  from  supply- 
as  real  estate  or  buildings,  or  similar  ing  water,  contributes  in  no  way  to 
property  earning  some  revenue  and  reducing  the  cost  of  the  service  of  the 
subject  to  some  expense.  It  may  have  company  to  the  public.  If  the  costs  of 
been  acquired  as  an  investment  or  it  forestation  are  charged  to  the  plant 
may  have  come  to  the  ownership  of  and  equipment  account,  and  the  reve- 
the  company  in  connection  with  the  nue  therefrom  credited  to  such  ac- 
acquisition  of  other  property.  At  any  count,  then  you  are  destroying  the 
rate  it  represents  money  invested  by  historical  cost  of  the  investment  as 
the  company  and  is  shown  on  the  bal-  well  as  carrying  on  an  operation  ac- 
ance  sheet  as  an  asset.  Such  costs  or  count  which  may  entail  either  a  profit 
revenue  as  there  may  be  in  connection  or  a  loss  within  the  capital  account, 
with  its  ownership  by  the  company  in  either  one  of  these  cases,  if  costs 
should  appear  and  be  accounted  for  and  revenues  are  so  treated,  the 
under  "Non-operating  Physical  Prop-  actual  amount  from  either  side  is  lost 
erty,"  as  a  gain  or  loss  on  such  invest-  sight  of  and  absorbed  in  the  general 
ment.  It  is  the  general  practice  to  plant  account,  while,  if  it  is  treated  in 
show  this  at  the  close  of  an  account-  the  way  suggested,  the  actual  cost  and 
ing  period,  but  in  forestation  there  is  revenue  is  always  readily  available, 
no  specific  physical  property  on  which  and  if  the  revenue  therefrom  should 
there  may  have  been  a  revenue  or  ex-  be,  as  it  is  quite  likely  to  be,  a  consid- 
pense,  except  trees  growing  on  land  erable  amount,  it  becomes  a  segre- 
already  capitalized  and  shown  on  the  gated  surplus  and  not  thrown  into  and 
balance  sheet.     Forestation  is  the  ex-  lost  in  the  general  surplus  account. 

pense  or  revenue,  according  to  the  cir- 

cumstances  of  the  program  carried  on  .■»■»■'* 

by  the  accounting  company.  Cost  of  Operating  Ford  Runabouts  in 

Separate  and  Distinct  Accounting  Water  Department  Service 
for  Forestation.— We  have  eliminated,  During  the  fiscal  year  ending  June 
therefore,  costs  of  forestation  as  costs  nA  ^nnn  ,,  .  .  .  „TOt.ar,  AaT\a** 
of  operation,  and  as  costs  applicable  30,  1922,  the  municipal  water  depart- 
to  increase  in  the  investment  in  the  ment  of  Pasadena,  Calif.,  operated  9 
plant  and  equipment  of  the  company,  Ford  runabouts  in  connection  with  the 
but  the  company  has  spent  money,  waterworks.  The  average  mileage  for 
perhaps  large  sums  of  money,  in  its  .  Mva  moa  R  rR<>  Th„ 
forestation  program,  and  it  has  re-  the  year  of  these  cars  was  6J 563.  The 
ceived  revenue  in  connection  there-  operating  c08/;.^-0^^  to  the  an- 
with.  To  what  account  shall  such  nual  report  of  the  department  was  as 
items  of  costs  and  revenue  be  debited  follows.                                       Per  mile. 

and  credited?     They  must  be  as  care-  Tires,   tubes   $0.0076 

fully  considered  as  any  other  items  of  Gas,  'oil   '.'.'. 0180 

•expense     and     revenue     and    perhaps  9^er  material   0113 

even    more    so.      It   is    my    contention  Overhead '". V.'.V. ...!.!..' .' '.      0114 

that   there   should   be    set   up    on    the  Depreciation     •     -0*25 

-books  of  the  water  company  indicant  ....$0.0715 

accounts     called     "Forestation"     and  xoiai  per  mue   * 

'Forestation  Reserve"  to  the  first  of  The  average  number  of  miles  per 
which  all  costs  in  connection  with  gallon  of  gas  was  12.8;  the  average 
the  program  or  policy  of  the  company  mileage  per  gallon  of  oil  was  463.  ine 
in  this  respect  should  be  directly  average  total  number  of  hours  in  sur- 
charged, and  to  the  second  all  revenue  vice  was  1,977  and  the  average  total 
received    in    connection    therewith  cost  per  hour  was  23.7  cts. 
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Combustion  of1  Goal  in  Boiler  Furnaces 


Practical  Points  on   Increasing   Efficiency  of   Water  Works'   Boiler 

Plant   Operation    Given   in   Paper   Presented   Before   North 

Carolina  Section  of  American  Water  Works  Assn. 


By  M'KEAN  MAFFITT. 

Superintendent  of  Water  and   Sewers,   Wilmington,  N.  C. 


In  the  average  boiler  plant  of  today 
too  little  thought  is  given  to  obtain- 
able efficiencies  and  necessary  econ- 
omies. No  matter  how  small  a  plant 
may  be,  fuel  economies  are  worth 
striving  for.  A  dollar  spent  for  ap- 
paratus or  labor  that  will  save  a  dol- 
lar's worth  of  coal  is  a  dollar  well 
spent. 

In  every  water  works  plant  there  is 
a  check  on  the  cashier.  He  must  ac- 
count for  every  cent  that  he  receives. 
How  many  nights  have  you  known 
your  cashier  to  sit  up  half  of  the 
night  and  look  for  that  penny,  or 
dollar,  that  he  was  out  of  balance? 
How  many  nights  have  you  sat  up 
looking  for  that  one  or  one  hundred 
tons  of  coal  that  your  boiler  plant 
was  out  of  balance?  Why  pay  more 
attention  to  money  in  the  shape  of 
paper  or  silver  than  you  pay  to  it  in 
the  shape  of  coal? 

If  your  town  is  100  per  cent 
metered,  you  have  paid  $15  or  more 
on  each  service  so  that  you  might 
have  a  meter  there  to  see  how  much 
water  that  particular  consumer  gets. 
You  pay  an  auditor  to  check  up  the 
cashier  to  see  that  he  accounts  for 
every  cent  that  he  receives  and  that 
he  collects  all  that  he  should  collect. 
Yet  you  pay  a  man  to  take  a  scoop, 
the  bigger  the  better,  and  throw  gold 
dollars,  in  the  shape  of  coal,  into  the 
fire  and  burn  them  up  and  never  is 
a  check  made  to  see  if  he  burns  them 
correctly  or  incorrectly.  As  long  as 
he  keeps  steam  in  the  boilers  so  that 
the  pumps  will  not  stop  that  is  about 
all  you  expect  of  him.  No  matter  how 
he  does  it,  steam  must  be  kept  up  and 
nothing  much  is  said  about  it.  If 
the  steam  goes  down  then  you  go  to 
the  boiler  room  and  order  the  fire- 
man to  throw  more  coal  to  the  boilers. 
If  you  would  study  your  boiler  room 
and  furnaces  and  mix  a  little  common 
sense  with  the  coal,  your  steam  pres- 
sure would  go  up  and  your  coal  bills 
would  come  down. 

What  We(  0et  Out  of  a  Shovelful 
of  Coal. — Now  let  us  take  a  shovelful 
of  coal,  say  20  lb.,  and  see  what  we 


should  get,  and  what  we  do  get,  out 
of  it. 

Twenty  pounds  of  good  Pocahontas 
coal  equal  270,000  heat  units.  One 
heat  unit  equals  778  foot  pounds  of 
energy.  Therefore,  one  shovelful  of 
coal  equals  210,060,000  foot  pounds  of 
energy  or  100,000  gal.  of  water  pumped 
against  a  head  of  250  ft.  That  is 
absolute  perfection.  But  as  we  can 
not  even  approximate  perfection,  we 
lose  in  efficiency  at  every  step.  We 
lose  when  we  burn  the  coal  under  the 
boiler,  when  the  heat  is  absorbed  into 
the  boiler,  when  the  steam  passes  to 
the  steam  end  of  the  pump,  when  the 
steam  end  of  the  pump  runs  the  water 
end  of  the  pump  and  when  the  water 
end  of  the  pump  delivers  the  water. 
In  fact  we  lose  everywhere,  until  at 
Wilmington  .we  get  for  that  20  lb.  of 
coal  not  100,000  but  merely  4,000  gal. 
of  water,  or  only  4  per  cent  of  the 
power  originally  in  the  coal. 

All  of  these  losses  are  not  in  the 
furnace  and  we  shall  not  treat  of 
them  here.  We  shall  discuss  only 
those  in  the  furnace  that  are  prevent- 
able. Such  losses  as  are  not  prevent- 
able will  be  passed  by. 

Preventing  Losses  in  Furnace.— If 
we  consider  one  shovelful  of  coal  as 
pure  carbon,  which  will  require  11.5 
lb.  of  air  per  pound  of  carbon  for 
perfect  combustion  into  carbon  di- 
oxide, we  have  a  demand  for  230  lb. 
or  3,066  cu.  ft.  of  air  at  atmospheric 
pressure  and  70°  F.  temperature.  This 
amount  of  air  must  be  equally  and 
uniformly  distributed  over  and 
through  the  coal  when  it  is  burning. 
If  it  were  all  applied  at  once,  and 
could  instantaneously  unite  with  the 
coal,  we  would  have  an  explosion  that 
would  wreck  the  plant.  It  must  be 
applied  at  the  proper  time,  rate  and 
place  or  we  get  poor  results.  Most,  if 
not  all,  should  go  through  the  fuel 
bed.  This  depends  on  the  thickness 
of  fuel  on  the  grates.  If  the  fuel  is 
too  thin  it  skould  all  go  through  the 
bed.  If  the  fuel  is  too  thick,  some  of 
it  should  go  in  over  the  fuel  bed.  But 
as  this  is  rather  a  difficult  proposition, 
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it  is  better  by  far  to  have  the  fuel  bed 
the  proper  thickness  so  that  all  of 
it  may  go  through  the  bed  and  do  its 
proper  work.  If  the  fuel  bed  is  a 
little  too  thick,  some  of  the  air  should 
be  let  in  over  the  fire,  but  just  enough 
to  burn  those  gases  that  are  distilled 
immediately  after  green  coal  is 
thrown  onto  the  fire.  As  this  is  a 
delicate  adjustment,  one  should  be 
careful  of  it.  and  have  the  best  known 
methods  of  admitting  this  air  over  the 
fire,  so  that  immediately  the  excess 
gases  are  consumed  this  over-fire  air 
may  be  shut  off  and  all  the  air  passed 
through  the  fuel  bed. 

Importance  of  Equal  and  Even  Dis- 
tribution of  Air  Through  Fuel. — The 
air  that  goes  through  the  fuel  bed 
should  be  equally  and  evenly  distrib- 
uted throughout  the  whole  mass  of 
fuel.  There  should  be  no  bright 
places  (blow  holes)  or  dull  spots 
(thick  places).  Where  there  are  bright 
places,  the  fuel  is  too  thin  and  too 
much  air  is  getting  in  and  this  air 
simply  tends  to  cool  the  fire.  Where 
there  are  black  or  dark  spots,  not 
enough  air  is  getting  in  and  you  are 
making  carbon  monoxide. 

Your  fireman  knows  that  if  he 
leaves  the  fire  doors  open  he  will  not 
get  any  steam,  because  his  fire  will 
be  cooled  down  so  fast  that  it  will  not 
be  hot  enough.  But  does  he  stop  to 
think  that  several  little  bright  spots 
may  let  in  enough  air  to  equal  the 
amount  let  in  through  one  fire  door? 
In  either  case  he  gets  too  much  air, 
at  the  wrong  place,  and  the  coal  pile 
suffers.  He  burns  more  coal  to  deliver 
the  sanfe  amount  of  heat  to  the  boiler. 

He  also  knows  that  if  he  shuts  off 
the  draft  he  can  not  keep  up  the 
steam  pressure  because  his  fire  will 
not  burn  fast  enough.  If  he  has  sev- 
eral dark  spots  in  his  furnace  they 
may  be  shutting  off  as  much  draft  as 
one  fire  door  will  shut  off.  In  either 
case  the  coal  pile  suffers,  because  he 
is  making  carbon  monoxide  and  not 
carbon  dioxide. 

Take  each  pound  of  that  shovelful 
and  burn  it  with  the  proper  amount 
of  air  at  the  right  time  and  place  and 
you  get  carbon  dioxide  as  a  result  and 
14,544  heat  units  ready  to  go  into  the 
water  in  the  boiler.  Take  the  same 
pounds  of  coal  and  burn  them  with 
the  doors  shut  tightly  or  with  the 
fire  choked  down  with  too  much  coal, 
and  out  of  each  pound  of  carbon  you 
will  get  carbon  monoxide  and  only 
4,351  heat  units,  a  loss  of  10,193  heat 
units,  or  70  per  cent. 


We  can  not  get  perfection  in. 
our  work,  nor  do  we  need  to  take  the 
very  least  work  offered,  but  there  is 
a  happy  medium  somewhere  that  all 
of  us  may  reach.  All  of  us  who  go 
above  that  happy  medium  are  work- 
ing towards  greater  efficiency. 

The  best  results  are  obtainable  with 
a  little  too  much  air  rather  than  with 
a  little  less  than  necessary.  Just 
about  40  or  50  per  cent  too  much  air 
will  give  the  best  results  obtainable 
in  good  practice.  Joseph  W.  Hays 
states  in  "How  to  Get  More  Power 
From  Coal":  "The  average  power 
plant  uses  about  300  per  cent  too 
much  air."  Three  hundred  per  cent 
too  much  air  will  give  you  about  5  per 
cent  carbon  dioxide  and  will  mean 
that  you  have  a  preventable  fuel  loss 
of  25  per  cent.  Preventable  loss  means 
that  you  can  prevent  it  and  prevent 
it  right  now.  For  three  whole  months 
of  the  year  you  will  not  have  to  buy 
a  pound  of  coal.  Your  whole  plant 
will  be  run  by  the  carbon  monoxide, 
foundry  gas,  that  you  are  now  making 
and  throwing  away  in  your  boiler 
plant. 

Getting  Proper  Percentage  of  Car- 
bon Dioxide. — To  prevent  this  loss  we 
must  add  to  the  coal  a  little  gray 
matter,  or  common  sense,  and  nothing 
else;  not  even  some  of  the  so-called 
fuel  savers  or  chemicals  that  burn 
ashes.  We  must  get  the  air  to  the 
fire  just  when  and  where  we  want  it. 
We  must  have  the  fire  so  arranged 
that  all  of  that  air  will  be  used.  The- 
carbon  will  take  all  of  the  air  it  needs 
and  no  more.  If  we  are  going  to  let 
it  run  through  the  walls  of  the  fur- 
nace and  through  holes  in  the  fire  ani 
cool  the  gases  so  that  we  can  not  get 
enough  heat  out  of  them,  why  not 
open  the  fire  doors  and  cool  down  the- 
whole  outfit? 

Unless  I  am  much  mistaken,  air 
enters  the  furnace  at  too  many  places 
right  now.  I  can  take  the  average 
boiler  plant,  let  the  regular  fireman 
fire  the  boilers,  take  a  little  waste, 
putty  and  cement,  a  candle  and  some 
good  boiler  wall  covering  and,  in  less 
than  two  hours,  have  that  boiler  pop- 
ping off  so  much  that  the  fireman  will 
think  that  his  steam  gage  or  pop  valve 
is  out  of  order. 

Hold  the  candle  flame  near  the  walls 
and  watch  the  draft  draw  it  into  the 
cracks.  Ram  the  waste  and  putty  or 
cement  into  the  crack.  Go  over  every 
square  inch  of  the  setting  like  that 
and  then  plaster  the  whole  thing  over 
with  a  good  boiler  wall  covering  and 
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I  venture  to  say  that  at  the  very  least 
you  will  save  5  per  cent  of  your  fuel. 

Proper  Thickness  of  Fuel  Bed. — 
Suppose  now  that  your  boiler  walls 
are  tight  and  you  are  still  getting  a 
low  percentage  of  carbon  dioxide.  The 
chances  are  that  your  fire  is  so  thin 
or  irregular  that  there  is  about  200 
per  cent  excess  air  getting  in  through 
the  fire  bed.  Fill  up  those  holes  or 
bright  spots  and  level  the  bed  down 
until  it  is  about  4  in.  thick,  not  in- 
cluding ashes  and  clinkers.  Four 
inches  of  fuel,  not  over  five  at  the 
most,  is  the  proper  thickness  of  fuel 
bed.  When  you  get  the  fire  to  this 
thickness  take  another  carbon  dioxide 
sample  and  it  will  have  gone  to  10 
per  cent  or  over.  Your  preventable 
fuel  losses  then  will  be  only  about  6 
or  8  per  cent. 

The  best  thickness  of  fuel  bed  that 
I  have  ever  found  is  between  4  and  5 
in.,  perfectly  smooth  and  free  from 
either  bright  or  dark  spots.  With 
this  thickness  of  fuel,  fire  lightly,  and 
often.  Scatter  the  coal  well  over  the 
whole  fuel  bed,  unless  there  be  bright 
spots  developing.  These  must  be  filled 
and  you  will  have  a  fire  of  .maximum 
efficiency. 

If  you  will  always  get  the  same 
grade  of  fuel,  determine  the  proper 
thickness  of  fuel  bed  for  that  grade, 
keep  the  fuel  bed  free  of  holes  or  thick 
places,  keep  the  furnace  walls  tight, 
let  in  the  air  above  the  fire  for  only 
a  little  time  after  firing,  fire  evenly 
and  often,  you  may  keep  your  carbon 
dioxide  readings  around  10  or  11  per 
cent,  reduce  your  excess  air  to  less 
than  100  per  cent,  and  your  prevent- 
able fuel  losses  to  less  than  8  per 
cent.  All  the  equipment  necessary  is 
an  orsat  at  about  $40.  If  you  add  to 
the  orsat  a  few  draft  gages,  automatic 
draft  and  feed  water  regulators  and 
several  good  thermometers  you  may 
reduce  still  further  your  losses  and 
save  coal. 

Take  the  orsat  and  get  a  few  flue 
gas  analyses.  Take  a  sample  and  then 
look  at  the  fire.  Try  another  one  and 
observe  the  difference  in  the  fire  and 
in  the  sample.  If  your  percentage  of 
carbon  dioxide  is  low,  see  if  the  fire 
is  not  too  thin  or  if  it  has  any  bright 
spots  in  it.  Build  up  the  fire  a  little 
and  fill  up  the  holes  with  live  coals 
or  with  fresh  fuel  and  then  take 
another  sample  of  gas.  Observe  the 
difference.  The  fire  will  be  brighter 
all  over,  the  percentage  of  carbon 
dioxide  will  immediately  show  an  in- 
crease and  the  preventable  fuel  loss 


will  show  a  decrease.  Keep  trying 
this  arrangement  until  you  get  the 
correct  index  on  the  fire  bed  when 
governed  by  the  carbon  dioxide  read- 
ings. Do  not  make  the  readings  for 
just  one  day  and  then  sit  down  and 
wait  results,  but  make  them  every 
day.  Take  the  fireman  with  you. 
Show  him  what  it  means  to  the  coal, 
pile  to  have  the  fire  just  right.  Let 
him  see  that  you  have  a  check  on 
him  and  can  tell  just  how  he  is  taking 
care  of  his  fire.  In  about  3  months 
the  coal  dealer  will  call  up  to  ask 
when  you  put  on  central  station  power. 
He  will  think  that  you  have  stopped 
the  use  of  coal,  your  fuel  bills  will  be 
so  little. 

Loss  from  Improper  Cleaning  and 
Raking. — Another  bad  leak  of  fuel  is 
in  the  cleaning  and  raking  of  the 
fires,  and  in  the  shaking  of  the  grates 
in  the  type  of  grate  built  for  that  pur- 
pose. Hays  says  that  4  per  cent  of 
the  carbon  is  wasted  in  the  ash  when 
cleaning  fires.  Take  that  shovelful  of 
coal,  20  lb.,  and  throw  4  per  cent,  or 
about  1  lb.  of  it  in  the  ash  pile.  That 
is  what  you  are  doing  every  day  in 
the  average  boiler  plant.  If  your  grate 
openings  are  too  large,  if  your  fireman 
rakes  the  fire  too  freely,  if  he  over- 
loads the  fire  bed  on  shaking  grates 
and  then  runs  the  fire  down  through 
the  grates,  if  he  takes  a  slash  bar  and 
turns  the  ash  up  on  top  of  the  fuel 
bed  he  is  wasting  coal,  both  in  the 
ash  and  in  the  way  that  he  burns 
what  is  left  in  the  furnace.  Go  home 
to  your  ash  pile  and  take  a  few  shovel- 
fuls of  ashes  and  clinkers  and  wash 
them  down  with  water.  Tajce  each 
lump  left  and  examine  it  closely.  Put 
each  clinker  to  one  side  and  each 
piece  of  coke  to  the  other  side.  Then 
sit  there  and  look  at  what  is  being 
thrown  away  every  time  your  fires  are 
cleaned. 

A  Useful  Kink  on  Cleaning  Out 
Boiler. — I  know  that  it  is  some  job 
to  stand  in  front  of  a  boiler  and  clean 
out  the  fire,  because  I  have  done  it. 
It  takes  a  man  to  stand  it.  Hang  a 
couple  of  hooks  in  front  of  your  boiler. 
Hang  a  piece  of  pipe,  with  a  trace 
chain  curtain  on  it,  on  these  hooks  in 
front  of  the  furnace  door.  Insert  the 
fire  cleaning  tools  through  this  chain 
curtain  and  you  can  stand  there  and 
clean  the  fire  better  than  you  could 
otherwise  and  not  get  half  of  the  heat 
in  your  face.  The  chain  curtain  holds 
the  heat  in  the  furnace,  yet  it  allows 
sufficient  visibility  and  freedom  for 
the  fireman  to  clean  properly  his  fires. 


(187) 


834 


Waterworks  Monthly  Issue  of 


April, 


Perhaps  you  think  that,  if  your 
boiler  shell  is  down  in  the  fire,  you 
are  getting  good  results,  because  your 
boiler  is  so  near  the  fire.  You  are 
not.  That  boiler  shell  acts  like  a  dash 
of  cold  water  on  the  fire.  It  cools  the 
gases  so  quickly  they  can  not  burn. 

If  your  steam  pressure  is  100  lb. 
gauge,  your  temperature  in  the  boiler 
is  about  338°.  If  you  have  done  all 
the  things  that  I  have  suggested  your 
furnace  temperature  is  about  2,200°. 
That  boiler  shell  is  colder  to  that  fire 
than  the  North  Pole  is  to  the  Equator. 
The  difference  of  1,862°,  or  600  per 
cent,  makes  such  a  reduction  in  the 
flue  gas  temperature  that  it  is  simply 
impossible  to  burn  them  to  anything 
but  gas  foundry  gas. 

The  ignition  temperature  of  carbon 
is  766°,  carbon  monoxide  1,210°,  hydro- 
gen 1,130°,  hydro-carbons  900°  to 
1,200°;  all  are  above  the  temperature 
of  the  boiler  shell.  Now  suppose  that 
there  is  25  per  cent  volatile  matter,  or 
gas,  in  your  coal.  This  volatile  mat- 
ter is  distilled  off  immediately  the 
coal  is  fired  and  you  must  have  a 
furnace  temperature  sufficient  to 
ignite  it  and  space  enough  in  which 
to  burn  it.  Otherwise  you  lose  it  up 
the  stack.  If  this  volatile  matter  is 
hydrogen,  or  hydro-carbons,  it  has  a 
high  heat  value,  especially  the  hydro- 
gen (50,000  to  60,000  heat  units  per 
pound)  and  it  must  be  burned  above 
the  fuel  bed.  How  can  you  retain  it 
at  a  temperature  of  from  900°  to 
1,200°  when  it  is  in  contact  with  a 
boiler  shell  that  is  only  338°.  It  sim- 
ply is  not  burned,  but  it  passes  up  the 
stack  as  smoke. 

Did  you  ever  notice  a  lump  of  coal 
spit  a  stream  of  smoke  until  a  flame 
was  put  near  it,  when  it  immediately 
ignited  and  burned  like  a  regular  gas 
jet?  That  same  little  stream  of  smoke 
or  gas  multiplied  a  million  times  is 
the  stream  of  smoke  you  see  coming 
from  so  many  stacks.  If  all  the  air 
leaks  are  stopped,  the  boiler  shell 
raised  high  enough  above  the  fire,  the 
fire  carried  at  the  right  thickness  and 
not  fired  too  heavily,  that  smoke  will 
stop  and  all  that  heat  value  will  be 
added  to  the  bank  account. 

Stream   Polution   Index. 

The  IT.  S.  Public  Health  Service,  in 
a  bulletin  just  issued  on  the  self-puri- 
fication of  the  Ohio  River,  says  that 
the  next  problems  that  await  solution 
by  sanitarians  are  the  determination 
(1)  of  the  relations  between  plankton 
and  the  pollution  of  stream  waters; 


(2)  of  the  correlations  between  this 
fact  and  other  known  stream  factors; 
and  (3)  of  the  manner  in  which  all 
these  and  other  factors  work  together 
in  self-purification  of  water. 

These  problems  will,  of  course,  be 
difficult  to  work  out,  for  plankton  are 
subject  to  many  hazards. 

As  they  are  carried  down  stream  by 
the  flowing  water,  says  the  bulletin, 
they  increase  and  decrease  in  accord- 
ance with  changes  in  the  depth,  veloc- 
ity, and  turbidity  of  the  stream; 
changes  in  the  temperature  and 
amount  of  sunlight  and  organic  mat- 
ter brought  by  natural  drainage  and 
city  sewage;  and  changes  that  result 
from  the  increase  and  decrease  of 
other  sorts  of  plankton  that  form  their 
chief  food. 

The  acid  waters  of  a  tributary  mean 
death  to  many  of  the  plankton  in  the 
main  stream;  the  sewage  from  a  great 
city  means  a  huge  increase  in  food 
and  in  those  plankton  that  thrive  on 
grossly  polluted  waters  and  a  de- 
crease in  those  that  are  suited  to 
cleaner  waters.  Farther  down  stream, 
after  the  sewage  has  mostly  been  de- 
voured, the  stronger  types  of  plank- 
ton eat  the  weaker  and  are  them- 
selves eaten  by  those  that  are  still 
stronger. 

Sluggish  water,  due  to  riffles,  bars, 
islands,  etc.,  give  most  plankton  a 
chance  to  multiply;  flood  waters  in- 
terfere with  their  feeding  and  bury 
them  under  sand  and  mud.  Cold  les- 
sens their  increase;  and  warm 
weather  augments  it.  Turbidity  kills 
and  sunlight  helps. 

Pollution,  in  brief,  is  shown  by  the 
bulletin  to  be  only  one  of  the  factors 
that  control  the  numbers  and  kinds  of 
plankton;  and  that  before  any  deduc- 
tion can  be  drawn  from  their  presence 
or  absence  at  a  particular  spot,  it  is 
necessary  to  know,  for  instance, 
whether  the  water  there  is  quiet, 
whether  the  weather  has  recently 
been  sunny,  whether  any  freshets 
have  occurred,  whether  industrial 
acids  could  have  entered  the  river, 
etc.,  or  whether  the  converse  is  true. 
These  factors  vary  with  each  river, 
with  nearly  every  place  on  each,  and 
with  weather  and  other  conditions. 
Nevertheless  the  problems  can  and 
some  day  will  be  worked  out. 

Junior  Technologist  and  Laboratory 
Assistant. — The  U.  S.  Civil  Service 
Commission,  "Washington,  D.  C,  will 
hold  an  examination  June  6  for  junior 
technologist  to  fill  vacancies  in  the 
Bureau  of  Standards. 
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Engineering  Council,  which  is  now 
the  board  of  directors  of  the  Fed- 
erated American  Engineering  Socie- 
ties, was  organized  in  June,  1917.  Fol- 
lowing various  joint  and  special  com- 
mittee meetings,  the  Federated  Amer- 
ican Engineering  Societies  was  organ- 
ized and  the  first  meeting  of  its  direc- 
tors held  late  in  1920.  Membership  in 
the  Federated  is  confined  to  societies, 
no  personal  memberships  being  pro- 
vided for.  On  January  1,  1921,  there 
were  29  member  societies  whose  mem- 
bers totalled  41,932.  On  January  1, 
1923,  the  member  societies  totalled  28, 
and  their  total  membership  49,587. 

Purposes  and  Scope  of  Operations. 
—Activities  of  the  Federated  Societies 
are  confined  to  fields  which  come  prop- 
erly under  as  comprehensive  an  organ- 
ization as  this  is.    The  Bulletin  states: 

The  Federated  is  not  a  "Welfare"  or- 
ganization for  the  benefit  of  individual 
engineers.  No  engineer  can  receive  any- 
direct  material  benefit  from  it.  It  is  an 
agency  created  and  operated  by  engineers 
whereby  they  may  render  essential  public 
service.     ... 

The  Federated  has  at  all  times,  ob- 
served the  prerogatives  of  its  member 
societies.  It  has  refused  to  deal  with  any 
technical  or  other  matters  that  come 
within  the  scope  of  any  one  society. 

The  Federated  has  not,  and  will  not 
function  regarding  a  matter  that  inher- 
ently falls  within  the  scope  of  activity  of 
any  engineer  or  group  of  engineers  in 
private  practice. 

The  Federated  has  not  advocated  that 
any  city,  state,  federal  board  or  commis- 
sion be  created  for  the  purpose  of  dis- 
charging any  functions  now  performed  by 
civilian  engineers  or  engineering  organi- 
zations. 

The  Federated  has  advocated  and  re- 
quested that  engineers  be  appointed  as 
members  of  certain  national  boards  or 
commissions  that  dealt  with  engineering 
matters.  However,  it  has  declined  to 
recommend  any  one  man  for  such  posi- 
tions. The  policy  has  been  to  call  to  the 
attention  of  the  appointing  agency  the 
reason  why  an  engineer  of  certain  qual- 
ifications should  be  appointed  and  further 
stated  that  the  Federated  would  be 
pleased  to  submit  a  list  of  qualified  men 
if  requested  to  do  so. 

Work     Initiated     and     Supported     by 
Federated  American  Engineer- 
ing Societies 

Following  is  a  condensation  of  the 
Bulletin's  statement: 

Articles  of  Incorporation  and  Constitu- 
tion and  By-Laws. — It  is  proposed  to  have 
a  bill  introduced  in  the  next  session  of 
Congress  providing  for  Federal  incorpora- 


tion of  the  Federated  American  Engi- 
neering Societies. 

Form  for  Local  Organizations. — As  a 
result  of  many  requests  for  information 
as  to  the  form  of  organization  best  suited 
to  local  or  state  affiliations,  a  committee 
was  appointed  for  this  purpose.  This 
committee  made  a  study  of  the  constitu- 
tion and  by-laws,  the  method  of  pro- 
cedure and  results  achieved  by  many  or- 
ganizations now  functioning.  The  results 
of  this  study  with  specific  recommenda- 
tions are  available  to  any  one  interested. 

Waste  in  Industry.— At  the  first  meet- 
ing of  the  Executive  Board  a  committee 
on  Elimination  of  Waste  in  Industry  was 
authorized.  To  be  of  value,  the  report 
had  to  be  ready  for  industry  in  the  short- 
est possible  time,  and  it  was  actually 
completed  in  six  months  and  issued  in 
book  form  shortly  thereafter.  The  report 
is  one  of  the  very  valuable  contributions! 
of  the  engineering  profession  to  American 
industry.  It  is  being  published  in  a  num- 
ber of  foreign  countries  and  has  been  the 
foundation  for  a  number  of  other  in- 
vestigations by  the  Government  and  other 
agencies.  Sales  of  the  report  have  been 
and  are  continuing  large. 

Twelve- Hour  Shift. — Through  funds  se- 
cured from  Cabot  Trustees  an  extensive 
and  comprehensive  study  was  made  of 
the  length  of  shifts  prevailing  in  Amer- 
ican industry.  The  findings  set  forth 
facts  as  to  the  extent  to  which  the  long 
shift  prevails,  the  technical  and  economic 
factors  involved  in  shortening  the  length 
of  shift,  and  the  results  that  have  been 
obtained  where  it  has  been  shortened. 

Other  Investigations. — Plans  are  now 
being  evolved  for  two  lines  of  investiga- 
tion which  if  projected  will  be  as  timely 
and  as  significant  as  the  Waste  in  In- 
dustry and  Twelve-Hour  Shift  reports. 

Industrial  Ideals. — Recently  a  commit- 
tee was  appointed  to  consider  what  en- 
gineers might  do  to  develop  a  better  un- 
derstanding and  a  broader  concept  of 
industrial  problems  as  they  relate  to  the 
body  politic.  This  committee  presented  a 
most  fundamental  statement  to  the 
American  Engineering  Council,  a  copy  of 
which  may  be  obtained  upon  application. 
In  this  connection  the  American  Engi- 
neering Council  adopted  the  following 
resolutions: 

"The  American  Engineering  Council 
urges  upon  engineering  colleges  an  in- 
creased attention  to  the  social  aspects  of 
engineering  activities;  to  broaden  their 
technical  training  in  every  way  possible, 
to  develop  in  engineering  students  the 
spirit  of,  and  a  capacity  for,  active  lead- 
ership not  only  in  industry  but  in  public 

Federal     Water     Power     Commission. — 

This  important  commission  has  been 
greatly  handicapped  in  its  work  as  the 
enabling  act  did  not  provide  a  permanent 
personnel,  but  instead  specified  that  the 
commission  should  obtain  the  necessary 
personnel  from  certain  bureaus  of  the 
Government.  This  arrangement  has 
proved  unsatisfactory  to  all  concerned 
and  not  in  the  interest  of  the  work  com- 
mitted to  the  commission. 
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The  Federal  Water  Power  Committee  of 
the  Federated  after  a  careful  study  of 
the  situation  submitted  a  resolution  re- 
questing that  the  commission  be  given 
authority  to  employ  its  own  personnel. 

Liberalization  of  the  War  Minerals  Re- 
lief Act. — The  Federated  in  recognition 
of  the  efficient  and  painstaking  work  and 
the  fairness  of  the  decisions  of  the  first 
war  minerals  relief  commission  used  ev- 
ery honorable  means  to  prevent  the  pas- 
sage of  the  liberalization  act  which  would 
inevitably  mean  large  additional  expendi- 
tures by  the  Federal  Government,  al- 
though all  claimants  had  previously  been 
given  full  opportunity  to  present  their 
cases.  The  liberalization  act  was  passed 
and  as  a  result  large  amounts  are  beingi 
paid  to  claimants  formerly  denied  by  the 
first  commission. 

National  Hydraulic  Laboratory.  —  The 
most  adequate  solution  of  the  many 
problems  incident  to  river  flow  and  flood 


control  has  not  been  determined.  This 
is  not  surprising  in  view  of  the  fact 
that  the  only  scientific  laws  available  con- 
cerning river  flow  and  flood  control  are 
those  developed  through  a  series  of  ex- 
periments conducted  on  a  small  section 
of  a  river  in  France  some  90  years  ago, 
supplemented  by  some  experiments  made 
on  the  Mississippi  River  60  or  70  years 
ago. 

This  situation  led  Mr.  John  R.  Free- 
man to  suggest  that  Congress  pass  a 
measure  to  establish  a  national  hydraulic 
laboratory.  The  Federated,  with  other 
agencies,  was  instrumental  in  having  in- 
troduced in  the  Senate  Joint  Resolution 
209  providing  for  a  National  Hydraulic 
Laboratory. 

Muscle  Shoals. — The  Executive  Board 
has  authorized  the  appointment  of  a  com- 
mittee to  make  a  thorough  study  of  re- 
ports already  made  and  other  assembled 
data  relating  to  Muscle  Shoals.     No  field 


OTHER  WORK  INITIATED  AND  SUPPORTED  BY  THE  FEDERATED  AMERICAN  ENGINEERING  SOCIETIES 


Under  Auspices  of 

Title  of  Conference,  or 
Project 

Purpose  of  Conference  or  Project 

To  concentrate   engineering    work 
now  being  done   by  29   govern- 
ment   departments     under     one 
head  in  Department  of  the  In- 
terior. 

Participation  or  Action  by 
F.  A.  E.  S. 

Congressional    Reorga- 
nization Committee. 

National  Department  of 
Public  Works. 

Federated  has  kept  in  constant 
touch  with  progress  of  govern- 
ment reorganization  plan  and 
has  cooperated  with  authorities 
having  charge  of  work,  helping 

Federated. 

Waste  in  Agriculture. 

Make  investigation   in  agriculture 
having  general  features  to  paral- 
lel  the   work   of   Committee   on 
Elimination  of  Waste  in  Indus- 
try. 

To    secure    legislation    that    will 
place  sanitary   engineers  of  the 
U.  S.  Public  Health  Service  in  a 
position    to    do    more    effective 
work    by    giving   them   commis- 
sioned status. 

At  suggestion  of  President  Cooley, 
the  American  Society  of  Agricul- 
tural Engineers  has  nominated  a 
committee  to  make  this  investi- 
gation. 

Federated  assisted  in  drafting  and 
was  instrumental  in  having  a  bill 
to  accomplish  this  purpose  intro- 
duced in  Congress.  Have  de- 
veloped plans  with  Surgeon  Gen- 
eral to  secure  enactment  of  this 
bill. 

Congress. 

Commissioned  status 
for    Sanitary    Engi- 
neers in  lr.  S.  Public 
Health  Service,  H.  R. 
9775. 

Federated. 

Reforestation. 

Point  out  need  and  assist  in  de- 
veloping   a    comprehensive    con- 
structive plan  of  reforestation. 

Committee  of  F.  A.  E.  S.  has 
studied  means  by  which  engi- 
neers can  lend  their  influence. 
Committee  has  established  close 
and  effective  connections  with  the 
Bureau  of  Forestry. 

Congress. 

Chemical  Dye  Embargo. 

To  protect  American  chemical  dye 
industry  by  legislation  providing 
tariff. 

Special  study  of  the  subject  was 
made  and  Federated  supported 
the  dye  embargo  clause  carried 
in  the  emergency  tariff  bill  and 
later  in  the  regular  tariff  bill. 

Post  Office  Department. 

Material    Handling    in 
U.  S.  Post  Office  De- 
partment. 

Colorado     River,     Dis- 
putes. 

To  establish  a  new  system  of  ma- 
terial handling  in  the  P.  0.  De- 
partment. 

Settle    disputes    and    provide    for 
best      utilization     of     Colorado 
River. 

Federated  suggested  qualified  men 
and  submitted  a  proposed  plan  of 
organization. 

Colorado    River    Com- 
mission. 

Federated  apprised  government 
authorities  of  important  infor- 
mation, permitting  them  to  bet- 
ter cope  with  situation. 

Congress. 

Manufacture  of  Helium. 

To   secure   sufficient  non-explosive 
gas  for  use  in  experimental  and 
commercial  work. 

Chairman  of  House  Committee  on 
Public  Lands  was  urged  by  Fed- 
erated to  hold  a  hearing  and  re- 
port the  resolution  to  Congress. 

Federated. 

Consulting     fees    and 
compensation. 

To  secure  scale  of  classification  and 
compensation     of     engineers     in 
public  and  private  consulting. 

Planning  to  prepare  a  suggested 
schedule  to  be  used  by  engineers, 
as  started  by  Engineering  Coun- 
cil. 

Congress. 

Geological    Surveys   on 
the  Pacific  Coast. 

To  secure   appropriation   by   Con- 
gress for  execution  of  geological 
surveys  to   detect  movement  of 
the  earth. 

To  insure  engineering  representa- 
tion .  on    International     Railway 
Congress  in  Rome,  April,  1922. 

Upon  request  of  California  engi- 
neers effort  was  .made  to  secure 
appropriation  for  these  surveys. 
The  appropriation  was  secured. 

State  Department. 

International     Railway 
Congress. 

Secured  appointment  of  prominent 
engineer  as  official  representa- 
tive of  State  Department. 

Federated. 

International  Engineer- 
ing Congress,  Rio  de 
Janeiro,     September, 
1922. 

To  secure  early  passage  of  repre- 
sentatives   of    engineering    and 
scientific  department  to  the  Con- 
gress. 

State  Department  was  urged  to 
cancel  its  order  to  hold  up  sail- 
ing of  these  men  for  two  weeks. 

Federated. 

Study    of    methods    of 
construction  industry 
by  Czechoslovakian. 

To    give    Czechoslovakian    insight 
into    American   construction    in- 
dustry. 

Federated  made  arrangements  with 
Associated  General  Contractors 
of  America  for  Z.  Sula  to  work 
for  a  large  contractor  in  New 
York  City  at  fair  compensation. 

Federated. 

Engineering    literature 
for  Chinese  students. 

To    secure    engineering    literature 
published  in   U.  S.  for  technical 
schools  of  China. 

Federated  asked  leading  national 
engineering  societies  to  send 
copies  of  their  respective  publi- 
cations to  be  used  in  this  way. 
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investigations  are  contemplated.  The  only- 
object  of  the  Federated  is  to  glean  the 
basic  facts  and  through  a  brief  and  con- 
cise statement  of  these  facts  without  any 
discussion  of  relative  merits  of  different 
proposals  to  enable  the  public  to  draw  a 
more  intelligent  conclusion  unhampered 
by  biased  and  irrelevant  material. 

The  committee  will  not  be  appointed 
until  funds  are  available  with  which  to 
defray  the  expense  of  such  a  study,  and 
even  then  it  will  not  be  appointed  unless 
the  need  for  such  a  report  is  still  ap- 
parent. 

Appointment  of  Engineers  to  Govern- 
ment Positions. — Federated  recommended 
appointment  of  engineers  to  the  following 
Government  positions: 

(1)  Interstate  Commerce  Commission. 
In  co-operation  with  American  Society  of 
Civil  Engineers,  American  Association  of 
Engineers,  American  Institute  of  Consult- 
ing Engineers. 

(2)  Assistant   Secretary  of  War. 

(3)  Civil  Service  Commission,  the 
American  Association  of  Engineers  and 
other  engineering  organizations  did  like- 
wise. 

(4)  Coal  Commission. 

(5)  Director,  Bureau  of  Standards. 


Work  Supported  by  the  Federation  in 
Cooperation  with  Other  Or- 
ganizations 

In  certain  projects  requiring  national 
legislation  the  Federated  has  actively  co- 
operated with  engineering  and  other  civic 
organizations. 

Increased  Appropriation  for  Topographic 
Mapping  and  the  Temple  Bill. — The  whole 
program  of  securing  adequate  appropria- 
tion for  topographic  mapping  work  was 
placed  under  the  direction  of  the  Fed- 
erated American.  Engineering  Societies. 
The  Bureau  of  the  Budget  and  the  Ap- 
propriation Committee  of  the  House  rec- 
ommended only  $325,000.  The  Federated 
ably  assisted  by  other  organizations  and 
their  members  succeeded  in  securing  an 
amendment  providing  for  the  $500,000 
necessary,  thereby  greatly  improving  the 
statxis  of  the  Temple  Bill,  the  purpose  Of 
which  is  to  expedite  the  work  of  topo- 
graphic mapping  so  that  it  may  be  com- 
pleted in  from  20  to  25  years. 

Patent  Legislation. — The  Lampert  Pat- 
ent Bill  providing  for  increased  salaries 
and  personnel  for  the  Patent  Office,  which 
will  enable  it  to  work  more  efficiently  for 


WORK  SUPPORTED  BY  FEDERATED  AMERICAN  ENGINEERING  SOCIETIES  IN ~ COOPERATION  WITH  OTHER 

ORGANIZATIONS 


Under  Auspices  of 


Department    of     Com- 
merce. 


Congress    and    Execu- 
tive Departments. 


Federated  in  coopera- 
tion with  Founder 
Societies. 


State  governments. 


Congress    and    Bureau 
of  Mines. 


Sesque     Centennial, 
Philadelphia,  1926. 


federated. 


Department    of     Com- 
merce.  

Pan-Pacific  Union. 


Pan-Pacific  Union. 


Title  of  Conference  or 
Project 


Business  Cycle  Study. 


Sterling-Lehlbach   Bill. 


Employment  Bureau. 


Registration    of   Engi- 


Revision   of   Mining 
Laws. 


International      Engi- 
neering Congress. 


Trip  to  Cnina: 


American    Engineering 
Standards. 


Pan-Pacific     Conserva- 
tion Conference,  1924. 


Pan-Pacific  Commercial 


Purpose  of  Conference  or  Project         Participants  and  (or)  Action  by 


To  study  conditions  and  make 
recommendations  that  would  re- 
lieve business  depressions. 


To  provide  equitable  classification 
and  compensation  in  the  engi- 
neering and  scientific  staffs  of 
the  government. 


Managed  the  service  for  year  and 
a  half  in  cooperation  with  Man- 
agement Committee  composed  of 
secretaries  of  the  Founder  Socie- 
ties. On  recommendation  of  spe- 
cial committee  A.  E.  C.  employ- 
ment service  was  returned  to 
Founder  Societies. 


Consideration  of  laws  introduced 
in  the  several  legislatures.  Com- 
piled  summary  of  existing  laws. 


To  revise,  amend  and  codify  min- 
ing laws  of  the  U.  S.  relating  to 
location  of  mining  claims  on  the 
public  domain. 


To  be  held  at  time  of  the  Sesque 
Centennial  in  Philadelphia  in 
1926. 

Federated  has  appointed  represen- 
tatives on  Board  of  Managers 
which  is  preparing  plans  for  the 
Congress. 


Send  American  engineering  delega- 
tion  to  China  on  a  mission  of 
friendship. 

A  committee  has  been  authorized  to 
confer  with  Federal  authorities 
and  others  to  arrange  for  a  trip. 


To   secure  close   cooperation 
th#  National  Government. 


with 


Federated  appointed  committee  to 
study  scope  and  character  such  a 
conference  should  take  and'  to 
submit  tentative  program. 


Official  representative  attended  con- 

fei-PTKe. 


Permanent  Committee,  President's 
Unemployment  Commission  and 
Bureau  of  Economic  Research. 

Federated  appointed  committee 
which  collected  and  interpreted 
data  from  American  industry 
through  some  30  special  commit- 
tees. This  report  was  made  a 
chapter  of  the  final  report. 

Federated  and  other  engineering 
and  civic  organizations.  Have 
assisted  in  preparing  schedules, 
have  appeared  before  congres- 
sional committees  and  given  ac- 
tive support  for  an  improved 
schedule. 


Federated. 
A.  S.  M.  E. 
A.  I.  E.  E. 
A.  I.  M.  &  M.  E. 


Federated     in     cooperation     with 
many  engineering  organizations. 


A.  I.  M.  &  M.  E. 

Endeavoring  to  have  hearings  held 
by  committee  and  bill  favorably 
reported. 


A.  S.  C.  E. 
A.  S.  M.  E. 
A.  I.  E.  E. 
A.  I.  M.  &  M.  E. 

Engr.  Club  of  Philadelphia. 


Federated  and  Engineers  Club  of 
Philadelphia. 


American    Engineering    Standards 
Committee  and  others. 


Pan-Pacific  Union  and  others. 


Pan-Pacific  Union  and  others. 
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WORK  IN   WHICH  REPRESENTATIVES  OF  THE  FEDERATED   FORMALLY   PARTICIPATED  IN  COOPERATION 
WITH  REPRESENTATIVES  OF  OTHER  ORGANIZATIONS 


Under  Auspices  of 

Title  of   Conference  or 
Project 

Purpose  of  Conference  or  Project 

Develop    standard    universal    con- 
tract forms  and  specifications  for 
railway  and  construction  indus- 
tries. 

Participants  and  (or)  Action  by 

Department    of    Com- 
ir-erce. 

Standard  universal  con- 
tracts  and   specifica- 
tions. 

Associated      General     Contractors 
of    Amer.,    American    Eng.    Ry. 
Assn.,  Amer.  Institute  of  Archi- 
tects, Amer.  Assn.  of  State  High- 
way Officials,  Amer.  Soc.  of  Civil 
Engineers,     Amer.     W.     Works 
Ass'n.,  Western  Soc.  of  Ene. 
F.  A.  E.  S. 

National     Research 
Council. 

C  r  i  t  i  c  al     Tables    of 
Physical  and  Chemi- 
cal Constants  in  Eng- 
lish Language. 

Eliminate    Waste    in 
Estimating. 

Compile  and   publish   these  tables 
in  English  language. 

Indorsed  project  and  offered  assist- 
ance. 

Associated     General 
Contractors  of  Amer- 
ica. 

Acquaint  owners  and  others  with 
waste  incurring  in  present  prac- 
tice of  duplication  of  estimates 

Associated  Gen.  Contractors  of 
Amer.,  Amer.  Institute  of  Archi- 
tects.   F.  A.  E.  S. 

National  Civic  Federa- 
tion. 

Public    School    Appro- 
priations. 

Reorganization  of  Con- 
struction Industry. 

Consider  means  of  increasing  ap- 
propriation. 

Form    a   comprehensive    organiza- 
tion   for    construction    industry. 
Resulted      in     organization      of 
American  Construction  Council. 

Many  civic  bodies. 

National  Federation  of 
Constructing    Indus- 
tries. 

Amer.  Institute  of  Architects,  As- 
sociated Gen.  Contractors  of 
America,  Amer.  Society  of  Civil 
Engineers  and  any  construction 
organizations. 

Department    of    Com- 
merce. 

Statistical  Census. 

To    secure    concrete    recommenda- 
tions   for    improving    census   of 
manufactors. 

To  determine  ways  and  means  of 
stimulating    letting   of    highway 
contracts  in  fall,  thus  adding  30 
per  cent  to  active  construction 
period. 

Develop  means  of  combating  unem- 
ployment. 

Various  engineering  .industrial  and 
manufacturing  organizations. 

Department    of    Com- 
merce. 

Fall    Letting    Highway 
Contracts. 

American  Society  of  Civil  Engi- 
neers, Western  Soc.  of  Engi- 
neers, Associated  General  Con- 
tractors of  America  and  others. 

Federal  government. 

President's    Unemploy- 
ment Conference. 

Various  civic,  economic  and  social 
organizations. 

Department    of    Com- 
merce. 

Paving  brick. 

Elimination   of  excess   variety  of 
paving  brick. 

National  Paving  Brick  Association, 
American  Society  of  Civil  En- 
gineers, Western  Soc.  of  Eng., 
governmental  departments,  State 
Highway  Eng.,  Municipal  Engi- 
neers, F.  A,  E,  S.,  etc. 

Department    of    Com- 
merce. 

Standardization     hous- 
ing. 

Dimensional     simplification     and 
standardization  in  housing  con- 
struction. 

Various  groups. 

United    States    Bureau 
of  Education. 

Engineering      Training 
Conference. 

Consider  needs  of  industry  in  way 
of  training  of  engineers. 

Engineers  from  various  industrial 
organizations  and  technical  in- 
stitutions. 

Department    of    Com- 
merce. 

Trade  Association  Ex- 
ecutives. 

Work  of  Trade  Association. 

Large  number  of  trade  associa- 
tions. 

National  Association  of 
Manufacturers. 

Industrial    motion    pic- 
tures. 

Use  of  motion  pictures  for  indus- 
trial purposes. 

Various  manufacturing  organiza- 
tions. 

Academy    of    Political 
and  Social  Science. 

Relation  of  America  to  rehabilita- 
tion of  Europe. 

Federated  American  Eng.  Societies 
designated  three  representatives. 

National  Association  of 
Manufacturers. 

Trade  association. 

Relation    to    public    and    develop- 
ment of  industry. 

Aided  in  planning  conference. 

Department     of     Com- 
merce. 

Construction  material. 

Improve    supply     of    construction 
material,  especially  cement. 

Various  engineers,  architects,  con- 
tractors and  material  men. 

National   Bureau   of 
Economic   Research. 

Permanent  organiza- 
tion. 

Investigates  and  reports  upon  in- 
dustrial and  economic  problems. 

Represented  on  Board  of  Directors 
by  W.  R.  Ingalls,  who  also  rep- 
resented the  Engineering  Coun- 
cil. 

Federal  Government. 

Board  of  Surveys  and 
Maps. 

Permanent    board    consider    ways 
and   means  of   improving   maps 
made  by  government. 

Association  of  State  Geologists  and 
other  organizations  have  a  repre- 
sentative on  an  Advisory  Council 
to  the  Board. 

industry  was  passed  as  a  result  of  efforts 
by  the  Federated  and  other  organizations. 
Similar  efforts  resulted  in  the  revival  of 
the  Patent  Treaty  with  Germany  before 
its  expiration  under  the  terms  of  the 
peace  treaty.  The  Stanley  Bill  providing 
for  compulsory  patents  was  defeated 
through  the  efforts  of  a  like  group  of 
organizations. 

National  Board  of  Jurisdictional  Award. 
— This  very  important  board  is  made  up 
of  representatives  from  the  American 
Federation  of  Labor,  Associated  General 
Contractors  of  America,  American  Insti- 
tute of  Architects  and  Federated  Amer- 
ican Engineering  Societies. 


St.  Louis  to  Expand  Civic  Center. — 
Of  the  $87,372,000  authorized  recently 
by  St.  Louis  (  Mo.,  $16,000,000  will  be 
spent  to  expand  the  civic  center, 
which  now  consists  of  a  municipal 
court  building  and  city  hall,  occupying 
four  blocks  on  the  fringe  of  its  busi- 
ness district.  The  city  will  tear  down 
the  business  buildings  on  nine  other 
blocks  and  transform  the  area  into  a 
memorial  plaza  for  its  sons  who  fell 
m  the  World  War. 
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Present  Status  of  Water  Purification  in  Iowa 


Abstract  of  a  Paper  Presented  Jan.  25  at  Annual  Meeting  of  the 
Iowa  Engineering  Society 

By  JACK  J.  HINMAN,  JR. 

Chief,    Water    Laboratory    Division,    Laboratories    for    Iowa    State    Board    of    Health. 


There  are  in  Iowa  at  the  present 
time  something  over  500  public  water 
plants  of  all  sizes,  ranging  from  the 
tiny  well  plant  of  a  small  village  to 
the  complete  city  plants  such  as  sup- 
ply Des  Moines  and  the  other  large 
centers  of  the  state.  Some  of  these 
plants  are  well  located  and  well  de- 
signed for  their  particular  duties,  but 
many  of  them  are  badly  located  and 
are  not  designed  properly  with  due 
thought  for  the  existing  local  condi- 
tions. 

The  designers  might  be  said  to  have 
made  mistakes  of  judgment,  as  is  only 
natural,  I  suppose,  in  view  of  the  fact 
that  conditions  change.  It  may  be 
impossible  to  foresee,  as  at  Iowa  City, 
that  an  iron  removal  plant  may  later 
find  itself  called  upon  to  treat  a  water 
free  from  iron,  but  carrying  a  load  of 
suspended  matter  and  bacteria.  But 
is  such  a  case  after  all  a  mistake  in 
judgment? 

Points  Where  Many  Designers  Err. 
— I  am  convinced  that  the  points 
where  most  designers  err  are  rather 
in  regard  to  two  other  phases  of  the 
problem.  Both  are  connected  with 
the  competitive  nature  of  the  work.  I 
am  convinced  that  a  too  compliant  at- 
titude on  the  part  of  the  engineer;  a 
too  great  reluctance  to  come  out  and 
tell  the  city  officials  that  the  site  of 
their  water  source  is  entirely  unfit  for 
a  water  supply  and  that  anew  source 
of  water  is  essential,  is  partly  to 
blame.  The  engineer  wants  the  job 
of  putting  in  the  system  and  if  the 
new  source  entails  too  great  expense, 
perhaps  the  matter  will  be  postponed 
or   even   abandoned. 

Again,  the  attempt  to  use  standard 
plans,  already  prepared  but  without 
sufficient  modification  for  the  particu- 
lar case,  may  lead  to  future  difficulty. 
The  pumps,  the  distribution  system, 
and  the  reservoirs  are  far  from  being 
the  whole  of  the  water  supply  system. 
If  the  plant  is  to  get  its  water  from 
wells,  the  local  topography  and 
sources  of  pollution,  the  character  of 
the  material  into  which  the  wells  pene- 
trate, and  the  sanitary  and  chemical 
quality  of  the  water  of  the  proposed 
wells     and     any     neighboring     wells 


should  be  considered  as  well  as  the 
quantity  of  water  available.  If  a  sur- 
face supply  is  to  be  used,  the  quantity 
of  water  which  can  be  expected  under 
the  most  favorable  weather  conditions 
should  of  course  be  ascertained,  but 
the  pollution  of  the  water  shed  ought 
to  be  known,  the  sources  of  contam- 
ination ought  to  be  visited,  and  the 
amount  of  city  sewage  and  any  indus- 
trial wastes  ought  to  be  taken  into  ac- 
count. Where  a  supply  is  to  come 
from  a  stream  receiving  city  sewage, 
the  wastes  of  the  gas  plants  ought  to 
be  avoided  as  far  as  possible,  because 
these  wastes  are  very  likely  to  cause 
unpleasant  odors  and  tastes  with  the 
small  amounts  of  chlorine  which  are 
now  applied  as  a  standard  treatment. 

If  these  suggestions  were  followed, 
the  necessity  for  the  purification  of 
Iowa  ground  water  supplies  would  be 
reduced,  although  the  desirability  of 
the  softening  of  the  water  might  be 
but  little  affected. 

If  these  matters  were  considered, 
we  would  find  fewer  Iowa  water  sup- 
plies taken  from  wells  in  the  con- 
gested part  of  town,  fewer  wells  under 
the  city  halls,  fewer  in  the  low  land 
toward  which  the  surface  and  under- 
ground drainage  of  the  town  must 
flow,  and  fewer  located  in  close  prox- 
imity to  barnyards,  cesspools  and 
privy  vaults. 

The  Well  Supplies. — All  of  Iowa 
does  not  find  a  well  supply  equally 
available  to  the  small  town  or  equally 
desirable  when  found.  But  the  greater 
part  of  the  state,  particularly  that 
lying  toward  the  northeast,  should 
yield  well  water  of  good  quality  and 
in  amount  sufficient  for  the  average 
town,  at  least.  There  are  exceptions 
to  this  statement,  of  course,  as  for  ex- 
ample in  those  localities  where  the 
limestone  is  very,  soluable  and  is  as  a 
consequence  full  of  fissures,  solution 
passages  and  even  caverns  which  may 
have  polluted  waters  flowing  through 
them. 

In  the  southern  part  of  the  state 
the  wells,  particularly  deep  wells,  are 
not  always  feasible  sources  for  the 
city  and  town.  There,  impounding  res- 
ervoirs  are   frequently    necessary   on 
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account  of  the  fact  that  the  streams 
are  so  small.  The  lack  of  topographi- 
cal relief  may  prevent  the  construc- 
tion of  large  reservoirs,  and  the  cost 
of  the  land  forbids  the  purchase  of 
the  entire  watershed.  As  a  result,  the 
water  impounded  is  a  polluted  drain- 
age from  agricultural  lands  and  farm 
houses  and  must  be  carefully  purified 
using  as  complete  treatment  as  that 
employed  for  river  and  water  supplies. 
Moreover,  the  quantity  of  water  im- 
pounded is  sometimes  insufficient  even 
for  the  modest  needs  of  the  smaller 
places.  Already,  this  year  one  city 
in  southern  Iowa  reported  that  it  has 
had  to  shut  down  its  city  water  sys- 
tem until  future  rains  fill  up  the  res- 
ervoir. 

Extent  of  Water  Purification. — Of 
the  more  than  500  cities  and  towns 
mentioned  above  as  having  public 
water  systems  installed  at  the  pres- 
ent time  only  fifty-two  supplies,  in- 
cluding those  of  four  state  institutions, 
now  attempt  to  purify  their  water  in  a 
complete  manner.  A  few  aerate  and 
sediment  to  a  certain  extent  to  reduce 
the  content  of  iron,  but  this  is  usually 
so  imperfectly  carried  out  as  not  to 
warrant  its  inclusion  in  any  tabulation 
of  purification  installations.  But  while 
50  do  purify  their  water  supplies,  at 
least  three  times  that  number  should 
do  so. 

The  water  purification  attempted 
falls  into  four  classifications:  1st, 
there  is  the  removal  of  mud  and  sus- 
pended matter,  accomplishing  at  the 
same  time  certain  other  things,  as 
the  partial  removal  of  bacteria  and 
color;  2nd,  there  is  the  removal  of 
iron;  3rd  there  is  softening  of  the 
water  involving  the  partial  removal  of 
dissolved  lime  and  magnesia;  and  4th, 
there  is  the  germicidal  treatment  of 
the  water  which  has  for  its  sole  ob- 
ject the  killing  of  bacteria,  and  an  ap- 
proach to  the  sterilization  of  the 
water. 

Strictly,  I  suppose,  there  is  no  sup- 
ply in  the  state  which  could  not  be 
purified  with  advantage  by  one  or  an- 
other of  these  processes,  for  while 
many  water  supplies  are  clear,  and  of 
good  bacterial  purity,  most  of  them 
are  very  hard,  and  many  contain  an 
inconvenient  amount  of  iron,  which 
settles  out,  clogs  the  pipes  and  fit- 
tings, eddies  into  hydrant  stubs,  stains 
clothes  and  bathroom  fixtures,  and 
facilitates  the  growth  of  iron-secreting 
thread  bacteria  which  intensify  the 
difficulties. 


Some  Surface  Supplies  Untreated. — 
Strange  as  it  may  seem  there  are 
a  very  few  surface  water  supplies  in 
the  state  which  are  accepted  without 
treatment.  In  general  the  inhabitants 
do  not  use  the  water  of  these  un- 
treated surface  supplies  except  for  fire 
protection  and  for  flushing.  But  the 
stranger  within  their  gates  may  drink 
the  water  at  the  hotel,  or  elsewhere, 
and  there  is  always  the  person  who 
takes  a  chance  at  times  when  the 
water  happens  to  be  clear.  Besides 
this,  the  whole  town  has  to  use  the 
private  wells  many  of  which  are  al- 
most certain  to  be  dangerous. 

Of  a  considerable  number  of  towns 
whose  water  is  bacteriologically  un- 
safe, but  otherwise  acceptable  to  the 
people,  only  27  have  installed  plants 
for  the  treatment  with  liquified  chlor- 
ine gas  which  is  the  most  widely  ac- 
cepted treatment  for  such  a  condition. 

Iron  and  Hardness  Removal  Plants. 
— Public  dissatisfaction  with  iron-con- 
taining water  is  met  with  in  a  large 
number  of  towns,  but  the  places  where 
the  problem  of  iron  removal  has  seri- 
ously been  attacked  are  very  few.  The 
plants  for  iron  removal  at  Ames  (Iowa 
State  College),  and  at  Iowa  City  rep- 
resent the  only  complete  iron  removal 
plants.  Brooklyn  hopes  to  have  such 
a  plant.  At  Jefferson  the  softening 
plant  removes  the  iron  as  well.  In- 
dianola,  Ames,  Perry,  and  a  few  other 
places,  aerate  the  sediment  to  a  cer- 
tain extent. 

Since  practically  all  the  rocks  that 
outcrop  in  Iowa  are  sedimentary 
rocks,  and  largely  limestones  and 
dolomites,  the  water  from  these  for- 
mations contains  considerable 
amounts  of  calcium  and  magnesium, 
and  hence  belongs  to  that  class  of 
water  known  as  hard  water.  Some  of 
it  is  very  hard.  More  or  less  public 
dissatisfaction  exists  on  this  score.  It 
will  ultimately  come  about,  I  feel  sure, 
that  a  number  of  towns  will  decide  to 
follow  the  example  that  has  been  set 
by  Jefferson  in  establishing  the  first 
municipal  plant  which  has  for  its  pri- 
mary object  the  removal  of  most  of 
the  salts  which  made  the  water  hard. 

Water  Purification  Just  Getting 
Started  in  Iowa. — In  my  opinion,  water 
purification  is  just  getting  started  in 
Iowa,  and  that  statement  is  made  with 
full  knowledge  of  the  fact  that  the 
earliest  water  purification  plants  were 
installed  about  thirty  years  ago.  We 
have  to  remember  that  the  technic  of 
water  purification  was  not  so  well  es- 
tablished then  as  it  is  today,  and  that 
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the  prejudice  against  treated  waters 
has  not  today  the  basis  that  it  used 
to  possess.  Water  becomes  more  and 
more  a  manufactured  product,  with 
higher  and  higher  standards  of  purity 
and  palatability  to  be  met,  and  with 
the  costs  of  manufacture  and  distribu- 
tion more  generally  appreciated. 

It  seems  likely  that  there  will  yet 
be  a  number  of  filter  plants  for  the 
removal  of  turbidity  and  bacteria  nec- 
essary in  Iowa  cities,  but  the  greatest 
increases  may  be  expected  to  come  in 
the  simple  chlorination  plants,  in  iron 
removal  plants,  and  especially  in  the 
plants  for  softening  of  municipal  sup- 
plies. 

Every  one  of  these  installations  will 
have  its  engineering  problems  and  all 
should  be  installed  with  the  benefit  of 
competent  engineering  advice  and 
should  be  approved  by  the  sanitary  en- 
gineer of  the  state  board  of  health. 
The  plants  when  in  operation  should 
be  controlled  by  competent  personnel 
and  checked  as  to  the  adequacy  of 
their  purification  by  a  state  agency. 

Distribution  of  Water  Purification 
in  Iowa. — The  present  distribution  of 
water  purification  equipment  in  Iowa 
is  as  follows: 

Complete  filtration  plants  (coagula- 
tion, filtration,  chlorination) — Ames  (I. 
S.  C),  Bedford,  Burlington,  Cedar 
Rapids,  Centerville,  Chariton,  Clar- 
inda,  Corydon,  Creston,  Davenport, 
Fairfield,  Fort  Madison,  Iowa  City, 
Keokuk,  Lenox,  Oskaloosa  (uses  cal- 
cum  hypochlorite),  Ottumwa,  Storm 
Lake. 

Filtration  plants  (coagulation,  filtra- 
tion)— Clear  Lake,  Clinton  (emerg- 
ency), Osceola  (out  of  service). 

Coagulation  plants  (coagulation  and 
sedimentation,  chlorine  in  two  cases) 
— Corning,  Council  Bluffs,  Lamoni  (no 
chlorine  used). 

Softening  plants— Jefferson  (chlor- 
ine for  emergency). 

Chlorination  plants  —  Akron,  Ar- 
nold's Park,  Audubon,  Avoca,  Boone, 
Brooklyn,  Camp  Dodge,  Cedar  Falls 
(emergency) ,  Cherokee,  Cherokee 
State  Hospital,  Clarinda  State  Hos- 
pital, Cresco,  Decorah,  Des  Moines, 
Everly,  Fort  Dodge  (emergency),  Hed- 
rick,  Lisbon,  Muscatine  (emergency), 
Newton,  Odeboldt,  Sac  City,  Sanborn, 
Spirit  Lake,  Waterloo,  Woodward 
State  Hospital. 

(Plants  of  all  types  using  chlorine, 
47;    hypochlorite,  1;    total,  48). 

Like  all  apparatus  thus  far  devised 
by  man,  these  plants  are  not  100  per 
cent  efficient.     They  have  their  peri- 


ods of  unsatisfactory  operation,  but 
these  may  be  minimized  by  careful 
and  competent  handling  and  by  fre- 
quent checking-up  on  the  operation 
efficiency.  The  best  that  can  be  ex- 
pected is  that  the  operation  shall 
yield  a  safe  and  situable  water  except 
at  rare  intervals,  and  that  when  the 
treatment  becomes  insufficient  it  shall 
be  corrected  with  all  the  speed  pos- 
sible. In  the  examination  of  water  at 
the  Water  Laboratory  Division  of  the 
Laboratories  for  the  State  Board  of 
Health,  we  have  found  but  two  of  the 
water  purification  plants  in  the  first 
four  classes  to  fail  to  show  unsatis- 
factory samples. 

An  interesting  feature  in  connection 
with  the  two  plants  mentioned  as  hav- 
ing no  bad  samples  scored  against 
them  in  the  water  laboratory  division 
of  the  Laboratories  for  the  State 
Board  of  Health,  lies  in  the  fact  that 
they  are  among  the  least  satisfactory 
plants  from  the  standpoint  of  effective 
apparatus.  One  of  these  plants  is 
tested  after  a  fashion  by  its  local 
health  physician  and  has  frequently 
been  found  to  be  unsatisfactory  by  the 
limited  examination  he  gives  it.  The 
reason  for  the  apparently  good  condi- 
tion is  that  so  few  samples  have  been 
examined  in  the  Water  Laboratory. 

It  is  only  fair  to  state,  of  course, 
that  in  addition  to  the  routine  sam- 
ples sent  to  the  laboratory,  the  water 
plant  operators  are  encouraged  to 
send  in  samples  at  times  of  difficulty, 
and  this  has  somewhat  increased  the 
proportion  of  unsatisfactory  samples. 

Moreover,  it  is  worth  while  noting  in 
passing  that,  even  so,  the  water  sam- 
ples from  treatment  plants  have  a  bet- 
ter percentage  of  good  samples  than 
any  other  type  of  supply,  public  or 
private.  The  nearest  approach  is  by 
swimming  pool  water,  chiefly  water 
from  the  pools  of  the  State  University 
which  are  themselves  treated  waters 
and  which  are  not  thought  necessary 
to  be  of  quite  the  same  high  degree 
of  purity  as  the  water  which  is  to  be 
taken  deliberately  for  drink. 

Condition  of  Water  Supplies. — Of 
the  public  water  supplies  the  percen- 
tage of  good  waters  is  least  for  springs 
and  shallow  wells,  while  the  deep 
wells  seem  to  come  along  about  half 
way  between  these  and  the  treated 
waters.  Untreated  surface  waters  in 
Iowa  cannot  in  general  be  regarded  as 
anything  but  unsafe.  We  cannot  con- 
trol the  water  sheds  satisfactorily,  and 
even  when  the  water  happens  to  be 


(195) 


842 


Waterworks  Monthly  Issue  of 


April, 


clear,  it  cannot  be  used  with  confi- 
dence. 

Private  supplies  are  almost  always 
worse  than  the  public  ones.  They  are 
not  so  closely  watched,  for  one  thing. 
And  for  another  the  good  reputation 
which  they  have  in  the  opinion  of  their 
owners  is  unfortunately  based  as  a 
rule  on  a  lack  of  knowledge  and  sel- 
dom has  the  backing  of  even  a  single 
analysis. 

On  account  of  the  danger  in  the  use 
of  private  shallow  wells,  the  public 
supply  should  have  a  reputation  for 
purity  and  palatability — which  repu- 
tation should  be  deserved  and  should 
be  jealously  guarded.  While  it  is 
wrong  to  keep  the  public  in  ignorance 
when  the  public  supply  is  not  in  good 
condition,  it  must  also  be  remembered 
that  rather  than  boil  the  water  many 
people  will  turn  to  private  shallow 
wells,  a  great  many  of  which  will 
probably  be  worse  and  more  danger- 
ous than  the  city  supply. 

The  Work  of  the  Water  Laboratory 
Division. — The  water  laboratory  divi- 
sion of  the  laboratories  for  the  state 
board  of  health,  at  Iowa  City,  has, 
since  its  beginning,  endeavored  espe- 
cially to  be  helpful  to  the  operators 
of  the  water  purification  plants  of  the 
state.  It  has  tried  to  keep  posted  on 
the  equipment,  operation  and  special 
difficulties  of  the  various  plants  so 
that  analyses  when  made  could  be 
interpreted  in  the  light  of  this  infor- 
mation and  suggestions  of  value  could 
be  sent  at  once  whenever  a  sample  of 
the  effluent  departed  from  a  strictly 
satisfactory   condition. 

The  work  has  been  hampered  to  a 
considerable  extent  by  the  fact  that 
a  nominal  fee  of  $1.00  must  be 
charged  for  each  analysis.  This  fee 
goes  to  the  general  funds  of  the  State 
of  Iowa.  Two  or  three  typhoid  deaths 
during  the  year  are  a  greater  eco- 
nomic loss  according  to  the  usual  esti- 
mates, than  is  represented  by  the  en- 
tire sum  taken  in  as  fees.  It  is,  there- 
fore, hoped  that  the  fee  may  be  dis- 
continued before  long. 

Special  containers  are  .employed  in 
collecting  the  samples  of  water.  These 
containers  are  chemically  clean  ster- 
ilized glass-stoppered  bottles  which 
are  arranged  for  ice-packing  on  the 
return  to  the  laboratory.  It  has  been 
found  that  samples  collected  in  other 
kinds  of  vessels  yield  unreliable  re- 
sults, even  when  the  bottles  and  stop- 
pers have  been  boiled  before  use. 

During  the  first  part  of  last  year  the 


State  Board  of  Health  began  a  system 
of  reports  on  the  operation  and  lab- 
oratory control  of  the  water  purifica- 
tion plants  of  the  state.  Each  week 
an  operation  report,  and  in  cases 
where  laboratory  control  is  exercised, 
a  laboratory  report  is  to  be  sent  to 
the  Water  Laboratory  at  Iowa  City. 
Each  report  is  acknowledged  using  a 
special  form  card,  and  any  remarks 
about  the  report  are  written  out  on 
this  form.  A  check  record  of  the  re- 
ports is  kept  and  they  are  filed  away 
after  the  inspection. 

This  system  of  reporting  has  been 
well  received  by  the  operators  when 
they  have  learned  about  it.  It  is  al- 
ways before  them,  on  the  printed  mat- 
ter, that  the  purpose  of  the  system  is 
to  help  them  better  to  serve  their 
communities. 

In  cases  where  adequate  operation 
records  are  kept  the  filling  out  of  the 
blanks  requires  little  time  as  care  was 
taken  to  keep  the  forms  as  simple  as 
consistent.  In  the  places  where  no 
record  was  kept,  it  has  aided  the  oper- 
ators to  begin  such  a  record,  and  they 
are  not  working  in  so  haphazard  a 
way  as  they  used  to  do. 

Several  of  the  operators  in  the 
smaller  plants  of  the  state  have 
awakened  to  a  live  and  understand- 
ing interest  in  the  performance  of 
their  equipment  and  they  have  been 
quick  to  take  advantage  of  the  ser- 
vice which  the  state  extends  to  them. 
Unfortunately  there  are  others  who 
have  not  yet  been  reached.  Personal 
contact  will  be  necessary  to  educate 
them  to  their  opportunities. 

It  is  believed,  however,  that  the 
years  of  educational  and  corrective 
endeavor  which  have  been  put  in  by 
the  small  staff  of  officials  of  the 
State  Board  of  Health  are  beginning 
to  bear  good  fruit.  There  is  room  for 
great  improvement  in  the  operation  of 
purification  equipment,  of  course,  just 
as  there  is  great  need  for  increase  in 
the  distribution  over  the  state  of 
water  purification  apparatus,  but  it  is 
not  believed  that  the  purification 
equipment  in  use  at  the  present  time 
has  been  better  operated  or  operated 
with  greater  interest  and  understand- 
ing in  the  history  of  its  use  in  Iowa. 


! 


Sewer  Work  for  Relief  or  Unem- 
ployed.— The  Council  of  Victoria,  B. 
C,  Canada,  is  starting  sewer  work  as 
relief  for  the  unemployed.  The  alter- 
nate week  system  is  used. 
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Sick  Sewer  Systems  and  Suggested  Remedies 

Causes,  Symptoms  and  General  Remedies  Outlined  in  Paper  Pre- 
sented January  24  at  Annual  Meeting  of   the 
Iowa  Engineering  Society 

By  WILLIAM  E.  STANLEY, 
Assistant  Engineer  with  Pearse,  Greeley  &  Hansen,  Consulting  Engineers,  Chicago,  111. 


The  first  sewerage  plans  to  be  pre- 
pared for  a  city  in  this  country  appear 
to  have  been  for  the  city  of  Chicago. 
About  1855,  E.  S.  Chesbrough  was  se- 
lected engineer  for  the  Chicago  Sew- 
erage Commission  to  design  a  system 
of  sewers  for  that  city. 

Following  Chicago,  a  few  of  the 
larger  cities  had  sewerage  plans  pre- 
pared. However,  the  construction  of 
sewers  for  the  smaller  cities  did  not 
become  active  generally  until  after  the 
publication  in  1881  of  Rudolph  Her- 
ing's  report  to  the  National  Board  of 
Health,  giving  the  results  of  an  inves- 
tigation of  the  sewerage  systems  of 
several  European  cities.  Sewers  be- 
gan to  be  built  in  a  great  many  cities 
about  30  years  ago.  These  systems 
have  been  added  to  at  intervals  as  the 
cities  grew. 

Design  and  Status  of  Many  of  the 
Present  Sewerage  Systems. — Many  of 
the  sewers  built  have  been  construct- 
ed without  any  regard  to  a  general 
comprehensive  plan.  The  tendency 
has  been  to  build  in  a  haphazard  way 
each  section  of  sewer  to  meet  the 
needs  of  the  moment  only,  or  to  suit 
the  whim  of  some  person  with  little 
or  no  engineering  knowledge  and  with 
no  plan  for  future  extension. 

Some  cities  had  sewerage  plans  pre- 
pared and  either  lost  or  ignored  them. 
Not  all,  however,  of  our  present 
sewer  systems  were  built  without 
comprehensive  plans.  A  considerable 
number  of  cities  had  careful  plans  pre- 
pared by  able  engineers  who  consid- 
ered the  future  development  of  the 
city.  The  cities  which  followed  defi- 
nite plans  in  the  construction  of  sew- 
erage systems  have  escaped  the  ever 
increasing  troubles  encountered  by  the 
communities  with  haphazard  systems. 
The  original  plans  for  the  cities  of  Su- 
perior, Wis.,  and  Elgin,  111.,  among 
others  are  examples  of  some  of  the 
earlier  comprehensive  work. 

At  Elgin,  111.,  we  have  had  occasion 
recently  to  look  over  the  plans  for 
sewerage  prepared  by  Samuel  M.  Gray 
in  1892  and  have  found  them  remark- 
ably well  fitted  to  the  present  needs 
of   the    city.     Present   troubles    come 


in  some  measure   through  deviations 
from  the  original  general  plan. 

Many  sewers  have  been  built  to  take 
care  of  domestic  sewage  only,  while 
the  storm  water  was  allowed  to  take 
care  of  itself.  Later  as  the  cities  be- 
came more  thickly  populated  and 
sheet  paving  was  started,  it  became 
undesirable  to  permit  the  storm  water 
to  follow  its  natural  channel  across 
lots  to  the  nearest  water  course.  As 
a  result  many  street  inlets  have  been 
connected  to  the  sanitary  sewers.  In 
other  cases  where  storm  sewers  have 
been  provided  with  the  street  im- 
provements a  great  many  roof  water 
drains  have  been  improperly  connect- 
ed to  the  small  sanitary  sewers. 

The  result  of  such  haphazard  con- 
struction of  sewers  without  a  general 
sewerage  plan  and  very  little  regard 
for  the  future  development  of  the  com- 
munity is  that  many  cities  have  come 
to  the  point  where  further  develop- 
ment of  their  sewerage  is  at  a  stand- 
still. Many  other  cities  are  fast  ap- 
proaching such  a  condition.  The  pres- 
ent sewers  are  frequently  surcharged 
and  the  people  connected  to  them  pro- 
test against  further  extensions  which 
will  add  to  the  surcharging.  Thus  we 
have  what  we  may  term  "Sick  Sewer 
Systems." 

Symptoms  of  a  Sick  Sewer  System. 
— The  principal  symptoms  of  a  "sick 
sewer  'system"  may  be  briefly  classi- 
fied as  follows: 

1.  The  frequent  surcharging  of 
sewers.  This  condition  is  due  to  an 
insufficient  capacity  to  carry  the  load 
connected  to  the  sewer,  which  may  be 
due  to  a  number  of  causes.  In  some 
cases  sewers  originally  built  to  han- 
dle domestic  sewage  only  have  had  so 
many  storm  water  connections  made 
to  them  that  they  are  overloaded  at 
each  light  rain.  In  other  cases  the 
original  sewers  either  had  insufficient 
capacity  to  start  with  because  of  im 
proper  size  or  grade,  or  else  the  lines 
have  been  extended  to  serve  territory 
not  considered  when  the  sewers  were 
originally  c&nstructed.  The  capacity 
of  some  sewer  lines  has  become  in- 
sufficient because  of  clogging  by  tree 
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roots  or  by  structual  abuse  of  the 
tile  by  careless  and  irresponsible  par- 
ties in  making  house  connections. 

2.  Inability  to  make  extensions.  The 
extension  may  be  impracticable  and 
in  many  cases  impossible  because  of  a 
lack  of  foresight  in  the  construction  of 
the  sewer  lines.  The  lines  either  were 
built  with  too  small  capacity  or  at  too 
high  elevations  to  permit  of  exten- 
sion into  the  territory  which  should 
logically  be  served  by  them. 

3.  Difficult  house  connections.  Very 
frequently  many  new  houses  built 
along  sewer  lines  are  either  unable 
or  have  difficulty  in  making  connec- 
tions to  the  sewer  because  the  sewer 
is  too  high  or  too  small.  Other  houses 
which  are  built  in  areas  supposedly 
sewered,  find  it  necessary  to  go  con- 
siderable distances  in  order  to  reach 
a  sewer  line. 

4.  People  in  new  areas  do  not  know 
what  to  do  for  sewerage.  Frequently 
these  new  areas  which  have  been  de- 
veloped lie  at  considerable  distance 
from  any  point  where  domestic  sew- 
age may  be  disposed  of.  The  expense 
of  an  outlet  sewer  is  too  g^eat  for  the 
people  in  the  new  area  to  finance. 

5.  A  considerable  pollution  of 
streams.  The  natural  drainage  of  a 
part  or  all  of  some  cities  is  into  small 
water  courses.  The  first  sewers  were 
built  in  the  direction  of  the  natural 
drainage  with  outlets  into  the  small 
water  courses.  At  first  little  or  no 
pollution  was  noticeable,  but  as  the 
cities  grew  the  pollution  increased  un- 
til it  has  become  a  serious  nuisance  if 
not  a  menace  to  the  public  health. 
In  numerous  cases  successful  damage 
suits  have  been  pressed  against  cities 
by  property  owners  downstream  be- 
cause of  the  pollution  of  the  stream. 

6.  Intercepting  sewers  difficult  to 
build.  The  existing  sewers  are  very 
frequently  located  in  the  bottom  of 
ravines  or  valleys  with  their  outlet 
elevation  so  low  that  interception  of 
the  sewage  is  difficult  and  sometimes 
impossible  without  pumping.  In  other 
cases  there  are  many  outlets  which 
make  expensive  intercepting  sewers 
necessary. 

As  the  status  of  an  existing  sewer 
system  may  be  judged  by  the  above 
considerations,  conversely,  the  merits 
of  a  comprehensive  sewerage  plan 
may  be  judged  in  a  general  way  by 
the  extent  to  which  the  designer 
looked  into  the  future  and  provided 
against  such  difficulties. 

Remedies  for  Sick  Sewer  Systems. 
— The  first  step  in  remedying  a  sick 


sewer  system  should  be  an  extensive 
and  thorough  engineering  investiga- 
tion and  study  of  each  individual  case. 
All  available  records  and  maps  of  the 
existing  sewers  should  be  collected 
and,  where  necessary,  supplemented 
by  field  work,  so  that  relatively  ac- 
curate knowledge  can  be  obtained  of 
the  location,  condition  and  capacity  of 
the  existing  sewers. 

The  object  of  the  engineering  inves- 
tigation of  the  sick  sewer  system 
should  be  to  evolve  a  comprehensive 
plan  of  sewerage  which  will  utilize 
the  present  sewers  to  best  advantage, 
provide  relief  sewers  for  critical 
areas,  and  which  will  be  adequate  for 
40  to  50  years  in  the  future. 

One  of  the  first  considerations  in  an 
investigation  of  the  sewerage  and  the 
preparation  of  a  general  plan  for  any 
city  is  the  probable  future  develop- 
ment of  that  city  as  to  area  and  popu- 
lation. The  future  growth  of  popula- 
tion is  usually  predicted  by  a  study 
of  the  past  growth  of  the  city  and  by 
a  comparison  of  its  past  growth  with 
the  growth  of  similar  larger  cities. 
The  methods  of  doing  this  are  dis- 
cussed in  a  number  of  text  books  on 
sewerage  design.  The  past  develop- 
ment of  each  section  of  the  city  must 
also  be  studied  and  the  future  devel- 
opment predicted.  This  can  be  done 
by  dividing  the  city  into  a  number  of 
small  sewer  districts  and  investigat- 
ing the  character  of  each  district  as 
to  whether  it  is  a  residential,  busi- 
ness or  industrial  district  and  what 
it  is  apt  to  develop  into.  The  con- 
clusion as  to  the  probable  future  de- 
velopment of  these  districts  is  much 
more  easily  reached  in  cities  which 
have  adopted  and  adhered  to  an  offi- 
cial city  plan  or  zoning  law. 

Predicting  Growth  of  Population. — 
The  growth  of  population  in  the  va- 
rious districts  can  be  predicted  by 
studyingj  the  density  of  population 
and  making  comparison  with  densities 
in  similar  sections  of  larger  cities. 
The  present  densities  can  be  deter- 
mined fairly  accurately  in  a  number 
of  ways.  Most  cities  take  annual 
school  census  and  have  registration  of 
voters.  Using  a  combination  of  these 
records  and  the  federal  census  figures 
for  the  enumeration  districts  it  is  pos- 
sible to  determine  fairly  accurately 
the  density  of  population  in  the  va- 
rious sewer  districts.  Another  method 
is  to  count  the  houses  in  the  field  and 
to  spot  them  on  a  map  using  various 
symbols  to  represent  one,  two  or  more 
family  houses  and  distribute  the  pop- 
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illation  in  proportion  to  the  number 
of  families.  Again,  by  some  additional 
field  work  in  conjunction  with  either 
or  both  of  the  above  methods,  it  is 
possible  to  obtain  sufficient  informa- 
tion from  which  to  construct  a  spot 
map  where  each  spot  or  dot  repre- 
sents 10,  25  or  perhaps  50  persons. 

After  the  distribution  of  the  present 
population  is  determined  it  is  neces- 
sary to  estimate  the  probable  distri- 
bution at  the  end  of  the  period  for 
which  sewers  are  to  be  designed.  It 
is  then  possible  to  design  sewers 
which  will  adequately  take  care  of  the 
domestic  sewage. 

A  study  of  adjoining  areas  and 
counties  should  be  included,  so  that 
an   estimate   can   be   made   of  future 


(d)  Industrial  sewage  is  that  com- 
ing from  industrial  establishments.  In 
some  communities  this  is  an  important; 
element. 

There  is  at  present  considerable  dif- 
ference of  opinions  as  to  the  relative 
merits  of  separate  and  combined 
sewers.  In  general  the  selection  of  a 
sewerage  system  for  any  community 
depends  on  topography,  surface  drain- 
age conditions,  the  service  desired  lo- 
cally, relative  costs  and  future  con- 
siderations. In  many  cities  it  is  found 
difficult  to  prevent  roof  and  yard 
drains  from  becoming  connected  to 
the  relatively  small  sanitary  sewers. 
These  sewers  are  thus  surcharged 
during  rainstorms  and  basements  are 
flooded.    There  is  not  so  much  chance 
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area  extensions.  This  is  important 
as  facilitating  the  development  of  new 
building  sites,  subdivisions  and  the 
like. 

Kinds  of  Sewage. — One  of  the  first 
elements  in  the  design  of  a  sewer 
system  is  the  kind  of  sewage  to  be 
provided  for.  The  various  kinds  are 
briefly  described  as  follows: 

(a)  Domestic  or  sanitary  sewage  is 
that  coming  from  within  houses  in- 
cluding the  sewage  from  bathrooms, 
kitchens  and  laundries,  together  with 
cellar  drainage. 

(b)  Roof  sewage  is  that  coming 
from  roofs  and  paved  yards.  It  is 
that  for  which  an  owner  might  ordi- 
narily provide  an  outlet  into  sewers. 

(c)  Surface  of  storm  sewage  is  the 
rain  water  which  collects  on  streets 
and  the  surface  of  the  ground. 


of  this  abuse  in  the  case  of  combined 
sewers. 

The  so-called  rational  method  is  be- 
ing more  generally  used  in  designing 
storm  water  sewers.  One  of  the  prin- 
cipal factors  to  be  considered  is  the 
capacity  to  be  provided.  It  is  rather 
out  of  the  question  in  most  communi- 
ties to  build  for  the  maximum  storms 
to  be  expected,  say,  once  in  a  hundred 
years.  On  the  other  hand,  the  sewers 
should  not  be  so  small  as  to  be  sur- 
charged at  each  rainstorm.  The  fre- 
quency of  surcharging  which  should 
be  allowed  in  designing  sewers  to 
carry  storm  water  will  be  determined 
by  the  relative  cost  of  damages  by 
flooding  and  the  increased  cost  of 
building  larger  sewers.  The  proper 
balance  between  these  two  opposing 
factors  is  largely  a  matter  of  experi- 
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enced  judgment  and  local  considera- 
tions. 

Determination  of  Rainfall  Intensi- 
ties.— The  rainfall  intensities  to  be 
used  in  computing  run-off  for  storms 
of  various  duration  and  frequency  of 
occurrence  may  be  obtained  in  some 
places  from  rainfall  records.  Fre- 
quently, however,  rainfall  records  are 
not  available  in  sufficient  detail  for 
the  smaller  cities.  For  these  the  rain- 
fall may  be  computed  by  the  formula 
the  intensity  (i)  is  equal  to  a  factor 
(k)  divided  by  the  square  of  the  time 
of  duration  in  minutes  (t),  (that  is, 
k 

i  = ),  where  the  factor   k    varies 

Vt 
from  8.5  to  16,  depending  upon  the  fre- 
quency of  storms  to  be  provided  for. 
The  accompanying  diagram  shows  the 
relation  between  the  computed  inten- 
sities for  storms  of  from  10  to  60  min- 
utes' duration  using  various  values  of 
k  in  the  above  formula  and  the  actual 
rainfall  intensities  observed  at  Louis- 
ville, Ky.,  for  the  period  1897  to  1920. 
This  figure  indicates  that  for  Louis- 
ville conditions  a  value  for  k  of  8.5 
represents  intensities  which  may  be 
exceeded  one  to  two  times  a  year;  a 
value  for  k  of  12  represents  intensities 
exceeded  once  in  three  years,  and  a 
value  of  16  for  k  represents  intensities 
exceeded  once  in  8  to  20  years. 

The  percentage  of  the  rainfall  which 
will  run  off  immediately  into  the 
sewers  will  depend  upon  the  topog- 
raphy and  impervious  areas  in  the 
tributary  district.  It  is  usually  esti- 
mated at  from  20  per  cent  for  relative- 
ly flat  and  less  critical  areas  up  to 
as  high  as  75  to  100  per  cent  for 
densely  built  up  and  paved  areas  in 
districts  with  high  property  values. 
The  probable  condition  of  the  areas 
40  to  50  years  in  the  future  should  be 
used  in  selecting  values  for  the  coef- 
ficient of  run-off.  A  consideration  of 
particular  importance  is  available 
projects  for  future  relief  sewers. 

The  engineering  investigation  must 
consider  also  the  question  of  sewage 
disposal.  Even  though  the  city  be  lo- 
cated along  a  large  river  and  can  dis- 
pose of  its  sewage  at  present  by  dilu- 
tion it  is  quite  probable  that  some 
treatment  may  have  to  be  provided 
within  the  period  for  which  the  sewers 
are  planned.  Outlet  sewers  should  be 
located  and  designed  to  permit  fu- 
ture  construction  of  intercepting 
sewers. 

After  a  general  comprehensive  plan 
has  been  worked  out  which  will  pro- 


vide sewerage  for  the  total  area  under 
consideration  in  remedying  a  sick 
sewer  system,  the  next  step  is  to  de- 
termine which  sewer  lines  should  be 
built  at  the  present  in  order  to  re- 
lieve conditions  and  to  make  esti- 
mates of  cost.  The  remaining  sewers 
indicated  on  the  general  plan  should 
be  built  as  the  city  develops.  The  re- 
sults of  the  investigation  should  be 
made  of  record  in  the  form  of  maps 
and  reports  to  the  proper  authorities. 

The  advantages  of  a  thorough  inves- 
tigation and  report  are  many.  The 
expense  involved  is  relatively  small  in 
comparison  to  the  costs  of  building 
the  structures  required  to  relieve  the 
sick  sewer  system  and  the  economies 
effected  by  the  investigation  will  un- 
doubtedly pay  for  the  investigation 
several  times  over. 

The  report  of  the  investigation  al- 
lows the  state  authorities  such  as  the 
Board  of  Health  to  review  and  pass 
judgment  upon  fundamental  factors  in 
the  proposed  improvements  at  an 
early  stage  in  the  work.  The  making 
and  checking  of  detail  construction 
drawings  becomes  then  a  question  of 
routine  and  detail. 

Financing  the  Construction. — The 
next  step  in  remedying  a  sick  sewer 
system  is  to  provide  means  for  financ- 
ing the  construction  of  the  sewers 
which  the  engineering  investigation 
indicated  should  be  built  at  present 
in  order  to  relieve  overloaded  sewers 
and  provide  outlets  for  new  areas. 
This  usually  takes  some  form  of  a 
bond  issue  or  special  assessment  pro- 
ceedings. Means  for  financing  are 
largely  co-operative  enterprises  be- 
tween the  city  officials  and  the  engi- 
neers. The  engineers  can  help  a  great 
deal  by  determining  plans  for  progres- 
sive development  and  assisting  the 
presentation  of  the  projects  to  the 
public.  The  following  table  indicates 
what  the  cost  of  necessary  present 
construction  may  amount  to. 

During  or  following  the  time  re- 
quired for  raising  funds  detail  con- 
struction drawings  should  be  prepared 
for  the  work  to  be  built.  These  detail 
drawings  can  with  a  little  care  be 
prepared  in  such  a  form  that  they  may 
be  used  afterwards  as  record  sewer 
drawings. 

The  final  step  after  funds  and  plans 
have  been  provided  is  to  prepare  and 
carry  out  a  construction  program. 
This  consists  in  advertising  for  bids, 
awarding  the  contract  to  a  responsi- 
ble contractor  and  the  actual  construc- 
tion  work. 
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A  Concise  Summary  of  Present  Day  Practice  Given  in  Paper  Pre- 
sented Before  Toronto  Branch  of  Engineering 
Institute  of  Canada 

By  NORMAN  J.  HOWARD, 

Bacteriologist-in-Charge,    Toronto    (Ont.)    Filtration   Plant   Laboratories. 


Purification  of  water  is  dependent 
upon  both  natural  and  artificial  means. 
The  storage  of  water  in  impounding 
reservoirs  and  sedimentation  basins 
furnishes  the  best  examples  of  natural 
purification.  New  York  gets  its  sup- 
ply from  the  Ashokan  reservoir  which 
has  an  area  of  36  sq.  miles  and  an 
average  depth  of  50  ft.  Liverpool 
secures  its  water  from  Lake  Vyrnwy 
which  flows  through  an  aqueduct  68^ 
miles  long  to  the  Prescot  service  res- 
ervoirs. Both  cities  have  unlimited 
quantities  of  good  water.  The  Lon- 
don supply,  part  of  which  is  abstracted 
from  the  rivers  Thames  and  Lee,  is 
stored  in  sedimentation  basins  sev- 
eral days  before  filtration. 

Plankton  Growth  in  Stored  Waters. 
— In  all  supplies  which  are  stored  for 
any  length  of  time,  the  danger  of 
plankton  growth  is  periodically  in- 
volved which  sometimes  results  in  the 
production  of  disagreeable  tastes  and 
odors.  While  taste  resulting  from  ex- 
cessive algal  growth  is  highly  objec- 
tionable and  is  very  difficult  to 
prevent,  yet  in  most  cases  by  chemi- 
cally treating  the  supply,  the  organ- 
isms can  be  destroyed  after  which  the 
taste  rapidly  subsides.  From  time  to 
time  numerous  suggestions  have  been 
made  to  prevent  the  seasonal  growth 
of  algae  which  depend  upon  decom- 
posing vegetable  matter  for  their 
food  and  which  thrive  in  waters  high 
in  nitrogen  and  low  in  oxygen.  The 
striping  of  reservoir  sites  and  artifi- 
cial circulation  of  the  water  have  both 
been  tried  with  indifferent  results.  In 
supplies  from  impounding  reservoirs 
the  water  may  at  times  he  highly 
colored,  due  in  part  to  the  water  tak- 
ing up  the  soluble  extractive  organic 
matter.  Usually  in  this  class  of  water, 
no  attempt  is  made  to  remove  the 
color.  Reference  will  be  made  later 
to  this  subject. 

The  reservoirs  in  which  the  London 
supply  is  stored  prior  to  filtration 
have  caused  periodic  trouble  due  to 
plankton  growth,  which  have  not  only 
caused  taste  but  also  had  a  clogging 
effect  on  the  filters.    Prior  to  the  war 


extensive  construction  of  storage  res- 
ervoirs had  been  undertaken,  due  to 
the  desire  of  providing  against 
drought,  abstracting  the  river  water 
at  most  favorable  times  and  securing 
the  safety  of  the  supply.  Houston  in 
his  7th  research  report  says,  "It  is 
difficult  to  escape  the  belief  that  30 
days'  storage  of  river  water  is  tanta- 
mount to  sterilization,  so  far  as  the 
microbes  associated  with  water  borne 
epidemic  disease  is  concerned." 

During  the  war,  the  water  board 
instead  of  storing  Thames  water  at 
Staines,  treated  it  with  chlorine  and 
by-passed  it  directly  on  to  the  filters 
thus  saving  double  pumpage,  and 
producing  a  water  bacteriologically 
purer  than  it  had  been  stored.  The 
future  policy  of  the  London  Water 
Board  as  regards  storage  may  be 
somewhat  modified  in  view  of  the 
proven  success  of  pre-chlorination  by 
Sir  A.  C.  Houston. 

Sedimentation  and  Storage  of  Raw 
Water. — The  passage  of  water  through 
sedimentation  basins,  or  the  retention 
of  raw  water  in  storage  reservoirs 
prior  to  filtration  is  a  thoroughly 
sound  policy  resulting  in  the  removal 
of  heavy  suspended  impurities  and  a 
marked  reduction  in  bacterial  life. 
Where  the  raw  water  is  only  subject 
to  occasional  storm  periods  involving 
turbid  water  conditions,  the  construc- 
tion of  sedimentation  basins  may 
hardly  be  justified,  the  question  being 
largely  dependent  upon  the  type  of 
plant  in  use  for  filtration  purposes.  It 
should,  however,  he  borne  in  mind 
that  sedimentation  basins  always 
guard  against  possible  breakdowns, 
and  do  actually  remove  a  heavy  load 
from  all  types  of  filters  during  storm 
periods.  The  retention  of  water  in 
storage  reservoirs  results  in  sedimen- 
tation, and  at  the  same  time  causes 
devitalization  and  ultimate  destruction 
of  the  microbes  associated  with  water 
borne  disease,  thus  serving  a  dual 
purpose. 

The  abstraction  of  water  from 
rivers  and  lakes  probably  furnishes  a 
majority   of    cities    with   their   water 
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supplies.  In  almost  all  cases  such 
waters  have  to  be  purified  by  artificial 
means  which  may  include: 

1.  Sedimentation  or  storage. 

2.  Slow  sand  filtration. 

3.  Mechanical  or  rapid  sand  filtra- 
tion. 

4.  Sterilization. 

Selection  of  Most  Suitable  System. 
— In  most  purification  installations 
considerable  controversy  occurs  as  to 
what  is  the  most  suitable  system  to 
adopt.  At  the  outset  it  should  be 
stated  that  all  types  of  standard  filters 
have  been  found  to  work  satisfactor- 
ily when  the  quality  of  the  water  was 
suitable  and  proper  operating  super- 
vision maintained.  No  plant  should 
be  installed  without  due  regard  being 
given  to  the  climatic  conditions,  and 
the  normal  and  changing  character  of 
the  raw  water.  Too  much  emphasis 
cannot  be  placed  upon  the  latter  con- 
dition, and  exhaustive  laboratory  ex- 
periments should  in  all  cases  be  car- 
ried out  to  determine  the  efficiency  of 
any  particular  system  involved.  It  is 
recognized  that  the  most  difficult  prob- 
lems to  deal  with  are  colored  and 
turbid  waters.  Some  colored  waters 
give  readily  to  treatment  while  others 
need  prolonged  coagulation  and  sedi- 
mentation; similarly  the  degree  of 
fineness  of  turbid  waters  may  call  for 
entirely  different  treatments.  Briefly 
it  may  be  stated  that  apart  from  the 
initial  cost  of  installation,  slow  sand 
filters  are  the  most  suitable  for  clear 
or  slightly  colored  waters  and  mechan- 
ical filters  for  turbid  or  highly  colored 
waters.  The  respective  bacterial 
efficiencies  depend  largely  upon  op- 
eration. Generally  speaking,  slow  sand 
plants  yield  the  purest  effluents,  but 
provided  sufficient  coagulant  is  added, 
mechanically  filtered  water  compares 
favorably  with  slow  sand  results.  If 
sufficient  coagulant  is  applied  so  as  to 
procure  high  bacterial  efficiencies,  the 
operating  costs  of  mechanical  filters 
may  be  considerably  higher  than  slow 
sand.  A  common  practice  on  mechan- 
ical plants  is  to  clarify  the  water  with 
a  minimum  quantity  of  coagulant  and 
depend  on  chlorine  for  sterilization. 

Slow  Sand  Filtration. — Filtration  by 
the  slow  sand  method  is  known  as 
the  English  system  and  dates  back  to 
1829  when  it  was  first  used  in  Eng- 
land. The  method  consists  of  the 
passage  of  water  through  varying 
thicknesses  of  sand  and  gravel  at  a 
slow  rate  of  filtration.  Purification 
effected  by  the  slow  sand  system  is 
not  a  straining  action  but  is  largely 


brought  about  by  the  formation  of  a 
viological  film  on  the  top  layers  of 
the  sand,  which  usually  does  not 
penetrate  far  below  the  surface.  The 
only  mechanical  part  played  in  the 
filtration  process  is  the  separation  of 
suspended  matter  by  the  sand,  this  is 
also  assisted  by  the  sticky  nature  of 
the  surface  film.  Certain  chemical 
changes  occur  such  as  the  removal  of 
organic  matter  and  increase  in  nit- 
rates pointing  to  the  action  being 
largely  biochemical. 

This  surface  film  previously  re- 
ferred to,  was  named  schumtzdecke  by 
the  Germans  who  regarded  it  as  the 
most  important  feature  of  slow  sand 
filtration,  so  much  so  that  they  have 
generally  discontinued  the  use  of 
thick  layers  of  sand,  and  are  satisfied 
with  a  sand  bed  12  in.  thick  provided 
a  proper  filter  film  is  allowed  to  form. 
While  the  schumtzdecke  theory  of 
purification  in  slow  sand  filters  is  gen- 
erally accepted,  the  actual  relation- 
ship to  varying  degrees  of  purification 
has  yet  to  be  shown. 

Proof  of  the  theory  has  been  dem- 
onstrated at  Paris  and  in  Hertford- 
shire, England,  where  contaminated 
spring  and  well  waters  were  passed 
through  slow  sand  filters  without  any 
degree  of  purification  being  effected. 
The  waters  in  each  case  were  free  of 
vegetable  and  organic  matter  but  con- 
tained certain  types  of  bacteria,  and 
in  the  absence  of  the  schumtzdecke 
formation  the  filters  simply  acted  as 
strainers  allowing  the  bacteria  to  pass 
through  the  layers  of  sand.  The  sur- 
face film  is  of  a  gelatinous  nature 
consisting  of  silt,  bacteria  and  plank- 
ton life. 

In  the  summer  months  slow  sand 
efficiencies  are  usually  higher  than 
winter  figures,  due  to  greater  pre- 
ponderance of  microscopic  life  and 
an  increase  in  the  nitrification  proc- 
ess when  the  water  is  warmer.  Many 
types  of  organism  are  only  present  in 
the  summer  months  and  these  by 
splitting  up  carbon  dioxide  gas,  lib- 
erate nascent  oxygen,  which  has  a 
marked  germicidal  effect  upon  mic- 
robic  life.  At  times  it  is  a  battle  for 
supremacy,  and  should  the  raw  water 
be  excessively  polluted,  the  bacterial 
concentration  may  be  sufficiently  large 
so  that  numbers  of  bacteria  will  pass 
the  filters,  later  to  be  destroyed  in 
the  sterilization  process.  The  removal 
of  color  in  slow  sand  beds  is  also  said 
to  be  connected  with  the  top  layers 
of  sand,  as  much  as  25  per  cent  being 
removed,  probably  due  to  absorption. 
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The  rate  of  filtration  expressed  in 
million  imperial  gallons  per  acre  per 
day  varies  enormously.  In  London, 
England,  it  is  as  low  as  0.6,  while  in 
America  rates  of  3.4  and  6  millions 
are  not  uncommon.  Where  the  new 
Blaisdell  system  of  sand  washing  is 
practiced  greatly  increased  rates  of 
filtration  are  claimed. 

Effective  Size  of  Sand  in  Filter. — 
The  effective  size  of  sand  used  in 
the  slow  sand  system  is  of  great  im- 
portance and  ranges  between  .175  and 
.45  m.m.,  with  an  average  of  about 
.275  m.m.,  while  the  uniformity  coeffi- 
cient varies  between  1.5  and  4.8  with 
an  average  figure  of  2.0.  Thus  in 
Amsterdam  the  effective  size  is  .17, 
in  Liverpool  .32,  in  London  .175  to 
.4,  in  Hamburg  .31,  Washington  .32, 
Philadelphia  .28  to  .36,  and  Toronto 
.225.  The  reason  for  the  great  varia- 
tions is  probably  due  to  the  different 
kinds  of  water  under  treatment.  There 
is  also  no  uniformity  as  to  thickness 
of  sand  in  the  filters,  the  figures  rang- 
ing from  12  in.  to  8  ft.  In  America 
the  average  thickness  of  sand  is  36  in. 
with  about  12  to  18  in.  of  graded 
gravel  and  stone. 

Among  the  advantages  of  thick 
layers  of  sand  are  high  efficiencies, 
but  in  view  of  modern  day  practice 
involving  pre  and  final  chlorination 
of  the  water,  there  would  seem  to  be- 
no  good  reason  why  the  depth  of  sand 
should  be  greater  than  2  ft.  With  a 
coarser  sand  the  rate  of  filtration 
could  be  accelerated,  and  the  slightly 
decreased  bacterial  efficiency  would 
be  taken  care  of  by  the  reagent  used 
for  sterilization. 

Loss  of  head,  representing  as  it 
does  frictional  resistance  to  the  pass- 
age of  the  water  through  the  sand, 
is  controlled  by  the  head  of  water  on 
the  filter,  the  rate  of  filtration,  and 
the  porosity  of  the  filtering  film.  The 
maximum  loss  of  head  maintained  on 
plants  before  scraping  or  cleaning  is 
usually  5  ft.,  although  on  some  plants 
the  figure  is  not  allowed  to  go  above 
4  ft. 

Methods  of  Cleaning  the  Filter 
Sand. — By  far  the  most  difficult  prob- 
lem encountered,  particularly  in  cold 
countries,  is  the  cleaning  of  the  sand. 
In  England  and  elsewhere  where  open 
filters  are  used,  no  difficulty  is  en- 
countered, the  surface  sand  being 
scraped,  piled,  removed  by  hand  labor 
and  mechanically  washed.  In  America 
and  certain  European  countries  the 
filters  have  to  be  covered  on  account 
of  climatic  conditions.     The  covering 


of  filters  not  only  affords  a  certain 
amount  of  protection  against  frost, 
but  by  excluding  sunlight  prevents 
the  growth  of  vegetable  matter  so 
often  seen  in  uncovered  filters.  Where 
open  filters  are  in  commission  me- 
chanical sand  washers  are  gradually 
replacing  the  old  hose  system  of 
washing,  although  this  method  is  still 
extensively  practiced   in   Europe. 

The  Metropolitan  Water  Board  of 
London  use  three  different  types  of 
mechanical  washers.  In  America  the 
sand  is  mechanically  ejected  from  tin 
filters  by  means  of  portable  ejector 
boxes  operating  under  water  pressure, 
and  discharged  in  sand  washers.  The 
sand  washers  consist  of  conical  metal 
or  concrete  hoppers  in  the  throat  of 
which  ejectors  and  water  jets  are 
located.  The  dirty  sand  enters  at  the 
top  of  the  hopper  and  falls  towards 
the  bottom  against  the  continuous  up- 
ward current  from  the  water  jet.  By 
this  means  the  sand  is  freed  from 
dirt,  which  rises  to  the  surface  and 
overflows  to  waste,  the  washed  sand 
falling  to  the  bottom  where  it  is  picked 
up  by  the  ejector  and  carried  into  an- 
other hopper  receiving  a  second 
washing. 

Meohanical  System  of  Sand  Wash- 
ing.— The  modern  mechanical  system 
of  sand  washing  can  be  considered 
more  economical  and  effective  than 
the  arduous  methods  at  present  in  use 
in  many  European  cities.  Where  ex- 
cessively cold  weather  is  experienced 
the  outside  washers  cannot  be  utilized 
in  the  winter  time  and  portable  sand 
washers  are  used.  In  Toronto  and 
elsewhere  they  have  been  found  to 
work  satisfactorily,  and  the  danger  of 
breakdowns  practically  removed.  The 
partial  discharge  of  dirty  waste  water 
directly  on  the  surface  of  the  filters 
is  nevertheless  objectionable  and  slow- 
ly penetrates  into  the  top  layers  of 
sand.  This  is,  however,  removed  by 
the  repeated  summer  washings. 

By  far  the  most  modern  system  of 
sand  washing  is  that  devised  by 
Blaisdell  who  claims  that  by  mechani- 
cally washing  the»  surface  sand  to  a 
depth  of  several  inches,  the  sand  can 
be  freed  of  suspended  impurities,  the 
filters  cleaned  more  rapidly  and  eco- 
nomically, and  the  rate  of  filtration 
greatly  accelerated.  The  machines 
used  are  either  the  traveling  crane 
type  or  the  belt  tread  type  and  have 
eight  washing  heads.  The  teeth  are 
8  in.  long  and  introduce  water  into 
the  sand  and  revolve  at  that  depth. 
An  inverted  chamber  surrounds  each 
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head  and  water  is  sucked  from  this 
chamber.  The  dirt  and  some  sand  is 
drawn  from  the  bed.  The  sand  is 
quickly  dropped  and  the  dirt  carried 
away  through  a  2^-in.  hose  connected 
with  the  usual  water  pipes  in  the 
filter.  By  using  this  method  the  %- 
acre  filters  at  Philadelphia  have  been 
cleaned  by  two  men  in  three  days. 
A  more  recent  system  used  by  Blais- 
dell  is  known  as  the  "reverse  flow" 
which  consists  in  repeatedly  subject- 
ing the  filter  sand  to  an  upward  or 
reverse  flow  of  filtered  water,  at  an 
approximate  rate  of  1V2  million  gal- 
lons per  acre  per  day,  and  the  occa- 
sional use  of  the  Blaisdell  washer.  By 
this  method  it  is  claimed  that  filters 
can  be  operated  through  temporary 
flows  of  water  carrying  turbidities  up 
to  2,000  parts  per  million.  Pittsburgh 
has  been  using  the  reverse  flow  and 
has  effected  a  saving  of  50  per  cent 
in  cost  of  cleaning  its  filters. 

The  whole  question  of  successful 
operation  of  sand  filters  depends  upon 
local  conditions  and  efficient  opera- 
tion. Apart  from  the  question  of  sand 
handling,  the  filters  are  almost  fool- 
proof and  produce  high  bacterial  effi- 
ciencies at  a  minimum  cost. 

Puech  Chabal  Filtration  System. — 
This  method  of  filtration  is  fairly  ex- 
tensively used  in  France  and  consists 
of  three  separate  systems  of  filtra- 
tion. There  are  four  roughing  filters 
each  containing  graded  gravel  ranging 
in  size  from  %  in.  to  1/5  in.,  one  pre- 
filter containing  2  ft.  of  coarse  sand 
and  12  in.  of  gravel,  and  a  final  slow 
sand  filter  containing  2  ft.  of  gravel 
and  2  ft.  of  fine  sand.  The  area  of 
the  beds  progressively  increase  in 
size,  rendered  necessary  by  the  grad- 
ually decreasing  rate  of  filtration, 
which  is  inversely  proportional  to  the 
area  over  which  the  current  is  spread. 
After  passage  through  each  unit  the 
water  flows  in  sequence  over  cascades 
to  the  next  unit.  The  roughing  filters 
are  cleaned  weekly  by  back-washing, 
the  prefilter  operates  usually  about  a 
month  and  is  cleaned  in  the  usual 
manner  while  the  final  filter  operates 
for  indefinite  periods.  Thus  we  have 
a  model  system  for  dealing  with  cer- 
tain kinds  of  water.  The  roughing 
filters  remove  the  heavy  suspended 
matter,  the  prefilter  removes  the  finer 
turbidity  and  the  final  filter  takes 
care  of  the  bacteria,  while  during  the 
whole  process  aeration  is  taking  place. 
Of  recent  years  Mr.  Puech  has  advo- 
cated the  covering  in  of  the  finishing 
filter  to  prolong  the  life  of  the  unit 


and  prevent  the  development  of  vege- 
table growths. 

Mechanical  Filtration. — Mechanical 
filtration  was  introduced  in  the  United 
States  and  consequently  has  always 
been  known  as  the  American  system. 
The  chief  differences  between  me- 
chanical and  slow  sand  is  the  higher 
rate  of  filtration  employed  and  the 
introduction  of  a  coagulant  with  sub- 
sequent sedimentation  and  filtration. 
The  normal  rate  of  filtration  is  at 
least  40  to  50  times  faster  than  slow 
sand,  which  rate  is  rendered  possible 
by  pre-chemical  treatment,  which  pre- 
cipitates the  suspended  impurities  in 
the  settling  basin  and  allows  the 
water  to  be  passed  through  the  filters 
at  a  high  rate.  The  comparatively 
new  drifting  sand  system  which  is  in 
use  at  Toronto  differs  from  the  stand- 
ard mechanical  filter  in  as  much  as 
no  sedimentation  is  employed,  the 
chemicalized  water  passing  directly 
on  to  the  filters.  By  causing  the  sand 
to  drift  across  the  path  of  the  raw 
water,  a  large  proportion  of  the  im- 
purities, including  the  aluminum  hy- 
drate and  the  bacteria  which  have 
been  caught  up  by  the  coagulant  are 
carried  out  along  with  a  portion  of 
the  drifting  sand. 

Unlike  the  slow  sand  system,  the 
mechanical  filter  acts  largely  as  a 
strainer,  due  in  part  to  the  high  rate 
of  filtration,  and  depends  almost 
entirely  upon  the  formation  of  an 
artificial  filtering  film  on  the  surface 
of  the  beds.  The  latter  condition  is 
produced  by  the  application  of  sul- 
phate of  aluminum,  iron  sulphate  or 
other  chemicals.  When  sulphate  of 
aluminum  is  used  in  a  water  contain- 
ing the  normal  chemical  constituents 
the  chemical  reaction  is  as  follows: 
A12(S04)3  -f  3  Ca  C03  H2  C03  = 
Al«(OH)6  +  3  Ca  S(M-6C02 

In  many  kinds  of  water  containing 
large  amounts  of  turbidity  it  is  cheap- 
er to  add  iron  sulphate  in  which  case 
it  may  be  necessary  to  add  hydrated 
lime  to  neutralize  the  excess  acidity. 
Sulphate  of  aluminum  contains  ap- 
proximately 17  per  cent  of  aluminum 
oxide  and  on  an  average,  when  decom- 
posed through  reaction  with  the  bicar- 
bonates,  there  is  an  increase  of  3.5 
parts  per  million  of  carbon  dioxide  for 
each  grain  of  alum  applied  per  gallon 
of  water.  In  soft  colored  waters  this 
free  carbon  dioxide  is  said  to  render 
active  organic  acids  common  to  col- 
ored waters,  and  to  generally  assist 
in  the  decomposition  and  removal  of 
color,   part  of  which  is  absorbed  by 
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the  hydrate  of  alumina.  Much  trouble 
has  resulted  through  the  action  of  free 
carbon  dioxide  on  exposed  iron  sur- 
faces and  in  pipes.  Sometimes  it  can 
be  directly  traced  to  faulty  operation 
due  to  the  lack  of  technical  supervi- 
sion. In  normal  operation  and  in  all 
cases  where  new  installations  of 
mechanical  plants  are  being  made,  it 
is  absolutely  essential  that  a  study 
should  be  made  as  to  the  possible  cor- 
rosiveness  of  the  particular  water  in- 
volved. The  most  difficult  waters  to 
treat  are  soft  colored  waters,  and  the 
new  ionic  theory  of  reaction  has 
already  been  highly  productive.  A 
recent  definition  of  hydrogen  ion  con- 
centration, as  applied  to  natural 
waters  was  made  by  Green  of  Little 
Falls,  N.  Y„  and  is  very  expressive. 
He  defines  it  as  "the  measurement  of 
a  minute  amount  of  hydrogen  which 
is  present  in  the  ionic  state  due  to 
electrolytic  dissociation."  The  rela- 
tionship of  hydrogen  ions  to  filtration 
is  in  determining  if  possible  the 
optimum  point  of  alkalinity,  in  other 
words  the  isoelectric  point. 

Hydrogen  Ion  Concentration  in  Col- 
ored Waters. — Coagulation  is  said  to 
occur  when  the  isoelectric  stage  is 
reached.  This  may  vary  according  to 
the  content  and  nature  of  the  organic 
matter  present.  Research  work  has 
shown  that  the  vegetable  organic  col- 
ored matter  in  water  is  frequently 
colloidal  in  character,  the  particles 
being  negatively  charged.  Generally 
speaking  the  reduction  of  color  will 
commence  when  a  sufficient  amount 
of  alum  is  added  so  as  to  produce  the 
isoelectric  point,  and  precipitation 
will  cease  when  there  is  an  excess  of 
positive  ions.  For  this  reason  the 
determination  of  the  hydrogen  ion 
concentration  in  colored  waters  may 
be  of  great  value.  It  should  be  stated, 
however,  that  in  more  normal  waters 
free  from  color,  the  value  of  this  de- 
termination has  yet  to  be  demon- 
strated. In  many  cases  the  policy  of 
giving  prolonged  periods  of  sedimenta- 
tion to  certain  types  of  colored  waters 
does  not  seem  justified,  if  modern 
theories  are  correct.  Experimental 
work  carried  out  in  the  Toronto  filtra- 
tion plant  laboratories  has  indicated 
that  where  the  correct  amount  of  coag- 
ulant has  been  applied,  the  color  can 
be  rapidly  filtered  out  even  when 
flocculation  is  barely  visible.  It  may 
be,  however,  that  with  sedimentation 
a  smaller  amount  of  chemical  could 
be  applied.  Chief  considerations, 
therefore,  in  the  treatment  of  colored 


waters  are:  The  application  of  the 
correct  amount  of  chemical  involving 
the  reduction  of  color,  and  the  produc- 
tion of  a  permanently  clear  and  non- 
corrosive  effiuent.  Waters  containing 
high  turbidities  are  not  difficult  to 
treat  and  give  readily  to  mechanical 
filtration.  The  treatment  of  impure 
hard  waters  comparatively  free  of 
turbidity,  while  not  presenting  any 
difficulties  in  operation,  frequently  in- 
volve expensive  treatment,  as  if  bac- 
teriological efficiencies  are  maintained 
it  is  necessary  to  apply  large  amounts 
of  alum.  In  a  recent  article  Gore 
stated  that  "a  hard  water  invariably 
contains  an  excess  of  the  necessary 
ingredients  for  decomposing  the  alum. 
Every  substance  in  the  water,  whether 
dissolved,  or  suspended,  has  an  effect 
upon  the  amount  of  alum  required, 
and  generally  the  higher  amounts  of 
mineral  matter  and  the  harder  water, 
the  greater  will  be  the  need  of 
alum  to  coagulate  the  impurities."  In 
dealing  with  such  kinds  of  water  not 
only  are  complete  chemical  and  bac- 
teriological examinations  necessary, 
but  a  study  should  be  made  of  the 
hydrogen  ion  concentration  and  the 
colloidal  properties  of  the  water.  In 
the  writer's  opinion  the  latter  con- 
siderations are  partly  involved  in  view 
of  the  known  seasonal  variations  in 
efficiencies.  If  the  hydrogen  ions  are 
related  to  the  efficiencies,  the  con- 
trolling influence  may  be  the  carbon 
dioxide  content  which  is  highest  at 
times  when  the  greatest  efficiencies 
are  recorded. 

Hanan  considers  that  temperature 
plays  an  important  part,  this  condi- 
tion again  largely  controls  the  carbon 
dioxide,  and  may  have  a  direct  bear- 
ing upon  the  resultant  purification. 
Where  raw  waters-  are  subject  to  con- 
tinuous pollution  emanating  from  sew- 
age disposal  works,  the  colloidal  con- 
tent of  the  water  will  be  much  higher 
in  the  summer  months,  when  the  effi- 
ciencies are  lowest.  Frequent  changes 
in  the  organic  content,  and  known 
variations  in  the  degree  of  absorption 
of  the  organic  colloids,  which  in  sew- 
age are  said  to  carry  negative  charges, 
undoubtedly  play  a  part,  as  it  is  not 
unreasonable  to  assume  that  the  pres- 
sure of  enormous  concentrations  of 
negatively  charged  colloidal  molecules 
would  require  considerably  more  alu- 
mina, which  is  said  to  be  positively 
charged,  if  high  efficiencies  are  to  be 
maintained.  The  subject  is  of  absorb- 
ing interest  and  is  receiving  universal 
attention.     In  Toronto,  when  the  raw 
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water  is  free  of  turbidity,  chlorine  is 
now  substituted  for  alum  prior  to 
nitration.  As  a  result  of  this  policy 
a  saving  of  $40,000  was  effected  in 
1921,  a  purer  water  obtained,  and  the 
value  of  laboratory  control  demon- 
strated. There  is  no  good  reason  why 
similar  treatment  should  not  be 
adopted  elsewhere,  always  provided 
that  proper  supervision  is  available. 
The  policy  frequently  encountered  of 
leaving  the  application  of  chemical  to 
the  works  engineer  may  result  in 
faulty  operation,  either  too  much  or 
too  little  chemical  being  applied, 
while  there  is  a  tendency  to  regard 
economy  as  of  more  importance  than 
efficiency.  It  must,  of  course,  be  recog- 
nized that  in  the  smaller  plants  con- 
tinuous technical  supervision  is  not 
possible. 

Mechanical  filters  may  be  said  to  in- 
clude any  filters  other  than  slow-sand, 
chief  amongst  the  types  at  present  in 
use  are  (1)  mechanical  gravity;  (2) 
mechanical  pressure;  (3)  drifting 
sand. 

Where  the  gravity  type  of  filter  is 
in  use,  the  raw  water  may  receive 
sedimentation  in  preliminary  settling 
basins,  depending  upon  the  quality  of 
the  raw  water,  or  go  directly  to  the 
coagulating  basin  where  it  is  retained 
for  periods  varying  between  2  and  6 
hours.  After  coagulation  the  water 
passes  directly  on  to  the  filters. 
Water  similar  in  character  to  the 
Mississippi  river  sometimes  contains 
turbidity  as  high  as  5,000  p. p.m.  and 
show  rapid  variations  depending  upon 
the  meteorological  conditions.  In  such 
cases  provision  is  made  whereby  the 
raw  water  can  be  passed  either  to  the 
sedimentation  reservoir  or  directly 
into  the  coagulating  basin  according 
to  the  physical  conditions  existing. 
Example  of  the  elaborate  treatment 
necessary  for  highly  turbid  waters  is 
found  at  the  St.  Louis  plant,  where 
the  raw  water  at  times  contains  more 
than  70  tons  of  suspended  matter  in 
each  million  gallons  of  water,  and  in 
addition  to  this  /has  200  p. p.m.  of 
color.  The  raw  water  is  first  allowed 
to  settle  out,  following  which  it  is 
treated  with  milk  of  lime  for  soften- 
ing purposes,  coagulated  with  iron 
sulphate  and  given  34  hours'  sedimen- 
tation. Sulphate  of  alumina  is  then 
applied  for  color  removal  and  the 
water  passed  into  settling  basins  after 
which  it  is  filtered  and  treated  with 
chlorine  for  sterilization  purposes.  The 
resultant  effluent  is  free  of  all  turbid- 
ity, contains  only  10  p.p.m.   of  color, 


and  is  clear,  bright  and  of  high  bac- 
terial quality. 

Application  of  Chemicals. — Applica- 
tion of  chemicals  is  controlled  either 
mechanically  or  by  hand  controlled 
scales,  both  of  which  discharge  a 
measurea  amount  of  chemical  into 
concrete  solution  tanks.  It  may  be 
necessary  to  slightly  heat  the  water 
used  for  dissolving  alum, .as  the  tem- 
perature conditions  control  the  rate 
of  dissolution.  The  time  required  to 
dissolve  the  alum  varies  approximate- 
ly 5  per  cent  for  each  degree  centi- 
grade, the  time  decreasing  as  the 
water  temperature  increases.  In  the 
solution  tanks  rvolving  paddles  keep 
the  mixture  at  a  uniform  strength. 
From  the  tanks  the  solution  flows  into 
an  orifice  box  which  either  discharges 
the  mixture  at  a  constant  rate  or 
varies  the  amount  proportionate  to 
the  water  being  pumped.  In  Toronto 
a  splendid  chemical  feed  installation 
is  in  use  and  consists  of  a  dissolving 
chamber  from  where  the  strong  solu- 
tion flows  to  a  hydrometer  chamber 
where  it  is  automatically  diluted  to 
the  desired  strength.  The  hydro- 
meter is  poised  in  the  solution  be- 
tween two  valves,  one  discharging 
alum  solution  and  the  other  water. 
Any  vertical  movement  of  the  hydro- 
meter opens  one  valve  and  closes  the 
other,  thus  keeping  up  a  continuous 
feed  of  either  alum  or  water.  The 
tank  is  made  of  concrete,  while  the 
hydrometer  is  covered  with  lead  and 
has  a  displacement  of  6,000  lb.  of 
solution.  It  is  weighted  so  as  to  float 
in  alum  solutions  ranging  from  4  to 
10  per  cent.  Owing  to  differences  in 
the  density  of  alum  solution  and 
water,  circulation  is  maintained,  a  10 
per  cent  solution  of  alum  being  ap- 
proximately 5  per  cent  heavier  than 
water.  A  beam  with  knife  edges  above 
the  hydrometer,  which  is  extremely 
sensitive,  provides  for  permanent  ad- 
justment and  also  for  altering  the 
density  of  the  solution.  Along  the 
beam  is  a  scale  of  divisions  graduated 
in  1/10  grains  so  that  by  moving  a 
weight  the  required  solution  may  be 
obtained. 

Another  method  fairly  extensively 
used  is  the  dry  chemical  feed  through 
which  sulphate  of  alumina,  sulphate 
of  iron,  lime  or  soda  ash  can  be  fed. 
The  machine  is  operated  on  the  screw 
principle  and  can  be  adjusted  so  as 
to  apply  to  any  given  dosage  of  chemi- 
cal. The  chemical  is  fed  into  a  hop- 
per and  passes  down  by  gravity  into 
the    feeding    chamber,    where    it    is 
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moved  forward  by  the  revolving  screw, 
in  definite  amounts,  according  to  the 
speed  and  capacity  of  the  screw.  The 
Booth  dry  feeder  is  somewhat  similar 
in  character  but  discharges  its  con- 
tents from  the  hopper  into  a  revolving 
feed  table  which  is  so  geared  as  to 
turn  from  1/3  to  8  r.p.m.  depending 
upon  requirements.  The  dry  feed 
machine  is  particularly  suitable  for 
small  plants.  When  in  solution  the 
rate  of  flow  of  alum  through  piping, 
which  should  be  of  lead,  depends  upon 
the  density  of  the  solution.    . 

The  necessity  for,  and  the  period 
involved  in  sedimentation,  depends 
upon  the  amount  and  degree  of  fine- 
ness of  suspended  matter.  Similarly 
this  condition  controls  the  amount  of 
applied  chemical  and  the  period  of  re- 
tention in  the  coagulating  basins. 
Coagulation  may  be  rapid  or  slow 
depending  in  part  upon  the  tempera- 
ture conditions  and  the  ionic  nature 
of  the  organic  matter  in  solution. 
Should  protective  colloids  exist,  as 
they  frequently  do  in  many  raw 
waters,  particularly  in  the  summer 
months,  their  action  may  retard  coag- 
ulation or  cause  the  addition  of  in- 
creased amounts  of  precipitant.  The 
necessary  period  of  retention  in  coagu- 
lating basins  can  and  should  be 
worked  out  although  it  must  not  be 
assumed  that  the  formation  of  a  heavy 
floe  is  essential.  In  turbid  waters  it 
is  necessary,  but  in  clear  and  certain 
colored  waters  a  short  contact  period 
may  be  all  that  is  required.  Excellent 
results  can  frequently  be  obtained 
without  the  formation  of  a  visible 
floe.  When  alum  is  applied  to  water 
a  chemical  change  occurs,  and  the 
reaction  is  said  to  be  instantaneous. 
Results  obtained  by  Race  in  Ottawa 
and  the  writer  in  Toronto,  clearly 
showed  that  in  certain  types  of  water 
prolonged  periods  of  coagulation  were 
unnecessary,  the  final  purification  of 
water  treated  with  alum  being  the 
same  after  4  minutes  and  4  hours' 
coagulation.  Some  colored  waters  do 
not  give  to  treatment  unless  several 
hours'  sedimentation  are  given.  Where 
the  character  of  the  raw  water  neces- 
sitates heavy  precipitation  the  speed 
of  flocculation  may  be  accelerated  by 
agitation  or  by  passage  over  a  weir, 
the  water  flowing  rapidly  downwards 
into  the  settling  basin.  The  size  of 
coagulation  basins  depends  upon  the 
necessary  period  of  retention.  The 
bottom  of  the  basins  are  usually  built 
so  that  the  sides  slant  towards  the 
middle  where  a  gutter  or  drain  is  lo- 


cated through  which  the  sludge  can 
be  drawn  off.  Baffles  are  built  so  that 
a  uniform  rate  of  flow  can  be  main- 
tained, and  prevent  the  formation  of 
under  currents.  It  is  important  that 
the  elevation  of  the  outlet  pipe  should 
be  so  arranged  that  the  sludge  is  not 
disturbed. 

Gravity  Filters. — Gravity  filters  are 
very  similar  in  character  and  design, 
and  usually  consist  of  small  rectangu- 
lar units,  containing  10-12  in.  of  grad- 
ed gravel,  covered  by  sand  to  a  depth 
of  24  to  30  in.  The  size  of  the  sand 
is  coarser  than  is  found  in  slow  sand 
installations,  the  effective  size  rang- 
ing between  0.4  and  0.6  m.m.,  with 
an  average  of  0.45  m.m.  Between  the 
sand  and  gravel,  and  sometimes  be- 
low the  gravel,  there  are  brass  wire 
screens  which  prevent  the  disturb- 
ance of  the  gravel  layers  during  back- 
washing.  Considerable  trouble  has 
periodically  occurred  through  the 
screns  breaking  and  some  plants  have 
discontinued  their  use.  The  compara- 
tively new  Wheeler  filter  bottom  rep- 
resents the  most  recent  advance  in 
mechanical  filters  and  not  only  doe3 
away  with  the  strainer  system  but 
permits  a  high  velocity  wash  being 
carried  out  without  the  disturbance 
of  the  gravel  layers.  In  Toronto  ce- 
mented gravel  is  used  in  the  drifting 
sand  plant,  in  the  proportion  of  15  of 
gravel  to  1  of  cement.  The  size  of 
the  gravel  used  is  the  material  which 
passes  through  a  screen  3  meshes  to 
the  inch  and  is  retained  on  a  screen 
having  5  meshes  to  the  inch.  This  has 
been  found  to  work  well  and  has 
shown  no  evidence  of  increasing  the 
loss  of  head.  Both  air  and  water  are 
used  in  backwashing,  while  in  some 
of  the  older  circular  types  of  tanks, 
revolving  rakes  are  used  to  break  up 
the  sand  during  backwashing.  Where 
air  is  used  agitation  of  the  sand  is 
made  for  3  minutes  before  the  back-; 
wash  water  is  started.  The  rate  of 
application  of  backwash  water  is  very 
important. 

The  amount  of  waste  water  for 
backwashing  ranges  between  2%  and 
4  per  cent.  Rate  of  filtration  varies 
between  125  and  150  million  Imperial 
gallons  per  acre  per  day,  equivalent  to 
1.9  and  2.4  gal.  per  square  foot  per  min- 
ute. Generally  speaking  mechanical 
filters  are  simple  to  handle  but  need 
careful  operation.  The  sand  should  be 
periodically  examined  for  incrusta- 
tion, backwashing  should  be  cau- 
tiously carried  out,  and  a  constant 
rate   of  filtration  maintained. 
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Drifting  Sand  System.— The  drift- 
ing sand  system  of  filtration  as  adopt- 
ed by  the  city  of  Toronto  involves  two 
essential  principles  of  operation.  They 
are  the  introduction  of  a  coagulant 
without  sedimentation  and  the  neces- 
sity for  there  being  a  drifting  as  well 
as  a  stationary  body  of  sand  in  the 
filter.  The  coagulant  is  applied  to  the 
raw  water  on  the  suction  side  of  the 
pump  and  goes  directly  on  to  the  fil- 
ters. The  treated  water  enters  the 
filter  partly  by  a  standpipe  running 
through  the  center  of  the  unit  which 
passes  through  a  sand  washer  in  the 
bottom  and  delivers  above  the  sand 
at  the  top  of  the  pipe,  and  partly 
through  a  bypass.  The  washed  sand 
is  inducted  into  the  raw  water,  passes 
up  the  standpipe  and  is  delivered  at 
the  top  of  the  filter.  The  drifting 
sand  forms  a  volcano-like  cone  that 
continuously  drifts  away,  and  is  be- 
ing replaced  with  the  washed  sand, 
leaving  a  round  top  body  of  station- 
ary sand  below,  resting  upon  the  fil- 
tered water  collecting  system.  In 
times  of  high  turbidity  the  speed  of 
the  drifting  sand  can  be  accelerated 
by  decreasing  the  flow  of  raw  water 
through  the  by-pass  and  increas- 
ing the  flow  through  the  stand- 
pipe.  In  practice  it  is  found 
that  the  slope  of  the  drifting  surface 
cone  is  a  minimum  of  about  32°  and 
the  slope  of  the  surface  of  the  cone 
forming  the  stationary  sand  is  about 
64°.  Length  of  run  of  filters  ranges 
between  1  and  7  days  according  to 
the  physical  conditions  of  the  raw 
water.  Backwashing  takes  2  per  cent 
while  an  additional  2  per  cent  is  used 
for  waste  water  passing  through  the 
sand  washer.  The  Toronto  plant  was 
designed  to  apply  1  grain  per  gallon 
of  alum,  but  the  increased  pollution 
of  the  raw  water  resulted  in  an  addi- 
tional burden  being  placed  on  the 
plant,  at  times  as  much  as  2.5  grains 
per  gallon  of  alum  being  applied.  The 
plant  has  demonstrated  its  ability  for 
dealing  with  a  raw  water  similar  in 
character  to  Lake  Ontario. 

Pressure  Filters. — Chief  amongst 
other  types  of  filters  are  pressure  fil- 
ters which  may  be  either  vertical  or 
horizontal.  The  Jewell  vertical  filter 
contains  a  straining  system,  a  bed  of 
gravel  and  sand,  and  an  automatic 
coagulating  device  for  applying  the 
proportionate  feeding  of  alum.  For 
cleaning  purposes  revolving  rakes 
are  used,  it  being  claimed  that  an 
economy  of  50  per  cent  is  effected  in 
the  amount  of  backwash  water  used. 


The  filters  are  usually  washed  until 
the  waste  water  clears.  The  horizon- 
tal filters  may  provide  preliminary 
sedimentation  within  the  filter,  pro- 
vision being  made  for  20  minutes'  set- 
tlement. This  filter  consists  of  a  tank 
within  a  tank,  the  inner  tank  contain- 
ing the  filtering  material,  the  space 
between  the  inner  and  outer  shells 
constituting  the  sedimentation  com- 
partment, from  which  the  water  over- 
flows into  the  filter  bed.  Revolving 
rakes  are  used  for  agitation  during 
backwashing.  There  are  several  other 
kinds  of  pressure  filters,  somewhat 
similar  in  detail  and  design,  the  chief 
differences  being  in  the  method  of 
washing. 

The  candy  pressure  filter  differs 
from  all  other  types  in  as  much  as 
the  filter  contains  three  sections,  a 
prefilter  containing  coarse  filtering 
material,  the  oxidizing  filter  which 
contains  oxidium  or  polarite,  and  the 
final  filter  containing  fine  sand.  The 
function  of  these  chemical  com- 
pounds is  to  occlude  oxygen.  Oxi- 
dium is  a  porous  compound  of  iron 
oxide  silica,  lime  and  magnesia.  The 
organic  matter,  either  in  solution  or 
suspension,  contained  in  water  is 
largely  absorbed  by  oxidium.  Polarite, 
which  contains  approximately  50  per 
cent  of  magnetic  iron  oxide,  is  largely 
used  for  iron  removal  and  its  use  in 
England  in  ferruginous  waters  has 
been  very  successful.  The  success  of 
the  use  of  oxidium  or  polarite  de- 
pends upon  its  oxygen  content,  which 
has  to  be  renewed  from  time  to  time. 
This  is  done  by  first  saturating  the 
filter  with  air  and  then  applying  air 
under  pressure  until  the  material  has 
taken  up  a  definite  amount  usually  in 
the  neighborhood  of  200  cu.  ft.  Wash- 
ing of  the  filters  is  accomplished  by 
the  usual  reverse  flow  of  water,  no 
agitation  being  used. 

The  Clark  Process  of  Purification. 
— The  purification  of  water  by  an  en- 
tirely new  process  has  been  recently 
suggested  by  Clark  of  Boston.  This 
consists  of  loading  the  sand  of  a  slow 
sand  filter  with  ordinary  coagulants 
and  operating  the  filter  at  a  rate  of 
5  to  6  million  gallons  per  acre  daily. 
The  results  are  said  to  give  a  large 
reduction  in  organic  coloring  matter 
without  showing  an  increase  in  the 
carbonic  acid  content.  In  the  experi- 
mental work  carried  out  the  thick- 
ness of  sand  used  was  iy2  ft.,  the  sand 
having  an  effective  size  of  .25  m.m., 
while  the  amount  of  alumina  sulphate 
applied  was  80  tons  per  acre  of  filter 
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surface.  The  aluminum  hydroxide 
was  precipitated  in  the  sand  by  flood- 
ing the  filter  alternately  with  small 
doses  of  solutions  of  soda  ash  and  sul- 
phate of  aluminum.  During  5  years' 
operation  that  the  filter  has  been  in 
commission  the  average  color  re- 
moved has  been  66  per  cent,  the  color 
of  the  effluent  always  being  propor- 
tionately reduced  according  to  the 
color  of  the  applied  water.  Up  to  date 
the  filter  has  removed  50  per  cent  of 
the  organic  matter  determined  as  al- 
buminoid ammonia  and  60  per  cent 
determined  as  consumed  oxygen.  In 
order  to  remove  the  coloring  matter 
retained  in  the  filter  by  the  hydroxide, 
weak  solutions  of  caustic  soda  have 
been  used,  after  which  the  filter  is 
washed  with  water  equal  to  2.5  per 
cent  of  that  filtered  between  treat- 
ments. • 

High  bacterial  efficiencies  are  not 
secured  with  this  system,  as  the  caus- 
tic soda  destroys  the  gelatinous  or- 
ganic matter  on  the  sand  grains,  the 
filter  acting  simply  as  a  strainer.  In 
view  of  the  fact  that  a  clear  and 
sparkling  effluent  is  secured  which 
can  be  rendered  sterile  by  chlorine, 
the  bacterial  efficiencies  are  not  con- 
sidered important.  This  method  of 
treatment  is  recommended  for  stored 
water  of  high  color,  the  physical  im- 
provement of  which  is  regarded  as  of 
more  importance  than  bacterial  re- 
moval. Not  being  familiar  with  this 
particular  system  renders  it  unwise 
to  give  an  expression  of  opinion  as  to 
its  merits.  Generally  speaking  the 
sacrificing  of  bacterial  efficiencies  is 
a  policy  that  cannot  be  recommended. 

Iron  Removal  Plants. — The  treat- 
ment of  ferruginous  waters  presents 
certain  problems  which  quite  fre- 
quently involve  elaborate  and  costly 
treatment.  Iron  may  be  in  solution 
in  a  colloidal  state,  as  a  ferrous  car- 
bonate or  sulphate,  or  as  bicarbonate. 
Usually  waters  containing  iron  arc 
high  in  carbon  dioxide  which  keeps 
the  iron  in  solution.  Great  varieties 
occur  in  the  mineral  and  acid  content 
of  raw  waters,  these  being  the  condi- 
tions which  more  or  less  control  the 
final  precipitation  of  the  iron.  Aera- 
tion and  filtration  are  usually  em- 
ployed for  treatment.  When  present 
as  a  carbonate,  aeration  produces  pre- 
cipitation, the  iron  coming  down  in 
an  oxidized  state.  Waters  high  in 
iron  in  the  bicarbonate  form  may 
have  to  be  treated  with  milk  of  lime, 
coagulated  with  aluminum  sulphate 
and  finally  given   sedimentation  and 
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filtration.  For  industrial  purposes 
iron  in  excess  of  0.5  parts  per  million 
is  objectionable,  while  water  contain- 
ing iron  in  excess  of  2  p.p.m.  will 
cause  taste.  Calcium  hypochlorite  in 
conjunction  with  lime  has  been  suc- 
cessfully used  in  the  removal  of  iron, 
and  has  been  shown  to  possess  re- 
markable powers  of  oxidizing  organic 
compounds  or  iron  in  a  ferrous  state. 
Effective  treatment  in  removing  iron 
will  reduce  the  iron  content  to  ap- 
proximately .1  to  .15  p.p.m. 

Sterilization. — Sterilization  of  water 
supplies  is  now  regarded  a  part  of  the 
purification  process,  largely  on  ac- 
count of  the  enormous  pollution  of 
sources  from  which  many  supplies  are 
drawn.  Chief  among  the  regents  used 
are  chlorine,  ozone,  ultra  violet  rays 
and  Houston's  excess  lime  method. 
One  condition  is  necessary  for  the 
successful  treatment  of  water  with 
chlorine,  ozone  and  the  violet  rays, 
and  this  is,  the  absence  of  suspended 
matter.  For  this  reason  alone  it  is  es- 
sential that  the  water  under  treat- 
ment should  first  be  filtered.  In  cases 
of  spring  waters  or  of  waters  entirely 
free  of  suspended  matter,  it  is  of 
course  unnecessary.  The  first  record 
of  sterilization  of  water  took  place 
at  Lincoln,  England,  in  1905  when 
Houston  following  a  typhoid  epidemic 
successfully  applied  sodium  hypo- 
chlorite. In  America,  Johnston  is 
credited  with  being  the  first  to  use 
chlorine,  he  having  applied  calcium 
hypochlorite  at  the  Chicago  Stock 
Yards  in  1908.  Following  the  suc- 
cessful treatment  at  Chicago,  chlori- 
nation  developed  rapidly  in  the  Unit- 
ed States  and  Canada.  Chloride  of 
lime  (containing  approximately  33  per 
cent  available  chlorine)  being  gener- 
ally used.  In  1910  liquid  chlorine  first 
came  into  use  and  has  been  extensive- 
ly used  since  that  date.  The  advan- 
tage it  possesses  over  calcium  hypo- 
chlorite is  that,  whereas  the  gas  in 
liquid  form  is  100  per  cent  chlorine, 
and  does  not  deteriorate,  calcium  hy- 
pochlorite is  hygroscopic,  and  when 
exposed  to  air  loses  its  strength  to 
a  considerable  extent.  At  the  pres- 
ent time  there  is  no  definite  agree- 
ment as  to  whether  the  sterilizing  ac- 
tion of  chlorine  is  caused  by  the  ac- 
tion of  the  gas  acting  as  a  germicide 
or  whether  it  is  brought  about  by  a 
chemical  reaction  involving  the  libera- 
tion of  nascent  oxygen  which  is  set 
free  from  the  hypochlorous  acids  in 
the  presence  of  oxidizable  matter. 

Application    of    Chlorine. — The  ma- 
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chine  at  present  in  general  use  for 
applying  chlorine  gas  is  made  by  Wal- 
lace and  Tiernan  and  consists  in  part 
of  a  compensator  and  manometer  for 
regulating  the  flow  of  gas  according 
to  the  applied  dosage.  The  machine 
is  carefully  calibrated  so  that  a  con- 
stant flow  is  maintained,  and  can  be 
operated  either  manually  or  with  an 
automatic  attachment.  The  proper  ap- 
plication of  chlorine  should  result  in 
a  sterile  water  practically  free  of 
taste.  Taste  conditions  frequently  en- 
countered, invariably  are  not  the  re- 
sult of  excess  doses  of  chlorine,  but 
are  due  to  the  action  of  chlorine  upon 
organic  matter  or  the  formation  of 
chlorophenolic  compounds. 

The  use  of  ozone  as  a  sterilizing 
reagent  has  not  progressed  as  rapidly 
as  was  anticipated  a  few  years  ago, 
chiefly  on  account  of  the  overhead  ex- 
penses, and  the  comparative  cheap- 
ness and  effectiveness  of  chlorine. 
The  germicidal  properties  of  ozone 
are  brought  about  by  its  powerful  ox- 
idizing effect  in  which  nascent  oxy- 
gen is  evolved.  This  action  depends 
upon  its  desire  to  throw  off  one  of 
its  oxygen  atoms  and  so  return  to 
the  condition  of  ordinary  oxygen.  The 
success  of  ozone  depends  upon  the 
even  distribution  of  gas  bubbles 
through  the  water  under  treatment 
As  ozone  is  only  slightly  soluble  in 
water,  the  effective  treatment  is  diffi- 
cult. In  Europe  the  De  Frise  system 
has  worked  successfully  for  several 
years. 

The  ultra  violet  rays  for  water 
sterilization  are  being  used  fairly  ex- 
tensively. Water  under  treatment 
must  be  free  of  color  as  well  as  sus- 
pended matter  on  account  of  the  in- 
ability of  the  rays  to  penetrate  the 
color.  The  treatment  consists  in  the 
exposure  of  the  water,  at  short  range 
to  the  rays  from  an  electric  mercury 
vapor  lamp  with  walls  of  quartz.  Ultra 
violet  ray  sterilization  action  of  water 
acts  in  an  unusual  manner.  Exposure 
to  the  rays  not  only  kills  bacteria, 
but  imparts  a  potential  sterilizing 
power  which  kills  bacteria  subse- 
quently encountered.  The  expensive 
equipment  is  a  stumbling  block  to  the 
general  development  of  this  particu- 
lar form  of  treatment  for  sterilizing 
water  supplies. 

Excess  Lime  Method.— The  excess 
lime  method  as  advocated  by  Sir  A. 
C.  Houston  serves  a  double  purpose, 
not  only  producing  complete  sterili- 
zation but  also  softens  the  water  un- 
der treatment.     The  modus  operandi 


consists  of  overdosing  water  with 
lime,  so  as  to  bring  about  a  known 
bactericidal  effect,  a  suitable  contact 
period  of  from  5  to  24  hours  being 
necessary.  Neutralization  of  the  caus- 
ticity in  the  water  is  brought  about  by 
adding  raw  water  to  the  treated  wa- 
ter in  sufficient  quantity  so  as  to  com- 
bine with  the  excess  of  lime.  The 
sterilizing  effect  of  the  treatment  re- 
sults from  the  causticity  of  the  lime 
which  must  be  added  in  excess  of  % 
to  1  grain  per  gallon  of  water,  which 
causes  a  temporary  absence  of  free 
and  half-bound  carbonic  acid,  and  a 
great  increase  in  the  hydroxyl  ions 
the  concentration  of  which  is  suffi- 
ciently great  as  to  destroy  bacterial 
life.  The  dose  of  lime  for  steriliza- 
tion purposes,  depends  upon  the  bi- 
carbonate content,  the  degree  of  bac- 
terial pollution,  the  nature  of  the  col- 
loidal and  organic  matter  present  and 
the  duration  of  contact.  Generally 
speaking  the  bactericidal  dose  with 
hard  waters  would  be  approximately 
1-5,000  and  with  very  soft  waters 
1-50,000.  The  success  of  the  treatment 
has  been  demonstrated  on  a  large 
practical  scale  in  Aberdeen  and  else- 
where, and  confirmed  by  Hoover  in 
America. 

Application  of  Copper  Sulphate  to 
Water. — This  is  done  largely  for  de- 
stroying microscopic  organisms  so 
frequently  encountered  in  storage  and 
impounding  reservoirs.  Its  value  as  a 
germicidal  agent  has  been  demon- 
strated by  Johnson  and  others  but 
it  is  not  now  used  for  sterilizing  pur- 
poses. Theoretical  considerations  in- 
dicate that  copper  sulphate  reactu 
with  the  bicarbonates  of  calcium  nor- 
mally present  in  most  waters,  form- 
ing a  basic  copper  carbonate  which 
may  subsequently  break  up  into  an  in- 
soluble cupric  hydrate  and  free  car- 
bonic acid.  It  is  not  definitely  known 
as  to  what  causes  the  decomposition 
of  plankton  life  following  its  applica- 
tion, but  it  has  been  clearly  estab- 
lished that  copper  exerts  a  marked 
toxic  effect.  The  question  of  select 
toxicity  of  the  organisms  themselves 
has  yet  to  be  established.  There  is 
no  law  governing  the  amount  of  cop- 
per sulphate  necessary  for  destroying 
algae  or  other  forms  of  vegetable  life. 
Quite  often  it  has  been  found  that  fol- 
lowing the  destruction  of  one  type  of 
organism,  a  secondary  growth  of  an- 
other variety  quickly  followed.  While 
the  microscopical  examination  should 
be  made  to  determine  the  predomi- 
nating  type   of   organism   present,   a 
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thorough  physical  and  chemical  an- 
alysis should  also  be  undertaken.  The 
definite  establishment  of  the  free  and 
half-bound  carbonic  acid  and  of  the 
organic  matter  present  is  of  great  im- 
portance, decomposition  and  solubil- 
ity of  copper  sulphate  being  depend- 
ent upon  these  conditions.  Tempera- 
ture again  plays  an  important  part  in 
the  treatment,  higher  temperatures 
producing  greater  toxicity.  The  deli- 
cate nature  of  the  treatment  of  water 
with  copper  sulphate  renders  it  es- 
sential that  its  application  should 
only  be  made  under  skilled  supervi- 
sion. Under  these  conditions  splen- 
did results  can  be  secured  without 
there  being  any  danger  of  residual 
copper  remaining  in  solution. 


Regulations  for  Supplying  Water 
to  Small  Buildings 

In  order  to  establish  a  uniform 
method  of  supplying  water  to  small 
buildings,  especially  those  erected  for 
mercantile  and  garage  purposes,  the 
regulations  of  the  Water  Board  of 
Brookline,  Mass.,  governing  the  fur- 
nishing and  maintaining  of  secondary 
or  auxiliary  meters  and  the  laying  of 
service  pipes  for  different  classes  of 
buildings,  were  thoroughly  revised 
during  the  past  year.  The  revised  reg- 
ulations in  the  1922  report  of  the 
Water  Board  are  as  follows: 

"When  water  shall  be  supplied  to 
more  than  one  taker  through  a  single 
service,  the  bill  for  the  whole  supply 
furnished  through  such  service  shall 
be  made  either  to  the  owner  of  the  es- 
tate or  to  some  one  tenant  who  shall 
agree  to  be  responsible  therefor.  If 
additional  or  auxiliary  meters  are  de- 
sired for  showing  sub-division  of  any 
supply,  they  shall  be  furnished  and 
set  at  the  expense  of  the  owner  or 
consumer.  In  case  of  non-payment, 
the  water  may  be  shut  off,  notwith- 
standing one  or  more  takers  may  have 
paid  their  proportion  to  such  owner 
or  tenant." 

"All  service  pipes  shall  be  laid  from 
the  street  main  to  the  street  line  by 
the  Water  Department;  current  prices 
will  be  charged  for  labor  and  mate- 
rials furnished  in  extending  pipes  in 
private  property." 

(a)  For  single  dwelling  houses: 
One,  1-in.  service  pipe,  laid  to  the 
street  line,  will  be  furnished  by  the 
town.  If  a  larger  pipe  is  required, 
the  additional  expense  shall  be  paid 
by  the  owner.  If  more  than  one,  1- 
in.  service  pipe  is  desired,  the  extra 


expense  shall  be  paid   by  the  owner 
of  the  premises. 

(b)  For  apartment  houses:  Apart- 
ment houses  containing  four1  or  more 
apartments,  may,  at  the  option  of  the 
Water  Board,  be  supplied  by  service 
pipes  larger  than  1  in.,  laid  to  the 
street  line  at  the  expense  of  the 
town. 

(c)  For  private  garages:  The  en- 
tire expense  for  labor  and  materials 
furnished  in  laying  service  pipes  for 
all  private  garages  shall  be  paid  by 
the  owner  of  the  premises. 

(d)  For  public  garages:  Garages  to 
contain  10  or  more  cars,  may,  at  the 
option  of  the  Water  Board,  be  sup- 
plied by  service  pipes  larger  than  1 
in.,  laid  to  the  street  line  at  the  ex- 
pense of  the  town. 

(e)  For  stores:  All  buildings  erect- 
ed for  store  or  mercantile  purposes 
will  be  furnished  one  service  pipe  laid 
to  the  street  line  at  the  expense  of 
the  town,  the  size  of  such  service 
pipe  to  be  determined  by  the  Water 
Board.  Should  additional  service 
pipes  be  desired  for  separate  stores  in 
the  said  building,  the  entire  additional 
expense  shall  be  paid  by  the  owner 
of  the  premises. 

(f)  For  elevators:  The  entire  ex- 
pense of  labor  and  materials  fur- 
nished in  laying  service  pipes  for  ele- 
vators shall  be  paid  by  the  owner  of 
the  premises  supplied. 


Fast  Travel  of  Floating  Bottle. 

A  U.  S.  Hydrographic  Office  bottle, 
containing  a  paper  indicating  that  it 
was  dropped  off  the  steamship  F.  H. 
HiUman  in  latitude  12°  7'  N.,  longi- 
tude 76°  53'  W.,  which  is  in  the  Carib- 
bean Sea  about  300  miles  northeast- 
erly of  Cristobal,  was  recovered  at 
Galeta  Island,  7  miles  northeast  of 
Cristobal,  on  March  7.  It  had  trav- 
eled at  least  290  miles  in  12  days, 
approximately  1  mile  an  hour,  or  an 
average  of  90  feet  a  minute.  This 
speed  is  considered  especially  remark- 
able in  view  of  the  fact  that  the  gen- 
eral set  of  the  currents  in  this  area 
opposed  the  passage  of  the  bottle,  and 
this  travel  must  have  been  due  to  the 
force  of  wind  blowing  counter  to  the 
current.  During  this  period  the  wind 
recorded  at  Cristobal  was  continually 
from  the  north  and  northeast,  and  the 
velocity  was  considerably  above  nor- 
mal. The  average  for  February,  1923, 
was  18.3  miles  per  hour  and  for  the 
period  from  February  23  to  March  7 
the  average  was  17.8  miles. 
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Economics  of  Land  Drainage  Projects 

Two  Methods  of  Analyzing  Benefits  Described  in  The  Canadian 

Engineer 

By  DOUGLAS  L.  McLEAN.* 
Deputy  Minister  of  Public  Works  of  Province  of  Manitoba,  Canada. 

To    insure    financial    success,    each  sists  in  first  determining  the  value  of 

land  drainage  enterprise  must  be  un-  first    class    agricultural    land,    which 

dertaken    along    economic    lines    and  wi*hout  drainage  or  flood   protection 

'      _      .           r .               .            .     .  ,  works  would  give  a  fair  interest  re- 

the   fundamental   governing   principle  turn  on  money  invested  and  then  in 

is  simply,  "The  benefits  derived  must  determining  the  effect  of  crop  losses 

exceed  the  cost  of  the  works."    In  ap-  in  reducing  this  value.     A  crop  loss 

plying  this   principle  to  actual   prac-  occurring  once  every  so  often  would 

,.».,..                .          ,.  .   ,  reduce  the  interest  return  and  would 

tice,   difficulties   are   immediately   en-  result  in  a  reduced  valuation  of  the 

countered  due  to  the  fact  that  while  a  land  if  the   same  interest  rate  were 

number  of  projects  will  meet  this  re-  maintained.     The  method  is  best  ex- 

quirement,  only  one  of  them  will  yield  Plained  by  example  and  the  applica- 

..          >■•.                               ,,  tion  can  be  varied  to  meet  the  condi- 

the   maximum   return   on  the   invest-  tions   encountered    on   any   particular 

ment.    As  an  aid  to  judgment  in  such  project. 

cases,  two  methods  of  treating  the  Example  of  First  Method. — For  first 
problem  will  be  considered  in  this  class  farm  land  not  requiring  drainage 
.  .  or  protection  from  floods,  a  value  of 
artlcle-  $50  per  acre  has  been  taken  for  the 
Before  going  into  details,  some  con-  case  in  hand  and  a  return  of  6  per 
sideration  should  be  given  to  the  cent  on  this  investment  has  been  as- 
question  of  farm  land  values,  as  the  sumed  as  a  fair  rate.  To  pay  the 
benefits  from  drainage  may  be  ex-  labor  and  other  costs  and  also  the  in- 
pressed  in  terms  of  land  values.  If  terest  on  the  investment  the  following 
such  values  represent  the  productive  annual  returns  would  be  necessary: 
value  of  the  lands  under  consideration, 

they   will   form    a    sound   basis    for  annual    return^required    per 

judging  the  feasibility  of  a  project  or  item 

for  comparing  the  merits   of  various  Lan.d  .     ,                          .    .     ,       ...      . 

.,.„!.,„„   •.Trv.^v.    ««ni/q    r,™,r^   +v. «   « o ™ ^  First    class   agricultural     land     without 

systems  which  could   serve  the  same  buildings,      not     requiring     drainage, 

area  with  different  efficiencies.   While  valued  at  $50  per  acre, 

the  productive  value  of  the  land  af-  S&ei;est  at  6%;  Taxes,  1%. 

fords  a  sound  and  conservative  basis      B^WingS™""11         ™'     %  '" $ 

for  any  method   of  analysis,  yet  the  $30  per  acre. 

fact  must  not  be  overlooked  that  in  5lferestvai  6%' 

most   areas   the   prevailing   prices   of  insurance,  %%. 

agricultural   lands   do   not   permit   the  Maintenance  and  depreciation,  7%. 

farmer  to  earn  wages  and  a  fair  re-      ^ifi^nu^l^^'tu-&n $  420 

turn  on  the  money  invested;  and  fur-  ^^SP'mSt P         ' 

ther,   that  land  values  largely  repre-  interest  at  6%. 

sent  anticipated  future  returns  from  ¥otan£?u2l ^tuMfc  *4.*|  4.00 

land  sales  and   so   are  more   or  less  Labor  and  Materials 

speculative.      It    also    must    be    recog-  Annual   cost   of  preparing  ground 

nized  that  farm  land  values  are  great-  AZ^?!f  •seea"'.:"":::::::1  Lot 

ly  affected  by  general  financial  condi-  Annual  cost  of  harvesting,  twine 

tions.  and  threshing   3.70 

Flood   Frequency  and   Land  Values.  Total     necessary     annual     return 

— The  first  method  of  analyzing  the  from  cr°P>  Per  acre  $25.00 

hpnf>fit<*    rpppivpd     frnm     rtmiTino-o    nf  Annual  return  necessary  on   land 

Denents    received    rrom    drainage    of  to  pay  interest  and  taxes,  per 

flood  protection  works  considers  the  acre 3.50 

effect  of  crop  losses,  occurring  with        „      ,    A  .  . '  .  t. 

avpras-p    frpniiPnoiPR     rm    the    nrndiir*  Required  annual  crop  value  to  yield 

average    irequencies,    on    tne    prOdUC-  returns   on   all    investments    but 

tive  value  Of  agricultural  land.    It  con-  the  capital  invested  in  land   ...$21.50 

"^Formerly     chief     engineer,     Manitoba  The 'aimual  loss  to  the  owner  when 

Drainage   Commission.  the  crop  is  lost  through  summer  floods 
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or  through  frost  or  rust  due  to  delay 
in  seeding  by  spring  floods  is: 

Return  on  buildings   $  4.20 

Return  on  machinery,   etc 4.00 

Return  on  labor  for  preparing  soil 

and   seeding    7.60 

Cost   of  seed    2.00 

Total   loss,   exclusive  of  loss  on 
land  investment   $17.80 

With  these  data  available,  next  as- 
sume crop  losses  at  intervals,  as  fol- 
lows: 

Assume  one  crop  loss  in  20  years. 

Income  from  19  crops  in  20  years 

at  $25  per  acre   $475.00 

Return     required     on     buildings, 
labor  and  seed 

19  crops   at   $21.50    $408.50 

1  crop  at  $17.80   17.80 

$426.30  426.30 


20  years'  earnings  on  capital  in- 
vestment in  land   $  48.70 

Annual  return  on  land   $     2.44 

Annual  return   capitalized   at  7% 
gives  a  land  value  of   $  34.80 

Similar  values  may  be  computed  for 
different  frequencies  of  losses. 

From  the  above  data,  the  curve 
shown  in  Fig.  1  has  been  compiled. 
With  such  a  curve,  the  benefits  from 
any  projected  system  of  drainage  or 
flood  protection  can  be  compared. 
Thus,  the  cost  of  works  protecting 
against  losses  every  ten  years  or  other 
periods  can  be  compared  with  works 
giving  complete  immunity  from  losses 
due  to  lack  of  drainage  and  a  deter- 
mination made  to  select  the  system  of 
works  giving  the  greatest  return  for 
the  investment. 

An  examination  of  this  chart  will 
show  that  for  the  conditions  given, 
land  flooded  once  every  six  years  will 
not  give  a  return  on  the  land  invested, 
while  for  losses  that  occur  at  long 
intervals,  there  is  little  to  be  gained 
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Fig.     1.— Effect    of    Flood     Frequency    on 
Land  Values. 

from  reclamation  works.  From  this 
type  of  curve,  comparisons  can  be 
made  of  the  merits  of  different  sys- 
tems of  works  for  a  given  project  and 
the  one  most  advantageous  selected. 


Second  Method. — In  other  cases  the 
extent  of  the  crop  loss  can  be  deter- 
mined directly  and  used  as  a  measure 
for  guidance  in  determining  the  bene- 
fits to  be  derived  from  a  particular 
project.  For  this  method,  the  curve 
shown  in  Fig.  2  will  be  of  use.     This 


AVCRACt    TRtQUtNCY    IN    YEARS    OF   CROP  L0S3 


Fig.  2. — Comparison  of  Present  Value  In- 
termittent   Crop    Losses   with    Present 
Value  of  a  Succession  of  Flood 
Prevention  Works. 


curve  shows  the  present  worth  based 
on  a  5  per  cent  interest  rate  of  the 
values  of  crop  losses  which  occur  with 
the  yearly  frequencies  given  on  the 
horizontal  scale.  Thus  a  crop  loss 
of  $5.00  per  acre  occurring  once  every 
ten  years  would  have  a  present  worth 
of  $7.89,  while  for  more  frequent  oc- 
currences the  present  worth  would  be 
greater.  On  the  same  curve  is  shown 
the  present  worth  of  various  capital 
expenditures  which  would  give  drain- 
age and  provide  a  sum  necessary  to 
maintain  perpetually  or  renew  the 
works.  These  figures  are  based  on  5 
per  cent  interest  rate  and  a  15-year 
life  for  open  drains.  From  the  curve, 
$1.92  would  provide  $1.00  per  acre  for 
capital  expenditure  and  a  sum,  which 
if  placed  at  5  per  cent  interest,  would 
perpetually  maintain  the  type  of  open 
drains  under  consideration.  Thus,  this 
curve  not  only  gives  a  measure  of  the 
possible  benefits,  but  also  indicates 
the  limits  of  capital  expenditure  that 
can  be  safely  undertaken. 

In  conclusion,  it  might  be  empha- 
sized that  present  day  conditions 
make  it  more  necessary  than  ever  to 
consider  the  economic  side  of  every 
engineering  problem  and  that  the 
above  methods  of  examining  certain 
phases  of  reclamation  work,  while  of 
a  more  or  less  theoretical  nature,  are, 
if  applied  in  a  practical  manner,  most 
useful  in  focusing  on  every  reclama- 
tion enterprise,  the  all  important  cri- 
terion of  engineering  projects — "Will 
It  Pay?" 
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A  New  Method  of  Measuring 
the  Flow  of  Water 


A  Research  Narrative  of  Engineering 
Foundation 

By  NORMAN  R.  GIBSON, 

Hydraulic    Engineer,    The    Niagara    Falls 
Power  Co.,  Niagara  Falls,  N.  Y. 

During  the  past  three  years,  an  en- 
tirely new  method  has  been  invented 
by  the  author,  using  three  fundamen- 
tal principles  developed  within  the 
last  250  years:  that  force  is  equal  to 
the  product  of  the  mass  and  accelera- 
tion of  bodies;  that  the  momentary 
change  of  pressure  in  an  enclosed  col- 
umn of  water  is  equal  to  a  "constant" 
multiplied  by  the  momentary  change 
in  velocity,  when  due  allowance  is 
made  for  the  compressibility  of  water 
and  the  elasticity  of  pipe  walls,  and 
when  the  speed  of  propagation  of 
pressure  waves  in  water  is  taken  into 
consideration;  and  that  the  spouting, 
velocity  of  water  is  equal  to  the 
square-root  of  the  head  or  fall  under 
which  the  water  is  discharged,  mul 
tiplied  by  the  square-root  of  twice  the 
gravitational  unit.  Velocity  heads 
and  friction  losses  are  proportional  to 
the  square  of  the  velocity. 

Two  essential  conditions  for  the 
new  method  are:  First,  the  water 
must  flow  through  a  pressure  pipe  or 
other  closed  conduit,  and,  second, 
means  must  be  available  for  control- 
ling the  flow,  such  as  a  valve  or  the 
gates  of  a  turbine  at  the  end  of  the 
conduit.  In  a  typical  hydro-electric 
power  plant  these  conditions  are  ful- 
filled when  water  flows  out  of  a  fore- 
bay  into  a  penstock  at  the  lower  end 
of  which  is  a  turbine  and  generator 
equipped  with  hydraulic  governor  to 
operate  the  turbine  gates.  The  new 
method  is  particularly  applicable  to 
measurement  of  water  for  testing  ef- 
ficiencies of  hydraulic  turbines  in  hy- 
dro-electric power  plants. 

The  principal  operation  is  to  obtain 
a  record  of  the  changes  of  pressure 
that  occur  in  the  conduit  when  the 
water  therein  is  brought  to  rest. 
Steady  conditions  of  load  on  the  tur- 
bine are  maintained  for  several  min- 
utes until  the  flow  has  become  as  uni- 
form as  possible.  When  the  usual  ob- 
servation of  head,  power,  etc.,  have 
been  made,  the  turbine  gates  are  grad- 
ually and  gently  closed  so  as  to  shut 
off  the  supply  of  water  to  the  turbine. 
Immediately  preceding  and  during  the 
closure  of  the  gates  and  for  a  short 
time   afterward,  there   is   obtained   a 


record  of  time  intervals  and  of  the 
changes  of  pressure  that  occur  in  the 
conduit.  This  record  is  obtained  by 
means  of  the  Gibson  apparatus  which 
is  connected  through  the  wall  of  the 
conduit  by  a  ^-in.  piezometer  opening 
at  any  convenient  point  upstream  from 
the  turbine  casing.  After  the  closure, 
when  the  disturbance  in  the  penstock 
has  subsided,  the  same  apparatus  is 
used  to  record  the  static  pressure  then 
existing  in  the  conduit.  The  complete 
record  is  called  the  pressure-time  dia- 
gram and  when  properly  interpreted 
is  a  precise  measure  of  the  mean  ve- 
locity of  the  water  in  the  conduit  at 
the  moment  the  gates  began  to  close. 

In  addition  to  usual  equipment  for 
efficiency  tests  there  is  required  the 
apparatus  for  obtaining  pressure-time 
diagrams.  It  combines  mercury  U- 
tube  gage,  pendulum,  camera  box,  pho- 
tographic lens  and  motor-driven  re- 
volving drum  enclosed  in  a  lightproof 
cylinder.  The  U-tube  is  made  with  a 
short  leg  of  glass  tubing  and  a  riser 
of  steel  tubing,  the  ratio  of  the  areas 
of  the  two  legs  being  such  as  to  limit 
within  the  length  of  the  glass  tube 
the  displacement  of  the  mercury  under 
changes  of  pressure.  Calibration  of 
this  ratio  is  readily  made. 

The  making  of  a  pressure-time  dia- 
gram is  simple,  each  diagram  being 
made  on  a  photographic  film  11  in. 
wide  by  18  in.  long,  from  which  blue- 
prints are  obtained.  On  the  blue- 
prints lines  are  delineated,  first  to  de- 
termine the  end  of  the  diagram,  which 
is  readily  accomplished  by  reference 
to  the  uniform  periodicity  of  the  pres- 
sure oscillations  which  occur  after 
closure  of  the  gates,  and,  second,  to 
eliminate  from  the  diagram  that  por- 
tion of  its  area  which  has  been  creat- 
ed simply  by  the  recovery  of  the  com- 
bined friction  and  velocity  heads  of 
the  water  flowing  in  the  conduit.  The 
remainder  of  the  area  is  then  used  as 
a  measure  of  the  mean  velocity  in  the 
conduit.  In  this  method  only  the  flow 
actually  shut  off  is  measured.  Usual- 
ly the  turbine  gates  are  not  perfectly 
tight.  This  leakage  is  readily  deter- 
mined and  added  to  the  discharge  cal- 
culated from  the  diagram. 

Measurements  at  the  hydraulic  lab- 
oratory of  Cornell  University,  in  1920, 
showed  the  mean  variation  from  vol- 
umetric measurement  was  less  than 
0.2  of  1  per  cent,  and  the  maximum 
variation  of  any  one  measurement  was 
1.6  per  cent.  Advantages,  in  addition 
to  accuracy,  are  brief  interruption  in 
operation  of  power  plant,  and  low 
cost. 
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By   WM.    LUSCOMBB, 

Vice  President,  Gary  Heat,  Light  &  Water  Co., 


Gary,  Ind. 


For  the  purposes  of  discussion  and 
according  to  many  years'  practical  ex- 
perience of  the  speaker,  he  believes 
this  topic  should  have  been  changed 
to  read  "Waste  of  Water  by  Contrac- 
tors," as  that  is  usually  the  bone  of 
contention  in  handling  this  problem 
to  the  satisfaction  of  all  interested 
parties. 

To  many  utility  operators  the  "Use 
of  Water  by  Contractors"  may  be  a 
relatively  unimportant  matter,  on  ac- 
count of  the  comparatively  small  per 
cent  of  the  output  that  is  furnished 
for  that  purpose,  and  the  methods 
used  in  'collecting  for  the  same. 

Sale  of  Water  by  Meter  Measure- 
ment Best. — In  some  places  water  is 
furnished  contractors  by  water  meas- 
urement, and  where  it  is  practicable 
to  do  so  the  problem  is  quite  simple, 
and  the  speaker  also  believes  it  is  the 
most  just  and  equitable  way  to  sell 
water.  However,  local  conditions  in 
some  cities  and  towns  make  the  meter 
plan  of  furnishing  water  to  contrac- 
tors quite  expensive  to  successfully 
adopt;  charges  are  made  on  a  "flat 
rate  basis"  and  my  remarks  will  apply 
more  especially  to  the  flat  rate  plan 
of  assessment. 

It  is  assumed  that  every  operator 
charged  with  the  responsibility  and 
management  of  a  public  utility  makes 
it  his  business  to  render  to  the  public 
the  best  possible  service  at  all  times, 
remembering  that  the  "best  is  none 
too  good,"  and  strives  to  make  all 
customers  satisfied.  If  he  does  not, 
he  is  a  misfit.  Among  his  many  other 
duties,  his  attention  should  also  be 
given  to  reducing  the  percentage  of 
"leakage"  or  "water  unaccounted  for" 
to  a  minimum,  as  the  extent  of  this 
item  largely  determines  the  degree  of 
success  or  failure  of  the  enterprise 
from  a  financial  standpoint.  In  his 
endeavors  to  stop  leaks  and  improve 
plant  efficiency  he  is  made  acquainted 
with  the  "flat  rate  water  waster"  and 
his  methods. 

If,  in  the  majority  of  cases,  he  suc- 
ceeds in  actually  stopping  the  waste 
and  always  retains  the  good  will  of 
his  customer  he  has  accomplished  a 


task  of  no  small  proportions  and  is 
a  born  diplomat. 

The  percentage  of  water  sold  con- 
tractors by  our  company  during  the 
building  season  months,  if  figured  at 
our  regular  meter  rates,  ranges  from 
3  per  cent  to  8  per  cent  of  the  total. 
In  the  great  majority  of  cases  we  fur- 
nish them  water  on  a  flat  rate  basis, 
and  during  the  warmer  months,  when 
construction  work  is  carried  on  in  a 
general  way  throughout  the  city,  the 
water  wasted  by  them  is  relatively 
large,  and  by  investigation  we  believe 
the  waste  sometimes  exceeds  all 
legitimate  uses  many  times. 

How  the  Contractor  Gets  His  Water 
Supply. — In  an  average  case,  the  con- 
tractor first  makes  application  and 
pays  for  water  to  be  furnished  for 
certain  specific  purposes,  etc.,  which 
we  figure  from  blue  prints  he  sub- 
mitted to  us.  A  few  days  after  the 
application  and  the  tap  are  made,  our 
inspector  visits  the  premises,  notes 
the  uses  and  abuses,  if  any,  and 
frequent  inspections  are  continued 
during  the  progress  of  the  work.  In 
checking  up  in  the  field,  the  uses, 
quantities,  etc.,  applied  and  paid  for, 
it  is  a  common  thing  to  find  that 
water  is  being  used  for  purposes  not 
authorized,  or  for  uses  in  excess  of 
quantities  applied  for.  However,  the 
worst  thing  we  have  to  contend  with 
is  the  comparative  great  waste. 

In  our  city  most  of  our  mains  are 
laid  in  the  alleys,  and  our  company 
taps  its  main  and  installs  the  service 
pipe  to  the  property  line  at  its  own 
expense.  At  the  fear  property  line, 
the  contractor  has  a  temporary  riser 
pipe  and  connection  installed  for  use 
during  the  construction,  and  from  75 
lin.  ft.  to  100  lin.  ft.  of  %-in.  hose  is 
used  to  conduct  the  water  from  this 
riser  pipe  to  the  place  where  it  is 
wanted.  It  is  a  very  common  occur- 
rence for  our  inspector  to  find  a  full 
flow  of  water  being  discharged  and 
wasted  through  the  hose.  Usually  the 
contractor  is  absent,  and  when  the 
foreman  or  workman  are  asked  why 
they  waste  the  water,  they  simply  say 
that  someone  forgot  to  turn  it  off,  or 
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that  it  makes  better  and  cooler  drink- 
ing water  to  allow  it  to  run,  or  that 
it  is  too  inconvenient  and  takes  too 
much  time  to  reach  the  faucet  or 
valve  on  the  riser  pipe  so  often. 

As  our  city  is  built  on  sand,  this 
material  makes  an  excellent  sieve  for 
the  wasted  water  to  pour  through 
without  annoying  or  inconveniencing 
the  workmen  or  any  other  party,  and 
it  is  very  difficult  at  times  to  detect 
waste  because  only  a  small  spot  on 
the  surface  (about  6  ft.  to  8  ft.  in 
diameter)  is  flooded;  and  if  they  see 
our  inspector  first,  no  waste  is  found, 
but  as  soon  as  he  leaves  the  evil  may 
continue  without  detection.  Under  the 
pressure  we  carry  the  water  discharged 
through  75  ft.  of  %-in.  hose,  flowing 
only  one-half  the  time  of  the  working 
hours  during  the  construction  period 
of  an  ordinary  dwelling,  say  90  days, 
will  amount  to  approximately  $30  by 
meter  at  a  monthly  rate  of  25  ct.  per 
1,000  gal.  for  the  first  20,000  gal.,  and 
10  ct.  per  1,000  gal.  for  the  excess.  In 
furnishing  water  for  building  purposes 
in  the  construction  of  such  a  structure 
we  usually  receive  about  $3.50,  so  it 
is  very  plain  no  inspection  charges 
or  abuse  of  privileges  is  provided  for 
or  included  in  that  amount,  and  where 
considerable  waste  is  practised,  this 
service  is  furnished  at  a  loss  to  us 
and  has  benefitted  no  one. 

Penalties  for  Water  Waste. — We 
caution  each  violator  in  a  friendly  but 
firm  way  against  wasting  the  water, 
and  for  the  third  offense,  discontinue 
the  supply  and  refuse  to  again  turn 
it  on  until  assurance  is  given  us  that 
he  will  use  and  not  abuse  the  privil- 
ege, and  then  pays  $1.00  for  resuming 
the  service. 

Occasionally  it  is  necessary  for  a 
violator  to  have  this  experience  two 
or  three  times  before  he  acquires  a 
sufficient  education  to  learn  that  waste 
is  not  tolerated.  We  have  now  con- 
cluded that  in  cases  of  repeated  and 
flagrant  violations*,  instead  of  discon- 
tinuing the  supply  for  just  cause,  we 
will  in  addition  require  the  offender  to 
provide  a  suitable  place  for  a  meter, 
where  it  will  be  accessible  for  read- 
ing and  repairs  at  all  reasonable 
times,  and  furnish  him  water  only  at 
the  regular  meter  rates. 

One  might  well  ask,  Why  not  do 
this  in  the  first  place?  The  answer 
is  that  because  of  local  conditions  and 
the  methods  used  in  installing  the 
water  service  and  sewer  pipes,  from 
the  rear  property  line  into  the  prem- 
ises, the  plan  is  a  rather  costly  and 


not  altogether  satisfactory  one.  It 
would  cost  between  $14  and  $18  to 
provide  a  suitable  place  for  a  meter 
to  be  placed  in  a  temporary  vault, 
located  near  the  alley  line,  and  we 
are  opposed  to  placing  this  burden 
on  the  consumer  if  it  can  reasonably 
be  avoided.  Also  meter  vaults  are 
sometimes  found  covered  or  broken 
by  building  material,  rubbish,  etc., 
filled  with  sand,  or  the  meter  dam- 
aged, changed  to  an  improper  position 
so  it  does  not  accurately  register,  or 
disconnected.  It  will  thus  be  observed 
it  is  not  an  ideal  solution  to  the  prob- 
lem, but  with  special  care  and  interest 
taken  we  believe  we  can  minimize 
these  troubles  and  check  the  water 
wasters. 

One  might  also  inquire  that  as  our 
services  are  about  100  per  cent  meter- 
ed for  permanent  uses,  and  as  all  of 
our  meters  are  inside  settings,  usually 
in  basements,  why  not  at  the  com- 
mencement of  building  operations 
have  the  permanent  service  pipe  in- 
stalled from  the  alley  line  into  the 
premises?  And  the  answer  is,  be- 
cause the  sewer  pipe  and  an  extra 
strong  lead  Water  service  pipe  are 
laid  in  one  wide  trench,  the  water 
pipe  being  above  and  to  one  side  of 
the  sewer  pipe;  and  as  the  contract 
for  the  trench  work  in  which  to  install 
these  pipes  invariably  is  not  let  until 
after  the  building  construction  is  well 
under  way,  a  temporary  water  con- 
nection and  riser  near  the  rear  prop- 
erty line  is  installed  for  immediate 
use. 

Supply  of  Water  for  Street  Improve- 
ments, Etc. — While  most  of  the  con 
tractors'  cases  we  handle  in  point  of 
numbers  are  those  pertaining  to  uses 
to  be  made  of  water  in  the  construc- 
tion of  dwellings,  apartments,  stores, 
etc.,  numerous  demands  are  also  made 
on  us  to  furnish  water  for  the  im- 
provements of  streets  and  alleys, 
cement  walks,  and  miscellaneous  uses 
where  water  is  wanted  to  be  drawn 
from  public  fire  hydrants. 

We  have  always  taken  the  position 
that  public  fire  hydrants  should  be 
used  exclusively  for  fire  purposes,  as 
they  are  not  designed  or  intended  for 
other  use.  We  are  very  proud  of  the 
service  we  have  given  the  city  and 
its  citizens  for  extinguishing  fires 
since  the  water  system  was  first  in- 
stalled, about  16  years  ago.  We  at- 
tribute our  success  for  these  services 
largely  due  to  the  fact  we  maintain 
all  public  fire  hydrants  in  good  con- 
dition, and  forbid  the  promisciQus  use 
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of  them,  and  immediately  after  any  of 
them  are  used  they  are  inspected,  so 
we  make  sure  they  are  left  in  proper 
condition. 

When  the  only  available  means  of 
obtaining  the  water  for  special  pur- 
poses is  from  them,  only  in  such  cases 
is  their  use  permitted.  A  permit  is 
then  issued  by  us,  but  revocable  at 
our  pleasure,  provided  the  applicant 
first  obtains  written  permission  from 
the  chief  of  the  fire  department  for 
that  privilege,  and  delivers  the  per- 
mit to  us.  Daily  inspection  is  made 
of  hydrants  used  in  the  built-up  por- 
tion of  the  city,  and  frequent  inspec- 
tions are  made  of  any  others  so  used. 
Permission  is  not  granted  to  use 
hydrants  for  such  purposes  during  the 
winter  months.  We  seldom  have 
hydrants  used  without  authority,  for 
there  is  a  city  ordinance  penalizing 
such  actions. 

When  hydrants  are  permitted  to  be 
used,  a  spare  nozzle  cap  is  usually 
converted  into  use  as  a  reducer,  and 
with  the  use  of  a  nipple  and  valve 
connected  to  the  reducer  the  small 
valve  is  then  operated  by  the  con- 
tractor, and  this  obviates  the  neces- 
sity of  the  frequent  operation  of  the 
hydrant  main  valve.  When  a  con- 
tinued use  is  desired  from  any  par- 
ticular fire  hydrant  and  it  is  practic- 
able to  do  so,  we  furnish  the  water  by 
meter  measurement.  However,  in 
many  instances  the  uses  are  of  such 
a  temporary  nature  that  a  flat  rate  is 
charged,  and  in  such  cases  frequent 
inspections  are  made  to  ascertain 
abuses,  for  as  we  all  know,  immense 
waste  can  occur  by  neglect  in  a  very 
short  time  through  such  large  open- 
ings. 

The  writer  firmly  advocates  that  the 
water  furnished  to  contractors  be  by 
meter  measurement  wherever  it  is 
practicable  to  do  so,  and  the  meter 
can  be  set  at  a  nominal  cost,  as  this 
is  the  fairest  way  to  determine  an  I 
assess  the  just  charges  for  the  com- 
modity supplied.  In  practical  opera- 
tions, I  believe  that  where  this  plan 
is  adopted,  in  the  majority  of  cases 
it  would  result  in  lower  water  bills, 
because  the  contractor  would  then 
make  it  his  business  to  see  that  waste 
was  practically  eliminated  and  he 
would  profit  accordingly.  Also  the 
utility  could  economize  and  dispense 
with  the  frequent  visits  to  the  job  by 
the  inspector  as  made  under  the  "flat 
rate"  or  "guesswork"  plan,  which 
visits  are  offensive  to  the  contractor 
and  irksome  to  the  inspector  because 


of  the  disagreeable  notices  he  is 
obliged  to  serve  to  curb  waste.  I  also 
believe  the  relations  between  the 
utility  and  the  contractors  would  be 
far  friendlier,  which  is  very  much  to 
be  desired. 


How  a  Water  Company  Se- 
cured Its  1922  Coal  Supply 

Abstract  of  Paper  Presented   March 

22   at    15th   Annual   Meeting   of 

American     Water    Works 

Association 

By  C.  M.  ROOS, 

Secretary-Manager,  Cairo  Water  Co., 
Cairo,    111. 

Cairo  is  often  thought  of  and  re- 
ferred to  by  "outsiders"  as  a  place 
"with  water,  water  everywhere  and 
not  a  drop  to  drink."  That  part  of 
this  statement  which  refers  to  the 
water  is  always  persistently  disputed 
and  resented  by  all  blue,  blood  Cairo- 
ites,  as  they  will  proudly  tell  of  the 
greatest  levee  system  in  the  world 
and  point  to  the  only  city  in  the  river 
valleys  which  has  never  been  flooded. 
Under  the  city's  rigid  enforcement  of 
the  18th  amendment,  however,  it  is 
conceded  that  it  is  difficult  to  find  a 
drop  to  drink  of  anything  which  has 
more  of  a  kick  than  the  public  drink- 
ing water. 

The  proper  statement  which  some 
have  confused  with  the  water  story 
is,  "Coal,  coal  everywhere  and  not  a 
pound  to  burn."  In  1922  there  was 
coal  to  the  right  of  us,  coal  to  the 
left  of  us,  coal  in  front  of  us  and  coal 
in  the  rear  of  us,  and  it  also  volleyed 
and  thundered.  From  the  blood  curd- 
ling Herrin  massacre  to  the  rumblings 
of  the  uncontrolled  passions  in  the 
Kentucky  coal  fields,  bloodshed  and 
riot  were  the  order  of  the  day.  Coal 
deposits  in  almost  unlimited  quanti- 
ties are  to  be  found  in  Illinois  just 
north  of  Cairo,  also  in  the  Kentucky 
coal  fields  just  across  the  Ohio  river, 
and  in  the  coal  fields  up  the  Ohio 
river  from  which  shipments  are  made 
by  river  barge. 

The  water  works  man  needed  fuel 
to  avoid  breaking  a  record  of  operat- 
ing his  plant  continuously  without  a 
single  shut-down  for  10  consecutive 
years.  Wise  lopking  veteran  coal  men 
kindly  advised  him  that  he  need  not 
worry,  that  the  coal  strike  would  not 
last  long,  and  added  the  old  thread- 
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bare  statement,  "the  people  and  the 
government  will  not  stand  for  it." 

When  the  coal  shortage  and  high 
prices  led  the  water  man  to  decide 
that  action  was  more  virtuous  than 
discussion  and  watchful  waiting,  he 
acted  and  acted  entirely  upon  his  own 
resources  without  the  direction  and 
legal  assistance  of  engineers  or  law- 
yers, or  the  aid  of  a  report  from  a 
fact-finding  commission. 

His  first  move  was  to  secure  a 
nearby  tract  of  hardwood  timber, 
lease  a  portable  gasoline  operated 
wood  sawing  outfit,  and  organize  a 
bunch  of  husky  wood  cutters.  The 
wood  was  cut  into  30-in.  lengths  and 
shipped  in  carload  lots  to  the  water 
works  switch.  As  soon  as  this  plan 
was  well  under  way  and  success  was 
assured,  the  horizon  was  scanned  for 
other  worlds  to  conquer  as  it  was  dis- 
covered that  to  burn  wood  to  good 
advantage  coal  must  be  mixed  with 
it.  Coal  then  was  the  next  thing 
needed,  and  there  was  no  disposition 
on  the  part  of  the  water  man  to  pay 
$14  per  ton  for,  a  product  which  should 
sell  for  not  more  than  $2.50.  The 
only  solution  seemed  to  be  to  go  to 
the  coal  fields  and  actually  dig  the 
coal  from  under  the  ground.  It  was 
soon  found  that  coal  above  ground 
was  a  product  so  madly  sought  and 
still  more  madly  manipulated  that  a 
water  works  man  and  his  purse 
couldn't  last  long  under  such  condi- 
tions. 

Early  one  morning  while  the  rest 
of  the  world  remained  asleep,  mount- 
ing his  trusty  steed  in  the  form  of  an 
old  Maxwell  auto,  the  daring  prospec- 
tor, true  to  style,  with  a  gun  in  the 
tool  kit,  started  out  into  the  wildest, 
rockiest,  roughest  part  of  Kentucky 
in  search  of  coal.  After  many  weary 
days  of  arguing,  negotiating,  and 
prospecting  around  sections  where 
rioting  and  bloodshed  were  almost 
daily  occurrences,  coal  began  to  move 
to  Cairo  in  cars  marked  "Cairo  Water 
Company." 

The  story  of  personally  shoveling 
coal,  dodging  the  suspicious  and  prej- 
udiced coal  miners,  employing  farm- 
ers with  teams  for  as  much  as  $20  per 
day  to  haul  the  coal  to  the  cars,  being 
in  a  section  where  checks  would  not 
go,  making  it  necessary  to  carry 
actual  cash  on  one's  person  in  order 
to  meet  the  necessity  of  paying  labor 
every  night,  etc.,  would  be  too  long 
to  include  in  an  article  like  this.  But 
results  were  obtained. 

The    rather    spectacular   efforts    as 


herein  referred  to  could  have  been 
avoided  if  the  water  works  manage- 
ment could  have  felt  justified  in  rais 
ing  funds  with  which  to  buy  coal  at 
$14  per  ton  and  operate  the  plant  at 
a   great    loss. 

As  part  of  the  proof  of  the  results 
obtained  by  its  most  unusual  methods, 
the  Cairo  Water  Company's  fuel  ac- 
count for  1922  shows  an  average  cost 
of  the  equivalent  of  $3.87  per  ton  for 
coal,  including  from  $1.25  to  $1.50 
freight  rate  per  ton,  and  10  ct.  per  ton 
for  unloading. 


New  Trench  Excavator 

A  new  trench  excavator,  designed 
to  meet  all  requirements  on  water 
main  and  small  sewer  trenches,  is 
announced  by  the  Parsons  Co.  of  New- 
ton, la.  This  machine,  known  as  the 
Model  30,  is  equipped  to  dig  from  18 
to  30  in.  wide  and  to  a  depth  of  12  ft. 
Overall     dimensions     and     wheelbase 


Parsons  Model  30  Trench   Excavator. 

are  reduced  to  a  minimum,  producing 
a  small,  compact  machine  with  large 
working  capacity.  The  Model  30  is 
equipped  with  a  40-h.p.  engine  and  has 
many  improved  features,  some  of  them 
unknown  heretofore  to  trench  ma- 
chine users.  One  feature  especially 
noteworthy  is  the  new  patented  cush- 
ioned boom  crowding  device.  The 
Model  30  is  gear  driven  and  the  main 
machinery  is  assembled  in  one  unit 
with  high  speed  gears,  worms  and 
worm  gears  enclosed  and  running  in 
oil.  The  slow  traction  feed  gearing 
permits  three  speeds  forward  and  one 
reverse  without  adjustments,  similar 
to  the  automobile  gear  shift.  Steel 
slat  or  rubber  belt  conveyor  is  op- 
tional. This  machine  in  very  difficult 
digging  is  stated  to  have  averaged  60 
cu.  yd.  per  hour.  Its  light  weight, 
20,000  lb.,  also  makes  it  a  very  desir- 
able machine  for  drainage  work. 
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"Tell    Them    You    Saw 
Their  Ad  Here" 


Business  and  professional  papers 
have  developed  in  America  more  rap- 
idly than  in  any  other  nation.  Few 
readers  know  the  underlying  cause  of 
this  development.  It  is  the  relatively 
large  volume  of  advertising  carried  by 
these  periodicals.  If  publishers  had 
to  depend  solely  upon  income  from 
subscriptions,  they  could  not  afford  to 
publish  either  the  quality  or  the 
quantity  of  articles  and  news  now 
provided. 

It  is  well  to  remind  readers  from 
time  to  time  that  advertising  is  a 
great  educational  force  that  acts  not 
only  directly  through  the  advertising 
pages  but  indirectly  through  the 
"reading  pages"  of  periodicals.  Al- 
though the  "reading  pages"  of  a  high- 
class  periodical   are  edited   in  the   in- 


terest of  the  readers,  still  it  should  be 
remembered  that  the  number  of  those 
pages  would  be  fewer  and  their  con- 
tents lower  in  quality  were  it  not  for 
the  economy  resulting  from  the  com- 
bination of  advertisements  and  articles 
in  one  publication. 

Hence  if  a  reader  wishes  to  see  a 
magazine  thrive  and  improve,  he  will 
do  well  to  act  upon  the  request  to 
mention  the  magazine  when  writing 
for  catalogs  or  prices.  Records  of  such 
"mentions"  are  kept  by  most  adver- 
tisers, and  the  quantity  of  advertis- 
ing secured  by  a  magazine  is  largely 
determined  by  the  number  of  in- 
quiries traceable  to  it. 

In  a  sense,  then,  the  readers  thus 
vote  in  favor  of  the  prosperity  of  the 
magazine  that  they  "mention"  oftenest. 

We  thank  our  readers  for  their 
courtesy  in  mentioning  Engineering 
and  Contracting  so  frequently,  and  ask 
them  to  follow  the  request  printed  at 
the  bottom  of  each  advertising  page. 
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How  Much  Higher  Will 

Commodity  Prices 

Go? 

The  wholesale  commodity  price  in- 
dex for  February,  1923,  was  157,  as 
compared  with  100  for  the  year  1913, 
according  to  the  Bureau  of  Labor;  but 
it  is  worthy  of  note  that  if  "farm 
products,"  and  "foods"  had  been  as 
high  priced  as  the  rest  of  the  com- 
modities, the  index  would  have  been 
180  instead  of  157  for  February.  Farm 
products  and  foods  are  given  a 
"weight"  of  about  52  per  cent  in  cal- 
culating the  general  commodity  in- 
dex, hence  the  fact  that  their  index 
was  only  141  tended  to  pull  the  gen- 
eral index  down  considerably. 

It  is  not  easy  to  forecast  the  price 
movement  of  farm  products  and  foods 
in  the  near  future,  for  the  effect  of 
European  demand  is  an  important 
factor  and  is  not  at  present  predictable 
with  much  accuracy. 

The  price  index  for  the  "metals" 
was  139  in  February,  and  will  prob- 
ably continue  to  rise  at  a  rapid  rate, 
but  "metals"  are  given  a  "weight"  of 
only  6  per  cent  in  calculating  the  gen- 
eral price  index.  Hence  even  were 
metals  to  rise  to  a  price  level  of  200, 
the  effect  upon  the  general  price  level 
would  be  to  increase  it  only  2.5  per 
cent  or  4  points. 

Building  materials  were  at  a  level 
of  192  in  February,  and  rising  rapidly. 
Building  materials  are  given  a 
"weight"   of  about   10   per   cent. 

The  clothing  index  in  February  was 
199,  and  it  also  was  rising  rapidly. 
Clothing  is  given  a  "weight"  of  about 
14  per  cent. 

During  the  past  decade  the  great- 
est rise  in  the  wholesale  price  index 
in  successive  years  was  for  the  year 
1918,  whose  average  index  was  194 
as  compared  with  an  average  of  153 
for  1917.  If  a  similar  rise  were  to 
occur  from  the  present  level,  the  in- 
dex would  be  about  200  a  year  hence. 

Prof.  Irving  Fisher  is  predicting  a 
price  level  of  200  before  the  close  of 
the  calendar  year,  but  he  has  ap- 
parently not  given  enough  considera- 
tion to  the  factors  that  are  operating 
to  retard  the  rise  of  prices  of  farm 
products. 

Farmers  have  not  yet  learned  that 
the  fundamental  cause  of  low  prices 
for  their  product  is  over-production. 
They  have  added  steadily  to  labor- 
saving    devices    and    have    increased 


their  output  per  man  more  than 
enough  to  offset  the  migration  of  man 
from  farm  to  factory.  Coincidentally 
they  have  lost  many  customers  in  Eu- 
rope, partly  because  of  European  pov- 
erty and  partly  because  Europe  is  it- 
self learning  how  to  use  labor-saving 
devices  on  its  farms.  The  average 
human  stomach  can  consume  only 
about  4  lb.  of  food  daily.  Hence  the 
demand  for  farm  products  is  more 
rigidly  limited  than  is  the  demand  for 
any  other  large  class  of  commodities. 

It  is  our  belief  that  the  general 
price  level  will  not  rise  above  180 
this  calendar  year,  and  that  most  of 
this  rise  will  be  due  to  increases  in 
the  prices  of  clothing,  metals  and 
building  materials. 

As  we  have  proven  in  previous  arti- 
cles, the  formula  for  commodity  price 
levels  is — 

M  X  V 

P  = 

P  XE 

M  —  quantity  of  currency 

V  =  velocity  of  its  circulation 

P  r-  population 

E  —  efficiency  of  per  capita  produc- 
tion. 

Since  currency  in  this  country  is 
founded  on  gold,  we  may  look  to  see 
a  price  level  (p)  that  will  oscillate 
about  the  per  capita  gold.  Per  capita 
gold  is  now  80  per  cent  in  excess  of 
that  in  1913.  Hence  we  may  confi- 
dently look  for  a  price  index  of  fully  180 
in  the  near  future,  unless  efficiency 
of  production  (E)  or  business  activ- 
ity  (V)   change  materially. 


A  Formula  for  Predict- 
ing Interest  Rates 

In  the  near  future  Engineering  and 
Contracting  will  publish  an  article  in 
which  a  formula  for  interest  rates  will 
de  deduced,  and  its  accordance  with 
facts  established.  The  formula  for  in- 
terest yields  of  railway  bonds  is: 

r  — 0.022    (100 +  p). 

r  —  interest  yield  (per  cent  per  an- 
num)   for  railway  bonds. 

p  —  wholesale  commodity  price  in- 
index   (U.  S.  Bureau  of  Labor). 

At  present  p  is  about  160;  hence,  ac- 
cording to  the  formula  r  should  be 
0.022  (100  +  160),  or  5.7  per  cent, 
which  is  very  close  to  the  fact. 

The  formula  agrees  closely  with  the 
facts  for  the  past  25  years;  but  does 
not  agree  so  well  for  certain  panic 
periods  prior  thereto,  for  reasons  that 
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will  be  given  in  the  forthcoming 
article. 

In  Engineering  and  Contracting, 
Apr.  7,  1920,  we  published  Mr.  Gil- 
lette's deduction  of  a  formula  for 
wholesale  commodity  price  indexes  or 
levels,  which  has  been  recently  re- 
printed in  his  Handbook  of  Construc- 
tion Cost.  By  this  formula  commodity 
price  levels  (p)  can  be  predicted  with 
considerable  accuracy.  Hence,  by  the 
aid  of  the  formula  for  bond  interest 
yields  (r),  interest  rates  can  likewise 
be  foretold  within  reasonable  limits. 

An  approximation  to  the  above  given 
interest  formula  is: 

r  —  0.45  V  P 

Those  who  have  not  studied  inter- 
est rates  are  prone  to  regard  them  as 
being  comparatively  stjable,  tending 
merely  to  oscillate  about  some  rela- 
tively fixed  base,  such  as  5  per  cent. 
The  fact  is,  however,  that  interest 
rates  follow  the  trend  of  commodity 
prices,  and  the  formula,  above  given, 
shows  the  quantitative  relationship  be- 
tween interest  rates  and  price  levels. 

There  are  numerous  practical  appli- 
cations of  the  economic  law  that  the 
formula  announces,  but  we  shall  not 
attempt  to  discuss  them  at  this  time. 


Deluded     Farmers     Cry 

for  Lower  Freight 

Rates 

Fifty  years  ago  farmers  and  farm 
laborers  constituted  half  the  total 
number  of  Americans  engaged  in 
"gainful  occupations."  Today  the  farm 
workers  are  only  one-quarter  of  the 
total  workers.  By  the  more  extensive 
use  of  machinery  and  of  better  agri- 
cultural methods,  the  output  per 
American  farm  worker  has  been  in- 
creased more  than  60  per  cent  in  half 
a  century.  According  to  Burbank,  that 
great  inventor  of  vegetables  and 
fruits,  the  output  of  the  average 
farmer  could  be  doubled  if  the  most 
productive  plants  and  the  best  meth- 
ods of  farming  were  adopted. 

It  is  safe  to  predict  that  within  an- 
other generation  or  so  the  farm  work- 
ers will  not  exceed  one-eighth  the  total 
number  of  American  workers,  for  in- 
vention and  agricultural  education  are 
developing  much  faster  than  in  pre- 
vious years. 

Overproduction  of  agricultural  prod- 
ucts will  probably  continue,  because 
the  output  per  farmer  will  probably 
increase  faster  than  the  emigration  of 
farmers  to  the  factories.     At  any  rate 


this  has  been  the  history  for  75  years 
and  it  bids  fair  not  to  change.  Yet 
"farm  blocs"  are  demanding  lower 
freight  rates  and  lower  interest  rates 
in  the  vain  hope  that  higher  prices 
and  great  profits  will  result  if  these 
demands  are  granted. 

Lower  freight  rates  can  act  only  to 
favor  the  ultimate  consumer,  and  his 
gain  is  ephemeral,  for  it  comes  at  the 
expense  of  an  already  crippled  pro 
ducer — the  railway. 

Lower  interest  rates  can  act  only 
to  intensify  the  overproduction  of  the 
farms,  by  causing  capital  to  flow  into 
farming  at  a  more  rapid  rate  than  is 
justified  by  the  demand  for  farm 
produce. 

Verily,  our  farmers  and  their  po- 
litical representatives  are  sadly  in 
need  of  education  along  broad  eco- 
nomic lines. 


The  Treatment  of  Ties 

Editorial  in  Railway  Age. 

We  have  referred  in  recent  issuer 
to  the  necessity  for  railway  manage- 
ments, and  particularly  for  engineer- 
ing and  maintenance-of-way  officers, 
to  give  more  attention  to  the  pro- 
curement of  ties.  There  is  another 
phase  of  the  tie  problem  which  has 
received  greatly  increased  attention 
during  the  last  three  or  four  years, 
but  which  deserves  even  more  con- 
sideration. This  is  the  treatment  of 
ties  to  protect  them  against  decay. 
The  railways  use  over  one  hundred 
million  ties  annually.  The  kinds  of 
wood  now  available  for  use  as  ties 
will  probably  not  give,  untreated,  an 
average  life  of  over  seven  years, 
while  many  will  require  renewal  in 
three  to  four  years.  Yet  even  the 
woods  most  susceptible  to  rot  can  be 
kept  from  decaying  for  12  to  20  years 
by   proper   preservative    treatment. 

That  this  is  not  a  mere  conjecture 
is  shown  by  the  records  of  renewals 
compiled  for  a  long  period  of  years 
by  the  Santa  Fe.  This  road  is  a  pio- 
neer in  the  treatment  of  ties  and  has 
installed  treated  ties  extensively  for 
35  years  and  almost  exclusively  for 
more  than  13  years,  and  its  renewals 
for  all  lines  east  of  Albuquerque,  N. 
M.,  comprising  more  than  7,000  miles 
of  line,  indicate  an  average  life  of 
more  than  16  years.  That  service  is 
being  obtained  from  ties,  many  of 
which  are  mechanically  weak,  and 
constant  improvement  in  their  pro 
tection  from  wear  by  the  use  of  im- 
proved plates  will  be  reflected  in  still 
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further  increased  tie  service.  Many 
of  these  ties  go  into  tracks  in  east- 
ern Texas  and  Louisiana,  where  cli- 
matic conditions  are  most  unfavor- 
able to  tie  life.  If  the  Santa  Fe  can 
secure  such  results  with  inferior 
woods  and  under  severe  climatic  con- 
ditions, it  should  not  be  too  much  to 
expect  that  the  average  life  of  treat- 
ed ties  over  the  country  can  be  raised 
to  20  years  or  approximately  three 
times  that  of  the  present  general  av- 
erage of  untreated   ties. 

That  we  are  in  a  fair  way  of  reach- 
ing this  figure  on  many  roads  is  in- 
dicated by  the  wide  interest  now  be 
ing  shown  in  timber  treatment.  In 
1921  for  the  first  time  in  the  history 
of  the  country  more  than  half  of  the 
ties  inserted  in  track  were  treated. 
With  the  completion  of  other  plants 
under  consideration,  and  in  contem- 
plation, this  ratio  should  increase  still 
more.  The  evidences  of  economies  of 
timber  treatment  are  long  delayed 
but  they  are  nevertheless  real.  As 
the  number  of  ties  treated  increases, 
purchases  for  renewal  should  decline, 
thereby  offsetting  in  part  at  least  the 
rising  cost  of  timber  products  and 
conserving  the  fast  diminishing  sup- 
ply. 


An   Increased  Use   May   Be 

Expected  of  Labor-Saving 

Machinery 

Editorial  in  Electric  Railway  Journal. 

Whether  the  present  bill  restrict- 
ing immigration  is  responsible  for  the 
situation  or  not,  labor,  particularly 
common  labor,  is  scarce,  and  the  un- 
employment problem,  so  prominent 
two  years  ago,  has  disappeared.  This 
means  that  increased  attention  must 
be  given  in  all  industrial  work  to  de- 
veloping the  use  of  labor-saving  ma- 
chinery in  every  direction.  This  need 
was  considered  at  the  last  meeting 
of  the  committee  on  procedure  of  the 
American  Engineering  Council,  which 
recommended  to  that  organization 
that  it  make  an  engineering  study  of 
industry  for  this  purpose,  particular- 
ly those  kinds  of  work  where  great 
numbers  of  men  could  be  replaced 
if  power-driven  devices  did  the  work. 

There  is  no  doubt  that  labor-sav- 
ing equipment  is  being  used  to  a 
constantly  greater  extent  in  the  elec- 
tric railway  field.  The  one-man  car 
is  an  example  in  the  transportation 
department,  but  the  same  condition 
holds    true    in   all    the    other    depart- 


ments, shops,   track   and   even  in  ac 
counting. 

In  one  respect  an  electric  railway 
company  is  peculiarly  well  situated 
to  introduce  machinery  of  this  kind, 
because  it  has  conveniently  at  hanl 
an  inexhaustible  supply  of  power, 
wherever  power  need  be  used.  One 
need  only  compare  the  condition  in 
track  rehabilitation,  for  instance, 
with  the  steam  railroad.  Above  the 
track,  on  an  electric  road,  whether  it 
is  in  a  city  paved  street  or  in  the 
country,  is  the  trolley  wire,  from 
which  power  to  any  amount  can  be 
taken  to  drive  concrete  mixing  and 
distributing  machines,  pneumatic 
tampers  or  riveters  or  any  of  the 
equipment  needed  in  rehabilitating  or 
renewing  track.  Even  electric  weld 
ing  can  be  done  directly  at  any  point. 
Moreover,  these  machines  not  only 
work  more  cheaply  and  quickly  than 
the  unaided  track  gang,  but  the  work 
usually  is  better;  that  is  to  say,  the 
concrete  is  mixed  more  evenly  and 
sets  better  because  laid  more  prompt- 
ly, the  ballast  is  tamped  more  solidly, 
etc.  Hence  it  is  not  surprising  that 
there  has  been  almost  a  revolution  in 
track  methods  during  the  last  few 
years,  and,  it  is  perhaps  along  these 
lines  that  the  greatest  economies  in 
an  engineering  way  within  the  early 
future  are  to  be  expected  in  the  in- 
dustry. 

New  Gondola  Car  Dumper 

A  gondola  car  unloader,  brought 
out  recently  by  the  Link-Belt  Co.,  Chi- 
cago,  is  stated   to   require  but  35   to 


_j 


New    Gondola    Car    Dumper. 

40  h.p.  for  operation  and  to  be  capable 
of  handling  40  cars  an  hour.  The 
accompanying  illustration  clearly 
shows  the  simplicity  of  construction 
and  the  general  function  of  the  un- 
loader.   When  unloading  a  car  of  coal 
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or  other  material  and  the  machine 
started  to  operate,  the  car  is  sup- 
ported by  a  long,  fixed  platen  upon 
which  the  entire  side  of  the  gondola 
rests  when  being  rotated.  At  the 
same  time,  and  operated  by  a  time- 
switch,  the  top  clamps  descend  and 
hold  the  car  on  the  rails  by  an 
absolutely  equalized  pressure  at  all 
lour  points.  The  dumper  then  turns 
over,  discharges  its  contents  into  a 
pit  or  hopper  below,  returns  to  an 
upright  position  and  automatically 
releases  the  car,  thus  making  it  ready 
to  be  pushed  off  the  dumper  for  the 
successive  car.  Any  gondola  car  of 
standard  design  can  be  unloaded  with 
the  new  unloader.  Variation  in  length, 


shops  where  welding  conditions  can 
be  governed  and  made  more  or  less 
uniform.  The  plan  followed  is  de- 
scribed in  Electric  Traction. 

As  shown  in  the  illustration  the  rail 
ends  are  butted  together  on  a  large 
timber  and  clamped  in  position,  the 
lighter  rail  being  shimmed  up  to  a 
level  position.  A  steel  base  plate  is 
used  on  top  of  the  timber  beneath  the 
joint.  In  the  case  illustrated  a  56-lb. 
T-rail  is  being  welded  to  a  115-lb.  gir- 
der rail.  In  all  cases  of  compromise 
joints  of  this  character,  a  5-ft.  piece 
of  each  size  of  rail  is  used  thus  mak- 
ing the  joints  standard  in  length.  The 
field  work  in  each  installation  then 
consists    only    of   connecting   rails    of 


Standard  Shop  Welded  Compromise  Joint      for    Montreal   Tramways. 


width,  height,  capacity  or  weight  does 
not  affect  the  dumper  or  its  unloading 
ability.  So  well  balanced  is  the  whole 
mechanism  that  there  is  no  necessity 
for  "spotting  the  car"  in  any  exact 
spot.  For  operation,  nothing  is  re- 
quired except  the  movement  of  a  lever 
similar  to  the  control  lever  on  a 
street  car.  Owing  to  this,  the  most 
unskilled  laborer  can  be  employed  as 
operator.  The  new  dumper  will  soon 
be  installed  for  a  large  firm  in  East 
St.  Louis,  111. 


How    the    Montreal    Tramways 

Co.   Welds    Its   Compromise 

Joints 

All  welding  for  compromise  joints 
for  special  track  work  for  the  Mon- 
treal   Tramways    Co.    is    done    in   its 


the  same  size  and  introduces  no  com- 
plications or  delays. 

A  stock  of  compromise  joints  of 
various  sizes  and  combinations  is  kept 
on  hand  at  the  shops  and  when  need- 
ed the  entire  assembled  sections  are 
transported  to  the  work.  As  shown 
in  the  illustration,  the  joint  itself  is 
seam  welded  and  no  bolts  are  used. 
In  this  work  the  carbon  arc  process  is 
used  and  the  rails  are  seam  welded 
top  and  bottom. 

This  method  is  found  to  be  extreme- 
ly convenient  and  without  doubt  much 
better  results  can  be  obtained.  In  the 
field  work  the  feature  of  eliminating 
delay  is  also  a  big  factor.  For  these 
reasons  this  method  has  been  adopted 
as  standard  by  the  Montreal  Tram- 
ways and  is  carried  out  for  all  work 
where  different  rail  sections  are  used. 
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Iron  and  Steel  Prices 

(From  the  Iron  Age,  April  5,  1923.) 

Prices    as    of   April    3,    f.    o.    b.    Pitts- 
burgh : 
Open  hearth  rails,  heavy,  per  gross 

ton    $43.00 

Light   rails    (25-45    lb.    section),    per 

lb 2.25c 

Track    spikes,    9/16    in.    and    larger, 

base,  per  100  lb 3.15 

Track    spikes,    ^    in.,    7/16    in.    and 

%   in.,  100  lb 3.75 

Track  spikes,  5/16   in 3.75 

Spikes,    boat    and    barge,    base,  per 

100  lb 3.50 

Track  bolts,  %  in.  and  larger,  base, 

per  100  lb 4.00  to  4.50 

Track  bolts,    %  in.  and   %  in.,  base, 

per  100  lb 5.00  to  5.50 

Tie  plates,  per  100  lb 2.55  to  2.60 

Angle  bars,  base,  per  100-  lbs 2.75 


Finished    Iron    and    Steel. 


Per  lb.  to 

large  buyers 

Cents. 

2.825 

2.60 

2.50 

2.84 

2.84 

2.50 

2.84 

2.84 

2.50 

2.84 

2.84 

3.30 


Iron  bars,  Philadelphia   ... 

Iron  bars,  Chicago    

Steel  bars,  Pittsburgh   

Steel  bars,  Chicago   

Steel  bars,  New  York  

Tank  plates,  Pittsburgh  . . 

Tank  plates,  Chicago 

Tank  plates,  New  York   . . 

Beams,   Pittsburgh    

Beams,   Chicago   

Beams,  New  York  

Steel  hoops,  Pittsburgh    . . 

Freight  Rates. 

All  rail  freight  rates  from  Pittsburgh 
on  domestic  shipments  of  finished  iron 
and  steel  products,  in  carload  lots,  to 
points  named,  per  100  lb.,  are  as  follows: 

Philadelphia    $0,325 

Baltimore    0.315 

New  York 0.34 

Boston    0.365 

Buffalo    0.26 

Cleveland    0.21 

Cleveland,  Youngstown,   comb 0.19 

Detroit   0.29 

Cincinnati    0.29 

Indianapolis    0.31 

Chicago     0.34 

St.    Louis    0.43 

Kansas  City   0.735 

Kansas  City  (pipe)    0.705 

St.    Paul    0.60 

Omaha     0.735 

Omaha    (pipe)    0.705 

Denver    1.27 

Denver   (pipe)    1.215 


Pacific  Coast    1.50 

Pacific  Coast,  ship  plates   1.20 

Birmingham    0.69 

Memphis    0.385 

Jacksonville,   all  rail    0.50 

Jacksonville,  rail  and  water  0.415 

New  Orleans    0.515 

Rails  and  Track  Supplies  at  Chicago. 

Standard  Bessemer  and  open -hearth 
rails,  $43;  light  rails,  rolled  steel,  2.15c, 
f.  o.  b.  makers'  mills. 

Standard  railroad  spikes,  3.15c  mill; 
track  bolts  with  square  nuts,  4.15c  mill; 
iron  tie  plates,  2.75c;  steel  tie  plates, 
2.60c,  f.  o.  b.  mill;  angle  bars,  2.75c,  f.  o. 
b.  mill. 

Jobbers  quote  standard  spikes  out  of 
warehouse  at  3.80c  base  and  track  bolts, 
4.80c  base. 

Cross  Tie  and  Lumber  Prices 

(From   Lumber,   April   6,    1923.) 

F.  o.  b.  cars,  Chicago,  April  4. 

White  Oak  Ties. 

No.    5—7x9x8    $1.85 

No.    3—6x8x8    1.60 

No.    1—6x6x8    1.27 

No.    4—7x8x8    1.75 

No.    2—6x7x8    1.42 

Red  oak  ties,  10@15c  less  than  white 
oak.     Sap  pine  and  sap  cypress,   10c  less 

White  oak  switch-ties,   per  M  ft $55.00 

Red  oak  switch-ties,  per  M  ft 55.00 

F.  o.  b.  cars,   St.  Louis,  March  5. 

White  Oak  Ties. 

5—7x9x8    $1.55 

4—7x8x8    1.45 

3—6x8x8    1.30 

2—6x7x8    1.20 

1—6x6x8 1.10 

Red  oak  ties,  10c  per  tie  less  than 
white  oak  prices.  Heart  pine  and  heart 
cypress,  same  prices  as  red  oak.  Sap 
pine  and  sap  cypress,  25c  less  than  white 
oak. 

White  oak  switch  ties,  per  M  ft $47.00 

Red  oak  switch  ties,  per  M  f t 44.00 

Bridge  and  crossing  plank,  same  prices 
as  switch  ties. 

Cement  Prices 

Recent  quotations,  per  bbl.,  in  carload 
lots,  exclusive  of  package: 

Pittsburgh     $2.24 

Cincinnati     2.54 

Detroit    2.47 

Chicago     2.20 

Milwaukee    2.37 

Duluth     2.14 

Minneapolis     2.39 

Davenport,  la 2.43 


Timbers, 

12x12, 

No.   1  Com. 

$70.00@73.00 
64.00@67.00 
50.00®54.00 


No. 
No. 
No. 

No. 
No. 


Market 

Prices    of    Lumber. 

1x6, 

2x4, 

Timbers, 

10-20  ft., 

16   ft., 

6x6, 

No.   1  Com 

No.   1  Com. 

No.    1  Com. 

Boston — Yel.  Pine   

$...".. 

$ 

$59.00@60.00 

New  York — Yel.   Pine    . 

56.25 

46.75 

52.00@53.50 

Buffalo— Yel.  Pine   

Chicago — Yel.  Pine   . 

48.00 

44.50 

St.   Louis— Yel.   Pine    . . . 

48.50 

43.00 

Portland,  Ore. — D.   Fir. . 

19.50 

24.50 

24.00 

South 

ern    Mill   Prices. 

Alexandria — So.    Pine    . 

41.75 

34.25 

Birmingham — So.  Pine  .. 

36.50 

Hattiesburg— So.  Pine  .. 

45.25 

35.09 

Kansas  City — So.  Pine  . . 

41.98 

36.78 

24.00 


(172) 


1923  Engineering  and  Contracting  871 

A  New  Treatise  on  Railroad  Operation 


A  Review  of  L.  F.  Loree*  s  Recent  Book* 

portation" 


'Railroad  Freight  Trans- 


By  DR.  J.  A.  L.  WADDELL, 

Consulting    Engineer,    Kansas    City,    Mo.,    and  New  York  City. 


Once  in  a  long  while  there  is  issued 
an  engineering  book  that  is  worthy  of 
being  termed  a  masterpiece  of  tech- 
nical literature ;  and  no  one  who  reads 
carefully  this  treatise  of  Mr.  Loree's 
on  Railroad  Freight  Transportation 
can  fail  to  classify  it  as  such.  More- 
over, it  assuredly  ought  to  be  one,  for 
the  reason  that  its  author  not  only  is 
a  distinguished  engineer,  but  also  is 
universally  recognized  as  one  of  the 
few  great  leaders  in  American  rail* 
roading. 

Graduating  from  Rutgers  in  1877, 
he  immediately  entered  the  railway 
service  by  joining  the  engineer  corps 
of  the  Pennsylvania  Railroad.  After 
two  years  on  that  line  he  served  for 
three  years  in  the  Engineer  Corps  of 
the  U.  S.  Army,  after  which  he 
worked  on  the  Mexican  National  Rail- 
way System  for  two  years,  then  re- 
turned to  the  Pennsylvania  Railroad, 
rising  in  18  years  from  the  rank  of 
assistant  engineer  on  a  division  to  that 
of  general  manager,  and  resigning  in 
1901  to  accept  the  presidency  of  the 
Baltimore  &  Ohio. 

Three  years  later  he  was  made  presi- 
dent of  the  Rock  Island  Railroad  Sys- 
tem, and  then  chairman  of  the  Execu- 
tive Committee  of  that  road  and  of  the 
St.  Louis  &  San  Francisco.  Since  1906 
he  has  been  chairman  of  the  Kansas 
City  Southern  Railway,  and  since  1907 
president  of  the  Delaware  &  Hudson 
Co.  and  some  34  railroads  controlled 
by  or  affiliated  with  it.  He  is  director 
on  a  number  of  other  roads,  too  nu- 
merous to  mention,  as  well  as  of 
banks  and  other  prominent  institu- 
tions. 

He  has  been  president  of  the  Amer- 
ican Railway  Association,  and  has 
served  with  distinction  on  two  Inter- 
national Railway  Congresses,  having 
been  chairman  of  one  of  them. 

During  the  Great  War  he  was  a 
member  of  the  National  War  Labor 
Board  with  headquarters  at  Washing- 
ton; and  it  is  greatly  due  to  his  ex- 
perience and   skill   that    war    freight 


♦Railroad  Freight  Transportation.  By 
Leonor  Presnel  Loree,  M.  Sc,  C.  E.  Pub- 
lished by  D.  Appleton  &  Co.,  New  York 
and  London;  price  $5. 


was  transferred  to  the  seaboard  and 
elsewhere  so  Effectively  and  expedi- 
tiously. 

When  an  engineer  with  such  a  rec- 
ord as  that  starts  to  write  a  book  on 
his  specialty,  much  is  expected  from 
him — and  in  no  way  in  this  treatise 
has  Mr.  Loree  fallen  short  of  such  ex- 
pectation. 

While  there  is  no  scarcity  of  books 
that  treat  of  railway  engineering  and 
operation,  including  location,  design, 
construction,  administration  and  ac- 
counting, no  one  hitherto  had  attempt- 
ed to  write  authoritatively  on  freight 
transportation;  hence  Mr.  Loree  in 
producing  this  work  had  a  clear  field 
— and  indubitably  he  took  advantage 
of  the  opportunity  to  produce  a  work 
that  covers  the  entire  ground  of  his 
subject  in  a  masterly  manner. 

Concerning  the  extent  and  limita- 
tions of  the  book  the  author  says: 

"All  of  the  functions  of  a  railroad  arise 
from  and  focus  in  transportation.  As  they 
have  become  highly  specialized,  the  func- 
tions of  each  department  have  found  ex- 
position in  many  books.  But  no  book  has 
been  written  immediately  concerned  with 
transportation,  the  reason  for  the  ex- 
istence of  the  railroads.  It  is  the  purpose 
of  this  book  to  assemble  in  reasoned  or- 
der all  of  the  phases  of  loading,  distribu- 
tion of  cars,  movement  of  engines  and 
trains,  handling  of  men,  the  features  of 
permanent  way  and  shop  plant,  the  or- 
ganization through  which  they  are  con- 
trolled, and  the  accounting  made  of  their 
activities — as  they  are  related  to  trans- 
portation. It  is  concerned  with  all  that 
enters  into  freight  transportation.  Only 
to  the  extent  that  phases  of  other  activ- 
ities of  the  railroads  are  immediately  re- 
lated thereto  is  reference  made  to  them." 

Most  technical  books  make  dry 
reading;  and  one  would  imagine  that 
freight  transportation  would  be  an  ex- 
ceedingly arid  subject — but,  notwith- 
standing all  this,  Mr.  Loree  has  pro- 
duced an  unusually  readable  and  en- 
tertaining work,  enlivened  often  by 
interesting  anecdotes  based  upon  the 
author's  personal  experience.  His  easy 
and  conversational  style  may  be  con- 
sidered objectionable  by  a  few  dry-as- 
dust  old-timers  of  the  engineering  pro- 
fession; but  all  of  95  per  cent  of  his 
readers  will  be  pleased  by  the  agree- 
able personality  of  his  writing  and  the 
inherent  charm  of  his  diction. 
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There  is  another  characteristic  of 
Mr.  Loree's  writing  that  is  worthy  of 
notice,  and  that  is  its  peculiar  inti- 
macy of  address.  As  the  book  is  writ 
ten  to  benefit  the  railroad  profession 
and  mainly  by  the  impression  it 
makes  upon  the  younger  members 
thereof,  the  author  in  giving  advice 
does  not  hesitate  to  enter  into  mi- 
nute detail,  such,  for  instance,  as  per- 
sonal hygiene.  It  takes  a  bold  and 
fearless  writer  to  do  this;  and  it 
would  be  dangerous  to  his  popularity 
for  anyone  but  a  man  of  high  stand 
ing  and  wide  experience  to  attempt 
it;  nevertheless,  when  a  recognized 
master  of  his  profession  does  so,  the 
result  is  both  agreeable  and  effective. 
Mr.  Loree  certainly  gives  conclusive 
proof  of  his  great  heart  and  his  kind- 
ly nature  throughout  this  classic 
treatise. 

The  text  of  the  treatise,  covering 
altogether  more  than  700  pages,  in 
addition  to  a  copious  index,  is  divided 
into  eight  parts,  arranged  in  logical 
order,  viz.: 

I.     The  Permanent  Way. 
II.     Shops  and  Equipment. 

III.  Organization,  Field  and  Staff. 

IV.  Forms,   Accounts  and   Statis- 
tics. 

V.     Movement  of  Cars. 
VI.     Movement    of    Engines    and 

Trains. 
VII.     Men — First   Section. 

VIII.     Men — Second  Section. 

Each  of  these  parts  will  now  be  de- 
scribed, and  quotations  will  be  made 
therefrom.  In  this  excerpting  from 
the  treatise,  the  reviewer  has  found 
it  quite  difficult  to  know  what  to  se- 
lect. If  space  were  to  permit,  he 
would  like  to  quote  page  after  page, 
but  there  is  generally  a  rather  con- 
stricted limit  for  the  book  reviewer. 

Part  I.  The  Permanent  Way. — 
Among  the  salient  topics  treated  in 
this  portion  of  the  book  might  be  men- 
tioned the  following:  Drainage,  Bal- 
last, Track  Surface,  Pitches  and  Sags, 
Tunnels,  Curve  Elevation,  Curve  Re- 
sistance, Gage  Widening,  Rail  Creep- 
ing, Grades,  Track  Capacity,  Termi- 
nals, and  Yard   Operation. 

Concerning  "Drainage"  the  author 
says:  j 

"Engineers  insist  that  the  first  and  last 
requisite  for  the  maintenance  of  a  good 
and  sound  track  is  a  perfect  system  of 
drainage.  Recurrent  trouble  through  bad 
surface  in  a  particular  section  of  track  is 
likely  to  be  due  to  defective  drainage. 
Drainage  is  not  generally  given  the  place 
it  deserves  in  the  proper  maintenance  of 
track;  where  it  is  provided,  not  only  is 
the    track    maintained    in    better   surface, 


but  at  a  material  saving  in  expense.  It 
is  a  matter  in  which  our  practice  falls  far 
i-hort  of  European  standards." 

This  question  of  the  thorough  drain- 
age of  railroads  is  one  in  which  the 
reviewer  is  deeply  interested;  for  his 
first  technical  paper,  published  in 
1878,  was  entitled  "Railroad  Drain- 
age," the  treatment  thereof  going 
very  thoroughly  into  detail.  It  is  truly 
surprising  to  note  how  railroad  men 
year  after  year,  decade  after  decade, 
have  gone  on  neglecting  this  prime 
and  fundamental  requisite  for  almost 
every  railway.  It  is  only  in  a  country 
where  it  never  rains  that  this  feature 
of  construction  can  safely  be  ignored. 

Concerning  "Ballast"  Mr.  Loree 
says: 

"The  purpose  of  ballast  is  to  afford  a 
sufficient  base  for  the  support  of  the  roll- 
ing load,  to  carry  off  the  rain  water,  to 
afford  a  means  of  keeping  the  ties  to 
their  grade  line,  and  to  give  elasticity  to 
the  bed  upon  which  the  track  structure 
rests.  Generally  our  railroads  fail  in  the 
application  of  this  important  material. 
Ballast  is  the  foundation  for  the  track, 
that  is,  for  the  assembled  structure  of 
ties,  rails  and  fastenings. 

"The  amount  of  ballast  to  be  applied 
in  order  to  produce  a  permanent  ballast 
section  depends  entirely  upon  the  char- 
acter of  the  subgrade;  6  in.  may  suffice 
on  rock  or  indurated  soil,  many  feet  may 
be  required  in  yielding  soils.  To  dis- 
tribute the  rolling  load,  so  that  each  tie 
shall  support  its  full  burden,  ordinarily 
requires  not  less  than  12  in.  between  the 
bottom  of  the  tie  and  the  top  of  the  sub- 
grade." 

In  relation  to  "Track  Surface"  the 
author  has  this  to  say  concerning  the 
much  mooted  question  of  staggered 
versus  opposite  joints: 

"The  almost  universal  use  of  staggered 
joints  replacing  the  old  practice  of  op- 
posite joints,  while  enabling  the  track  to 
be  maintained  in  better  surface,  is  a  pos- 
itive detriment  when  the  surface  is  al- 
lowed to  deteriorate,  accentuating  as  it 
does  the  rolling  motion  of  the  cars." 

The  author's  treatment  of  the  top- 
ics of  "Curve  Elevation"  and  "Curve 
Resistance,"  including  therein  the 
transition  curve,  is  clear  and  satis- 
factory. These  matters  are  of  prime 
importance  in  all  first-class  railroad- 
ing, and  should  always  be  given  due 
attention. 

Mr.  Loree  very  properly  insists 
upon  the  widening  of  gage  on  curves, 
and  indicates  the  best  practice.  Some 
engineers  attempt  to  ignore  this  re- 
quirement; but  the  clearance  which 
they  refuse  to  give  the  engine  will 
soon  take,  and  whilst  the  widening  is 
being  accomplished  by  passing 
wheels,  derailment  is  liable  to  occur. 

The  matter  of  rail-creeping  is  mere- 
ly mentioned;    and   the  reviewer   be 
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lieves  it  should  have  been  treated  in 
extenso,  but  perhaps  he  is  prejudiced 
on  this  point  because  of  the  fact  that 
some  three  or  four  years  ago  he  made 
an  exhaustive  investigation  of  the  phe- 
nomenon by  means  of  a  questionnaire, 
wrote  a  long  paper  on  the  subject,  and 
submitted  it  to  the  American  Society 
of  Civil  Engineers  for  a  thorough  dis- 
cussion by  the  members.  It  has  been 
published  in  full  with  the  discussions 
in  the  Society's  Proceedings  and 
Transactions. 

After  treating  the  question  of 
"Track  Kinks,"  thus  finishing  his  dis- 
sertation on  "Track,"  the  author  con- 
cludes this  portion  of  his  subject 
thus: 

"If  now  the  transportation  officer  has  a 
track  in  proper  surface,  alignment,  gauge, 
and  curve  compensation,  free  from  creep- 
ing, resting  upon  a  minimum  of  ten 
inches  of  a  ballast  that  will  readily  dis- 
pose of  storm  water  and  melting  snow, 
upon  a  roadbed  properly  drained,  free 
from  'soft  spots'  and  of  sufficient  width 
to  support  the  track,  then  his  wants  in 
this  regard  have  been  satisfied.  But  all 
these  things  he  is  entitled  to  have;  and, 
lacking  them,  he  should  clamor  for  them. 
He  may  fail  in  this  endeavor,  but  things 
are  never  unutterably  bad;  there  will  al- 
ways remain  to  him  the  philosophy  of 
the  old  woman,  who,  having  only  two 
teeth,  thanked  God  that  they  met." 

Dealing  with  the  question  of 
"Grades,"  Mr.  Loree  remarks: 

"It  used  to  be  said,  when  I  was  a 
youngster,  that  no  road  with  grades  not 
exceeding  0.5  per  cent  ever  went  into  the 
hands  of  a  receiver.  I  do  not  know 
whether  this  was  literally  true,  but  cer- 
tainly the  transportation  and  cost  ad- 
vantages of  a  superior  grade  line  give  its 
possessor  a  commanding  advantage  over 
a  less  fortunate  competitor.  After  the 
Civil  War,  and  especially  in  the  years  of 
great  speculative  activity,  the  opportun- 
ities for  developing  the  country  through 
profitable  railroad  construction  led  to 
much  hasty  work,  directed  rather  to  the 
penetration  of  new  territory  or  the  pro- 
tection of  a  traffic  region  than  to  'eco- 
nomic location'  with  a  view  to  future  op- 
eration. Restricted  only  by  some  general 
rules,  such  as  that  the  maximum  grades 
must  not  exceed  one  per  cent  nor  the 
maximum  curvature  six  degrees,  the  en- 
gineers threw  their  lines  across  the  coun- 
try, resorting  to  the  maximums  freely 
when  delay  could  be  avoided  thereby. 
Careful  reconnaissance  and  painstaking 
fittings  of  the  line  to  the  contours  was 
impossible;  the  whole  job  was  a  wild 
scramble  and  the  result  a  handicap  to  be 
carried  for  many  years  by  the  owners 
and  their  transportation  officers.  It  is 
possible  to  follow  miles  of  this  type  of 
location  and  realize  that  where  one  per 
i  ent  grades  were  adopted,  grades  of  0.5 
to  0.3  per  cent,  within  four  or  five  miles 
on  either  side,  were  possible." 

Speaking  of  grade  rectification,  the 
following  interesting  statements  are 
made: 

"A  great  deal  has  been  done  to  correct 
these  initial  disadvantages,  perhaps  more 


by  the  Pennsylvania  Railroad  than  by 
other  lines.  Its  chief  engineer,  William 
H.  Brown,  told  me  in  1901  that  of  the  104 
miles  of  line  between  Philadelphia  and 
Harrisburg  all  but  four  miles  had  been 
changed  from  the  original  location.  In 
going  over  the  line  in  1921,  its  operating 
vice-president,  General  Atterbury,  told 
me  that  of  the  original  line  between  those 
two  points  there  remained  but  one  piece 
on  its  original  location,  the  track  over 
the  bridge  at  Coatesville. 

"While  much  has  been  done,  much 
more  remains  to  be  done  in  correcting 
these  initial  handicaps  and  errors.  Mean- 
while, towns  have  grown  up,  the  country 
has  been  brought  under  cultivation,  and 
both  the  difficulties  and  the  cost  of 
rectification  have  greatly  increased.  It  is 
surprising,  however,  how  much  can  some- 
times be  accomplished  at  small  expense." 

Concluding  his  dissertation  on  the 
grade  question,  the  author  says: 

"I  would  like  to  dwell  upon  the  im- 
portance of  low  grades,  not  alone  in  re- 
ducing transportation  costs  but  in  con- 
solidating the  traffic  in  fewer  trains,  add- 
ing much  to  the  capacity  of  the  road. 
Since  the  effect  of  the  grades  upon  en- 
gine rating  varies  directly  as  the  rate  of 
grade,  the  results  achieved  by  reductions 
are  easily  visualized. 

"Changes  not  only  in  grade  but  all 
changes,  improvements,  and  additions 
should  be  based  upon  and  brought  to  the 
test  of  actual  money  value.  Their  cost 
should  be  measured  against  the  cap- 
italized value  of  the  saving  to  be  ef- 
fected." 

Speaking  of  "Sidings,"  Mr.  Loree 
remarks: 

"Passing  sidings  should  be  installed  at 
intervals  of  approximately  five  miles  on 
single  and  ten  miles  on  double  track; 
should  be  ample  to  accommodate  one  or 
more  trains,  as  the  dispatching  require- 
ments demand;  and  should  be  kept  in 
condition  but  little  inferior  to  the  main 
track.  These  requirements  seem  simple, 
but  how  seldom  are  they  realized!" 

Dealing  with  the  subject  of  "Track 
Capacity,"  to  which  2%  pages  are  de- 
voted, the  author  says: 

"The  conclusion  reached  was  that, 
while  the  capacity  might  be  taken  at  60 
trains  daily  (*4  passenger,  %  freight), 
double-tracking,  which  has  to  be  done 
gradually,  should  begin  when  the  move- 
ment on  single  track  has  reached  40 
trains  daily. 

"A  double-track  railroad,  the  cost  of 
which  will  exceed  that  of  a  single-track 
60  per  cent,  and  its  maintenance  20  per 
cent,  is  not  the  equivalent  of  two  single- 
track  railroads.  Many  efforts  have  been 
made  to  utilize  the  double  tracks  in  both 
directions  by  train  orders.  Unless  great 
caution  is  used,  such  arrangements  result 
in  delays  and  increase  accidents,  and  the  - 
moral  hazard  is  exaggerated  so  that  the 
practice  does  not  generally  obtain.  The 
effect  in  expediting  the  movement  is  so 
great  that  no  hesitation  should  be  felt  in 
resorting  to  the  practice,  if  safeguarded 
by  proper  signal  indications.  It  is  gener- 
ally advisable  to  add  more  tracks'  when 
the  number  of  trains  exceed  90  daily. 

"A  third  track  can  be  used  in  both  di- 
rections; and  this  operation  is  frequently 
successfully  practiced.  In  many  cases 
the  third  track  is  used  in  one  direction 
for  one  period  of  the  day,  and  in  the  op- 
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posite  direction  during  another  period  of 
the  day,  either  by  time  card  or  by  train 
order,  and  with  greater  or  less  installa- 
tion of  signaling.  It  is  also  in  places  used 
quite  extensively  as  a  single  track  by 
train  orders.  The  third  track  adds  con- 
siderably more  than  50  per  cent  to  the 
capacity  of  a  double-track  line,  and  the 
three  tracks  have  sometimes  more  than 
trebled  the  capacity  of  a  single-track 
railroad. 

"When  the  trains  moving  over  a  rail- 
road exceed  approximately  150  per  day, 
the  installation  of  a  four- track  system 
should  be  begun.  Care  should  be  taken 
to  arrange  the  tracks  so  that  fast  and 
slow  trains  may  be  crossed  from  track  to 
track  as  occasion  may  require.  Under 
any  conditions  the  capacity  of  a  four- 
track  railroad  will  be  considerably  more 
than  twice  the  capacity  of  a  double -track 
railroad.  If  approximate  uniformity  of 
speed  can  be  arrived  at  by  segregating 
the  trains  on  the  two  tracks  in  each  di- 
rection, the  use  is  vastly  increased  and 
conditions  approximate  those  on  elevated 
and  subway  railroads.  Under  such  con- 
ditions a  movement  of  400  trains  per  day 
might  be  reached." 

In  the  above  opinion  the  reviewer 
by  no  means  stands  alone — in  fact  it 
seems  to  be  quite  general  amongst 
laymen;  nevertheless,  under  modern 
conditions  of  railroading,  it  is  incor- 
rect. The  reviewer  submitted  the 
question  to  the  author,  who  told  him 
that  it  had  been  brought  up  to  him 
prevously  by  a  prominent  railroad  man 
of  England.  In  order  to  prove  his 
case,  Mr.  Loree  had  subsequently  sub- 
mitted the  question  to  an  eminently 
practical  operator  of  the  highest 
standing,  with  whom  in  times  past  he 
had  been  associated;  and  then  he  did 
the  reviewer  the  favor  to  lend  him 
the  file  relating  to  the  matter.  The 
contents  thereof  have  convinced  him 
of  his  error. 

The  explanation  of  the  apparent  in- 
consistency is  as  follows: 

Undbx  modern  conditions  on  a 
double-track  trunk-line  there  are  nu- 
merous sreeds  for  trains,  varying  from 
very  slow  to  exceedingly  fast.  When 
a  fast  through  train  is  due,  or  even  a 
train  of  moderately  high  speed,  the 
slower  trains  have  to  run  onto  the 
sidetracks,  in  order  to  avoid  obstruc- 
tion; and  the  result  is  many  deten- 
tions of  the  slower  trains,  and  a  re- 
duction in  the  total  number  of  trains 
per  day.  In  the  case  of  a  four-track 
road,  the  inner  tracks  can  be  used 
mainly  for  rapid  travel  and  the  outer 
tracks  for  slow  travel,  thus  avoiding 
most  of  the  delays. 

On  the  other  hand,  the  operation  of 
important  single-track  lines  has  been 
reduced  to  such  a  science  that  the 
number  of  trains  per  day  can  readily 
be  as  high  as  60,  and,  under  excep- 
tionally favorable  conditions,  even  80 


or  90,  whilst  the  records  for  double- 
track  lines  runs  from  56  to  149  trains 
per  day — the  greater  the  variety  of 
speeds  the  smaller  the  number  of 
trains. 

The  expert  operator  above  men- 
tioned as  reporting  to  Mr.  Loree  sums 
up  the  question  as  follows: 

"With  this  preliminary  discussion  of 
the  subject,  it  is  evident  that  it  is  not 
easy  accurately  to  estimate  track  ca- 
pacities. The  common  feeling  among  rail- 
road men  has  been  as  expressed  by  Sir 
William  that  a  double  track  was  capable 
of  handling  more  than  twice  as  many 
trains  as  a  single  track.  However,  the 
discussion  which  took  place  years  ago 
clearly  brought  my  mind  around  to  the 
point  of  absolute  confidence  that  this  was 
not  the  case;  for  the  reason  that,  on  a 
double  track  where  each  track  is  used  in 
a  different  direction  and  where  trains 
running  ahead  of  each  other  must  pre- 
serve clearances  that  will  absolutely 
leave  the  line  open  for  the  higher-speed 
trains  at  all  times,  there  are  often  gaps 
where  portions  of  the  line  are  unused  for 
considerable   stretches   of   time."     .     .     . 

"It  should  be  borne  in  mind  that,  with 
the  advent  of  the  automatic  signal  and 
with  the  proper  spacing  of  these  signals, 
a  double-track  railroad  can  be  utilized  to 
more  nearly  100  per  cent  than  by  any- 
other  system;  and  the  difference  between 
the  utilization  of  a  single-track  and  a 
double-track  road  is  not  as  great  as  it 
would  be  or  has  been  under  other  circum- 
stances."    .     .     . 

"The  tendency  of  modern  times  is  to 
longer  train  units  and  fewer  trains.  There 
can  be  no  doubt  that  undue  crowding  of 
a  single-track  line  is  unecdnomical,  and 
that  somewhere  between  60  train  units 
and  90  train  units  there  is  a  line  of  econ- 
omy which  cannot  be  determined  abso- 
lutely, but  is  so  dependent  upon  grades, 
character  of  traffic,  speeds,  etc.,  that  it 
must  be  settled  from  actual  conditions  for 
each  individual  piece  of  railroad.  Also, 
that  where  two  tracks  can  be  afforded 
and  there  is  capacity  for  all  the  traffic 
by  using  double  track,  economy  and  fa- 
cility will  result  from  such  use,  but  where 
the  second  or  third  tracks  is  too  ex- 
pensive or  cannot  be  constructed  due  to 
some  other  cause,  the  use  of  the  existing 
track  or  tracks  as  single  track  can  be 
resorted  to  with  great  effectiveness." 

There  is  one  point  in  conenction 
with  the  above  that  the  reviewer 
tailed  to  comprehend.  If  under  all 
conditions  the  capacity  of  a  four-track 
road  is  considerably  more  than  twice 
that  of  a  double-track  road,  why  is 
not  the  capacity  of  a  double  track 
road  much  greater  than  twice  that  of 
a  single-track  road?  He  has  always 
been  of  the  opinion  that  double-track 
line  has  several  times  the  capacity  of 
a  single  track  line,  provided  that  the 
trains  in  each  case  be  handled  to  the 
best  advantage.  By  providing  ample 
side  tracks  and  running  trains  as  close 
together  as  safety  permits,  an  im- 
mense volume  of  traffic  should  be 
carried.     Moreover,  break-downs  on  a 
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double-track  line  must  interfere  less 
with  traffic  than  do  such  accidents 
on  a  single-track  line. 

To  the  important  subjects  of  "Ter- 
minal Depots  and  Adjuncts,"  "Ter- 
minal Yards,"  "Yard  Operation," 
"Yard  Planning,"  etc.,  ?8  pages  are  de- 
voted, and  the  treatment  thereof  is 
most  thorough  and  practical,  but  lack 
of  space  presents  any  detailed  review 
of  these  topics. 

Part  II. — Shops  and  Equipment. — In 
this  part  of  the  book  the  principal  top- 
ics discussed  are  "Car  Shops," 
"Tracks  and  Floating  Gangs,"  "Freight 
Cars,"  "Provision  of  Cars,"  "Engine 
House,"  "Back  Shop,"  "Locomotives," 
"Stokers,"  "Compound  Locomotives," 
"Wreck  Train,"  "Snow  Plows,"  "Track- 
Inspection  Car,"  "Narrow-Gage  Rail- 
roads," and  "Comparison  of  Steam 
and  Electric  Working." 

Part  II  is  introduced  with  the  fol- 
lowing words  of  wisdom,  which 
should  be  read,  pondered  upon,  and 
complied  with  by  all  railroad  men: 

"The  effect  of  discipline  and  drill  is  to 
concentrate,  to  make  the  whole  mass  a 
machine  which,  at  the  will  of  one,  may- 
exert  its  force  in  a  certain  direction  and 
to  a  certain  end. 

"It  is  character  as  a  leader  and  the 
power  of  will  that  will  enable  one  to  con- 
trol masses  of  men.  These  he  must  dom- 
inate and  keep  friendly  by  exercising  the 
full  powers  of  his  personality.  He  must 
have  not  only  courage  and  endurance, 
but  also  that  indefatigable  quality  called 
'Pluck'  and,  as  well,  instinct,  that  incom- 
prehensible something  which  takes  the 
bird  to  its  nest  in  the  vast  sameness  of 
the  prairie,  or  the  bee  to  its  home  in  the 
hollow  tree  hidden  in  the  labyrinth  of  the 
forest. 

"The  first  step  in  education  is  to  give 
a  rule  and  guide  to  conduct,  followed  by 
training  to  concentrate,  to  observe,  and 
to  remember,  and  finally  to  subject  all 
alike,  himself  included,  to  that  discipline 
which  is  a  bond  stronger  than  iron;  more 
impervious  than  adamant." 

In  his  excellent  treatment  ,of  the 
"Comparison  of  Steam  and  Electric 
Working,"  the  author,  after  discussing 
various  conditions  affecting  traffic,  ex- 
presses his  preference  thus: 

"A  more  rational  assembling  of  the  ele- 
ments involved  makes  clear  the  present 
economic  advantages  through  the  use  of 
steam.  Except  as  a  means  of  ventilation 
in  tunnel  operation  or  the  luxury  of  pas- 
senger trains  at  large  terminals,  or  in  ex- 
ceptional locations  where  traffic,  physical 
and  economic  conditions  not  only  indi- 
cate but  demand  electric  traction,  I  see 
no  reason  why  the  steam  engine  should 
not  more  than  hold  its  own  in  the  evolu- 
tion of  the  future,  if  its  natural  guard- 
ians but  do  their  duty." 

The  reviewer,  however,  is  of  the 
opinion  that  the  important  roads  of 
the  future  are  going  to  be  operated 
electrically,  whilst,  for  some  time  at 


least,  the  side  lines  or  feeders  will  be 
operated  by  steam.  This  is  an  un- 
solved economic  problem  of  the  ut- 
most importance  in  the  development 
of  our  great  country.  Where  hydro- 
electric power  is  available  and  com- 
paratively inexpensive,  it  is  going  to 
be  used  for  both  main  and  side  lines; 
and  by  burning  coal  at  the  mouth  of 
the  mine  an  economy  of  fuel  and  la- 
bor is  effected  that  will  generally  go 
far  to  offset  the  cost  of  installation 
of  power  houses  and  transmission 
lines,  and  this  economy  is  going  to  be 
more  pronounced  as  the  years  go  by. 

Part  III.  Organization,  Field  and 
Staff. — This  portion  of  the  treatise 
opens  with  the  following  premises: 

"A  corporation  of  the  first  magnitude 
and  of  the  character  of  a  railroad  rests 
its  hope  of  successful  operation  very 
largely  upon  organization,  discipline  and 
continuity  of   employment. 

"At  all  times  forms  of  organizations 
have  swung  between  the  extremes  of 
great  centralization  and  great  decentral- 
ization, in  the  railroad  service  between 
the  departmental  and  the  divisional  or- 
ganization. 

"It  must  always  be  kept  in  mind  that 
discipline  contemplates  two  attitudes;  the 
person  disciplined  may  be  a  disciple,  a 
learner;  or  he  may  be  one  subjected  to 
punishment.  Both  relations  contemplate 
knowledge,  capacity,  fair  dealing,  and 
resolute  courage  on  the  part  of  the  of- 
ficer chaged  with  administrating  disci- 
pline. There  is  no  more  important  func- 
tion to  discharge,  nor  one  to  which  more 
care  and  thought  should  be  given. 

"There  must  be  such  continuity  of  ser- 
vice as  will  insure  a  reasonable  hope  of 
advancement;  and  for  the  entire  body  a 
continuous  policy;  a  history  personal  in 
its  character;  and  an  esprit  de  corps 
founded  on  mutual  experience,  respect 
and  confidence." 

In  this  part  of  the  book  the  author 
first  treats  the  general  features  of  the 
subject  under  the  caption  "Organiza- 
tion," and  then  proceeds  to  discuss  the 
duties  of  the  various  officials  and 
their  requisite  characteristics  and  at- 
tainments. 

Under  the  caption  "Methods  in  Ad- 
ministration" the  author  enters  into 
minute  detail  and  gives,  as  previously 
stated  in  this  review,  advice  of  a  per- 
sonal nature,  which  must  be  read 
many  times  to  be  appreciated  and  uti- 
lized. It  is  here  that  the  true  great- 
ness of  Mr.  Loree  as  a  railroad  man 
and  a  leader  in  the  engineering  pro- 
fession specially  shines  forth. 

Concerning  the  reading  of  books  the 
following  remarks  may  be  studied 
with  profit  by  all  thinking  and  reading 
men: 

"As  a  ruler  those  who  have  the  habit 
of  reading  read  too  many  books.  It  is  far 
better  to  have  a  few  and  to  live  with 
them.     I  try  to  read  only  such  books  as  I 
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may  own.  As  I  read,  I  freely  mark  the 
margin  of  pages  where  the  ideas  the 
author  is  developing  are  most  clearly 
stated.  When  I  have  finished  the  book, 
I  turn  back  and  read  all  the  marked  par- 
agraphs and  sometimes  do  this  several 
times  at  short  intervals.  .  .  .  We 
read  far  too  slowly;  with  a  moderate 
amount  of  definite  practice  and  with  a 
conscious  effort  to  improve,  the  speed  of 
leading  may  be  increased  from  50  to  100 
per  cent  with  gain  in  the  comprehension 
of  the  ideas  read."     .     .     . 

Following  these  quotations  are  5^ 
pages  of  concentrated,  practical  wis- 
dom, from  which  the  following  ex- 
tracts are  made: 

"While  our  native  make-up  determines 
to  a  large  extent  what  we  shall  become, 
yet  rarely  does  anyone  utilize  or  develop 
to  the  fullest  extent  such  measure  of 
ability  as  he  may  possess.  The  laggard 
can  find  little  consolation  in  the  hope  of 
redeeming  himself  later  on.  The  chief 
source  of  waste  in  all  mental  work  is  the 
reluctance  in  beginning.  This  is  best 
overcome  by  putting  one's  self  into 
physical  surroundings  and  into  a  frame 
of  mind  requiring  at  least  a  minimum 
amount  of  voluntary  effort.  Have  a  cus- 
tomary place  to  work,  in  surroundings 
with  as  few  distractions  as  possible.  It 
is  very  certain  that  there  is  an  uncal- 
culated  waste  of  energy  and  a  still  more 
prodigal  waste  of  time  in  most  of  our 
mental  work.  Vicious  habits  of  dawdling 
are  easily  acquired,  which,  unless  cor- 
rected, have  their  effect  throughout  life. 
Don't  dawdle  and  think  'I  just  hate  to  do 
this,'  but  begin  at  once  and  in  earnest. 
Organize  your  ideas,  with  reference  to 
all  the  elements  in  the  situation.  As  soon 
as  possible  put  your  ideas  in  permanent 
form,  telling  them  to  some  one  else  in 
connection  with  other  related  materials 
cr  situations.     . 

"Keep  constantly  before  you  that  the 
first  thing  to  do  is  to  look  ahead;  the 
second,  to  try  to  get  good  ideas;  the 
third,  to  arrange  your  work  in  such  a  way 
that  when  you  do  anything  you  will  not 
have  to  do  it  in  a  hurry."     .     .     . 

Following  this  topic  are  23  pages 
of  a  somewhat  technical  character,  but 
while  they  are  of  great  importance  to 
railroad  men,  they  are  not  of  much  in- 
terest to  the  general  reader. 

Part  IV.  Forms,  Accounts  and  Sta- 
tistics.— This  portion  of  the  work 
opens  with  the  following  quotation 
from  the  writings  of  A.  F.  Pollard: 

N  "It  is  usless  simply  to  know  things  as 
they  are;  we  want  to  know  what  they 
will  be,  and  we  have  no  means  of  guess- 
ing what  their  future  will  be  unless  we 
know  what  they  were,  whence  they  come, 
how  they  traveled,  and  why  they  moved." 

The  topics  treated  in  Part  IV  are 
thus  defined: 

"The  Forms  are  the  sheets  upon  which 
orders,  instructions,  or  authorizations  are 
conveyed,  or  upon  which  information  is 
collected,  tabulated,  and  reported  to  the 
proper  officer. 

"The  Accounts  contain  the  final  re- 
sults; they  should  enable  the  final  cost  to 
be  set  against  the  work  done.  They 
should  include  all  necessary  information 
to  show  the  economy  and  efficiency,  or  the 


reverse,  with  which  the  business  is  con- 
ducted. They  should  guard  not  only 
against  dishonesty  but  against  error. 

"Statistics  are  accurate,  systematic, 
and  concisely  tabulated  information  pre- 
pared from  the  forms  and  accounts." 


Concerning  "Depreciation,"  Mr. 
Loree  says: 

"One  of  the  important  functions  of  an 
audit  is  to  safeguard  the  accounts  from 
the  insidious  impairment  that  may  grad- 
ually affect  the  assets.  The  English 
describe  this  by  a  most  meaning  phrase: 
'wasting  assets.'     .     .     . 

"The  railroad  is  a  composite  of  many 
different  parts,  and  of  these  there  are 
many  units  which,  especially  as  the  road 
becomes  of  large  size,  tend  to  fall  into  a 
routine  of  rhythmic  replacements,  such 
as  ties,  rails,  bridges,  buildings,  cars, 
locomotives,  etc.  Here  it  is  impossible 
intelligently  to  divide  the  maintenance 
account  into  repairs  and  depreciation.  If 
the  theory  of  depreciation  is  carried  to 
its  logical  extreme,  there  is  nothing  left 
for  repairs;  if  repairs  are  adequately 
made,  there  is  no  depreciation." 

There  follow  some  22  pages  devoted 
to  topics  of  a  rather  technical  nature, 
and  then  the  important  subject  of 
"Statistics"  is  reached.  It  opens  with 
this  general  statement: 

"The  ramifications  of  railroad  operation 
are  so  widespread,  the  sources  of  possible 
wasteful  expenditure,  or  possible  eco- 
nomics, so  numerous,  that,  if  a  railroad 
is  to  be  managed  with  a  maximum  of 
efficiency,  it  is  important  that  all  in- 
formation bearing  on  work  done  and  cost 
of  operation  be  drawn  together  and  tab- 
ulated on  uniform  bases.  Statistics  can- 
not take  the  place  of  judgment,  but  they 
are  most  valuable  aids  to  judgment;  they 
serve  as  instruments  to  thought,  to 
knowledge,  and  to  work,  and  they  should 
be  compiled  in  the  clearest,  the  briefest 
and  the  most  compact  form.  They  should 
be  as  few  as  will  cover  the  essential 
items  and  contain  the  details  that  ex- 
plain the  fluctuations  which  have  taken 
place  and  where  they  occur.  If  suffi- 
ciently comprehensive,  they  will  aid  in 
the  solution  of  problems  and  enable  con- 
clusions to  be  drawn  and  judgments  ma- 
tured.    ..." 

Concerning  the  fundamental  econo- 
mic question  of  "Car  Loading,"  the  fol- 
lowing, excerpts  are  made:     . 

"In  securing  full  carloads,  the  thorough 
training  of  expert  loaders  will  repay  the 
cost  and  trouble  involved  in  their  train- 
ing. 

"It  is  impossible  to  over-estimate  the 
importance  of  full  carloads.  The  main- 
tenance cost  of  the  car  is  practically  in- 
dependent of  its  load,  so  that  a  reduction 
in  the  number  of  cars  is  followed  by  re- 
duced cost  in  almost. the  same  ratio.  Less 
demand  is  made  upon  the  road  loco- 
motive, less  yard  handling  is  involved, 
and  less  trackage  needed,  greatly  reduc- 
ing costs   in  congested   areas.     .      .      ." 

"It  is  one  of  the  most  discouraging 
things  in  the  transportation  business  to 
realize  during  how  small  a  percentage  of 
the  life  of  a  car  its  wheels  go  round,  and 
even  then  how  considerable  a  proportion 
of  this  time  it  is  running  empty.   .     .     ." 

"The  things  important  to  watch  as  a 
check  on  the  service  of  the  cars  are: 
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"1.  Tons-miles  per  car  mile.  This  re- 
flects the  loading  of  the  car  as  distinct 
from  its  movement. 

"2.  Car  miles  per  car.  This  reflects 
the  movement  of  the  car  as  distinct  from 
its  loading,  and  the  loaded  and  empty 
mileage  should  be  separately  shown. 

"3.  Car  days  per  loaded  trip  and  per 
round  trip;  that  is,  from  load  to  load. 

"4.  Ton  miles  per  car.  This  is  the 
final  and  inclusive  test  of  the  service  ren- 
dered by  the  car." 

In  relation  to  "Train  Loading,"  the 
author  has  this  to  say: 

"A  large  part  of  the  fluctuating  cost  of 
conducting  transportation  is  due  to  train 
working,  and  statistics  of  train  loads  are 
essential  to  economy.  It  is  impossible  to 
exaggerate  the  importance  of  watching 
the  train-load.  Upon  the  number  run 
depends  the  cost;  the  number  run  is  de- 
pendent on  the  train-load;  the  greater 
the  load  the  smaller  the  number  of  train 
miles.     .     .     ." 

"Ton  miles,  not  the  train  miles,  rep- 
resent the  work  done  by  the  carrier.  The 
train  mile  is  part  of  the  cost  of  doing  it. 
As  J.  J.  Hill  used  to  put  it,  'We  manu- 
facture train  miles,  we  sell  ton  miles.' 
To  be  prosperous,  we  must  keep  the  cost 
of  the  train  mile  down  and  keep  the  price 
of  the  ton  mile  up.     .     .     ." 

Part  IV  finishes  with  a  dissertation 
on  "Probability" — a  most  interesting 
subject,  which  is  concluded  thus: 

"The  use  of  statistics  presents  many 
great  and  unusual'  difficulties.  One  must 
be  sure  not  only  that  they  are  accurate, 
but  that  they  are  truthful;  be  sufficiently 
familiar  with  the  location,  plant,  person- 
nel, etc.,  to  recognize  the  influence  of 
third  factors,  and  know  whether  the 
probability  which  they  suggest  is  a  nu- 
merical ratio  or  a  relation  between 
events. 

"The  longer  one  uses  them  the  more 
one  comes  to  feel  that  at  best  they  are 
but  an  aid  to  judgment,  and  the  more 
one  is  aghast '  at  the  assurance  of  the 
bureaucrat  who  may  be  distant  a  thou- 
sand miles  from  the  scene  of  action  and 
have  so  little  familiarity  with  the  actual 
workings  as  not  to  be  able  for  the  life 
of  him  to  tell  you  the  difference  between 
a  puzzle  switch  and  a  flying  switch  or 
between  demurrage  and  democracy,  but 
who  does  not  hesitate  to  issue  positive 
orders  upon  the  conclusions  he  draws 
from  his  statistics." 

Part  V — Movement  of  Cars.— This 
portion  of  the  book  is  preceded  by  the 
following  quotation  from  the  pen  of 
McPherson: 

"In  the  freight  car  is  moved  nearly  all 
the  food  we  eat;  the  clothing  we  wear; 
the  materials  for  our  homes  and  their 
furnishings;  the  fuel  used  in  the  pro- 
vision of  heat,  light,  and  power.  In  it 
all  substances  of  use  to  man  are  trans- 
ported from  place  to  place  for  trans- 
formation through  all  of  the  stages  and 
processes  that  make  them  of  service. 
There  is,  perhaps,  no  other  vehicle  which 
so  adequately  ministers  to  the  multi- 
tudinous wants  of  each  and  every  one." 

Under  the-  heading  "Proportions  oi 
the  Time  That  Cars  are  in  Use  by  the 
Railroads  and  by  the  Traders,"  Mr. 
Loree  has  this  to  say: 


"The  freight  car  is  one  of  the  prime 
units  of  freight  transportation;  and  the 
success  of  the  railroad  operation  is  very 
largely  dependent  upon  the  quantity  in 
which  it  is  supplied  and  the  use  made 
of  it.  It  must  be  kept  constantly  in  mind 
that  also  for  the  individual  trader  the 
supply  and  movement  are  of  the  utmost 
importance.  For  the  railroads  the  earn- 
ings which  these  cars  bring  in  are  the 
largest  part  of  their  profitable  business. 
Upon  these  eacnings  they  depend  for 
their  solvency  and  growth. 

"Through  thoughtless  statements  put 
out  as  matured  judgments  by  some  as- 
sumed to  speak  with  authority,  but  the 
adroit  attacks  of  vote  solicitors  seeking 
personal  preference,  and  by  the  swarm 
of  haters  of  private  property,  the  public 
has  at  times  been  excited  to  the  verge  of 
hysteria  over  the  alleged  inadequate  pro- 
vision of  freight  cars  to  handle  its  rap- 
idly growing  business.     .      .      ." 

"The  movement  of  by  far  the  greater 
portion  of  the  freight  traffic  of  the  United 
States  is  from  centers  where  freight 
originates  in  great  quantities*,  from  mines, 
mills,  grain  elevators,  slaughter  and  pack- 
ing houses,  places  where  the  products  of 
orchards  and  truck  farms  are  collected, 
and  from  the  great  wholesale  ware- 
houses. Such  movement  is  in  carload 
lots  to  the  great  distributing  centers 
where  the  cars  are  unloaded,  and  these 
movements  entail  a  large  percentage  of 
empty  mileage  in  adapting  the  supply  of 
cars  to  the  demand.     .      .      ." 

"Taking  the  course  of  the  freight  car 
in  this  carload  service,  it  will  be  seen 
that  it  is  in  the  hands  of  the  public,  that 
is,  the  shippers  and  consignees,  part  of 
the  time,  and  in  the  hands  of  the  rail- 
roads part  of  the  time.  In  order  to  de- 
termine what  steps  should  be  taken  to 
obtain  greater  service  from  freight  cars 
in  the  actual  transportation  of  freight,  it 
is  necessary  to  ascertain  what  are  the 
causes  of  the  present  admittedly  deficient 
utilization;  that  is,  to  ascertain  what  are 
the  causes  which  delay  the  movement  of 
freight  cars  when  they  are  in  the  hands 
of  the  public,  and  what  are  the  causes  of 
delay  when  they  are  in  the  hands  of  the 
railroads.     .      .      ." 

There  then  follows  in  this  and  the 
next  topic  an  explanation  of  how  the 
desired  result  may  be  effected. 

The  topic  entitled  "The  Stock  of 
Cars  in  the  Country  and  the  Use 
Made  of  Them"  is  thoroughly  dis- 
cussed in  18  pages. 

The  item  "Demands  of  the  Traffic 
and  Provisions  for  Meeting  Them" 
also  utilizes  18  pages  and  handles  the 
subject  in  detail. 

Three  pages  are  given  to  treating 
the  topic  "Reconsignment,"  four  to 
that  of  "  'To  Order'  Bills  of  Lading," 
six  to  that  of  "The  Transportation  of 
Explosives  and  Other  Dangerous  Ar- 
ticles," four  to  that  of  "Collection  and 
Delivery,"  and  six  to  that  of  "Demur- 
rage." Following  these  are  numerous 
other  topics  of  importance  treated  ir. 
26  pages,  the  last  and  most  interest 
ing  of  which  is  "Car  Ownership." 

Part  VI-^-Movement  of  Engines  and 
Trains. — The   author  begins   this   por- 
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tion  of  the  book  with  a  well-condensed 
history  of  the  development  of  the 
steam  engine  and  the  railway  locomo- 
tive, devoting  thereto  some  28  pages, 
and  concluding  it  with  the  following 
statement: 

"It  is  to  the  genius  of  a  few  hundred 
individuals,  among  the  thousands  of  mil- 
lions who  have  lived,  that  we  owe  all  the 
inspirations  of  philosophy,  music,  art,  and 
literature,  all  the  benefactions  of  science, 
discovery,   and   invention." 

Following  this  history  are  treat- 
ments of  such  topics  as  "Movement  at 
Terminals,"  "Movement  on  the  Road," 
"Engine  Rating,"  "Assistant  Engines," 
"Pusher  Engines,"  "Engine  Mileage," 
"Engine  Failures,"  "Yard  Work,"  "Lo- 
cal Freight,"  "Standard  Time,"  "Stand- 
ard Code  of  Train  Rules  and  Tele- 
graph Orders,"  "Block  System  and 
Interlocking  Signals,"  "Inclined 
Planes,"  and  "Economic  Waste."  The 
last  two  items  and  that  of  "Standard 
Time,"  are  of  a  historical  nature,  and 
the  rest  are  purely  technical. 

Parts  VII  and  VIII— Men.— In  these 
parts,  which  are  excedingly  technical, 
are  described  the  different  jobs  the 
men  on  the  railroad  fill,  the  rules  that 
govern  them,  their  duties  and  how 
these  should  be  performed,  their  dan- 
gers, the  increasing  of  their  comforts, 
their  requirements  and  education, 
their  compensation,  the  national  laws 
by  which  they  are  supposed  to  be  gov- 
erned,  and   their   working   conditions. 

There  are  treated  herein  also  such 
topics  as  "Railroad  Accident  s," 
"Levels  of  Human  Intelligence,"  "Per- 
sonnel," "Employment,"  "Training  and 
Instruction,"  "Discipline,"  "Railroad 
Provident  Institutions,"  "Labor  Un- 
ions," "Open  Shop,"  "Parasitic  La- 
bor," "Strikes,"  and  "The  Grammar 
of  Industry." 

All  these  items  are  handled  in  a 
style  that  will  prove  most  interesting 
to  railroad  men;  and  some  of  the 
treatments  are  of  general  interest,  but 
space  does  not  permit  of  much  com- 
ment thereon. 

The  last  topic  of  the  book,  "The 
Grammar  of  Industry,"  is  historical, 
philosophic,  and  foreseeing,  and  will 
well  repay  a  careful  perusal. 

In  conclusion  the  reviewer  desires 
to  state  that,  in  his  opinion,  this  treat- 
ise is  of  such  paramount  importance, 
not  merely  to  North  America,  but  also 
to  the  entire  world,  that  it  is  worthy 
of  being  translated  into  many  foreign 
languages  for  the  use  and  benefit  of 
railroad  men  the  globe  around.  It  is 
true    that    it    relates    essentially    to 


American  practice;  but  the  science 
and  art  of  railroading  have  been  more 
highly  and  economically  developed  in 
North  America  than  anywhere  else  in 
the  world ;  hence  the  engineers  and 
other  railroad  men  of  foreign  coun- 
tries can  gain  much  valuable  knowl- 
edge and  improve  their  practice  by 
studying  a  book  that  deals  not  only 
with  the  advancement  of  the  railroad 
profession  in  the  United  States  and 
Canada,  but  also  indicates  the  numer- 
ous mistakes  that  have  been  made 
whilst  bringing  railroad  location,  con- 
struction, and  management  up  to  its 
present  status  of  excellence  and  effi- 
ciency. 


Holding   Power   of   Railroad 
Spikes 

A  series  of  tests  to  obtain  informa- 
tion on  the  holding  power  of  common 
and  screw  railroad  spikes  in  creosoted 
and  untreated  Douglas  fir  ties  have 
recently  been  conducted  at  the  Forest 
Service  Timber  Testing  Station  in  co- 
operation with  the  University  of 
Washington,  Seattle,  by  C.  W.  Zim- 
merman, engineer  in  charge.  The 
results  are  summarized  as  follows  in 
Wood  Preserving  News: 

The  maximum  average  holding  force 
of  the  cut  spikes  tested  was  obtained 
when  driven  into  holes  %  in.  in  un- 
treated green  ties,  %in.  in  creosoted 
ties,  and  7/16  in.  in  air-dried  ties  of 
the  same  species.  The  force  neces- 
sary to  pull  the  common  spikes  in  the 
air-dried  and  creosoted  ties  was  about 
97  per  cent  of  that  required  when  the 
spikes  were  driven  in  tlie  untreated 
green  fir. 

The  screw  spikes  showed  an  av- 
erage holding  force  of  8,967  lb.  in  the 
green  fir,  10,182  lb.  in  the  creosoted 
fir,  and  11,516  lb.  in  the  seasoned 
material,  or  approximately  2  to  2V2 
times  the  force  required  to  pull  the 
common  spikes. 

The  reason  creosoted  wood  holds 
the  screw  spikes  better  than  the  green 
untreated  material  is  because  the 
wood  fibers  surrounding  the  spikes 
evidently  dried  out  during  the  season- 
ing for  treatment,  thereby  making  the 
wood  more  resistant  to  being  pulled 
over  by  the  threads  of  the  screw 
spikes.  The  holding  power  of  the 
common  spikes  in  the  creosoted  wood 
was  not  increased,  as  spikes  of  this 
type  when  driven  bend  back  many  of 
the  wood  fibers. 


(180) 


1923 


Engineering  and  Contracting 


879 


Bus  Competition  with  Electric  Railways 


Results  of  a  Study  of  Conditions  in  100  Largest  Cities  in  United  States 

Described  in  AERA 

By  HARLOW  C.  CLARK. 

Publicity  Department,   Public  Service  Ry.  Co.,  Newark,  N.  J. 


So  much  has  been  written  and  said 
about  the  jitney  bus  as  a  competitor 
to  street  railways  that  it  seemed  to 
the  author  that  a  study  of  the  condi- 
tions as  they  actually  exist  in  a  num- 
ber of  the  larger  municipalities  would 
be  of  benefit  and  interest  as  furnish- 
ing exact  information  as  to  the  ex- 
tent to  which  the  bus  is  operating  in 
competition,  and  as  throwing  light 
upon  the  attitude  of  the  public  and 
public  authorities  towards  the  compe- 
tition between  these  two  carriers. 

The  result  was  an  investigation  con- 
fined entirely  to  the  bus  in  local  ser- 
vice. The  "interurban  bus  cannot  be 
dealt  with  in  the  way  selected  for  this 
study,  and  it  may  be  said  that  in 
many  cities  where  local  buses  no 
longer  operate  interurban  buses  are 
in  service  and  their  operation  encour- 
aged. 

The  100  largest  cities  of  the  coun- 
try, ranging  in  population  from  New 
York,  with  5,600,000,  to  South  Bend, 
with  about  71,000,  represent  practi- 
cally all  conditions  of  traffic  require- 
ments and  all  methods  of  regulation 
and  control  of  public  utilities.  The 
results,  as  they  are  here  presented, 
require  no  further  explanations.  The 
facts  speak  for  themselves. 

Since  the  first  jitney  began  opera- 
tion in  Los  Angeles  in  1915,  the  jitney 
or  its  successor,  the  jitney  bus,  has 
been  at  one  time  or  another  a  dis- 
turbing element  in  the  transit  situa- 
tion of  64  of  these  100  cities. 

Today,  as  a  serious  competitor  to 
street  cars  engaged  in  city  service, 
the  jitney  or  jitney  bus.  is  unknown 
in  80  of  them.  In  54  of  the  80  there 
are  no  buses  doing  a  local  business 
except  in  the  comparatively  few  in- 
stances where  they  are  operated  by 
the  street  railway  companies  in  auxil- 
iary service.  In  the  remaining  26  of 
the  80,  operation  is  so  restricted  by 
regulations,  city  or  state,  as  to  re- 
move the  competitive  feature  of  oper- 
ation. 

Competition  Serious  in  13  Cities. — 
Furthermore,  an  investigation  of  con- 
ditions in  the  remaining  20  cities  in 
which  competition  is  still  an  impor- 
tant factor  of  the  situation  shows  that 


in  four,  regulations  while  not  entirely 
eliminating  competition  are  designed 
to  materially  reduce  it;  that  in  two, 
ordinances  intended  to  prevent  com- 
petition are  held  up  by  litigation;  and 
in  one  attempts  at  restriction  have 
failed  because  the  courts  have  held 
the  city  to  be  without  jurisdiction.  This 
leaves  but  13  cities  out  of  the  100  in 
which  the  policy  oi  the  regulatory 
authorities  fosters  or  encourages  the 
jitney  bus  to  an  extent  which  makes 
its  competition  with  the  street  car 
serious — San  Francisco,  Newark,  Jer- 
sey City,  Louisville,  Akron,  Atlanta, 
Birmingham,  Houston,  Paterson,  Nor- 
folk, Camden,  Elizabeth,  and  Bayonne. 

Restriction  of  competition  is  not 
confined  to  any  one  section  of  the 
country.  Thirty-three  states  and  the 
District  of  Columbia  are  represented 
in  the  100  largest  cities.  In  practi- 
cally all  of  these  states  we  find  cities 
where  competition  is  restricted.  Cali- 
fornia, the  state  where  the  jitney  orig- 
inated, and  where  at  one  time  compe- 
tition was  intensive,  is  represented  by 
four  cities  in  only  one  of  which  is 
competition  permitted.  Texas,  another 
state  in  which  the  jitney  at  one  time 
held  sway,  is  represented  by  five 
cities.  Of  these,  Houston  alone  has 
failed  to  restrict  competition.  Along 
the  North  Pacific  Coast  in  Washington 
and  Oregon,  the  jitney  at  one  time 
ran  practically  unregulated.  Today, 
none  of  the  Washington  or  Oregon 
cities  represented  in  our  list  encour- 
ages competition.  The  list  of  cities 
in  which  the  bus  was  tried,  found 
wanting,  and  finally  eliminated  to  non- 
competitive routes,  fairly  covers  the 
country.  Los  Angeles,  New  Haven, 
Bridgeport,  Hartford,  W.aterbury,  Wil- 
mington, Savannah,  South  Bend,  Des 
Moines,  Kansas  City,  Grand  Rapids, 
Toledo,  Portland,  Providence,  Mem- 
phis, Richmond,  Seattle,  Spokane,  Ta- 
coma  and  Lawrence,  are  a  few  of  the 
municipalities  where  jitney  operation 
on  a  large  scale  has  been  abolished  or 
restricted  to  non-competitive  routes. 

In  Toledo,  Bridgeport,  Des  Moines, 
and  Lawrence,  the  buses  have  had, 
through  the  discontinuance  of  car  ser- 
vice,   an   opportunity    to    provide   the 
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entire    local    transportation     for    the  Underlying  Theory  of  Control. — Al- 

community.     In  each  case  the  street  though  differing  as  to  details  and  to 

<ar  has  been  called  back  and  jitney  the  powers  which  have  been  given  to 

operation  eliminated  or  restricted.  the  cities,  the  theory  which  underlies 

Analysis  of  Trend  Toward  Jitney  ?.talft  c™tro1  and.  ref ,ulation  *s  P™0' 
Control.  —  Apparently,  the  trend  tically.  tne  .sarn?  in  a11  cases'  *•  ©•  b>; 
toward  jitney  control  has  little  rela-  enSaSinS  *n  th®  business  of  local 
tion  to  where  the  power  to  regulate  transportation,  jitney  buses  become 
may  be  lodged.  In  61  of  the  100  common  carriers  and  as  such  are  sub- 
cities,  power  is  with  the  city;  in  7  Ject  J.°  control  and  regulation;  conse- 
entirely  with  the  state  or  district;  and  gently,  they  like  other  public  utili- 
in  32  with  city  and  state  jointly.  tl,es;  may  Ji0t  -5?gm  ^«ration  until  the 
„  *  M  \  \_  2*  state  authorities  decide  that  such 
The  rate  of  fare  charged  by  the  operation  is  demanded  by  public  con- 
street    railway    company    seems    like-  venience  and  necessity 

TiBX  n?L  \°   be  .a  .cont™llinf   factor-  This  is  the  expressed  policy  in  Illi- 
In  the  100  largest  cities  base  fares  are  nois>    New    Hampshire,    New    Jersey, 
in  effect  as  follows:  New    York,    Pennsylvania   and    Utah, 
in  17  cities  a  10  ct.  base.  while  it  is  the  implied  policy  in  Con- 
in    1  Sity     I    ?  ct   baston  surface  and  necticut,  Maryland  and  Rhode  Island. 
10  ct.  base  on  elevated  lines.  Under  it  there  is  no  denial  of  the 
Jn  11  c-f!es  a    5  ct"  Hase>  riSht  of  buses  to  operate  but  it  is  re- 
in 16  Sties  a    6  et.*  bate.*  quired   that   they    shall   show   to    the 
in    9  cities  a    5  ct.  base*.  satisfaction    of    the    authorities    that 
in    6  cities  zone  systems.  their  operation  is  required  by  public 
An  analysis  of  the  fares  charged  by  convenience.     How  the  theory  works 
street    railways    in    the    20    cities    in  in   practice   is   indicated   by   the  fact 
which    bus    competition    is    permitted  that  in  the  cities  of  New  Jersey,  New 
shows —  York,      Pennsylvania,      Connecticut, 
in  3  cities  a    5  ct.  base.  Maryland  and  Rhode  Island,  buses  are 
in  3  cities  a    6  ct.  base.  operating  in  local  service  under  state 
in  4  cities  a    ,7  ct.  base.  certificates,  although  it  is  only  in  New 
In  7  cities  a     8  ct.   base.  T  ..     ?  ..J*    .         v.  -^ 

in  i  city     a    9  ct.  base.  Jersey  that  certificates  have  been  is- 

In  l  city     a  lb  ct.  base  (5  ct.  local  sued  in  such  number  and  such  wise  as 

InY&y  zone  system.  to  nmake  competition  formidable. 

Certain  of  the  states  mentioned  act 

Coming    down    to    the    13    cities    in  in  connection  with  the  cities   in   bus 

which  bus  competition  is  encouraged,  control    to   the    extent   that   the    city 

we   find   that   the   street   railways    of  must  consent  to  bus  operation  before 

two  have  a  5c  base;   one  a  6c  base;  the  state  authorities  will  consider  ap- 

three    a    7c   base;    and    seven    an    8c  plication    for    certificates.      In    New 

Dase-  York,  a  franchise  granted  in  the  way 

In    Illinois,    New    Hampshire,    New  provided  for  the  granting  of  other  util- 

Jersey,  New  York,  Pennsylvania,  Ten-  ity  franchises  is  required,  but  in  gen- 

nessee,  and  Utah,  the  consent  of  both  eraj  a  permit  or  license  for  operation 

city  and  state  is  required  before  buses  js  au  that  is  required, 
may  operate,  although  in  New  Jersey  .  . 

the  state's  jurisdiction  does  not  apply  Variety    of     Practices    in     Cities  — 

to  buses  which  were  in  operation  be-  When  we  come  to  the  cities  in  which 

fore  March  15,  1921;  nor  to  buses,  no  city  authorities  have  exclusive  control 

part  of   the   routes   of   which  are   on  over  bus  operations  we  find  a  variety 

streets   where    street   cars    are   oper-  of  practices.     There  are  altogether  61 

ated;    and    in   Wisconsin   the    state's  ot"  sucn   cities,   competitive  operation 

function    relates    merely    to    the    ap-  beinS  encouraged  in  but  7. 
proval    of    the    bond    required    to    be  There    follows    a    tabulation    which 

Ale(j  shows     the     conditions    in    these     61 

In  Connecticut,  Maryland  and  Rhode  cities: 

Island,   the   State,    and  in   the   District  Cities  which  do  not  license  buses  ....     14. 

of    Columbia,    the    district,    has   com-  CiuSuc?esVsfi?\OPera.  !°n. . ^S.Pr0V.en      4 

plete    jurisdiction    except    as    to    local  Cities  which  greatly  iimit  number  of 

traffic  conditions  and  license  fees.  „}}?enBea^ri. vi-v-v ;**  —  r      7 

T       .,  .    .  nn  Cities     which    prohibit    operation     in 

In   the   remaining   23   states   repre-         business  section 7 

sented     in     our     list     Of     100     largest  Cities    which    prohibit    operation    on 

cities,   control  lies   entirely  with    the  c|s£eet  carets  ••^:  —  --^-:ve    » 

Cities.  routes 2 
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Cities  in  which  restrictive  provisions  per    mile,    per    bus,     for     every    mile 

of  ordinance  discourage  operation..       3  traveled    in    the   city 

Ciriestricnted  hiC.h .  n.Umber .  ?!.  r.°UteS . iS      i  In  Kansas  City,  jitneys  operated  in 

Cities  in  which  restrictive  ordinances  large  numbers.  In  many  instances  they 

are  in  litigation  2  were  owned  and  operated  by  former 

CVteec!1vi?oTh^e°n?i?caeTS.ar0.inef:    10  «***»*>    °f   **»    st.ree' r0ailw^    who 

had  gone  on  strike  in  1919,  and  never 

The  final  result  in  these  61  cities  is  been  re-employed.  The  city  has  elim- 
that  in  48  bus  competition  does  not  inated  this  competition  entirely  by  the 
exist  or  is  not  burdensome  to  the  rail-  passage  of  two  ordinances,  one  of 
way  companies,  and  that  in  13  it  is  a  which  prohibits  operation  on  street 
serious  menace,  although  of  the  13,  2  car  streets,  and  the  other  which  re- 
have  passed  restrictive  ordinances  quires  the  consent  of  a  majority  of 
which  are  in  litigation,  and  3  have  the  street  frontage  along  proposed  bus 
adopted  some  measures  of  restriction,  routes. 

leaving  but  8  where  competition  is  Competition  Led  to  Street  Railway 
encouraged  either  through  failure  to  Collapse. — Competitive  jitney  opera- 
pass  restrictive  ordinances  or  failure  tion  was  one  of  the  causes  which  led 
to  enforce  them.  to  the  collapse  of  street  car  service  in 

In    Los    Angeles,     Oakland,    Grand  Seattle    and    compelled    the    city    to 

Rapids,  Des  Moines  and  Spokane,  the  take  over  and  operate  the  system  in 

ordinances  which  restrict  jitney  com-  192°-     Immediately  after  taking  over 

petition  have  been  approved  by  popu-  control  the  city  passed  anti-jitney  or- 

lar  vote,  while  in  those  cities  located  dinances   which    were    fought    in    the 

in     California,    Washington,     Oregon,  courts     (State    and    Federal),    and 

Colorado,  Texas,  Oklahoma,  Iowa  and  Anally  upheld.  Under  these  ordinances 

Michigan  the  law  provides  that  a  ref-  tne  city  nas  refused  to  license  jitneys 

erendum    may   be   invoked   upon    any  that  compete  with  the  municipal  sys- 

ordinance,  so  that  direct  popular  ap-  tem- 

proval    of    restrictive    ordinances    in  ln   Toledo,   the   street   railway   sys- 

these  cities  may  properly  be  inferred  tem  is  operated  under  a  service-at-cost 

since  no  such  action  has  been  taken.  franchise,  the  fare  being  automatically 

determined  by  the  cost  of  operation. 

Tendency  Is  Toward  Elimination  of  Jitneys  were  formerly  allowed  to  com- 

Jitneys    as    Competitors.— Comparison  pete  with  the  street  cars.     The  street 

of    the    situation    revealed    by    study  railway    commissioner,    a    public    offi- 

made  in  1921,  with  the  present  analy-  Cial,  demonstrated  to  the  satisfaction 

sis,  shows  the  general  trend  of  state  0f  the  city  council  that  this  competi- 

and  municipal  policy  to  be  toward  the  tion  was  adversely  affecting  the  rate 

elimination   of   the   jitney   as   a   com-  0f   fare>    and    jn   consequence    an   or- 

petitor   to   street  railways   so   far   as  dinance    prohibiting    operation    in    a 

local  service  is  concerned.     Since  Jan-  down-town  district  of  about  50  blocks 

uary  1,  1921,  in  no  less  than  seventeen  was   passed.     The  result  has  been  a 

cities  in  which  competition  was  then  great    reduction    in    the    number    of 

working  injury  to  street  railway  ser-  buses  operating. 

vice,  action  has  been  taken  either  by  Xn  providence,  253   jitneys  were  in 

the  state  or  city  to  restrict  their  oper-  operation   in  March,  1921,   a  competi- 

ation.      A   review    of    some    of    these  tion    which    was    seriously    affecting 

cases  will  be  of  interest.  street  car  revenues.     The  city,  after 

In  Detroit  in  the  early  part  of  1921,  an  investigation  prohibited  operation 
there  were  some  2,500  jitneys,  for  the  in  the  down-town  section,  and  in  July, 
most  part  touring  cars,  in  operation.  1922,  the  state  resumed  jurisdiction 
By  the  adoption  of  an  ordinance  re-  over  bus  operation  and  has  since  re- 
quiring bonds,  etc.,  this  number  was  fused  to  issue  licenses  for  competitive 
in  June,  1921,  cut  down  to  900.    When  operation. 

the  city  took  over  the  operation  of  the  The  150  jitneys  operating  in  Rich- 
street  railway  system  in  May,  1922,  an  mond  in  1921  were  responsible  in  part 
ordinance  was  passed  prohibit-  for  the  loss  of  about  2,500,000  passen- 
ing  jitney  operation  on  street  car  gers  a  year  to  the  street  railway  corn- 
streets.  This  has  been  held  up  by  pany.  For  a  long  time  the  city  took 
court  action,  but  in  the  meantime  the  no  action,  but  in  June,  1922,  adopted 
city  has  passed  another  ordinance  an  ordinance  fixing  five  routes  and 
governing  bus  operation,  which  pro-  prohibited  other  operation  with  the 
vides  among  other  things  for  an  im-  result  that  competition  has  been  ma- 
post  to  be  paid  the  city  of  one  cent  terially  reduced. 
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In  San  Antonio,  bus  competition 
which  before  was  extensive,  has,  by 
the  passage  of  an  ordinance  restrict- 
ing operation  to  six  routes,  been  les- 
sened although  not  eliminated. 

The  passage  of  an  act  by  the  Connec- 
ticut legislature  conferring  jurisdic- 
tion over  the  operation  of  buses  upon 
the  State  Public  Utility  Commission, 
has  eliminated  competitive  operation 
in  New  Haven,  Hartford,  and  Water- 
bury,  where  it  was  formerly  extensive. 
Even  before  the  passage  of  this  law 
Hartford  had,  by  its  own  action  in 
prohibiting  operation  on  street  car 
streets,    eliminated    competition. 

Grand  Rapids,  governed  by  a  Com- 
mission, made,  prior  to  the  granting 
of  a  new  franchise  to  its  street  rail- 
way, a  thorough  investigation  of  the 
bus  in  its  connection  with  the  local 
transportation  system.  As  a  result 
competitive  operation  has  been  elim- 
inated although  the  new  franchise,  ap- 
proved by  popular  vote,  increased  car 
fare  base  from  8  to  10  cents. 

Many  Cities  Restrict  Jitneys  After 
Damaging  Experiences. — The  experi- 
ence of  Des  Moines  is  fresh  in  the 
public  mind.  For  more  than  three 
months  in  1921,  the  city  was  without 
car  service  largely  because  jitney 
competition  had  destroyed  the  finan- 
cial ability  of  the  street  car  company 
to  continue.  It  was  restored  only 
upon  the  passage  of  ordinances  in- 
creasing the  car  fare  and  prohibiting 
bus  operation  on  street  car  streets. 

As  the  result  of  a  controversy  with 
the  street  car  company,  Spokane  in 
May,  1921,  removed  all  restrictions 
from  jitney  operation  and  by  August 
it  was  estimated  that  the  company 
was  losing  a  third  of  its  fares.  In 
May,  1921,  by  agreement  between  the 
city  and  company,  an  ordinance  re- 
stricting bus  operation  to  one  route 
was  put  to  a  popular  vote  and  carried. 

Tacoma  was,  in  1921,  infested  with 
jitneys.  The  situation  became  so 
acute  that  the  city  has  now  adopted 
the  policy  of  permitting  competitive 
operation  only  on  routes  where  it 
deems  the  car  service  unsatisfactory. 
As  a  result  but  one  route  is  now  in 
existence. 

Flint  had  many  jitneys  in  operation. 
An  ordinance  restricting  the  operation 
to  streets  in  which  cars  do  not  operate 
has  practically  eliminated  them.  The 
case  of  Wichita  is  similar  and  here 
the  courts  have  upheld  the  regulating 
ordinance. 

In  St.  Joseph,  where  buses   ran  as 


they  pleased  in  1921,  their  operation 
is  now  confined  to  a  few  routes  and 
competition  has  been  cut  down. 

Although  jitneys  are  still  operating 
in  large  numbers  in  Tulsa,  the  city 
has  made  a  determined  effort  to  elim- 
inate them,  first  by  refusing  licenses 
to  operate,  and  when  the  ordinance 
providing  for  this  was  restrained  by 
the  courts,:  by  strict  regulation  of 
their  service.  The  power  of  the  city 
is  still  a  matter  of  litigation. 


$60,000  Investment  in  Labor  Sav- 
ing Machinery  Saves  $75,000 
Annually 

The  Elgin,  Joliet  &  Eastern  Ry.,  ac- 
cording to  an  article  by  Frank  H. 
Masters,  assistant  chief  engineer,  in 
Railway  Engineering  and  Mainte- 
nance, has  invested  approximately 
$60,000  in  labor  saving  equipment, 
and  by  the  investment  is  saving  at 
least  $75,000  per  year. 

The  devices  for  which  this  economy 
is  shown  are  estimated  to  do  the 
equivalent  of  224,500  man  hours  ol 
work  annually  and  the  price  of  this 
work  varies  from  that  of  a  section 
laborer  to  that  of  the  highest  paid 
mechanic  in  the  department.  The 
total  hours  of  labor  expended  in  the 
maintenance  of  way  department  in 
1922  was  1,808,000.  From  this  it  will 
be  seen  that  the  labor-saving  devices 
effected  a  saving  of  about  11  per  cent 
in  man  hours.  This  is  an  important 
consideration  in  a  period  of  labor 
shortage  such  as  has  been  experienced 
in  recent  years.  The  following  list  of 
machines  comprise  the  equipment: 

Bridge  and  building  derrick. 

30-ton  locomotive  crane  with  pile  driver 
leads. 

30-ton  locomotive  crane. 

15-ton  locomotive  crane. 

Leveler  or  dirt  spreader. 

Rail  loader. 

Portable  air  compressor. 

Portable  rip  and  cross  cut  saw. 

Portable  trench  pump. 

Woodworking  machine. 

Saw  table. 

Post  borer. 

Rod  bender. 

Oxygen-acetylene  welding  and  cutting  ap- 
paratus. 

V2  cu.  yd,  concrete  mixer. 

Vz  cu.  yd.  concrete  mixer. 

2  !/4  cu.  yd.  concrete  mixer. 

2  Tie  tamping  outfits. 

2  Steam  pumps. 

4  Sets  excavating  clamps  and  rails. 

2  Paint  spraying  outfits. 

2  Rail  joint  expanders. 

22  Thawing  burners. 
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New  Type  Freight  Pier  Built  by  Erie  Railroad 

Unusual  Features  of  Structure  Constructed  Recently  in  North  River 
at  Weehawken,  N.  J.,  Described  in  the  Railway  Review 


The  Erie  R.  R.  is  just  completing  at 
Weehawken,  N.  J.,  the  rebuilding  of  a 
freight  pier  which  will  make  an  im- 
portant addition  to  its  terminals  at 
that  place.  In  January,  1922,  a  fire  at 
this  location  destroyed  four  old  piers 
of  light  mill  construction.  The  other 
three  have  not  as  yet  been  rebuilt  but 
work  was  started  last  summer  on  the 
fourth  upon  designs  which  provided 
for  a  permanent  type  of  structure, 
larger  than  the  old,  and  of  much  im- 
proved type  generally. 

Principal  Features  of  New  Pier. — 
The  principal  features  of  the  new  pier 
are  a  concrete  sub  structure^  upon  a 
pile  foundation,  a  cinder  fill  on  which 
track  and  floor  are  laid,  and  a  heavy 
slow-burning  timber  superstructure, 
sheathed  with  corrugated  zinc,  the 
whole  giving  a  type  of  structure 
which  is  as  near  fireproof  as  it  is 
practicable  to  make  a  building  which 
by  its  nature  is  to  be  always  filled 
with  inflammable  contents. 

The  old  foundation  consisted  of 
piles,  mostly  60  ft.  in  length,  and  the 
fire  left  them  burned  partly  off  above 
the  water  line,  and  sadly  battered  out 
of  shape.  The  first  operation  was  to 
pull  the  old  piles  into  position  by 
power  winches,  and  then  to  cut  them 
off  at  the  water  line.  Water  line,  for 
the  purposes  of  this  structure,  was 
considered  to  be  a  point  just  above 
low  tide,  which  allowed  work  to  be 
done  above  water,  by  timing  it  at 
periods  of  low  water,  and  yet  was  con- 
sidered tc  give  practical  saturation 
of  the  timber  at  all  times,  to  such  a 
degree  as  to  insure  the  same  per- 
manency as  if  the  timber  work  had 
been  in  fact  submerged  continuously. 

The  entire  structure  is  831  ft.  5 
in.  long,  from  the  bulkhead  line  at 
the  shore  to  the  outside  of  the  fender 
line.  It  is  100  ft.  wide  over  the  pier, 
and  95  ft.  wide  over  the  superstruc- 
ture. It  extends  about  112  ft.  further 
into  the  river  than  the  old  pier.  New 
piles  were  required,  therefore,  in  this 
area,  besides  a  large  proportion  of 
additional  piles  in  the  area  which  had 
been  covered  by  the  old  structure.  In 
the  outermost  section  the  piles  are 
80  ft.  long,  and  from  there  toward  the 
shore  they  diminish   to  60  ft. 

The  caps  for  each  bent  were  12x 
12-in,  timbers.    Across  these  was  laid 


a  floor,  continuous  over  the  whole 
pier,  consisting  of  6xl2-in.  timber,  and 
splined  to  insure  against  washing  out 
of  the  cinder  fill.  This  floor  then  be- 
came the  deck  upon  which  concrete 
foundations  were  placed  for  the  re 
taining  wall  at  the  sides,  and  for  the 
piers  which  support  the  posts,  and 
for  another  retaining  wall  on  either 
side  of  the  track  lane  down  the  mid- 
dle of  the  pier. 

Pre-Cast  Concrete  Block  Construc- 
tion.— There  are  certain  novel  and  in- 
teresting features  about  this  concrete 
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work.  It  occupies  a  position,  it  will 
be  remembered,  where  it  is  flooded 
by  each  incoming  tide.  This  feature 
suggested  a  pre-cast  block,  which  was 
adopted  much  to  the  simplification  of 
construction  operations.  All  the  pre- 
cast concrete  work  was  the  product 
of  the  Massey  Concrete  Products  Cor- 
poration, and  as  this  company  has  a 
plant  on  the  New  Jersey  water  front, 
it  was  possible  to  bring  all  the  manu- 
factured blocks  to  the  pier  by  float- 
ing on  barges.  The  blocks  for  the 
outside    wall    weighed    approximately 
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six  tons  each.  They  are  virtually  5 
ft.  long,  5  ft.  6  in.  wide  and  3  ft.  5 
in.  high.  Battens  or  cleats  on  the  sub- 
deck  hold  them  in  place  as  regards 
transverse  movement,  and  a  tongue 
and  groove  is  cast  into  the  blocks 
to  lock  them  into  each  other.  A 
groove  extends  lengthwise  along  the 
top,  which  serves  as  an  anchor  for 
the  poured  concrete  which  was  placed 
on  top  of  them;  and  in  this  groove 
there  are  lifting  loops,  which  were 
cast  in  place  as  a  matter  of  conve- 
nience in  handling,  but  were  not  in- 
tended to  function  as  an  additional 
anchor. 

The  blocks  which  formed  the  bot- 
tom course  of  the  inner  wall  were 
substantially  of  the  same  construe 
tion,  and  were  the  same  height,  but 
were  6  ft.  wide  at  the  base.  A  block 
of  the  same  height,  but  with  a  square 
base,  5  ft.  on  a  side,  and  battering  in 
to  3  ft.  square  at  the  top,  forms  the 
foundation  pier  at  each  post.  The  ac- 
companying illustration  shows  a  view 
of  the  pier  with  the  timber  deck  laid, 
and  foundation  blocks  in  place,  and 
the  cinder  fill  just  starting. 

In  making  these  concrete  blocks  the 
Massey  company  used  a  1:2:3  mix- 
ture, of  cement,  white  quartz  sand, 
and  gravel  from  the  north  shore  of 
Long  Island. 

The  pre-cast  concrete  work  brought 
the  surfaces  above  high  tide,  and 
from  this  point  the  walls  and  piers 
were  brought  to  the  final  height  by 
concrete  cast  in  place.  For  this  pur- 
pose a  floating  concrete  mixing  and 
handling  plant  was  used,  located  on  a. 
barge,  which  could  be  floated  from 
place  to  place  as  required.  This  con- 
crete work  was  brought  up  to  a  uni- 
form height  of  7  ft.  10  in.  above  the 
surface  of  the  timber  deck.  It  con- 
sisted in  a  continuation  of  the  out- 
side wall,  in  a  section  that  would  give 
a  footing  for  the  concrete  superstruc- 
ture; continuation  of  the  piers  for  the 
post,  in  a  batter  to  a  section  2  ft. 
square  at  the  top,  and  a  continuation 
of  the  inner  wall,  at  each  side  of  the 
track  lane,  in  a  reinforced  wall  of  a 
uniform  thickness  of  15  in.  Steel 
forms,  the  product  of  Liomin  & 
Wales,  New  York  City,  were  used  in 
this  work.  The  most  striking  applica- 
tion of  these  forms  was  in  the  rein- 
forced fire  wall,  a  view  of  which  with 
the  forms  in  place,  is  shown  here- 
with. 

At  the  conclusion  of  the  concreting 
operation,  the  cinder  fill  was  made. 
Some  of  the  material  was  brought  in 


by  water  and  some  by  rail,  and  after 
it  was  in  place  it  was  compacted  by 
power  road  rollers. 

In  the  track  lane  the  fill  comes  only 
to  the  level  of  the  pre-cast  concrete 
work,  and  in  it  the  ties  are  embed- 
ded to  a  level  cross  section.  The 
ties  are  6x8  in.  by  8  ft.  and  the  rails 
are  90-lb. 

The  floor  of  the  pier,  for  the  pres- 
ent, is  3x8-in.  yellow  pine  planking, 
laid  on  6x8-in.  transverse  sleepers, 
embedded  in  the  cinder  fill.  This  will 
perhaps  not  be  a  permanent  floor, 
but  by  the  time  it  requires  renewal, 
the  cinder  fill  will  be  so  much  the 
more  thoroughly  compacted  that  it 
will  be  more  logical  procedure  to  de- 
fer the  laying  of  the  concrete  floor 
until  that  time. 

One-inch  bolts  are  cast  in  the  con- 
crete work  to  serve  as  anchors  for 
cast  iron  bases  for  each  post,  and 
likewise  the  timber  plate  on  the  out- 
side walls  is  anchored  to  the  con- 
crete by  1-in.  bolts. 

The  Superstructure. — The  super- 
structure is,  in  general,  an  open  build- 
ing for  the  entire  area  of  the  pier, 
except  that  a  reinforced  concrete  fire 
wall  divides  it  transversely  in  the 
middle.  The  clear  head  room  on  the 
first  floor  is  13  ft.,  and  the  track  lane 
down  the  middle  of  the  building  di- 
vides it  into  halves,  35  ft.  6  in.  from 
center  of  outside  wall  to  center  line 
of  posts.  On  the  second  floor  the  ab- 
sence of  the  track  lane  affords  that 
much  more  clear  area,  and  the  mid- 
dle line  of  posts  is  omitted,  making 
that  space  35  ft.  6  in.  on  each  side, 
and  26  ft.  down  the  middle. 

The  outside  wall  of  the  superstruc- 
ture is  framed  with  12xl2-in.  posts  on 
the  first  floor  and  6xl2-in.  posts  on  the 
second  floor,  the  intermediate  spaces 
being  filled  in  with  studding  and  girts. 
The  line  of  posts  along  the  track  lane 
are  14x14  in.  on  the  first  floor  and 
8x8  in.  on  the  second  floor.  The  in- 
termediate posts,  on  the  first  floor 
only,  are  12x12  in.  Knee  braces  are 
used  at  each  post,  these  being  gen- 
erally 6x8  in.  on  the  first  floor  and 
6x6  in.  on  the  second  floor. 

Unusual  Features  of  Transverse 
Girders. — It  is  in  the  transverse  gir- 
ders which  serve  also  as  joists  for  the 
second  floor,  that  an  unusual  feature 
is  noticed.  It  was  the  original  in- 
tention to  use  steel  I-beams  for  this 
part  of  the  framing,  although  it  will 
be  apparent  that  if  unprotected,  they 
would  give  no  perceptible  fireproof 
feature,  for  in  the  event  of  fire  the 
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inflammable  contents  would  quickly 
heat  them  to  the  point  of  non-support. 
But  aside  from  this  feature  there 
would  have  been  delay  in  procuring 
steel  of  the  dimensions  wanted,  and 
the  suggestion  was  made  that  a  com- 
parison be  made  with  an  alternative 
framing  of  Oregon  fir.  It  was  found 
that  by  using  a  timber  of  excessive 
section,  a  slow-burning  feature  would 
be  secured  that  to  all  intents  and  pur- 
poses would  be  superior  to  that  of  a 
steel  I-beam,  also  that  timber  could 
readily  be  secured  of  this  large  sec- 
tion, and  that  the  cost,  including 
freight  from  the  Pacific  Coast,  would 
not  be  unfavorable  as  compared  with 
steel.  Accordingly  the  timber  de- 
sign was   adopted,    with    results    that 


usual  way,  with  a  12xl8-in.  girder. 
The  roof  boards  are  2-in.  tongue  and 
groove.  The  roofing  is  Barrett  speci- 
fication. 

Pier  Sheathed  with  Corrugated 
Zinc. — The  pier  is  sheathed  through- 
out with  No.  12  gage  sheet  corrugat- 
ed zinc.  The  life  of  galvanized  iron 
in  this  salt  water  location  is  brief,  ow- 
ing to  corrosion. 

There  are  eight  electric  elevators, 
four  on  each  side,  and  the  shafts  are 
laid  up  with  terra-cotta  tile.  There  is 
a  large  fire  door,  which  lifts  bodily, 
to  close  the  track  lane,  and  the  en- 
tire pier  is  equipped  with  an  approved 
sprinkler  system.  With  all  these  fea- 
tures it  is  believed  that  the  fire  risk 
is   as  low   as   it   is   possible   to   have 


Transverse    Section    Showing    Foundation    and   Framing,    Erie   R.    R.,   Pier  C, 
Weehawken,   N.  J. 


have  been  pleasing  to  all  concerned. 
The  girders  are  14x30  in.  for  the 
shorter  spans,  of  17  ft.  3  in.  and  24x 
34  in.  for  the  long  span  of  26  ft.  There 
are  no  intermediate  joists,  for  the 
floor  is  of  8x8-in.  timbers,  and  splined, 
although  it  is  not  so  indicated  on  the 
drawing. 

There  is  a  construction  in  the  roof 
which  is  not  clearly  shown  in  the 
drawing.  The  girders  are  12x22  in. 
The  longitudinal  rafters  are  not  con- 
tinuous, but  head  into  these  girders, 
and  to  give  them  bearing,  a  4x12  is 
bolted  to  either  side  of  the  girder, 
flush  with  the  bottom  line  of  the 
girder,  and  notched  in  on  the  top 
edge  where  the  girders  take  their 
seat.  The  foregoing  description  ap- 
plies to  the  side  sections  only.  The 
middle  section  is  framed  more  in  the 


in  a  pier  which  will  be  used  to  store 
miscellaneous  merchandise. 

The  outside  doors  on  the  pier  are 
Cross  folding  doors  of  the  jack-knife 
type.  The  fire  doors,  which  include 
those  in  the  stairways  and  the  fire 
wall,  are  Evans,  all-metal,  and  Evans 
elevator  doors  are  used  in  the  eleva- 
tor shafts. 

The  design  of  the  Erie  Railroad's 
Pier  C  is  the  product  of  that  rail- 
road's engineering  department,  R.  C. 
Falconer,  assistant  to  president  and 
Chief  Engineer,  and  C.  H.  Splistone. 
superintendent  of  construction  and 
surveys.  The  Erie  Railroad  furnished 
all  material.  W.  I.  Jeffords  was  resi- 
dent engineer  on  the  job  for  the  Erie 
Railroad.  The  general  contract  was 
awarded  to  Foley  Bros.,  of  St.  Paul, 
Minn.,  which  comprised  all  the  labor, 
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including  that  on  the  pile  foundation, 
the  concrete  work,  the  fill  and  the 
superstructure.  The  work  for  Foley 
Bros,  was  in  charge  of  L.  B.  Fulton, 
superintendent,  and  Carl  L.  Swenson, 
assistant  to  Mr.  Fulton.  The  con- 
struction plant  and  equipment  was 
the  property  of  Foley  Bros. 


Air  Hoists  Speed  Up  Tank 
Construction  Work 

By  B.  E.  DAVIDSON. 

The  Warren  City  Tank  &  Boiler  Co. 
of  Warren,  O.,  are  erecting  near 
Palisades,  N.  Y.,  18  100-ft,  55,000-bbl. 
steel  oil  storage  tanks  for  the  Stand- 
ard Oil  Co.  of  New  York.  These  tanks 
will  cover  a  1,700-acre  tract  of  land. 
There  are  between  40  and  50  men  em- 
ployed on  the  work,  including  seven 
gangs  of  riveters,  four  calkers,  and 
five  reamers. 

In  field  construction  work  of  this 
kind,  the  problem  has  always  been  the 
efficient  handling  of  the  steel  side 
sheets,  rings,  structural  iron,  and  the 
roofing  sheets.  The  length  of  time 
required  for  actual  fitting  has  always 
been  a  small  part  of  the  total  time  of 
erection,  as  the  larger  portion  is 
required  for  handling  the  material. 

The  framework  of  the  100-ft.  tank 
is  made  up  of  eight  1-in.  beams,  eight 
circle  beams,  rafters,  etc.  The  shell 
consists  of  seven  sections,  with  16 
side  sheets  and  seven  rings  to  a  sec- 
tion. These  side  sheets  are  20  ft.  in 
length  by  5  ft.  in  width  and  weigh 
about  one  ton  each.  The  roof  is  made 
up  of  144  steel  sheets,  size  19  ft.  6  in. 
length  by  5  ft.  6  in.  width,  weighing 
500  lb.  each 

Heretofore  the  company  has  hoisted 
this  material  by  means  of  a  team  of 
horses,  using  an  A-frame  with  double 
block  for  the  heavy  bottom  side  sheets 
and  a  gin  pole  with  single  and  double 
blocks  for  the  roofing  sheets.  In  fit- 
ting the  structural  iron,  however,  it 
was  necessary  to  hoist  by  hand.  The 
material  is  now  handled  by  means  of 
a  Sullivan  Class  HA  turbinair  hoist, 
as  shown  in  the  illustration  on  the 
facing  page.  This  hoist  has  a  ca- 
pacity of  200  lb.,  vertical  lift,  with  a 
rope  speed  of  110  ft.  per  minute  at 
maximum  load.  It  weighs  only  285 
lb.  and  with  an  air  pressure  of  from 
50-75  lb.  will  develop  6  Ms  h.p.  The 
drum  capacity  is  500  ft.  of  5/16-in. 
wire  rope. 


For  raising  the  heavy  bottom  side 
sheets,  the  hoist  is  clamped  horizon- 
tally to  the  crosspiece  of  an  A-frame 
made  up  of  2  by  8  in.  timbers,  and 
single  and  double  blocks  are  used. 
A  gin  pole  with  single  and  double 
blocks  is  used  for  raising  the  struc- 
tural iron  and  roofing  sheets  and  the 
hoist  is  clamped  to  a  nearby  tree  as 
shown  in  the  illustration. 

It  took  this  company  two  years  to 
complete  a  similar  (refinery)  contract 
at  Providence,  R.  I.,  when  the  old 
method  of  handling  material  was 
used,  but  they  will  complete  this  job 
in  nine  months.  When  the  structural 
iron  was  raised  by  hand,  it  took  a 
force  of  20  men  approximately  three 
days  to  erect  the  framework.  With 
the  hoist  and  a  force  of  13  men,  the 
same  work  is  done  in  six  hours.  To 
raise  the  roof  with  the  old  method,  it 
took  2y2  days,  whereas  with  the  hoist, 
the  time  has  been  cut  to  six  hours. 

The  writer  is  indebted  to  Mr.  A.  C. 
Robinson,  superintendent,  and  Mr. 
Wood,  assistant  superintendent,  for 
information  contained  in  this  article. 

The  Warren  City  Tank  &  Boiler  Co. 
also  has  used  these  hoists  in  building 
steel  chimneys. 

In  erecting  steel  chimneys,  the 
hoist  is  set  up  on  the  ground  10  or  15 
ft.  from  the  base  of  the  chimney  and 
the  rope  runs  through  a  rivet  hole 
in  the  bottom  ring  left  open  for  the 
purpose,  around  an  idler  sheave  fas- 
tened to  the  ground  and  up  through 
the  center  of  the  proposed  chimney- 
to  a  pulley  on  a  boom  which  is  placed 
on  a  frame  attached  to  the  top  of  the 
ring  and  sheet. 

The  frame  for  the  boom  is  lifted 
from  one  course  of  plates  or  rings  to 
the  next  one  above  as  the  stack  is 
built  up.  The  hook  on  the  hoisting 
rope  drops  down  outside  the  stack 
and  the  sheet  steel  sections  are  hoisted 
one  at  a  time.  They  are  held  in  posi- 
tion at  the  top  suspended  from  the 
boom  until  they  can  be  bolted  to  the 
lower  ring. 


U.  S.  Civil  Service  Examinations. — 
The  U.  S.  Civil  Service  Commission, 
Washington,  D.  C,  has  announced  the 
following  open  competitive  examina- 
tions: Statistician,  in  Packers  and 
Stockyards  Administration,  U.  S.  De- 
partment of  Agriculture,  at  $3,900  per 
year;  automotive  engineer  in  Ordi- 
nance Department,  at  large,  at  $5,000 
a  year;  surveyor-draftsman  in  U.  S. 
Forest  Service  at  Ogden,  Utah,  at 
$1,400  per  year  plus  $20  per  month. 
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View    Showing    Use    of    Hoist    in    Erecting    Steel    Oil    Storage   Tanks   at 
Palisades,   N.  Y. 
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Reclaiming   Worn   Rail   Joints 

At  the  Valencia  St.  shops  of  the 
Market  Street  Railway,  San  Fran- 
cisco, a  crew  of  2  to  4  men  is  kept 
busy  continually  offsetting  7  and  9-in. 
rail  joint  plates  for  renewal,  or  re- 
working plates  that  *have  been  worn 
down  in  service.  How  this  work  is 
handled  is  described  as  follows  in  the 
Electric  Railway  Journal: 

Offsetting  is  done  to  adapt  plates  to 
the  connection  of  rails  whose  heads 
are  of  different  thicknesses  or  whose 
webs  are  not  in  the  same  vertical 
plane,  or  in  any  of  the  combinations 
of  various-  rail  sections  that  require 
joint  plates  to  be  offset  vertically  or 
horizontally.  Both  offsetting  and  re- 
working usually  require  two  heatings. 
The  use  of  an  oil  furnace  and  a  steam 
hammer  greatly  expedites   this  work, 
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Offset    Rail    Joint    Plates. 

which  is  done  by  an  expert  black- 
smith and  a  helper. 

Worn  plates  are  not  built  up  by 
welding  in  new  metal  but  by  heating 
the  plate  and  reshaping  the  same 
metal  to  the  desired  dimensions.  The 
plate  is  taken  from  the  furnace  to 
the  steam  hammer,  where  the  black- 
smith holds  it  on  the  anvil  with  long- 
handled  pincers  in  his  left  hand.  With 
his  right  hand  he  places  a  long- 
handled  shaping  tool  in  proper  posi- 
tion to  make  the  blow  of  the  steam 
hammer  effective  at  the  desired  point. 
The  steam  hammer  is  operated  by  the 
helper.  The  tool  is  relocated  after 
each  blow.  Work  with  the  steam 
hammer  is  confined  chiefly  to  the 
vicinity  of  the  worn  upper  edge  of  the 
plate  or  to  the  longitudinal  rib  along 
the  middle  of  the  plate. 

For  finishing  up  to  exact  form  the 
plate  is  placed  on  an  anvil,  where  the 


helper  can  use  a  sledge  on  a  shaping 
tool  held  by  the  blacksmith.  On 
bench  beside  this  anvil  are  shor 
pieces  of  rail  of  the  section  for  whicl 
the  plates  are  being  reshaped,  and  a? 
the  final  form  is  approached  the  black- 
smith tries  the  plate  in  the  rail  sec- 
tion to  make  sure  that  it  fits  exactly. 

The  plates  which  are  most  exten- 
sively used  oh  this  system  have 
ridge  running  longitudinally  along  th* 
center.  When  it  is  necessary  to  In- 
crease the  height  of  the  plate  to  com 
pensate  for  wear  the  blacksmith  lays 
it  on  the  flat  side  and,  with  a  shaping 
tool  on  the  ridge,  blows  are  struck 
with  the  sledge.  Before  the  final  fit- 
ting is  finished,  the  metal  has  usually 
cooled  to  such  an  extent  that  a  re- 
heat is  necessary.  Ordinarily  worn 
plates  are  reshaped  in  this  way  in  an 
average  of  30  minutes  each  through- 
out the  day. 

The  offsetting  is  done  with  the 
steam  hammer,  using  a  die  shaped  to 
fit  the  particular  plate  section  being 
worked. 


Man-Hours       Required       in       Railway 
Maintenance 

In  an  article  in  Railway  Engineer 
ing  and  Maintenance,  B.  M.  Cheney, 
General  Inspector  Permanent  Way  an  i 
Structures,  C,  B.  &  Q.  R.  R.,  esti- 
mates  than  on  a  railroad  with  10,000 
miles  of  main  tracks,  the  total  labor 
expended  in  maintenance  of  way  and 
structures  may  amount  to  35,000,000 
man-hours  per  year,  spread  approxi- 
mately as  follows: 

Per  cent.  Man-hour. 

Track 80  28,000,000 

Bridge    6  2,100,000 

Building     9  3,150,000 

Signals   3  1,050,000 

Telegraph    2  700,000 

These  percentages  will  vary  on  dif- 
ferent roads,  particularly  as  regards 
ibridges,  buildings  and  signals,  for 
the  extent  of  permanency  in  the  first 
two  named  and  the  mileage  of  auto- 
matic signals  are  reflected  in  man- 
hours  required  for  maintenance. 


Traffic  in  New  York  State  Barge 
Canal. — Complete  statistics  of  New 
York  State  Barge  Canal  traffic  fur- 
nished by  the  Department  of  Public 
Works  show  that  a  total  tonnage  of 
1,873,434  tons  was  transported  dur- 
ing the  season  of  1922.  The  traffic 
exceeded  the  commerce  of  1921  by 
more  than  500,000  tons,  or  better  than 
30  per  cent. 
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Location  of  Joints  in  Track 


Extract  from  a  Paper  Presented  Feb. 
14,  at  11th  Midwinter  Conven- 
tion of  American   Institute 
of    Electrical    Engineers 

By  W.  B.  POTTER, 

Engineer,    Railway    Engineering    Depart- 
ment,  General  Electric  Co. 

The  method  of  locating  track  joints 
perhaps  has  more  influence  on  the 
running  quality  of  the  rolling  stock 
than  is  commonly  appreciated.  The 
European  practice  is  to  lay  the  track 
with  square  joints,  i.  e.,  with  the  joint 
of  each  rail  directly  opposite.  The 
customary  practice  in  this  Country  is 
to  lay  the  track  with  joints  spaced 
diagonally  (staggered)  and  located 
midway  between  the  opposite  rail. 
The  trial  run  of  an  electric  locomo- 
tive over  a  track  with  square  joints, 
which  were  in  poor  condition,  afford- 
ed an  exceptional  opportunity  to  ob- 
serve the  reaction  of  a  track  with  this 
arrangement  of  joints.  This  locomo- 
tive had  bogie  trucks  and  at  about  60 
miles  an  hour  there  was  a  very  de- 
cided vertical  vibration,  but  no  tend- 
ency whatever  toward  enforced  side 
oscillation.  With  diagonally  laid 
joints,  in  as  poor  condition,  it  is 
questionable  whether  any  locomotive 
or  car  could  have  been  run  at  "that 
speed  without  something  giving  way: 
particularly  if  the  transverse  oscilla- 
tion, which  is  diagonal  in  direction 
relative  to  the  track,  had  happened  to 
synchronize  with  a  diagonal  location 
of  the  low  joints.  Only  one  railway 
in  Europe  was  noted  where  the  rails 
were  laid  with  diagonal  joints.  The 
manager  remarked  that  his  electric 
motor  cars  were  subject  to  so  much 
oscillation  that  it  was  his  intention  to 
relay  this  track  with  square  joints. 

A  comparison  of  the  influence  of 
square  and  diagonal  joints  on  the  run- 
ning qualities  of  a  motor  car  was  re- 
cently observed  in  this  country  over 
a  line  having  both  Kinds  of  joints. 
On  the  portion  of  track  having  square 
joints  there  was  observed  a  slight 
steady  oscillation  of  uniform  charac- 
ter at  the  rate  of  about  150  per  min- 
ute; on  the  portion  of  track  with 
diagonal  joints  the  same  car  did  not 
oscillate  with  equal  steadiness  and  at 
times  had  a  noticeable  swing  toward 
one  side  or  the  other.  As  the  car 
was  running  at  about  60  miles  per 
hour,  the  natural  period  of  oscillation 


did  not  correspond  with  the  location 
of  the  diagonal  joints.  Had  the  vibra- 
tion synchronized  with  the  joints,  an 
enforced  and  increased  oscillation 
might  reasonably  have  been  ex- 
pected. This  particular  track  was  in 
good    condition   throughout. 

There  is  no  doubt,  that  track  laid 
with  sq'uare  joints  is  more  difficult  to 
keep  up  as  the  impact  on  the  ballast 
is    more    severe    when    both    wheels 


ASYMMETRICAL 

Sketch  Showing  Location  of  Track  Joints. 

strike  the  joints  simultaneously.  With 
the  less  weight  per  axle  customary 
in  European  practice,  it  is  much  easier 
to  maintain  the  track  than  it  would  be 
with  our  heavier  weights  per  axle. 

The  writer  suggests  that  it  might 
be  possible  to  secure  the  advantage  of 
diagonal  joints  in  respect  to  track 
maintenance  and  the  steadier  running 
quality  of  square  joints  by  laying  the 
track  with  joints  symmetrically 
spaced,  that  is,  instead  of  overlapping 
a  half  rail  length,  to  overlap  between 
one-quarter  and  one-third,  preferably 
a  length  of  lap  that  would  not  be  an 
even  fraction  of  the  rail  length. 


Lumbering    Project    Will    Require    80 
Mile     Railroad 

The  U.  S.  Forest  Service  has  re- 
ceived two  bids  for  the  Bear  Valley 
unit  of  the  Malheur  National  Forest 
in  Oregon,  one  of  them  very  satisfac- 
tory as  to  price.  A  lumber  corpora- 
tion operating  in  the  Pacific  North- 
west, bid  $2.80  a  thousand  for  the  prin- 
cipal timber,  western  yellow  pine; 
$1.05  for  the  fir  and  55  cents  for  the 
other  timber.  The  minimum  prices 
fixed  by  the  Forest  Service  when  bids 
were  recently  readvertised  for,  were 
$2  for  pine  and  50  cts.  for  other  spe- 
cies. The  Forest  Service  is  investi 
gating  the  financial  strength  of  the 
leading  bidder,  pending  a  decision.  As 
it  will  be  necessary  for  the  bidder  to 
build  or  procure  the  building  of  about 
80  miles  of  common  carrier  railway — 
opening  up  what  is  often  referred  to 
as  "the  last  frontier," — and  invest 
about  $3,000,000  before  any  returns 
can  be  expected,  exceptional  financial 
resources    are    required. 
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Logging  Engineering 


The     Requirements     and     Nature     of 

Work    Described    in    The    Cor 

nell    Civil    Engineer 

By  WALTER  J.  RYAN, 

Civil  Engineer,  Weyerhaeuser  Timber  Co. 

The  young  man  must  be  grounded 
in  the  sciences  and  mathematics,  not 
so  much  for  the  facts  that  he  may 
acquire,  as  for  the  training  in  think- 
ing accurately,  and  in  gathering  all 
the  facts  that  bear  upon  his  problem 
before  coming  to  a  definite  conclu- 
sion. He  must  also  know  thoroughly 
the  art  of  logging,  not  only  the  par- 
ticular phase  with  which  he  may  be 
thrown  in  contact  in  his  work,  but  all 
that  goes  to  make  the  complete  op- 
eration, from  the  purchase  of  the 
timber  lands  to  the  marketing  of  the 
logs. 

Ac;uiring  Practical  Knowledge  of 
Logging. — This  information  he  must 
acquire  from  the  actual  operation. 
Opinion  will  always  differ  as  to  how 
these  two  parts  of  his  training  should 
be  combined  and  that  is  the  problem 
that  our  educators  are  trying  to 
solve.  But  whether  they  occupy  little 
or  much  of  his  time  in  school  with 
these  studies,  the  great  fund  of  this 
information  must  be  accumulated 
slowly  and  after  he  is  out  of  college. 

In  order  to  be  successful  in  acquir- 
ing the  vitality  necessary  training  in 
the  art  of  logging,  the  young  grad- 
uate must  combine  keen  powers  of 
observation  with  a  fair  share  of  com- 
mon sense.  He  will  seldom  find  any- 
one around  a  logging  operation  with 
time  or  inclination  to  tell  him  what 
is  going  on,  and  he  will  rarely  have 
time  from  his  own  work  to  spend  in 
a  .deliberate  study  of  the  work  of 
others.  It  is  too  much  to  ask  that  he 
go  through  the  whole  course  of  work- 
ing on  every  job  in  the  woods;  and 
if  he  did,  by  the  time  he  got  to  be 
a  brakeman,  the  yarding  crew  would 
have  a  different  system  of  logging 
and  he  would  have  to  go  back  over 
the  ground  again.  He  must  grasp 
what,  is  being  done  and  why,  from 
an  occasional  glimpse  or  a  casual  con- 
versation, and  he  will  have  few  op- 
portunities to  learn  in  this  way  if 
he  goes  about  with  the  "know  it  all" 
attitude  that  practical  men  expect  in 
a  college  graduate  and,  unfortunate- 
ly, sometimes  find.  He  must  have 
sufficient   imagination   to   conceive  01 


changes  and  visualize  the  results  that 
he  might  accomplish.  Above  every- 
thing else  he  must  have  his  heart 
in  his  work.  If  he  likes  the  woods, 
likes  the  rough  outdoors  life,  likes  to 
go  up  against  difficulties  that  floor 
him  and  get  up  and  go  at  them  again, 
if  he  is  satisfied  that  his  work  is 
more  worth  while  than  play  or  so- 
ciety or  fame  or  riches,  he  is  going 
to  make  good.  Whether  he  becomes 
a  cruiser,  a  surveyor,  a  superintend- 
ent, a  manager,  or  an  owner  depends 
upon  his  natural  abilities  and  outside 
circumstances;  but  if  he  really  en- 
joys his  work,  he  will  get  the  best 
for  himself  and  be  worth  the  most 
to  his  employer. 

Nature  of  the  Work. — Such  a  man 
will  be  worthy  of  a  high  place  in  any 
logging  operation,  but  before  he  can 
gain  the  experience  that  will  make 
him  such  a  logging  engineer,  he  must 
serve  a  long  apprenticeship.  During 
this  apprenticeship,  a  little  friend- 
ship, support  and  co-operation  from 
the  management  is  indispensable. 
The  usual  place  for  the  young  engi- 
neer is  in  the  survey  party  where  he 
has  little  oportunity  to  watch  the  op- 
eration; but  if  he  can  get  the  ideas 
of  the  superintendent  or  foreman  and 
keep  in  touch  with  the  results  they 
are  getting,  it  will  mean  improved 
location  of  railroads  and  more  eco- 
nomical opening  up  of  the  timber. 
Surveying,  location  and  construction 
of  roads  will  probably  continue  to  be 
the  main  field  of  the  logging  engi- 
neer. In  addition  to  this  work,  there 
are  often  problems  in  maintenance 
and  reconstruction  of  railroad  on 
which  he  will  be  consulted.  But  if 
he  is  the  right  type  of  man  and  has 
had  the  proper  training,  his  ideas 
should  be  worth  considering  on  doz- 
ens of  questions  regarding  transpor- 
tation, machinery,  water  supply,  camp 
sanitation,  etc.  Such  consideration 
will  certainly  help  broaden  the  young 
engineer  and  it  should  prove  of  great 
value  to  the  operation. 

In  conclusion  I  might  summarize 
by  the  statement  that  the  attitude  of 
the  logging  superintendent  is  the 
prime  factor  in  the  success  of  the  log- 
ging   engineer. 


$100,000,000  Tunnel  Project  In  Bel- 
gium.— Press  dispatches  from  Ant- 
werp say  a  group  backed  by  American 
banks  has  raised  $100,000,000  to  finance 
the  construction  of  a  tunnel  under 
the    Scheldt   River. 
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How  the  Engineering  Department  Co-operates  with  the  Transporta- 
tion and  Mechanical  Departments  in  Designing  Locomotive 
Terminals  Described  in  Paper  Presented  March  13, 
Before  Western  Society  of   Engineers 

By  W.  T.  KRAUSCH. 

Engineer  of  Buildings,   Chicago,  Burlington   &  Quincy  R.   R. 


The  development  of  the  locomotive 
in  later  years  has  been  very  marked, 
especially  as  to  size  and  power  or 
capacity.  On  the  other  hand,  a  great 
many  locomotive  terminals  were  de- 
signed, developed,  and  constructed 
before  power  of  this  much  heavier 
type  was  even  thought  of  or  consid- 
ered. Consequently,  in  many  cases 
we  are  all  confronted  with  this  prob- 
lem; and,  before  analyzing  the  new 
terminals,  let  us  briefly  consider  some 
of  our  present  older  facilities. 

(1)  The  locomotives  or  engine  ter- 
minal at  a  division  point  controls  the 
amount  of  traffic  that  can  be  han- 
dled over  a  division,  or  the  service 
that  can  be  furnished  by  the  transpor- 
tation department.  In  other  words, 
it  is  otfr  capacity  for  doing  work. 

(2)  Locomotive  statistics  show  that 
more  than  one-half  the  time  of  the  lo- 
comotive is  spent  at  terminals,  namely, 
engine  houses,  clinker  pits,  etc. 

Now  then,  with  these  facts  confront- 
ing us,  we  must  act;  and  in  this  con- 
nection we  should  first  consider  what 
improvements  and  results  will  be  ob- 
tained by  redesigning  the  older  loco- 
motive terminals  where  it  can  be  done 
successfully. 

Results  From  Remodeling  Old  Ter- 
minals.— The  redesign  and  improve- 
ment of  the  older  terminals  (where  it 
can  be  done)  will,  I  believe,  produce 
quicker  and  more  far-reaching  general 
results — and  this  in  a  great  many 
cases  at  a  moderate  cost.  Of  course, 
where  the  facilities  are  such  that 
proper  redesign  cannot  be  developed 
and  results  obtained,  then  the  new 
terminal  is  the  only  remedy. 

We  will,  for  example,  take  two  ter- 
minals, the  one  an  older  terminal,  re- 
modeled and  improved;  the  other  a 
modern  terminal,  both  installations 
made  recently.     We  will  consider  the 


older  terminal  as  Example  A  and  the 
modern  terminal  as  Example  B. 

At  A  we  have  a  15-stall  roundhouse, 
70-ft.  turntable,  5  per  cent  incline-type 
coal  station  serving  two  tracks,  one 
shovel  cinder  pit,  fairly  good  water 
facilities  with  water  of  good  quality, 
washout  facilities,  power  plant,  stove 
sand-drying  facilities  and  drier,  fairly 
good  lighting  and  heating,  small  ma- 
chine shop  and  blacksmith  shop,  turn- 
ing approximately  50  locomotives  in 
24  hours.  This  terminal  was  improved 
and  remodeled  in  1921  at  an  approxi- 
mate cost  of  $90,000.  The  improve- 
ment consisted  of  additional  leads  to 
and  from  the  roundhouse;  increasing 
size  of  turntable;  installing  a  2-pit, 
cast-steel  bucket  cinder  pit  with  over-# 
head  traveling  crane;  a  modern  steel 
mechanical  coal  station,  handling  two 
kinds  of  coal  and  serving  two  tracks; 
improved  water  facilities,  by  addi- 
tional storage  and  crane;  improved 
sand  facilities;  and  improved  wash, 
locker,  and  toilet  facilities,  bunk 
houses,  etc. 

What  were  the  results?  We  turn 
approximately  50  locomotives  in  24 
hours,  and  reduce  the  time  of  turning 
a   locomotive  by  about  one-third. 

This  simply  illustrates  what  may  be 
accomplished  in  making  certain  im- 
provements at  a  moderate  cost.  It 
must  also  be  understood  that  it  is  a 
most  difficult  thing  to  make  compari- 
son between  two  terminals,  because  it 
rarely  occurs  that  two  terminals  are 
likely  to  operate  and  function  under 
the  same  conditions.  Consequently 
do  not  mean  to  construe  that  our  ex- 
ample A  in  any  way  reflects  a  com- 
parison between  the  two  terminals 
considered  as  A  and  B,  as  each  ter- 
minal is  an  entirely  distinct  and  dif- 
ferent problem.  Example  A,  however, 
does  indicate  how  it  is  possible  for 
the  engineering  department,  to  co- 
operate with  the  mechanical  and  trans- 
portation departments,  analyze  the 
conditions,    and    develop    or    redesign 
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an  improvement  at  a  moderate  cost 
and  produce  most  satisfactory  results. 
For  instance,  in  studying  out  the  prob- 
lems, it  is  possible  to  use  a  turntable 
from  another  point,  which  will  func- 
tion perfectly  at  the  improvement 
considered  where  lighter  power  is 
handled. 

At  terminal  B  we  have  a  modern 
improvement  erected  in  1918,  consist- 
ing of  a  25-stall  roundhouse,  100-ft. 
turntable,  two  150-ft.  clinker  pits,  two 
100-ft.  wash  tables,  one  100-ft.  inspec- 
tion pit,  four  tracks  leading  to  and 
from  roundhouse,  modern  mechanical 
coal  station,  sand  plant,  good  water 
facilities  and  water,  good  wash-out 
system,  modern  power  plant,  good 
heating  and  lighting,  and  proper 
facilities  for  all  men,  locker,  wash- 
room, toilet,  bunk  rooms,  lunch  rooms, 
etc.  We  turn  approximately  50  loco- 
motives in  24  hours,  and  turn  a  loco- 
motive in  approximately  four  hours  at 
this  terminal. 

The  remodeling  and  improving  of 
older  terminals  means  greater  flexi- 
bility, more  leads  to  and  from  the 
roundhouse  to  avoid  congestion;  im- 
proved modern  cinder,  coal,  water, 
and  sand  plants;  turntables  of  right 
size,  equipped  electrically  whenever 
practical;  shop  facilities,  equipped 
with  modern  machinery;  roundhouse, 
equipped  with  overhead  cranes,  jib 
cranes,  and  drop  pit  installations;  and 
power-plant  development. 

One  very  important  factor  is  to  con- 
sider that  the  operation  is  for  24  hours 
and  that  night  work  is  the  more  in- 
efficient, due  to  natural  causes.  Good 
modern  electric  light,  properly  distrib- 
uted, is  an  absolute  necessity.  Not 
only  in  the  roundhouse,  adjacent 
shops,  storehouse,  etc.,  but  particular- 
ly on  the  outside  at  the  leads,  at  the 
coal,  water,  cinder,  and  sand  plants, 
and  wherever  work  is  performed.  The 
storehouse  supply  facilities  must  be 
adequate  and  thereby  avoid  delay  in 
securing  the  materials  and  necessary 
parts  required. 

Co-operation,  Solution  of  Terminal 
Problem. — In  the  cold  winter  months, 
with  its  short  daylight  period  and 
long  nights,  just  imagine  a  master  me- 
chanic with  an  old  roundhouse,  the 
stalls  so  short  they  cannot  close  the 
doors,  trying  to  heat  it  with  steam 
heat,  and  men  working  around  in  the 
steam  and  vapor  with  torches,  a 
shovel  clinker  pit  and  a  hand  shovel 
coal  chute — say  with  5  per  cent  in- 
cline— and  a  short  turntable  and 
torches   for   all   outside  light.     What 


results  does  he  get?  How  long  does 
it  take  him  to  turn  power? 

In  what  manner  does  the  engineer- 
ing department  meet  the  require- 
ments of  the  transportation  and  me- 
chanical departments  in  cases  like 
this?  Well,  in  some  cases  I  am  told, 
just  about  like  this: 

Here  is  a  fellow  by  the  name  of 
Jones,  a  sick  man;  in  fact,  he  hardly 
can  keep  up,  but  keeps  on  plugging 
just  the  same.  One  day  he  passes  his 
family  physician  on  the  street,  the 
doctor  is  astounded,  turns  about,  and 
looks  at  Jones  as  he  passes  by,  shakes 
his  head  and  says  to  himself:  "I  am 
afraid  Jones  is  a  pretty  sick  man," 
and  goes  on.  The  doctor  won't  diag- 
nose and  prescribe  until  Jones  calls 
him  on  the  'phone,  or  makes  a  call. 

Now  then,  with  the  railroad  we 
have  the  doctors  right  on  the  payroll, 
and  the  only  way  to  get  results  is  to 
get  the  railroad  Bible,  and  turn  to 
commandment  No.  1:  "Get  together — 
Stay  together — Pull  together."  That 
means  engineering,  transportation, 
and  mechanical  departments.  An- 
alyze the  conditions,  and  after  this  is 
done  in  a  satisfactory  manner,  sug- 
gest the  solution.  Its  answer  in  dol- 
lars saved  will  appeal  to  the  execu- 
tives. There  is  no  management  o* 
any  industry,  especially  the  railroads, 
who  wTill  turn  down  improvements 
showing  results  and  savings. 

Individual  Improvements  May  Re- 
sult in  Large  Terminal  Savings. — In 
this  locomotive  problem  we  must  also 
consider  another  vital  matter,  and  that 
is,  the  24-hour  day.  The  corporation 
which  manufactures  electric  current 
for  a  24-hour  period,  and  has  a  good 
load  under  ordinary  conditions,  can 
furnish  the  average  railroad  terminal 
electric  current  for  power  and  light 
at  a  rate  about  equivalent  to  what  it 
would  cost  the  railroad  company  to 
manufacture,  including  interest,  depre- 
ciation, taxes,  and  maintenance. 

In  order,  then,  to  turn  the  locomo- 
tives it  is  just  as  necessary  to  work 
along  the  same  lines,  based  on  your 
load,  which  is  locomotive  power.  If 
you  work  on  one  locomotive  and  leave 
four  or  five  lie  idle,  because  you  have 
not  got  the  help  and  because  you  are 
trying  to  do  your  work  in  eight  hours, 
12  hours,  or  16  hours,  then  you  are 
wrong,  even  though  the  remedy  ex- 
ists. There  are  many  things  that  can 
be  done  to  bring  about  better  results, 
such  as 

(1)  Additional  track  facilities  with 
leads  to  and  from  roundhouse; 
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(2)  Good  washout  facilities; 

(3)  Drop  pits; 

(4)  Modern  clinker  pits; 

(5)  Good  water  service  and  storage; 

(6)  Modern  coal  and  sand  plants; 

(7)  Good  drainage; 

(8)  Proper  ventilation; 

(9)  Modern  heating  installation; 

(10)  Modern  artificial  lighting  in- 
stallations inside  and  outside; 

(11)  Good   daylight; 

(12)  Proper  maintenance; 

(13)  Machine-tool  installations; 

(14)  Power-plant   improvements. 

In  fact,  some  individual  addition 
may  bring  about  big  results  and  sav- 
ings. 

Is  Non-Productive  Time  of  Loco- 
motives.— We  will  now  consider  the 
design  of  locomotive  terminals  along 
new  lines.  It  is  surprising  to  see  how 
this  subject  stands  out  at  the  present 
time.  Our  railroad  magazines  are  full 
of  articles  bearing  on  the  same  in  its 
various  phases,  and  all  pointing  at  the 
big  problem — non-productive  time  of 
the  locomotives. 

After  the  engineering,  mechanical, 
and  transportation  departments  have 
decided  on  the  location  of  a  terminal 
at  a  particular  station,  then  we  have 
one  factor  entering  into  our  problem. 
When  this  is  decided  it  is  necessary 
to  locate  the  improvement  at  a  par- 
ticular point  or  place  at  this  station, 
after  which  the  number  of  locomo- 
tives and  the  various  kinds  to  be  han- 
dled are  determined,  as  well  as  the 
schedule  under  which  they  are  to 
operate.  One  of  the  first  and  most 
vital  matters  is  water  and  drainage. 
It  is  true  that  topographic  conditions 
affect  our  scheme.  But  even  with 
this,  the  water  and  drainage  matters 
are  most  vital. 

You  will  find  in  studying  over  ter- 
minal propositions  and  improvements 
that  each  and  every  locomotive  ter- 
minal is  a  study  in  itself,  requiring 
most  careful  consideration  to  meet 
the  requirements  under  which  the 
same  function,  or  work.  In  other 
words,  there  are  no  fixed  standards. 
Consequently  it  is  only  possible  in  this 
program  to  analyze  from  a  general 
standpoint.  The  A.  R.  E.  A.  Commit- 
tee in  handling  this  subject  developed 
particular  studies  in  order  to  work 
from  a  logical  standpoint. 

Terminal  Lay-Out  Must  Be  De- 
signed to  Avoid  Delays  to  Locomo- 
tives.— Our  complete  locomotive  ter- 
minal must  be  developed  for  future 
growth,  possible  improvement  in  the 
various   units,   and   possible   advance- 


ment in  the  art.  Track  facilities  must 
be  adequate,  providing  sufficient  leads, 
switches,  and  cross-overs  to  and  from 
service  points,  together  with  adequate 
leads*  switches,  and  cross-overs  to 
and  from  roundhouse  and  its  serving 
units,  in  order  to  avoid  delays  at  the 
coal  plant,  cinder  plant,  water  plant, 
inspection  pit,  or  other  accessory. 

From  the  inspection  pit  the  round- 
house foreman  is  forewarned  of  the 
repairs  required,  if  any,  and  will  ar- 
range accordingly.  If  crews  are  re- 
leased at  this  point,  it  is  the  proper 
location  for  locker,  wash  and  toilet 
room  for  crews,  as  well  as  the  in- 
spector's office. 

Too  much  cannot  be  said  about  the 
cinder  pit.  The  present  locomotives 
of  larger  types  will  dump  as  high  as 
four  yards  of  cinders,  and  the  clean- 
ing will  average  3  to  45  minutes;  and 
if  engines  arrive  in  fleets  there  is  a 
delay.  A  type  of  pit  which  we  have 
been  installing  lately  is  the  pit  with 
cast-steel  buckets  and  overhead  trav- 
eling, or  gantry  crane,  the  crane  span- 
ning several  tracks,  or  as  many  as 
may  be  required.  This  type  of  pit 
can  be  cleaned  in  a  very  short  time, 
and  the  winter  question  of  cinders 
freezing  in  cars  is  eliminated  to  a 
great  extent.  The  operation,  as  well 
as  maintenance,  is  economical.  There 
are  a  great  many  types  of  cinder  pits, 
but  for  a  terminal  I  believe  this  type 
of  pit  with  cross-over  leading  to  a 
clear  roundhouse  track,  is  effective. 

Operating  and  Maintenance  Cost 
Key  to  Coaling  Station  Design. — Coal- 
ing station  must  be  of  modern  me- 
chanical design,  constructed  of  suit- 
able material,  with  first-class  coal- 
handling  equipment  to  insure  long 
life,  low  maintenance,  and  low  operat- 
ing cost,  preferably  using  electric 
power  where  practical;  adequate 
storage  capacity,  with  mechanical 
elevators,  or  hoists,  of  sufficient  hour- 
ly capacity  to  insure  ample  supply  in 
order  to  be  assured  of  storage  at  all 
times  and  prompt  release  of  the  cars. 
The  receiving  hopper  must  be  of  am- 
ple length  and  width  to  insure  the 
handling  of  a  complete  car  and  pro- 
vide sufficient  room  for  the  unloading 
and  handling  of  the  coal.  This  hop- 
per should  be  properly  enclosed  in 
order  to  protect  the  labor  from  the 
elements  and  extreme  weather  and  at 
the  same  time  increase  efficiency. 

The  coal-storage  bins  should,  as 
nearly  as  practicable,  be  self-cleaning, 
this  being  done  by  proper  slopes  of 
the  floors  and  rounding  of  the  valleys 
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with  proper  outlet  fixtures,  preferably 
of  the  over-cut  type  to  insure  as  near- 
ly as  possible  a  proper  mixture  of  the 
coal  delivered  to  the  tender.  It  is 
also  necessary  to  design  the  plant  in 
a  manner  so  that  proper  cleaning  of 
the  various  bins  can  be  accomplished. 
In  our  lignite  territories  we  insist  on 
cleaning  of  the  bins  semi-monthly  and 
in  the  bituminous  territories  on  clean- 
ing of  the  bins  monthly. 

Fire  protection  should  be  provided 
when  necessary.  In  the  lignite  terri- 
tory it  is  undoubtedly  preferable,  on 
account  of  the  possible  firing  of  the 
coal,  to  construct  the  plant  of  steel  or 
reinforced  concrete;  or,  to  consider  a 
construction  which  we  have  found 
very  practical,  of  a  combination  con- 
sisting of  the  physical  or  supporting 
structures  of  frame  and  the  coal 
pocket  or  bin  built  of  reinforced  con- 
crete plank  construction. 

The  sand  plant  is  designed  in  con- 
formity with  the  requirements,  and  at 
the  average  large  terminal  should  be 
equipped  with  a  modern  steam  drier 
and  provided  with  ample  storage 
space  for  both  green  and  dry  sand. 
In  some  cases  it  is  advisable  to  cen- 
tralize and  consider  the  drying  of 
sand  at  a  given  terminal  and  ship  the 
dry  sand  to  the  outlying  districts. 

Important  Individual  Problems  of 
Design. — Too  much  cannot  be  said 
about  adequate,  suitable  water  and 
its  facilities,  proper  storage  together 
with  distribution  systems  and  crane 
installations  for  the  outbound  and  in- 
bound leads.  Water  for  the  locomo- 
tive service,  as  well  as  for  the  power 
plant,  must  in  all  cases  be  the  best 
possible.  The  better  the  quality  of 
water,  the  more  perfect  our  results. 
It  has  been,  and  is,  our  practice  to  in- 
stall treating  installations  where  re- 
sults can  be  obtained. 

Turntable  must  be  of  adequate  size 
and  capacity  to  handle  the  respective 
power,  and,  where  practical,  should  be 
electrically  operated.  Usually  one 
turntable  serves  one  house,  regardless 
of  the  number  of  locomotives  housed. 
This  is  a  matter  that  must  be  care- 
fully considered  in  the  design,  de- 
pending entirely  on  amount  of  power 
handled.  The  A.  R.  E.  A.  Committee 
finds  that  in  congested  districts  pref- 
erably 30,  and  not  to  exceed  40,  stalls 
should  be  operated  over  one  turn- 
table; and,  particularly,  when  four  or 
five  locomotives  per  stall  are  handled 
in  24  hours. 

The    smoke-jack    proposition    in    a 


roundhouse  is  something  that  requires 
improvement.  In  some  cases  very 
successful  installations  have  been 
made  by  the  induced  fan  system,  and 
in  this  manner  the  jacks  are  omitted 
and  replaced  with  a  duct  system- 
Floors  may  be  of  various  kinds,  but 
should  be  of  a  permanent  quality  such 
as  concrete,  brick,  or  equally  good. 
Where  the  house  in  constructed  on  a 
large  fill  it  possibly  is  best  to  consider 
a  floor  of  the  brick  type.  A  perman- 
nent  floor  further  facilitates  the  han- 
dling of  locomotive  parts  and  mate- 
rials and  permits  of  proper  trucking 
with  reduced  labor. 

The  number  of  drop  pits  depends  en- 
tirely on  the  purpose  for  which  the 
particular  house  is  used  and  the  class 
of  power  handled.  In  ordinary  cases 
a  double  drop  pit  for  the  drivers,  to- 
gether with  drop  pits  for  the  engine 
truck,  trailer,  and  tender  wheels  is 
provided.  The  installation  of  travel- 
ing crane  of  ample  capacity  around  the 
entire  circle,  as  well  as  the  installa- 
tion of  jib  cranes  for  cylinder  work 
and  rod  handling,  is  essential. 

A  hot  water  washing  and  filling 
plant  is  a  tremendous  asset  and  ne- 
cessity. It  reduces  the  time  required 
in  blowing  down,  washing,  and  fill- 
ing, and,  further,  conserves  the  water 
and  waste  steam.  It  also  saves  con- 
siderable over  the  cold-water  system, 
and  incidentally  does  away  with  a 
great  deal  of  flue  trouble. 

Locating  Stores  and  Oil  Houses 
Contents. — The  store  house  and  its 
facilities  should  be  centrally  located, 
and  preferably  close  to  the  round- 
house and  shop.  The  walls  should 
have  an  abundance  of  windows  and 
the  general  arrangement  designed  in 
a  manner  to  provide  for  the  handling 
of  the  material  to  and  from  its  point 
of  distribution  in  an  economical  and 
practical  manner,  which  naturally 
means  proper  roadways,  platforms  and 
racks;  the  racks  and  bins  located  to 
allow  of  proper  aisle  spaces. 

The  oil  house,  and  its  facilities,  in 
a  great  many  cases  is  located  adja- 
cent to  the  store  house,  and  must  be 
provided  with  proper  facilities  and  in- 
stallation to  economically  store  and 
handle  various  oils,  waste,  grease,  etc., 
required  in  the  terminal.  The  store 
and  oil  houses,  and  their  contents,  in 
most  cases  represent  large  invest- 
ments, and  their  construction  to  a 
great  degree  is  designed  from  the  fire- 
proof standpoint  with  proper,  ade- 
quate fire  protection. 

Problems  That  Must  Be  Considered 
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in  Locomotive  Terminal  Design. — 
Problems  to  contend  with  in  the  de- 
tails of  the  design  and  development 
are   briefly   considered  herewith: 

Climate  and  Conditions.  For  ex- 
ample, in  arid  sections  and  dry  cli- 
mates, timber  construction  in  the 
ground  for  certain  work  can  be  con- 
sidered, based  on  long  life,  which  does 
not  hold  true  in  the  damp  climates  or 
sections. 

Elevation  Above  Sea  Level.  This 
point  in  particular  enters  into  the 
problem  from  the  standpoint  of  power, 
draught,  air-compressor  capacity;  and 
the  higher  the  elevation  the  greater 
the  effect  on  the  human  elements. 

Points  of  the  Compass.  In  certain 
sections  in  the  colder  climates,  we 
must  take  into  consideration  these 
facts:  The  facing  of  the  inner  circle 
of  a  roundhouse  to  the  north,  or  to  a 
particular  direction  of  the  wind;  and 
this  also  makes  it  necessary  to  con- 
sider the  kind  of  windows  and  doors 
to  be  used.  This  may  seem  odd,  or 
sound  peculiar,  to  some  of  you,  but  if 
you  were  to  design  and  develop  a  ter- 
minal improvement  at  Casper,  Wyo., 
you  certainly  would  have  to  Consider 
the  wind.  The  facing  of  the  building 
with  reference  to  the  proper  light 
should  also  be  considered  where  pos- 
sible. 

Character  of  soil  is  an  important 
factor  entering  into  the  design  and 
development. 

Amount  of  Daylight  and  Darkness. 
The  summer  months  give  us  an  aver- 
age of  16  hours  of  the  24  for  daylight; 
this  is  an  average  over  a  period  of 
90  days.  The  winter  months  give  us 
an  average  of  only  lO1/^  hours  of  the 
24  for  daylight;  and  this  is  an  aver- 
age over  a  period  of  90  days  of  the 
year.  This  fact  alone  shows  how 
vital  and  important  it  is  to  bring  the 
unnatural  conditions  as  nearly  as  pos- 
sible to  a  natural  condition;  or,  in 
other  words,  secure  as  much  daylight, 
artificially,  as  possible. 

Facilities  Should  Be  Designed  to 
Encourage  Full  Hour  Operation. — Con- 
sider the  problem  on  the  basis  of  be- 
ing able  to  operate  successfully  during 
any  period  of  the  24-hour  stage  nearly 
alike.  Too  much  cannot  be  said  about 
this  24-hour  day.  When  we  stop  to 
consider  that  a  great  many  of  the 
shop  improvements  throughout  the 
country  have  been  working  on  an  8- 
hour  basis  only,  and  lying  idle  for  the 
remaining  16  hours,  it  simply  indi 
cates  the  possibilities;  or,  in  other 
words,   it  means  that  these  improve- 


ments should,  when  necessary,  be  de- 
veloped and  operated  to  their  fullest 
extent.  The  24-hour  day  by  natural 
events  and  causes  is  divided  into  three 
phases  of  8  hours  each,  known  as  the 
three  8-hour  shifts.  The  natural  shift, 
or  the  shift  of  preference,  is  the  day- 
light shift,  and  commences  at  7  or  8 
o'clock  in  the  morning.  This  is  the 
shift  we  all  want.  It  simply  means, 
then,  that  we  must  perfect  the  bal- 
ance of  the  24-hour  day  as  nearly  as 
possible  in  order  to.  make  it  nearly  as 
acceptable   as  the  preferred   shift. 

Power  Plant  Size  Dependent  on  Pur- 
chasability  of  Cheap  Electric  Current. 
— Power  plant  equipment,  appliances, 
piping,  etc.,  must  be  carefully  consid- 
ered, and  the  question  of  kind  and 
quality  is  the  vital  factor  in  all  these 
cases.  Long  life  of  the  materials, 
appliances,  machinery  and  equipment 
is  one  of  the  essential  factors  enter- 
ing into  a  development  of  this  charac- 
ter. For  example,  if  the  steam  piping 
in  a  roundhouse  or  some  other  point 
gives  out  in  three  or  four  years,  it 
means  giving  the  matter  special  atten- 
tion, and  indicates  poor  selection.  If 
there  are  breakdowns  and  failures  in 
the  machinery  equipment  or  power  it 
means  serious  delays,  expense,  and  in- 
efficiency; and,  further,  takes  away 
from  the  master  mechanic  the  very 
class  of  talent  required  to  produce  re- 
sults in  turning  power. 

The  power  plant  should  be  modern 
in  every  respect.  Where  the  require- 
ments are  sufficiently  large  the  boiler 
equipment  should  consist  of  water- 
tube  boilers,  stoker  fired,  equipped 
with  coal-and-ash  handling  devices,  in- 
cluding coal  and  ash  bunkers.  A  per- 
manent stack  with  natural  draft  is  a 
paying  investment.  Feed-water  heat- 
ers, with  the  various  pumps,  such  as 
fire  pump,  boiler-feed  pumps,  etc.,  are 
absolute  necessities.  The  entire  plant 
must  be  carefully  considered  from  the 
standpoint  of  possible  growth.  The 
size  and  cost  of  the  power  plant  in  a 
great  many  cases  is  determined  by  the 
possible  cost  of  purchased  current. 
As  before  stated  there  are  a  great 
many  cases  in  which  local  electric  cur- 
rent may  be  purchased  fully  as  cheap, 
and  possibly  cheaper  than  it  can  be 
generated. 

Fire  protection  of  the  best  kind,  to- 
gether with  a  good  fire  organization 
properly  maimed  and  equipped,  is  one 
of  the  greatest  assets  in  improve- 
ments of  this  kind,  inasmuch  as  it  is 
an  absolute  insurance.  In  other  words, 
it  means  fire  protection.    The  fire  haz- 
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ard  is  a  serious  matter.  It  is  not 
the  damage,  in  dollars,  done  by  the 
fire,  but  the  consequential  loss  which 
results. 

Art  of  Locomotive  Terminal  Design 
Stil!  in  Its  Infancy. — There  are  a  great 
many  improvements  that  will  be  made 
in  locomotive  terminal  design,  and  the 
study  to  improve  in  this  art  is  still  in 
its  infancy  and  requires  most  con- 
stant effort.  The  work  of  the  A.  R.  E. 
A.  Committee  in  this  line  and  other 
lines  is  one  deserving  of  much  cred- 
itable mention.  I  feel  that  there  are 
ai  great  many  things  that  can  be 
studied  and  taken  up  individually,  as 
for  instance,  the  development — or  en- 
tire elimination — of  the  smoke  jacks 
and  the  proper  means  of  ventilation. 
The  present  method  of  smoke-jack  in- 
stallations and  ventilation  is  a  most 
wasteful  method.  This  only  in  the 
winter  months,  when  we  try  to  heat 
our  roundhouses  and  take  the  heat 
out  through  the  ventilators  and  smoke 
jacks. 

In  our  recent  magazines  bearing  on 
railroad  work  we  find  many  articles 
and  designs  bearing  on  the  subject 
of  locomotive  terminals.  In  fact,  some 
are  a  radical  departure  from  the  con- 
ventional design.  I  have  read  and 
studied  these  most  carefully,  and  feel 
that  some  have  merit,  and  are  worthy 
of  further  careful  consideration.  This 
simply  indicates  that  railroads,  indus- 
tries, manufacturers,  and  commercial 
organizations  interested  in  railroad 
life  are  giving  active  and  thoughtful 
consideration  to  the  improvement  and 
development  of  railroad   work. 

By  adopting  a  certain  class'  of  com- 
bustion engines,  or  a  certain  class  of 
pumps,  that  making  parts  interchange- 
able, especially  at  divisions  isolated 
from  central  manufacturing  or  distrib- 
uting points,  has  great  advantages. 
The  results  obtained  at  a  terminal  are 
also  indicated  by  the  facilities  in  vari- 
ous installations  along  the  line.  So 
one  has  great  bearing  in  the  other. 
If  the  terminal  in  efficient,  and  the 
outlying  points  inefficient,  perfect  re- 
sults are  not  obtained. 

Again  referring  to  the  matter  of  re- 
modeling and  redesigning  the  older 
facilities,  where  possible,  it  seems  to 
me  that,  inasmuch  as  the  majority  of 
the  terminals  are  of  the  older  type, 
the  remodeling  and  redesigning  fea- 
ture is  a  most  strong  factor,  as  it 
bears  and  carries  over  the  general 
property,  and  consequently  brings  gen- 
eral results  instead  of  individual  re- 
sults. 


Street     Railway     Fares     in     638 
Cities 

A  10  ct.  cash  fare  is  in  effect  on 
the  electric  railways  in  145  cities  of 
this  country,  according  to  the  April 
issue  of  AERA,  which  contains  the 
following  analytical  summary  of  fares 
in  effect  in  American  cities  served 
by  electric  railway  companies  report- 
ing to  the  American  Electric  Railway 
Association : 

No.  of 

*10  ct.  cash  fare    . 145 

9  ct.  cash  fare   6 

8  ct.  cash  fare 82 

8  ct.  cash  fare,  1  ct.  transfer  charge  26 

7-ct.   zones    7 

*7  ct.  cash  fare   171 

6-ct.    city   zones,    1   ct.    charge   for 

rides  outside   1 

6-ct.  city  zone,  10  tickets  50  ct.,  2 

ct.  transfer  charge    10 

6-ct.  zones   1 

6-ct.  zones,  average  length  2  miles  1 

6-ct.  cash  fares    102 

Two  5-ct-  zones   2 

5-ct.  city  zone,  5  ct.  outside   14 

5  ct.    cash   fare,    additional    charge 

for  transfers    5 

5  ct.    straight    fare,    reduced    rates 

eliminated 20 

5  ct.  cash  fare,  reduced  from  high- 
er  fare    14 

5  ct.   cash  fare    (cities   having  had 

no  fare   increase) 31 

Total    638 

*The  city  of  Chicago,  111.,  is  included 
in  both  of  these  classes,  the  fare  on  the 
Elevated  lines  being  10  cents  and  the  sur- 
face lines  7  cents. 


Electrification  of  Swiss  Rail- 
ways 

Complete  electrification  of  the  Swiss 
Federal  lines  by  1928  has  been  au- 
thorized by  the  Federal  Council,  ac- 
cording to  reports  received  by  the 
Department  of  Commerce.  It  had 
been  planned  to  finish  this  work  by 
1933,  but  owing  to  the  large  number 
of  unemployment  in  Swiss  machinery 
and  electrical  industries,  the  general 
management  of  the  Federal  Railways 
requested  an  acceleration  of  the  work. 
According  to  the  new  scheme  75  to 
80  million  francs  are  to  be  spent 
yearly  instead  of  50  millions  as  here- 
tofore planned.  The  total  length  of 
line  involved  is  1,600  kilometers,  of 
which  400  are  now  completely  elec- 
trified. The  new  program  requires  the 
providing  of  215,000,000  francs  sooner 
than  would  otherwise  have  been  nec- 
essary, the  total  amount  being  450,- 
000,000  francs.  It  is  expected  that 
about  60,000,000  francs  will  be  ad- 
vanced by  the  Confederation  to  assist 
the  railways  in  carrying  out  the  new 
plan. 
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Engineering  Institute  of  Canada 

By  ARTHUR  CRUMPTON, 

Valuation    Engineer,    Grand   Trunk   R.   R. 


Railway  valuation  has,  of  late  years, 
received  a  great  deal  of  attention, 
particularly  in  the  United  States.  The 
passing  of  the  Valuation  Act  by  Con- 
gress in  1913  brought  an  added  in- 
terest to  the  study  of  this  question, 
for  this  act  directed  the  Interstate 
Commerce  Commission  to  proceed  at 
once  to  ascertain  and  report  in  detail 
to  the  government  all  data  necessary 
for  the  finding  of  the  value  of  all  the 
railroads  in  the  country  engaged  in 
interstate  commerce.  For  this  pur- 
pose a  bureau  of  valuation  was  or- 
ganized by  the  commission,  and  an 
idea  of  the  magnitude  of  the  work 
involved  can  best  be  grasped  from 
the  fact  that  a  quarter  of  a  million 
miles  of  main  line  are  operated  by  the 
railways  under  consideration.  The  cost 
of  the  valuation  work,  done  by  the 
bureau  to  date,  has  been  about  $23,- 
000,000,  while  the  cost  to  the  railways 
of  complying  with  the  bureau's  re- 
quirements, checking  its  reports  and 
filing  their  objections  thereto,  has 
amounted  to  about  $62,000,000. 

For  the  purpose  of  co-ordinating  the 
work  and  to  direct  their  policy  effec- 
tively in  all  negotiations  with  the 
bureau,  an  organization  was  created 
by  the  railways,  called  the  Presidents' 
Conference  Committee.  The  commit- 
tee, which  was  composed  of  represen- 
tatives from  the  interested  carriers, 
engaged  a  staff  of  engineering,  legal 
and  other  experts  and  assumed  the 
duty  of  advising  on  all  controversial 
subjects  and  collected  and  supplied 
all  necessary  data  on  those  general 
subjects  which  otherwise  each  carrier 
would  separately  have  to  develop.  The 
committee  in  effect  formed  a  bureau 
of  general  information,  and  by  its 
activities  in  general  research  work 
was  fully  qualified  to  represent  or 
assist  the  carriers  at  the  hearings  be- 
fore the  Interstate  Commerce  Com- 
mission. 

The  theories  and  methods  employed 
by  the  bureau,  in  this  valuation,  are 
being  subject  to  critical  analysis  and 
severe  criticism  by  the  railways,  by 
the  state  railway  commissions  and  by 


the  representatives  of  the  railway 
brotherhoods.  A  valuation  made  under 
these  conditions  is  likely  to  become 
an  authority  on  the  subject,  as  far  as 
this  continent  is  concerned,  and  the 
following  remarks  are  intended  to 
outline  its  salient  features,  as  far  as 
they  have  been  developed  to  date,  and 
later  to  discuss  a  few  of  the  debatable 
points  which  have  been  raised. 

Requirements  of  Valuation  Act. — 
The  Valuation  Act  required  the  fol- 
lowing facts,  among  other  things,  to 
be  reported  with  reference  to  all  the 
railways  under  valuation: 

Original  cost  to  date, 

Cost  of  reproduction  new, 

Cost  of  reproduction  new  less  depre- 
ciation, 

Other  values  and  elements  of  value, 

Original  cost  and  present  value  of 
lands, 

All  aids,  gifts,  grants  of  right-of-way 
or  donations, 

Complete  corporate  and  financial 
history. 

The  premises  laid  down  by  the  com- 
mission, for  the  reproduction  of  a 
given  railway,  assumed  that  on  the 
date  of  valuation  it  was  non-existent, 
with  the  exception  of  its  right-of-way, 
while  all  other  railways  were  in  op- 
eration, and  all  other  conditions 
normal.  The  reproduction  cost  new 
of  such  a  railway  was  then  to  be  esti- 
mated under  existing  conditions  on  a 
hypothetical  construction  program,  by 
current  methods  and  at  normal  prices 
as  of  June  30th,  1914. 

The  work  of  the  Bureau  of  Valua- 
tion is  conducted  by  three  sections, 
Engineering,  Land  and  Accounting, 
and  it  may  be  of  some  interest  to 
describe  generally  the  functions  ot 
these  branches. 

Functions  of  Engineering  Section. — 
The  engineering  section  is  responsi- 
ble for  the  ascertainment  and  report- 
ing, as  of  date  of  valuation,  of  anv 
railway,  the  estimated  cost  of  repro- 
duction new  of  all  physical  property, 
except  land,  and  the  estimated  depre 
ciated  value  6i  the  same.  This  covers 
roadway     items     of    grading,    tracks, 
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bridges,  buildings,  docks,  telegraphs 
and  telephone  lines,  machinery,  float- 
ing equipment,  etc.,  with  the  allow- 
ance to  be  made  for  engineering  and 
general  expenditures,  such  as  organ- 
ization and  legal  expenses,  taxes  and 
interest  during  construction. 

As  a  prelude  to  the  engineering  in- 
ventory, the  railways  were  required 
to  supply  the  bureau  with  maps  and 
profiles  of  their  lines  as  they  existed 
on  the  date  of  valuation.  The  details 
to  be  shown  on  these  maps  and  pro- 
files were  to  be  so  complete  that  in 
the  case  of  most  railways  it  neces- 
sitated a  resurvey  of  their  lines.  Plans 
and  statements  of  bridges,  culverts, 
buildings,  etc.,  were  also  required,  to 
gether  with  complete  records  includ- 
ing original  cost  to  date  of  locomo- 
tives, cars,  floating  equipment,  shop 
machinery  and  other  mechanical 
items. 

With  these  data  in  hand,  and  ac- 
companied by  pilot  engineers,  repre- 
senting the  railways,  the  field  forces 
of  the  bureau  made  complete  inven- 
tories of  the  properties  under  valua- 
tion. The  roadbeds  were  cross-sec- 
tioned, main  lines  and  side  tracks, 
bridges,  buildings,  etc.,  were  measured 
and  all  necessary  computations  of 
quantities  made,  these  generally  be- 
ing checked  by  the  pilot  engineer  and 
his  assistants.  Locomotives,  cars, 
mechanical  and  other  equipment  were 
similarly  inventoried  and  all  property 
jointly  inspected  to  ascertain  condi- 
tion. 

The  unit  prices  applied  to  the  in- 
ventoried quantities  were  the  so-called 
normal  prices  of  1914,  which  were 
arrived  at  by  an  analysis,  by  the  bu- 
reau, of  the  prices  paid  by  the  rail- 
ways for  labor  and  materials  during 
a  period  of  from  5  to  10  years  preced- 
ing that  date.  In  addition,  similar 
special  data  were  obtained  from 
manufacturers  and  others.  The  work 
of  building  up  the  cost  data  was  in 
all  cases  carried  out  independently, 
the  bureau  taking  the  view  that  it 
would  determine  all  costs  for  itself 
and  leave  the  railways  to  prove  any 
error  or  unfairness  if  such  should 
exist.  The  construction  program  as- 
sumed for  each  railway  was  based 
upon  the  physical  characteristics  and 
the  climate  of  the  country  traversed, 
while  accessibility  to  markets  for 
labor  and  materials  was  also  given 
consideration. 

From  the  data  referred  to  above  the 
engineering  report  was  compiled, 
showing   for    each    item   of  property, 


grouped  under  the  Interstate  Com- 
merce Commission  classification  of 
accounts,  its  "condition  percent,"  in- 
dicating the  estimated  amount  of 
depreciation  with  the  salvage  value 
considered,  the  numbers  of  units,  the 
unit  cost,  the  total  cost  of  reproduc- 
tion new  and  the  total  cost  of  repro- 
duction new  less  depreciation.  In 
addition  to  the  items  just  stated,  the 
engineering  reports  gave  a  concise 
description  of  the  railways  embracing  j 
the  .  characteristics  of  the  country 
traversed,  its  climate,  soil,  principal 
industries,  together  with  statements 
of  mileage,  connections  with  and 
trackage  rights  over  other  railways, 
the  principal  centers  of  population 
served  and  construction  periods  of 
the  roads,  from  which  the  interest 
during  construction  is  derived,  the 
details  as  to  the  percentage  to  be  ap- 
plied for  engineering  and  general 
expenditures,  and  the  allowance  made 
for  waste,  scrap  and  salvage  values 
of  materials,  are  also  dealt  with  in 
the  reports. 

Functions  of  Land  Section. — The 
land  section  was  supplied,  by  the  rail- 
ways, with  maps  showing  the  location, 
dimensions  and  areas  of  all  lands, 
owned  or  used,  together  with  sehed 
ules  giving  for  all  parcels  of  land 
under  consideration,  the  nature  of  the 
title,  the  cost,  all  lands  disposed  of 
by  the  railway,  all  lands  donated  to 
the  railways,  and  railway  lands  leased 
to  other  parties  and  the  rentals  there- 
from. The  land  appraisers  of  the 
bureau  then  proceeded  over  the  lines, 
classifying  lands  of  similar  character 
and  dividing  into  zones.  Each  zom; 
was  given  a  designating  number  and 
area  calculated  and  checked.  Co- 
operation ended  at  this  point. 

The  bureau's  appraisers,  and  those 
of  the  railways,  then  proceeded  inde- 
pendently to  value  the  land  in  each 
zone,  basing  the  work  upon  the  value 
of  adjoining  or  adjacent  similar  lands. 
The  records  of  sales  and  assessments 
were  also  investigated,  as  were  opin- 
ions as  to  value  obtained  from  local 
sources.  A  value  was  then  assigned 
to  the  land  in  each  zone,  based  prin- 
cipally upon  the  sales  values,  when 
these  were  normal,  and  the  value  so 
found  was  checked  by  the  other  data. 
When  no  information  as  to  sales 
coult?  be  obtained  the  assessment  and 
opinion  data  were  used  for  fixing  the 
value.  The  land  reports  were  then 
compiled  by  the  bureau,  the  lands  be- 
ing shown  classified  as  those  devoted 
to  railway  purposes  and  those  held  for 
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other  than  railway  purposes,  present 
values  of  both  of  these  being  stated, 
and  in  addition,  the  present  value  of 
lands  donated  to  the  railway,  if  any, 
is  shown  separately. 

Functions  qf  Accounting  Section. — 
The  accounting  section  received  from 
the  railways  statements  showing  the 
corporate  history  of  each  railway  and 
its  predecessors,  also  a  schedule  of 
all  corporate  records,  documents  and 
papers  showing  the  nature  of  the 
documents,  the  custodian  and  the  rail- 
way's identification  or  file  number. 
The  accountants  of  the  bureau  in- 
spected and  made  careful  analyses  of 
the  accounting  records  of  the  various 
railways,  and  the  accounting  report 
deals  with  these,  and  with  the  rec- 
ords of  predecessor  companies,  if  any, 
as  well  as  all  other  records  reflecting 
the  early  financial  history  of  the 
properties.  This  report  also  shows 
such  information  as  is  obtainable  from 
the  books  of  the  company,  as  to  the 
original  cost  to  the  present  owner  and 
predecessor  corporations,  and  gen- 
erally all  facts  pertinent  to  corporate 
financing,  with  separate  statements  as 
to  the  costs  of  lands,  investments  in 
other  companies,  side,  gifts,  grants  of 
land  and  donations  received,  mate- 
rials and  supplies  on  hand,  etc. 

The  Tentative  Valuation. — The  en- 
gineering, land  and  accounting  reports 
are  served  upon  the  railways,  who,  in 
turn,  file  their  objections,  if  any,  with- 
in 30  days,  pointing  out  all  omis- 
sions or  erors  therein.  These  pro- 
tests are  ordinarily  accompanied  by 
the  data  upon  which  the  railways 
have  based  their  objections,  and  re- 
visions of  the  reports  are  made  after 
a  searching  investigation,  extending 
in  some  cases  to  a  review  on  the 
ground.  In  t'he  case  of  the  land  re- 
ports, changes  are  passed  upon  by  an 
appraisal  board,  working  under  the 
direction  of  the  supervisor  of  land 
appraisals,  who  is  also  the  executive 
assistant  of  the  bureau.  The  reports 
referred  to  above  are  made  on  the 
assumption  that  the  sole  function  of 
the  bureau  is  to  investigate  and  report 
to  the  commission  all  facts  necessary 
to  the  appraisal  of  the  railways  so 
that  their  values  might  be  established 
as  required  by  the  Valuation  Act. 

When  no  further  progress  can  be 
made  in  adjusting  the  differences  be- 
tween the  bureau  and  the  railway,  the 
commission  proceeds  to  complete  and 
serve  on  the  railways  its  "tentative 
valuation"  of  the  property.  This  ten- 
tative valuation  embodies  all  the  fore- 


going reports,  and,  in  addition,  gives 
the  commission's  finding  as  to  final 
value.  Thirty  days  are  allowed  the 
railways  for  the  filing  of  a  protest  to 
this  tentative  valuation,  and  if  no 
action  is  taken  before  the  expiration 
of  that  period,  the  valuation  becomes 
final. 

When  protests  are  filed  the  com- 
mission fixes  a  date  for  a  hearing 
before  an  examiner  of  the  commis- 
sion. The  procedure  is  that  of  an 
ordinary  court,  but  with  less  formal- 
ity, as  a  good  deal  of  latitude  is  per- 
mitted in  the  introduction  of  expert 
and  technical  testimony  in  substantia- 
tion of  claims.  The  onus  of  proof  is 
presumed  by  the  bureau  to  rest  on 
the  parties  protesting.  Up  to  the 
present  time,  the  railways,  state  com- 
missions and  the  railway  brother- 
hoods have,  on  different  occasions, 
filed  protests  which,  after  argument, 
have  been  taken  under  consideration 
by  the  Interstate  Commerce  Commis- 
sion. At  subsequent  hearings  before 
the  full  board  of  the  commission,  argu- 
ment is  heard  on  any  issues  raised, 
and  after  the  commission's  decision  is 
rendered,  the  tentative  valuation  be- 
comes "final"  and  appeal  can  only 
then  be  made  to  the  courts. 

At  the  present  date  about  75  per 
cent  of  the  work  of  preparing  these 
valuation  reports  is  completed,  and  it 
is  expected  all  tentative  valuations 
will  be  completed  and  served  by  June 
30th,  1924.  Tentative  valuations  to 
the  number  of  314  have  already  been 
served,  and  of  these  101,  mostly 
smaller  roads,  have  become  final 
through'  absence  of  protest  by  the 
railways  or  other  interested  parties. 

Original  Cost  to  Date. — It  was  nat- 
ural, that  during  the  course  of  the 
work,  differences  of  opinion,  incapable 
of  adjustment,  should  arise  as  to  the 
methods  and  findings  of  the  bureau, 
and  the  railways  were  given,  at  va- 
rious times,  opportunities  of  express- 
ing their  views  on  these  matters 
before  the  commission.  It  is  proposed 
now  to  discuss  the  more  important 
and  interesting  of  these  subjects. 

It  is  stated  by  t;he  commission  that 
only  in  the  case  6f  a  few  roads  can 
the  complete  original  cost  to  date  be 
found.  Many  of  the  books  of  the 
older  roads,  built  80  odd  years  ago, 
have  either  been  destroyed  or  could 
not  be  located,  while  as  regards  the 
newer  roads  the  books  did  not  set 
forth  correctly  or  adequately  the  cost 
of  construction.  The  latter  condition 
was  due  to  the  diversified  accounting 
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methods  in  vogue  on  the  railways 
prior  to  the  introduction  of  the  com- 
mission's "Classification  of  Expendi- 
tures for  Road  and  Equipment,"  in 
1907. 

For  the  remainder  of  the  properties 
the  data,  regarding  original  cost  to 
date,  obtained  from  the  books,  how- 
ever incomplete,  are  reported  by  the 
bureau  when  such  are  considered  of 
weight  in  establishing  the  fact  called 
for  by  Congress.  These  findings  are 
supplemented  by  a  full  statement  of 
the  financial  history  of  the  road,  in- 
cluding a  list  of  all  securities  issued. 
These  facts,  the  bureau  believes,  will 
show  the  maximum  amount  of  money 
which  could  have  been  put  into  the 
property,  and  will  thus  be  a  reason- 
able and  substantial  compliance  with 
the  act. 

Original  cost  to  date  for  many  items 
as  reported  uy  the  bureau,  it  must  be 
understood,  is  not  the  actual  cost  at 
date  of  valuation  of  the  items  then  in 
existence.  For  example,  a  tie  costing. 
50  ct.  when  installed  10  years  ago,  if 
replaced  by  a  similar  tie  now  costing 
$1.00  would  still  be  carried  in  the 
investment  account  at  50  ct.  which 
would  also  be  reported  as  the  original 
cost,  the  difference  being  charged  to 
operating  expenses.  In  the  view  of 
the  bureau,  "original  cost  to  date" 
is  evidently  the  net  cost  of  the  article 
to  the  stockholders,  the  increase  in 
the  cost  of  the  unit  having  been 
actually  defrayed  by  the  public.  This 
view  can  hardly  be  maintained  in  the 
case  of  "deficit  roads"  where  the 
share-holders  and  not  the  public  pay 
the  increased  cost  referred  to. 

The  contention  of  the  railways  is 
"that  the  commission  can  and  should 
report  the  approximate  cost  to  date 
of  the  common  carrier  properties  as 
a  whole."  This,  it  is  claimed,  could 
be  ascertained  with  comparative  ac- 
curacy by  using  the  inventories  of  the 
properties,  as  found  by  the  bureau 
as  a  basis,  and  applying  to  them  the 
actual  costs  for  the  units  in  place  as 
found  in  the  books  of  the  carriers  or 
by  estimate.  The  sum  thus  found,  in 
the  estimation  of  the  railways,  would 
measure  the  investment  new  and  truly 
represent  the  original  cost  to  date  of 
the  railways,  as  required  by  the  act. 
In  the  various  hearings,  to  date,  the 
commission  has  not  replied  to  the 
railways'  contentions  as  to  the  prin- 
ciples involved,  merely  reaffirming  its 
position,  as  outlined  above,  and  stat- 
ing that  "if  the  facts  as  to  original 
cost  cannot  be  ascertained  from  the 


records,  an  estimate  may  not  be  sub- 
stituted." Of  the  different  costs  which   j 
the  Valuation  Act  specifies  as  to  be 
found,  original  cost  to  date,  assuming 
the  railway  interpretation  to  be  cor-   | 
rect,  is  of  insignificant  value  not  com- 
mensurate with  the  cost  of  its  ascer-   I 
tainment    except    in    the    cost    of    a   j 
recently  constructed  road  having  the    i 
figures  in  its  books. 

If,  for  any  purpose,  the  cost  to  the 
owner  is  desired  it  can  be  obtaine( 
by  estimate,  at  comparatively  small 
cost,  by  an  intelligent  study  of  the 
financial  history  of  the  railway, 
checked  by  a  general  survey  of  th( 
property,  as  was  done  in  the  case  ot 
the  appraisal  of  approximately  10,00( 
miles  of  the  Canadian  Northern  Rail- 
way, made  for  the  government  of  the 
Dominion  of  Canada. 

Cost  of  Reproduction  New.  —  The 
tentative  valuations  show  the  cost  of 
reproduction  new  of  the  physical 
properties  of  the  railways,  with  the 
exception  of  land.  These  estimated 
costs  are  based  upon  the  hypothetical 
program  of  construction,  already  re- 
ferred to,  by  which  the  bureau's  engi- 
neers mentally  pictured  the  right-of- 
way  as  it  existed  before  the  railways 
were  built  and  then  proceeded  to 
estimate  the  cost  of  reproducing  the 
structures  and  materials  inventoried 
in  the  field.  Some  of  the  methods 
used  were  challenged  by  the  railways 
at  the  various  hearings  before  the 
commission.  For  example,  relay  rails 
and  other  materials,  installed  second- 
hand, were  reproduced  as  "ne^ 
second-hand,"  and  the  cost  estimate( 
at  second-hand  prices.  Clearing  was 
estimated  in  accordance  with  the 
existing  conditions,  i.e.,  where  the 
country  was  wooded  on  both  sides  of 
the  right-of-way  clearing  was  allowec 
for  its  entire  width,  but  if  only  one 
side  then  clearing  was  allowed  foi 
only  half  the  width. 

The  bureau's  assumption  as  to  coi 
tingencies  is  that  under  its  prograi 
no  allowance  is  necessary,  as  all  un- 
foreseen difficulties  which  would  be 
encountered  during  original  constru( 
tion  are  known  and  allowance  foi 
same  made  in  the  unit  prices  used. 

The  railways  contended  that  th< 
costs  found  by  the  bureau  shoult 
represent  the  estimated  cost  of  reprc 
duction  new  of  the  railway  propertj 
in  as  complete  and  efficient  an  operat- 
ing condition  physically  and  with  re- 
gard to  business  and  otherwise,  as 
existed  on  the  date  of  valuation.  The 
railwavs  further  insisted  that,  among 
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other  things,  the  unit  prices  used  are, 
in  many  instances,  inadequate,  and 
again  that  there  has  been  omitted 
from  the  valuation  property  used,  the 
cost  of  developing  the  railways's 
property  into  an  organized  transporta- 
tion agency,  even  although  such  cost 
is  usually  defrayed  out  of  earnings. 
It  is  also  claimed  that  no  allowance 
has  been  made  for  general  contingen- 
cies, and  that  second-hand  prices  are 
improperly  applied  as  reproduction 
new  prices  to  items  of  property  such 
as  relay  rail,  which  were  originally 
purchased  and  installed  as  new  prop- 
erty, but  which,  on  the  date  of  valua- 
tion, were  in  service  in  a  different 
place  from  that  in  which  they  were 
originally  installed. 

Cost  of  Reproduction  New  Less 
Depreciation. — The  vital  factor  in  con- 
nection with  cost  of  reproduction  less' 
depreciation  is  depreciation.  The  bu- 
reau, in  order  to  ascertain  the  amount 
of  depreciation,  determined  the  total 
service  life  and  the  remaining  ca- 
pacity for  service  of  each  article  base^, 
upon  field  observation,  and  from  this 
and  other  data  deduced  the  depre- 
ciated value,  making  due  allowance 
for  salvage  or  scrap  value.  For  the 
purpose  of  ascertaining  the  amount 
of  this  depreciation  the  bureau  used 
a  set  of  tables  in  which  was  stated 
the  average  total  service  life  of  all 
structures  and  materials.  When  the 
age  of  such  structures  was  known, 
the  condition  was  derived  directly 
from  the  number  of  years  of  the  total 
service  life  used  up.  Some  latitude 
was  allowed,  however,  by  the  bureau's 
engineers  where  exceptional  mainte- 
nance _was  evident,  and  in  such  case 
the  total  service  lift  was  extended. 
When  the  age  of  any  item  of  property 
was  unknown  its  condition  was  joint- 
ly estimated  in  the  field. 

The  railways  protest  that  the  meth- 
ods used  by  the  bureau  are  wrong  in 
principle  and  based  upon  a  misconcep- 
tion of  the  meaning  of  the  word 
"depreciation"  as  used  in  the  act. 
Their  view  is  that  depreciation  repre- 
sents only  impairment  of  functional 
efficiency,  i.e.,  where  property  is  main- 
tained at  100  per  cent  operating 
efficiency,  there  being  no  deferred 
maintenance,  there  can  be  no  depre- 
ciation regardless  of  its  age.  For 
example,  it  is  claimed  that  the  track 
structure,  when  properly  maintained, 
will  carry  as  great  a  load  when  it  is 
20  years  old  as  when  it  is  new. 

The  bureau's  answer  to  this  is  that 
when   the   Valuation   Act   was   passed 


the  term  "cost  of  reproduction  less 
depreciation"  had  a  clearly  defined 
and  well  understood  meaning  which 
was  that  depreciation  meant  decline 
in  value  due  to  loss  of  capacity 
through  age,  inadequacy,  etc.,  and 
that  Congress  used  the  word  in  that 
sense. 

The  difference  between  the  bureau 
and  the  railways  is  largely  one  as  to 
the  definition  of  depreciation,  and  as 
the  commission  has  adopted  the  bu- 
reau's definition,  the  matter  will  have 
to  be  adjudicated  by  an  independent 
authority. 

Other  Values  and  Elements  of  Value 
of  Railways. — The  Valuation  Act  di- 
rected that  the  commission  should 
report  all  other  values  and  elements 
of  value  appertaining  to  the  proper- 
ties of  the  railways.  At  hearings 
before  the  commission,  counsel,  repre- 
senting the  Presidents'  Conference 
Commission,  have  submitted  evidence 
on  the  values  which  were  enumerated 
as  follows:  Franchise  value,  growth 
of  traffic,  opportunity  of  development, 
going  concern  value,  strategic  advant- 
age at  competitive  points,  connections 
with  other  roads,  continuity  of  land 
and  favorable  gradients,  etc.  Many 
of  the  above  intangible  values  may 
be  overlapping  but  the  designations 
given  them  are  meant  to  be  descrip- 
tive as  a  brief  reference  only  can  be 
given  at  this  time. 

The  commission,  when  first  called 
on  to  deal  with  this  branch  of  the 
work,  took  the  ground  that,  according 
to  its  interpretation  of  the  Valuation 
Act,  such  values  should  be  found  by 
the  court  of  review.  The  railways 
protested  this  view  and  the  commis- 
sion agreed  without  prejudice  to  re- 
port these  values.  There  was,  there- 
fore, in  the  later  tentative  valuations, 
"a  sum  included  representing  all  these 
intangibles,  but  it  is  not  known  by 
what  methods  these  were  arrived  at, 
or  what  particular  values  are  dealt 
with. 

Present  Value  of  Lands. — The  com- 
mission, in  tentative  valuations  served 
upon  the  railways  to  Dec.  31st,  1922, 
show  as  the  present  value  of  lands 
used  $352,183,993,  which  is  equivalent 
to  14  per  cent  of  the  final  value  of  all 
the  property  reported. 

The  director  defined  present  value 
as  follows: 

"Present  value  ...  is  arrived  at 
by  ascertaining  the  number  of  acres 
of  land  owned  or  used  by  the  carrier 
for  its  purposes  as  a  common  carrier 
and    multiplying    this    acreage    by    a 
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market  value  determined  from  the  that  the  "final  value,"  as  reported, 
present  market  value  of  similar  has  not  been  determined  upon  \ 
adjacent  and  adjoining  lands.  Due  proper  consideration  of  all  the  relev- 
allowance  is  made  for  any  peculiar  ant  facts  and  in  accordance  with 
value  which  may  attach  by  reason  of  legal  principles  which  should  govern 
the  peculiar  adaptability  of  the  land  in  such  a  finding,  i.e.,  that  the  con- 
to  railroad  use.  stitutionally    protected    value    of    the 

"Nothing  is  included  for  the  expense  railway    properties    has    not   been    re- 

of  acquisition,  nor  for  severance  dam-  ported.     It  is  claimed  that  it  omits  a 

ages,  nor  for  interest  during  construe-  statement  of  the  methods  employed  in 

tion »  determining    the    values    of    common 

The    railways     protested    that    the  carrier  properties  and  any  analysis  of 

methods  adopted  by  the  bureau  ignore  such  methods  as  required  by  the  Val- 

severance    and    other    damages,    cost  uation  Act. 

of  buildings  and   other  structures  on  Analysis  of  Tentative  Valuations.— 

land    acquired,    etc.,    essential   to    the  An    analysis    of    the    tentative    valua- 

determination  of  the  cost  of  acquiring  tions   referred  to  gives  the  following 

railway  lands  and   of   their  value  on  results,  which  may  or  may  not  reflect 

the  date  of  valuation  required  by  the  the    method    by   which    "final     value" 

Valuation  Act.  was  determined: 

.u1?  !?Pl£'  the  d0*mk*i0f  P?intAe,d  0Ut  Cost  of  reproduction  less  de- 

that  the  Supreme  Court,  in  the  Mmne-  preciation  of  road  andequip- 

sota   rates   cases    in   1913,   refused   to         ment    $1,896,884,671 

allow  the  cost  of  reproduction  theory  ^Wnd  Supplies ' \ '. ! \  \ !     'SlM 

to  be  applied  to  railway  lands,  on  ths      Working  capital 43,454,503 

ground    that    it    was    incapable    Of    ra-  Going     concern     and     other 

tional  ascertainment.  The  commission  ™\ues  (not  reported  in  de-      in787574 

therefore  ruled  on  the  same  grounds  ' ' ' ! ! — 

that  it  was  "unable  to  report  the  re-  ,_        ,_,                           $2,506,402,714 

production  cost  of  such  lands   or  its  *%*>$*,* lfts;.gfa. nts  .an.d       56,203,672 

equivalent  the  present  cost  of  acquisi-  

tion  and  damages,  or  of  purchase  in  Final  value  of  used  prop-       _ 

excess  of  present   value."  erty  reported  $2,450,199,042 

nAA  _  •  w  .  0  .  The  figure  assigned  to  "going  con 
314  Tentat.ve  Valuations  Served  cern  and  other  values„  is  equivalent 
on  Ra.lways.-Tentative  valuations.  tQ  ?  cent  of  the  gum  reported  for 
numbering  314,  have  been  served  upon  ..flnal  yalue„  for  aU  the  property  re. 
railways  to  Dec  31st,  1922  m  which  ferred  but  varieg  between  3  per  cent 
the  "final  value'  of  Property  used  is  d  15  t  on  individual  roads. 
shown  as  $3,450,199,042  or  $55,756  per  m.  ?  ,  *  it. 
mile  of  road.  Two-thirds  of  the  rail-  Thei  boo,ks  of  tne  railways  con- 
ways  reported  upon  are  short  lines  cerned  reflect  on  approximate  invest- 
without  extensive  facilities,  hence  ment  ot  $2  871  743  998  and  capitaliza- 
the  abnormally  low  value  per  mile  of  Jion  of  $3,269  254,344  for  the  proper- 
road  ties  dealt  with. 

The  commission  states  in  these  ^  Uses  of  the  Valuation. — The  ex- 
valuations  in  connection  with  its  find-  penditures  made  in  response  to  the 
ing  of  "final  value":  orders    of   the   commission    to    supply 

"After  careful  consideration  of  all  information  and  generally  co-operate 
the  facts  contained  herein,  including  jn  valuation  work,  have  not  been  in- 
appreciation,  depreciation,  going-con-  curred  without  benefit  to  the  rail 
cern  value  and  all  other  matters  ways  in  the  United  States.  These 
which  appear  to  have  a  bearing  upon  railways  now  have  on  record  a  de- 
the  values  here  reported,  the  values,  tailed  inventory  of  their  physical 
as  that  term  is  used  in  the  Interstate  property  compiled  in  accordance  with 
Commerce  Act,  of  the  property  of  tho  ^q  classification  of  accounts  pre- 
cancer wholly  owned  and  used,  owned  scribed  by  the  Interstate  Commission 
but  not  used,  and  used  but  not  owned,  and  checked  by  the  engineers  of  the 
located  in  the  United  States  and  bureau  of  valuation.  It  has  already 
devoted  to  common-carrier  purposes,  become  an  established  practice  in  the 
are  found  to  be    .    .    ."  United  States  to  use  such  records  as 

The  railways  for  reasons,  a  few  of  a  basis  for  the  adjustment  and  settle- 

which  have  already  been  referred   to  ment   of   the   many   questions   arising 

in  this  paper  in  connection  with  some  as  to  the  joint  ownership  and  use  of 

of  the  more  important  items,  protest  property,  the  valuations  necessary  for 
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taxation  and  insurance  purposes,  and 
the  preparation  of  agreements  for 
traffic  and  land.  Plans  and  profiles 
complete  in  all  details  and  checked 
by  the  bureau's  engineers  are  now 
available  for  use  by  the  engineering 
and  operating  departments.  These 
plans  are  kept  up  to  date  and  show- 
all  additions  or  retirements  to  the 
property  as  these  occur,  so  that  their 
value  can  be  readily  realized. 

Special  investigations  have  been 
made  in  connection  with  the  lands 
and  rights-of-way  of  the  railways  and 
the  land  plans  and  schedules  compiled 
and  used  by  the  railways  for  valua- 
tion work  contain  full  information  re- 
garding title,  dimensions,  areas  and 
values  of  all  lands.  Already  the  effect 
of  this  on  revenue  for  leased  lands  is 
evident  by  the  increased  rentals  now 
received  by  the  railways  due  to  the 
resulting  increase  in  the  valuation  of 
such  lands. 

The  classification  of  all  main  line 
and  siding  rail  made  in  preparation 
for  the  field  work  giving  the  make, 
date  rolled,  weight  per  yard,  date  laid 
and  other  necessary  information  is 
now   in  constant  use. 

Plans  and  photographs  of  all  build- 
ings, bridges  and  structures  are  on 
file  and  with  them  a  record  containing 
description,  the  date  of  construction, 
condition,  and  reproduction  cost  of 
each  structure.  The  revision  of  the 
railway  bridge  and  building  books  can 
now  be  made  from  valuation  records 
with  little  additional  expense.  Reg- 
isters of  motive  power,  car  and  me- 
chanical equipment  have  been  pre- 
pared and  all  future  changes  in  such 
will  be  recorded.  These  registers  are 
already  proving  of  great  assistance 
in  the  regular  work  of  the  depart- 
ments concerned.  Generally,  the  in- 
ventory of  the  property  of  the  roads 
has  been  completed  in  detail,  and 
checked  as  it  is  by  the  bureau's  engi- 
neers, forms  a  guaranteed  basis  for 
the  adjustment  of  disputes  as  to  own- 
ership, for  the  valuation  of  terminals 
for  joint  use,  for  leasing  trackage 
rights  and  for  all  those  railroad  pur- 
poses which  involve  a  rental,  repre- 
sented by  a  percentage  charge  on  the 
value  of  any  property  under  consid- 
eration. The  .possession  of  the  in- 
ventory notes  and  computations  form 
a  groundwork  for  the  adjustment  of 
all  accounting  records  necessary  for 
reporting  all  changes  in  property  to 
the  Interstate  Commerce  Commission 
imder  its  revised  classification  of  ac- 
counts. 


Relations  of  Banker  and 
Contractor 


Abstract    of    an     Address     Feb.    2    at 
Annual   Meeting  of  the  Associ- 
ated  General   Contractors 

By  HENRY  S.  M'KEE, 

Vice  President,  Merchants  National  Bank, 
Los  Angeles,  Calif. 

So  far  as  the  relations  between  the 
banker  and  contractor  go,  I  think  you 
know  more  about  that  than  I  do.  You 
probably  all  conduct  your  relations 
most  satisfactorily  and  sometimes  un- 
satisfactorily. I  want  to  say  to  you 
that  with  reference  to  men  of  the 
character  and  calibre  of  yourselves 
there  ought  not  to  be  any  serious 
basis  for  disagreement  between  you 
and  your  banker  with  relation  to 
what  you  ask  and  expect  of  the  bank- 
er and  what  the  bank  does.  If  you 
make  an  application  to  a  bank  for 
credit  and  don't  get  it,  the  probabili- 
ties are  very  great  that  it  is  solely 
due  to  a  failure  on  the  part  of  the 
banker  to  fully  understand  just  ex- 
actly who  you  are,  what  it  is  you 
want,  why  you  want  it,  and  how  you 
are  going  about  your  business.  It  is 
perhaps  a  fault  of  the  banker;  many 
times  it  is  the  fault  of  the  bank  to 
the  extent  of  its  utter  inability  to 
comprehend  such  matters.  It  may,  on 
the  other  hand,  be  the  fault  of  your- 
selves or  of  the  particular  agent  or 
representative  that  you  send  to  talk 
to  the  banker,  due  to  his  inability  to 
represent  a  clear  picture  of  the  four; 
dation  upon  which  your  credit  rests 
that  you  are  asking  .of  the  bank. 

I  think  if  a  great  deal  of  attention 
is  paid  to  seeing  that  the  banker  fully 
understands  what  you  want  and  that 
you  have  his  full  and  complete  confi- 
dence, most  of  the  difficulties,  if  there 
are  any,  will  vanish  as  between  your- 
self and  the  banker.  A  banker  is  a 
curiously  narrow-minded,  incompe- 
tent kind  of  a  creature.  I  can  say 
that  to  you  because  I  know.  I  can't 
go  down  to  a  bank  as  most  men  en- 
gaged in  other  large  businesses — 
knowing  that  today  I  will  take  up 
and  deal  particularly  with  a  certain 
matter  which  will  be  my  forenoon's 
work.  When  one  goes  into  the  bank, 
he  does  not  know  what  he  is  going 
to  do.  What  you  do  depends  upon 
who  comes  in  and  what  he  comes  in 
about.  You  have  sat  for  years  and 
years  in  a  bank  and  you  haven't  the 
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slightest  conception  of  what  is  going 
on  in  the  outer  world.  You  say  bank- 
ers should  go  around  and  see.  Of 
course  they  should,  but  they  can't  do 
it  any  more  than  you  go  around  and 
see  what  the  other  fellows  are  doing. 

The  Banker's  Position. — The  bank- 
er sits  there,  dealing  with  you,  listen- 
ing to  a  hurried  discussion,  fragmen- 
tary and  incomplete  according  to 
your  ability  to  give  him  a  conception 
of  your  ability  to  do  the  work;  get- 
ting a  very  immature  understanding 
of  what  you  are  talking  about,  realiz- 
ing that  two  or  three  other  men  are 
standing  out  there  first  on  one  foot 
and  then  the  other,  waiting  for  you  to 
get  through,  so  that  they  can  come 
in  to  talk. 

The  man  in  banking  work  sits  there 
working  on  several  things  bearing  no 
close  relationship  to  anything  else 
and  he  is  trying  to  get  a  fragmentary 
scrap  of  information  upon  which  to 
base  an  intelligent  discussion  as  to 
whether  he  shall  extend  credit  in  the 
amount  that  the  customer  desires.  It 
is  a  state  of  mind — one  of  moderate 
bewilderment — a  kind  of  feeble,  im- 
perfect effort  to  understand  different 
matters  upon  which  he  must  extend 
credit,  and  the  obligation  upon  you  is 
heavy  to  help  the  banker  understand 
what  you  are  talking  about  and  what 
you  want  to  do.  But  if  it  does  inter- 
est you  at  all  to  understand  how  a 
bank  regards  applications  for  credit, 
not  from  contractors  particularly,  but 
from  anybody,  there  are  a  few  tests 
that  are  applied  to  it.  The  first  ques- 
tion is,  who  is  this  man  that  asks  this 
credit?  You  want  to  know  something 
about  the  man;  you  want  to  know 
something  about  his  working  charac- 
ter, with  regard  to  keeping  his  obli- 
gations, his  backbone  and  manhood. 
There  are  people  who  come  into  the 
bank  with  a  perfectly  fair  exterior  ap- 
pearance who  talk  pleasantly,  are 
plausible  and  agreeable,  but  com- 
ing to  a  crisis  as  to  a  deci- 
sion to  be  made  by  that  man, 
whether  he  shall  lose  or  the  bank 
shall  lose,  he  will  choose  the  bank. 
You  have  to  know.  There  is  abso- 
lutely no  certain  basis  of  giving  cred- 
it, but  you  can  conceive  the  situations 
that  might  arise  which  are  very  try- 
ing, both  to  the  man  and  to  the  bank. 
Suppose  a  man  owed  the  bank  $10,- 
000  and  got  into  a  Worse  and  worse 
situation  until  he  got  down  to  the 
point  where  he  was  practically 
through  and  broke,  and  perhaps  had 
just  about  $10,000  and  had  a  wife,  per- 


haps a  sick  wife,  and  two  or  three 
children,  and  he  had  to  make  a  de- 
cision right  then  whether  he  would 
pay  his  $10,000  note  to  the  bank,  or 
whether  he  would  give  it  to  his  wife 
and  children.  Now  it  is  a  pretty  hard 
question  as  a  man  aproaches  closer 
and  closer  to  a  situation  of  that  kind 
and  there  is  placed  a  harder  and  hard- 
er test  upon  the  fiber  of  his  moral 
character.  Situations  of  that  kind 
don't  often  arise,  but  the  thing  you 
want  to  know  is  that  his  human, 
moral  character,  as  far  as  it  goes  as 
we  understand  it,  must  enjoy  your  ab- 
solute and  full  confidence. 

Who  Shall  Receive  Loans? — Now 
the  question  about  his  loan  is,  is  it 
good  now?  Is  the  man  financially  in 
position  this  minute  to  pay?  Is  it 
good?  He  places  before  you  a  state 
ment  as  to  his  assets  and  liabilities- 
perhaps  collateral,  which  is  more  ad- 
visable. You  look  these  over  and  form 
your  judgment.  You  don't  know 
whether  the  statement  is  true. 

The  next  question  is,  is  he  going  to 
stay  good?  He  isn't  going  to  pay  the 
loan  now,  but  several  months  from 
now.  That  requires  an  inquiry  into 
what  has  been  his  business  history. 
Has  he  been  a  man  who  engaged  in 
his  pursuit  or  line  of  business  or  oc- 
cupation several  years,  and  has  pur- 
sued that  continuously,  faithfully  and 
successfully  ever  since?  As  you  look 
back  over  a  series  of  statements  ren- 
dered to  your  bank  at  the  close  of 
each  year  for  the  last  two,  three,  five 
or  ten  years,  you  can  say:  "Yes,  you 
can  see  at  the  end  of  each  year,  that 
he  has  accumulated  during  that  year 
substantial  profit  in  excess  of  all  de- 
ductions of  every  sort  and  in  excess 
of  everything  that  he  took  out  of  the 
business  for  his  own  living  and  still 
had  some  profit  that  remained  in  the 
business,  so  that  his  net  worth  in  the 
business  had  steadily  increased  in 
ever  year — a  history  of  business  suc- 
cess— a  competent,  successful  man. 
Is  he  that  type  or  did  he  go  into  the 
contracting  business  last  year,  hav- 
ing prior  to  that  been  in  two  or  three 
other  things  and  made  a  failure  or 
only  a  moderate  success  in  each  one 
of  them?  We  want  to  know  about  a 
man's  capacity  to  succeed. 

After  all,  the  really  important  thing 
about  it  is  this — that  man  comes  in  to 
the  bank  to  borrow  $50,000  from  the 
bank  and  the  real  question  is  what  is 
he  going  to  do  with  the  $50,000?  Now 
will  he  lose  it,  or  will  he  make  good 
and  bring  it  back?    What  is  the  man's 
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capacity  to  carry  on  his  business  suc- 
cessfully as  proved  by  his  character 
and  history  of  his  business  so  far? 

There  is  still  another  question.  This 
note  that  he  gives  us  is  going  to  fall, 
due  in  three  or  four  months.  Natural- 
ly you  are  desirous  that  it  shall  be 
paid,  because  it  is  a  whim  of  men  en- 
gaged in  the  banking  business  that 
they  want  to  exact  payment  of  notes. 
It  is  because  they  hold  deposits  sub- 
ject to  check  and  they  must  have 
them  in  a  condition  more  or  less 
liquid.  We  have  loans  that  stand 
pretty  constantly  at  about  $25,000,000. 
That  is  our  quota  of  loan  money.  In 
the  course  of  a  year  we  loan  about 
$100,000,000  or  about  four  times  the 
total  loanable  funds  of  the  bank.  We 
have  to  loan  about  this  amount  in  or- 
der to  meet  the  legitimate  borrowing 
requirements  of  our  customers.  Neces- 
sarily, then,  the  average  loan  must 
run  about  three  months.  Some  of 
them  run  longer,  some  by  pre-arrange- 
ment,  and  some  run  several  years, 
when  originally  it  was  intended  that 
they  should  run  only  30  days. 

The  Borrower's  Obligation. — It  is 
really  necessary,  if  a  bank  shall  fully 
perform  the  function  in  the  commu- 
nity and  serve  its  customers  as  it 
should,  that  its  loans  should  have  a 
due  date  not  many  months  off  and 
loans  should  be  paid  when  due.  That 
raises  the  next  question.  The  bor- 
rower says  he  wants  this  money  for 
three  months.  Where  is  the  money 
going  to  come  from  to  pay  it  back? 
Let's  look  at  the  statement;  let's  look 
at  his  operations.  It  is  really  a  neces* 
sary  requirement  that  it  shall  clearly 
appear  from  the  purpose  for  which  he 
is  going  to  use  the  money  that  by 
using  it  and  carrying  forward  those 
purposes  to  completion,  upon  the  com- 
pletion there  will  automatically  come 
to  him  out  of  the  business  that  he 
did,  a  sum  of  money  with  which  he 
shall  retire  this  note  at  maturity,  and 
that  the  probabilities  are,  if  the  plans 
are  carried  out,  that  that  money  will 
come  to  him  and  he  will  come  in  and 
pay  his  note. 

That  is  about  the  final  requirement, 
except  one.  Does  he  do  anything  for 
the  bank?  I  don't  mean  in  any  selfish 
sense  that  we  are  trying  to  get  busi- 
ness from  him,  but  does  he  carry  a 
balance  at  the  bank  at  least  great 
enough  to  compensate  the  bank  for 
handling  his  business. 

The  simplest  view  of  the  banking 
business  is  that  general  business  men 
carry   on   deposit   their   surplus,    tem- 


porarily unused  cash,  their  working 
funds.  It  is  by  the  utilization  of  these 
funds  that  the  bank  makes  money. 
His  loan  depends  upon  the  supply.  If 
he  carries  with  the  bank  substantial 
deposits,  subject,  of  course,  to  his 
check,  then  the  bank's  power  to  ex- 
tend credit  is  correspondingly  greater 
You  have  to  know  the  man;  you 
have  to  know  his  character;  and  his 
capacity  to  carry  on  his  business.  You 
have  to  know  that  at  the  moment,  he 
is  financially  good;  you  have  to  know 
that  he  is  going  to  stay  good;  and 
you  have  to  know  that  he  is  doing  at 
least  his  part  toward  the  maintenance 
of  the  bank  as  an  institution. 


English    Railway    Electrification 

Electricity  will  take  the  place  of 
steam  power  on  several  hundred  miles 
of  railroad  in  the  south  of  England 
and  the  Midland  counties  under  the 
schemes  being  undertaken  by  the 
British  railways.  Two  of  the  planned 
electrified  routes  to  be  commenced 
immediately  concern  the  South  East- 
ern &  Chatham  system,  says  Consul 
General  R.  P.  Skinner  in  a  report  to 
the  Department  of  Commerce.  The 
district  lines  from  Charing  Cross  to 
Orpington  (14V2  miles)  and  Dartford 
(17%  miles),  and  to  Addiscombe  and 
Hayes,  are  mentioned  as  the  first,  and 
will  be  followed  by  a  second  section 
comprising  lines  to  Gillingham  (36 
miles),  Tonbridge  (30  miles)  and 
Dorking  (23  miles).  These  form  the 
basis  for  a  more  extensive'  electrifica- 
tion in  the  future.  It  is  expected  the 
work  will  take  about  three  years  to 
completer  On  the  London  Brighton  & 
South  Coast  Ry.,  the  plans  cover  the 
electrification  of  the.  lines  from  Lon- 
don to  Brighton  (50  miles),  and  ulti- 
mately the  whole  of  the  London- 
Brighton  area.  Work  is  proceeding 
on  the  line  through  Croydon  to  Couls- 
don  (14  miles)  and  Wallington,  and  is 
expected  to  be  finished  this  year. 
Then  will  follow  the  change  over  from 
Coulsdon  to  Brighton,  Brighton  to 
Eastbourne  (running  east)  and  Worth- 
ing (running  west).  Within  the 
next  two  years  the  electrification  of 
the  three  lines  from  Waterloo  to  Guil- 
ford (London  and  South  Western  Ry.) 
will  be  completed.  The  London,  Mid- 
land and  Scottish  group  are  beginning 
the  change  over  on  the  line  cover- 
ing Manchester,  Oldham,  Middleton, 
Royton  and  Shaw,  as  a  preliminary 
to  larger  developments.  The  same 
group  intends  to  electrify  the  system 
to  Rickmansworth. 
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Stripping  with  Power  Bottomless 
Drag  Scraper 

A  power  bottomless  drag  scraper  is 
being  used  with  excellent  results  by 
Kunkel  and  Fredendall,  of  Garrison, 
N.  Dak.,  in  removing  overburden  from 
their  coal  deposit.  We  are  indebted 
to  Leschen's  Hercules  for  the  follow- 
ing description  of  the  arrangement: 

Their  equipment  was  furnished  by 
L.  P.  Green,  of  Chicago,  and  is  oper- 
ated with  Hercules  and  Leschen  plow 
steel  wire  rope.  Power  is  supplied  by 
a  9  by  12  Lambert  double-drum,  dou- 
ble-cylinder hoist,  with  a  60-h.  p.  ma- 


wire  rope  designed  especially  for  this 
kind  of   equipment. 

The  length  of  the  return  line  is  325 
ft.  and  the  main  linn  is  350  ft.  long. 
With  this  equipment  160  ft.  of  pit  is 
excavated.  The  spoil  bank  is  about 
150  ft.  at  base  and  from  40  ft.  to  45 
ft.  high.  The  tower  is  mounted  on 
flanged  wheels  and  steel  rails.  Mov- 
ing and  tightening  guy  lines  can  be 
done  in   15  minutes. 

As  the  teeth  of  the  scraper  extend 
somewhat  below  it,  from  3  to  6  ins. 
of  loose  dirt  is  left  on  top  of  the  coal, 
which  is  removed  by  teams;  however, 
they  are   planning  on   an  attachment 


General    View   <*f   Stripping    Operations   at    Coal   Deposits  of   Kunkel  &  Fredendall. 


rine-type  boiler,  which  burns  waste 
coal  from   the   mine. 

The  overburden  encountered  runs 
from  16  ft.  to  22  ft.  in*  thickness,  and 
is  made  up  of  approximately  2  ft. 
black  loam,  4  ft.  hardpan,  5  ft.  coarse 
gravel  and  rock,  and  from  5  ft.  to  12 
ft.  hard  packed  clay.  All  of  these 
formations  are  handled  without  any 
adjustment  being  made  on  the 
scraper. 

The  tower  is  85  ft.  high,  20  ft.  wide 
at  base  and  is  made  of  8  by  8  and 
6  by  6  timbers.  There  is  a  swinging 
sheave  at  top  of  tower  for  return  line, 
also  a  swinging  sheave  50  ft.  above 
ground  for  the  main  cable.  This  last, 
mentioned  sheave  is  hung  on  a  bridle 
composed  of  Hercules  wire  rope. 

For  the  return  line  a  %  in.  round 
strand  plow  steel  rope  is  used.  The 
main  line  is  1  in.  Hercules  red-strand 


that  will  enable  them  to  do  all  the 
cleaning  up  with  the  scraper.  The 
back  of  the  pit  goes  nearly  straight 
down,  and  where  the  scraper  is 
dragged  out  the  bank  is  sloped,  but 
quite  steep. 


Results  of  5  ct.  Street  Car  Fare  at 
Seattle. — Complete  figures  on  receipts 
of  the  Seattle  Municipal  Railway  for 
March,  according  to  press  reports,  bear 
out  the  trend  indicated  at  the  begin- 
ning of  the  5  cent  fare  period  March 
1.  The  actual  average  daily  loss  for 
the  thirty-one  days  was  $4,475  a  day, 
or  $138,725  for  the  month.  Passenger 
traffic  during  the  month  showed  a  gain 
of  only  iy2  per  cent  in  that  period, 
starting  the  first  seven  days  with  a 
daily  average  of  283,441  and  ending 
the  month  with  an  average  for  the  last 
seven  days  of  287,001. 
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Crushed  Stone  for  Railroad 
Ballast 


Abstract  of  a  Paper  Presented  at  the 

Last    Annual    Convention    of    the 

National    Crushed    Stone 

Association 

By  THEO.   BLOECHER,  JR., 

Division  Engineer,   Baltimore  &  Ohio  R.  R. 

Ballast  is  a  fundamental  necessity 
for  the  transportation  facilities  of  the 
world  and  of  the  various  kinds  in  use, 
crushed  stone  is,  up  to  the  present, 
the  ultimate  development.  Much  study 
has  been  given  the  subject  by  the  rail- 
roads and  the  fact  that  some  ques- 
tions remain  unsettled  is  evidence  of 
the  need  of  co-operation  between  the 
producers  and  the  users  of  crushed 
stone  ballast.  An  ambitious  program 
is  drawing  to  a  close  and  the  thought 
presents  itself  that  the  spirit  animat- 
ing the  arrangements  will,  without  a 
doubt,  have  beneficial  results. 

Track  Foundations  of  Early  Rail- 
roads.—In  the  early  days  of  railroad- 
ing, curious  ideas  regarding  founda- 
tion for  the  track  were  prevalent.  The 
original  construction  of  the  old  Erie 
Ry.  was  planned  on  pile  trestles,  but 
soon  abandoned.  Later  construction 
on  other  lines  showed  the  influence 
of  traditional  practices  in  foundation 
work,  and  we  see  large  cut  ^tone  slabs 
to  support  sleepers  under  the  track. 
Gradually  it  became  apparent  that  a 
rigid  cushion  to  distribute  the  load 
over  the  subgrade,  and  at  the  same 
time  one  elastic  enough  to  permit  a 
relatively  fine  adjustment  of  the  track 
to  line  and  surface,  had  to  be  sought 
in  a  porous  material.  As  experience 
accumulated,  crushed  stone  naturally 
developed  and  such  ballast  was  for  a 
long  time  the  most  important  use  to 
which  this  product  was  put,  except- 
ing., perhaps,  its  use  on  highways  as 
initiated  by  the  Scotch  engineer  Mac- 
Adams. 

Requirements  of  Good  Ballast. 
The  requirements  for  good  ballast 
stone  are  relatively  few.  It  must  be 
hard  to  resist  tools  used  in  track 
work.  It  must  break  into  jagged  pieces 
of  suitable  shape  which  will  firmly 
interlock.  It  must  be  dense  with  a 
minimum  of  absorption  of  water  and 
it    must    weather    well    and    keep    its 


jagged  shape.  It  must,  in  addition, 
be  produced  in  sizes  of  the  maximum 
uniformity  in  order  to  secure  the 
maximum  percentage  of  voids. 

A  crushed  stone  satisfying  the 
above  conditions  to  the  greatest  ex- 
tent is  one  most  suitable  as  ballast. 
Such  a  stone  will  quickly  pass  off 
water,  the  arch  enemy  of  the  rail- 
roads, and  will  provide  a  firm  founda- 
tion for  the  heavy  loads  which  will  be 
distributed  over  the  roadway. 

Railway  Specifications  for  Rock 
Ballast. — The  American  Railway  En- 
gineering Association  has  only  recent- 
ly propounded  a  specification  as  a 
guide  to  the  users  of  rock  ballast. 
This  specification  has  not  been  ap- 
plied a  sufficiently  long  time  to  justify 
drawing  of  conclusions  based  on  expe- 
rience. It  is  earnestly  recommended 
that  the  National  Crushed  Stone  As- 
sociation study  these  specifications 
and  develop  facilities  for  carrying  on 
the  tests  therein  outlined.  This  speci- 
fication is  published  in  the  "Proceed- 
ings" of  the  association  of  1920,  Vol. 
21,  pages  439-442,  and  was  formulated 
after  a  study  of  the  literature  on  the 
subject.  This  specification  embodies 
the  experience  of  representative  rail- 
road engineers.  The  work  of  the  U. 
S.  Government  is  of  particular  inter- 
est and  its  publication,  No.  370,  De- 
partment of  Agriculture,  is  called  to 
attention. 

The  crushing  operations  and  the 
screening  of  the  stone  and  the  effi- 
ciency and  economy  with  which  this 
work  i^  done  is  of  the  utmost  im- 
portance to  the  trade  and  a  prominent 
place  in  these  discussions  has  been 
assigned  to  these  phases  of  your 
work.  It  would  be  presumptuous  to 
touch  on  this  subject  in  view  of  the 
attention  it  is  receiving,  but  the  re- 
sults of  your  endeavors  will  be  re- 
viewed with  interest  by  railroad 
engineers. 

The  Railway's  Problem. — The  han- 
dling of  the  quarry  products  and  its 
distribution  and  application  to  the 
roadbed  is,  however,  the  particular 
problem  of  the  railroads.  Herein  much 
has  been  done  and  a  heavy  invest- 
ment in  equipment  has  been  made  to 
place  the  ballast  where  it  belongs  and 
to  do  it  economically  and  efficiently. 

The  subject  of  proper  size  of 
crushed  stone  ballast  is  an  open  one. 
and  one  of  which  a  wide  difference 
of  opinion  exists.  All  ballast,  to  be 
effective,  must  drain  properly  and 
this  means  it  must  be  clean  and  the 
voids    open!     When    ballast    becomes 
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foul  it  must  either  be  removed  or  it 
must  be  cleaned.  Rock  ballast  can  be 
cleaned,  if  of  sufficiently  large  size, 
and  methods  have  been  developed  and 
are  being  perfected  to  do  this  at  a 
cost  representing  a  substantial  saving 
over  renewal.  There  is,  however,  a 
drawback  to  a  large  size  of  ballast 
stone,  and  that  is  the  difficulty  of  fine 
surface  adjustments  under  traffic 
without  breaking  up  the  stone  in  the 
act  of  tamping.  It  stands  to  reason 
that  to  raise  a  low  spot  in  the  track, 
say  V-z  in.,  with  stone  of  so-called 
"3-in."  size,  presents  a  problem  to 
the  trackman  which  he  solves  by 
breaking  up  the  stone  to  proper  size 
to  attain  the  result  desired.  It  seems 
anomalous  to  expend  effort  and  money 
to  screen  out  small  sizes  and  then 
break  up  the  large  sizes  while  work- 
ing track. 

Requirements  for  Ballast  and  Con- 
crete Radically  Different. — On  the 
other  hand,  to  use  stone  of  varying 
sizes  tends  to  fill  the  voids  and  re- 
duces the  value  of  the  product  as 
ballast.  Herein  the  requirements  for 
ballast  and  for  concrete  stone  are 
radically  different.  A  minimum  of 
voids  in  concrete  aggregate  is  desired 
and  the  opposite  is  true  of  rock  for 
ballast  purposes.  Again,  concrete  calls 
for  large  and  small  aggregate,  the 
former  for  monolithic  and  the  latter 
for  reinforced  work  so  that  it  seems 
construction  work  requirements  call 
upon  the  quarries  for  a  fuller  utiliza- 
tion of  their  output  of  crushed  stone 
than  do  the  railroads  for  ballast  use. 
The  result  of  this  conflict  of  interest 
has  no  doubt  been  of  influence  on  the 
cost  of  ballast.  It  may,  therefore,  be 
suggested  that  this  matter  be  studied 
with  a  view  to  producing,  economical- 
ly, that  product  required  by  the  rail- 
roads and  at  the  same  time  serving 
the  other  market  satisfactorily.  Both 
markets  are  destined  to  grow,  al- 
though, perhaps,  at  different  rates, 
but  the  necessity  for  stone  for  ballast 
is  of  growing  importance  on  account 
of  the  great  increase  in  train  and 
engine  weights  coupled  with  high 
speeds,  making  a  firm  foundation 
essential. 

A  small  size  for  ballast  stone  has 
the  effect  of  reducing  the  cost  of 
maintaining  the  surface  of  track  and 
at  the  same  time  gives  as  good  a 
foundation  as  the  larger  size.  The 
small  stone,  however,  beyond  a  cer- 
tain limit,  cannot  be  cleaned  by 
screening,  and  when  too  foul,  must  be 
wasted.     It  seems  probable  that  the 
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small  stone  fouls  more  slowly  than 
the  large  and  under  certain  condi- 
tions, therefore,  the  ultimate  cost  may 
be  about  the  same  for  either  size. 
The  cost  of  production  will  be  an  im- 
portant factor  and  it  is  here  that 
co-operation  may  result  in  benefit  to 
all.  It  is  undeniably  a  fact  that  a 
large  railroad  mileage  now  without 
stone  would  be  rock  ballasted  but  for 
the  cost,  and  certain  locations  could 
profitably  be  studied  by  your  member- 
ship to  develop  suitable  material  for 
ballast  and  prepare  the  way  for  the 
other  uses  of  crushed  stone  which  are 
sure  to  grow. 

As  to  the  various  kinds  of  stone  to 
be  used  for  rock  ballast,  it  can,  in  gen- 
eral, be  said  that  rock  suitable  for 
railroad  track  will  be  suitable  as  well 
for  concrete.  Our  old  friend  trap 
rock  is  not  available  at  many  places 
and,  while  a  prime  favorite,  is  only 
one  of  many  giving  good  results;  and 
requirements  will  often  have  to  be 
scaled  down  to  utilize,  economically, 
the  material  nature  has  provided  in  a 
given  region.  The  limit  to  which 
such  a  modification  can  go  depends 
on  too  many  factors  to  be  gone  into 
here,  but  will  have  to  be  based  on  an 
analysis  of  particular  cases. 


Locomotive  Shipments  in  March 

Shipments  of  railroad  locomotives 
from  the  principal  manufacturing 
plants  increased  to  282  in  March,  and 
were  the  highest  since  December. 
1920,  according  to  figures  published 
by  the  Department  of  Commerce  from 
compilations  of  the  Bureau  of  the 
Census.  Unfilled  orders  continued  to 
increase  and  made  a  new  high  record 
at  2,316  locomotives,  an  increase  of 
96  during  the  month.  Unfilled  for- 
eign orders  increased  for  the  first 
time   since  last  October. 

The  following  table  compares  the 
March,  1923,  figures  with  the  previous 
month  and  with  the  corresponding 
month  last  year,  as  well  as  totals  for 
the  year  to  date,  compared  with  a 
year  ago,  in  number  of  locomotives: 

3    months' 


Mar., 

Feb., 

Mar., 

LUl 

Jan.- 

ell. 

Mar.. 

1923. 

1923. 

1922. 

1923. 

1922. 

Shipments — 

Domestic.    269 

19G 

35 

682 

86 

Foreign    ..      13 

11 

4 

36 

71 

Total    ..    282 

207 

39 

718 

157 

Unfilled  orders — 

Domestic. 2, 214 

2,141 

255 

Foreign    ..    102 

79 

75 

Total    ..2,316     2,220        330 
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Care  and  Handling  of  Mechanical  Tie  Tampers 

Practice  of  New  York  Central  R.  R.  Described  in  Committee  Report 
Presented  March  13  at  24th  Annual  Convention  of  Amer- 
ican Railway  Engineering  Association 


The  New  York  Central  R.  R.  has 
had  the  present  types  of  gasoline 
driven  compressed  air  mechanical  tie 
tampers  in  service  for  the  past  eight 
years,  so  that  the  many  advantages 
have  become  well  apparent,  and  at 
the  same  time  a  well  worked  out  sys- 
tem has  been  evolved  for  their  care 
and  operation. 

Size  of  Machines. — Most  of  these 
machines  in  use  in  the  track  depart- 
ment are  of  two-tool  size,  these  being 
a  part  of  the  standard  equipment  for 
main  line  sections;  for  with  its  ca- 
pacity this  size  machine  meets  all 
the  requirements  of  the  ordinary  sec- 
tion gang  without  unreasonable  idle- 
ness for  the  machine  as  would  be  the 
case  were  the  four-tool  machines  put 
with  a  section  gang  that  does  not  ex- 
ceed 10  men.  The  four-tool  machine 
has  its  place,  however,  as  in  the  large 
extra  gangs  more  men  are  available 
for  preparing  track  ahead  of  the  ma- 
chine. The  same  results  can  be  ob- 
tained in  case  of  the  extra  gangs  by 
the  use  of  the  two-tool  machines  from 
adjoining  sections. 

The  use  of  the  two-tool  machine  for 
general  main  line  section  gang  work 
had  been  amply  justified,  for  it  has 
been  possible  +o  maintain  heavy  high 
speed  traffic  through  periods  of  labor 
shortage  largely  because  of  the  more 
thorough  and  even  tamping  that  has 
been  possible  with  the  machines  as 
against  hand  tamping.  Track  put  up 
with  air  tool  tamping  machines  holds 
its  line  and  surface  much  better  than 
is  possible  with  hand  work  alone. 

Method  of  Using  Tampers.  —  As 
soon  as  the  preliminary  spring  work 
as  to  getting  main  tracks  into  good 
riding  condition  has  been  completed, 
where  this  is  found  necessary,  contin- 
uous work  is  begun,  and  the  tamping 
machines  are  then  in  almost  constant 
use.  With  a  gang  of  8  or  10  men  the 
usual  method  is  for  part  of  the  gang 
to  go  ahead  and  spot  in  the  ties,  two 
men  working  with  the  jacks  and  two 
following  up  continuously  with  the 
guns  after  the  new  ties  have  been 
given  a  preliminary  hand  tamping  to 
temporarily  bed  them.  Some  foremen 
keep  a  third  man  with  the  gun  to  fork 


ballast,  handle  the  hose,  and  keep  a 
lookout  for  the  approach  of  trains. 
Tamping  with  the  guns  jp  usually 
carried  along  on  one  side  of  the  track 
for,  say,  half  a  rail  length,  after 
which  the  tamping  is  followed  up  on 
the  other  side.  The  foreman  starts 
and  cares  for  the  machine  along  with 
his  other  duties.  Tamping  is  usually 
carried  only  from  under  the  rail  to 
the  outer  end  of  the  tie,  though  some 
prefer  to  also  tamp  from  6  to  12  in. 
inside  the  rail  as  well.  Either  method 
gives  good,  substantial  track,  though 
there  is  some  saving  in  time  if  the 
inside  tamping  is  omitted.  With 
outside  tamping  only,  200  ties  per  day 
can  be  tamped  in  seven  hours'  actual 
tamping,  as  against  about  150  ties  if 
tamped   both   inside   and   outside. 

In  connection  with  extra  gang  work 
in  making  heavy  track  lifts  four  guns 
are  necessary,  either  with  the  use  of 
a  4-tool  or  two  2-tool  machines,  the 
preliminary  tamping  being  done  with 
spades  and  followed  up  with  the  air 
tamping  guns. 

Care  of  Machines. — With  the  ma- 
chines in  good  condition  at  the  be- 
ginning of  a  season  they  will  give 
very  satisfactory  service  continuous- 
ly, but  some  minor  adjustments  are 
necessary  from  time  to  time,  with  oc- 
casional repairs  that  necessitate 
bringing  a  machine  in  to  headquar- 
ters. With  a  subdivision  having  10 
or  more  tampers  and  an  equal  num- 
ber of  motor  cars  a  gas  engine  me- 
chanic, with  in  some  cases  a  helper, 
is  assigned  to  the  care  and  mainte- 
nance of  the  machines,  and  his  duties 
necessitate  his  traveling  over  the  as- 
signed territory  making  minor  ad- 
justments, observing  the  working  of 
the  machines  and  instructing  the 
men  in  their  operation.  At  the  close 
of  the  working  season  the  machines 
are  picked  up  by  work  train  and  as- 
sembled at  headquarters.  There  they 
are  carefully  gone  over  by  the  gas 
engine  mechanics,  thoroughly  cleaned 
and  taken  down,  new  parts  supplied 
where  necessary,  and  made  ready  for 
the  next  season's  work. 

In  this  connection  the  air  compres- 
sor end  of  the  machines  is  given  par- 
ticular attention,  for  though  appar- 
ently  a    simple    piece    of   mechanism 
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this  end  of  the  mechanical  tie  tamp- 
er is  worthy  of  all  the  attention  that 
can  be  given  it,  for  there  is  more 
probability  of  serious  trouble  at  this 
end  of  the  machine  by  10  to  1  than 
at  the  gas  engine  end.  The  air  inlet 
and  discharge  valves  must  receive 
yearly  attention  even  though  the  ma- 
chine may  have  been  working  per- 
fectly. During  the  working  months 
the  slightest  disturbance  in  the  work- 
ing of  the  air  end  of  the  machines 
should  call  for  the  presence  of  the 
mechanics  before  the  machine  is  al- 
lowed to  continue  work.  These  dis- 
turbances are  discernible  through  the 
change  in  the  sounds  emanating  from 
the  air  end,  a  falling  off  in  the  pres- 
sure, unusual  speed,  inability  of  the 
engine  to  carry  its  load,  and  in  other 
ways  that  are  apparent  at  once  to 
anyone  at  all  familiar  with  an  air 
compressor.  The  outlet  valves  and 
outlet  passages  become  encrusted 
with  carbon  which  eventually  im- 
pedes the  flow  of  air  if  not  removed. 
After  the  carbon  has  been  removed, 
valve  seats  should  always  be  ground, 
to  insure  tightness.  Signs  of  wear  in 
the  inlet  valves  show  up  very  plainly, 
and  the  mechanic  who  works  on  them 
must  be  able  to  judge  whether  the 
valve  needs  renewing  or  not.  These 
valves  wear  at  a  constantly  increas- 
ing rate  and  if  the  retaining  lugs  are 
worn  so  that  the  valve  lifts  50  per 
cent  more  than  its  original  amount, 
both  it  and  the  retaining  ring  should 
be  renewed.  The  seat  of  this  valve 
usually  wears  more  on  one  side  than 
on  the  other,  and  considerable  grind- 
ing is  necessary  when  a  badly  work- 
ing valve  is  renewed.  Clearance  be- 
tween the  air  piston  and  the  outlet 
valve  should  frequently  be  checked 
up  and  must  be  kept  as  small  as  me- 
chanically possible,  to  get  the  great- 
est efficiency  from  the  compressor. 
The  foregoing  but  illustrates  the  at- 
tention that  must  be  given  a  high 
speed  air  compressor,  but  the  most 
skilled  care  that  can  be  given  them 
is  none  too  good. 

The  Air  Hose. — Air  Hose,  simple  in 
itself,  requires  some  little  attention 
to  realize  the  most  service  possible, 
and  should  never  be  purchased  and 
stored  more  than  six  months  without 
use.  When  stored  it  should  be  in  a 
cool  and  dark  place  to  prevent  oxida- 
tion as  far  as  possible,  which  de- 
stroys the  life  of  the  rubber.  Oil  fed 
in  the  air  inlet  to  lubricate  the  com- 
pressor and  brought  on  with  the 
heated   air  from   the   receiver  causes 


most  of  the  damage  to  hose  in  serv- 
ice. Eight  drops  per  minute  for 
either  a  two  or  a  four-tool  machine 
is  the  maximum  amount  which  should 
be  allowed,  and  four  drops  per  min- 
ute is  ample  if  it  can  be  maintained 
without  interruption.  The  opening  of 
the  sight  feed  at  this  rate,  however, 
is  so  small  that  any  impurity  in  the 
oil  is  apt  to  clog  the  flow,  rendering 
such  a  close  adjustment  impractical 
unless  it  can  be  constantly  watched. 
Very  little  hose  is  actually  worn  out 
by  the  rough  handling  or  dragging 
about  that  it  receives.  The  average 
life  is  from  two  to  three  seasons  with 
the  grade  provided,  and  this  is  con- 
sidered the  maximum  service  tha* 
can  be  expected. 

Care  of  the  Guns. — The  guns  them- 
selves, while  exceedingly  sturdy,  need 
a  certain  amount  of  attention.  While 
in  use  the  few  bolts  on  them  should 
receive  frequent  inspection  to  know 
that  they  are  tight  and  securely 
locked.  This  is  extremely  important 
as  the  tool"  is  subjected  to  such  vibra- 
tion that  any  loose  part  will  wear 
rapidly,  so  that  once  worn  it  can 
never  again  be  kept  tight.  Prevent 
the  initial  looseness  and  a  gun  will 
wear  for  years,  as  the  air  from  the 
compressor  carriers  enough  oil  to 
thoroughly  lubricate  the  working 
parts  and  prevent  internal  wear. 
Many  barrels  and  pistons  of  guns  re- 
ceived in  1914  are  still  in  use  because 
of  careful  attention  to  this  detail. 
Where  air  from  outsfde  sources  is 
used,  oil  must  be  poured  into  the  in- 
let hose  several  times  daily  to  insure 
proper  lubrication  of  the  guns.  In 
cold  weather  special  equipment  must 
be  used  to  remove  all  moisture  from 
the  air,  or  enough  ice  will  form  in  the 
outlet  ports  to  stop  operation.  In  the 
winter  time  or  when  otherwise  out. 
of  use  for  long  periods,  the  guns 
should  be  prepared  for  storage  by 
standing  inverted  and  pouring  a 
small  amount  of  very  heavy  oil  or 
melted  grease  into  the  exhaust  ports. 
At  some  places  where  oil  is  available 
the  guns  are  stood  up  in  a  half  bar- 
rel filled  with  enough  oil  to  submerge 
the  barrels  of  the  guns.  This  does 
not  injure  the  oil,  which  may  after- 
wards be  used  for  other  purposes. 

Care  of  Tamping  Steels. — Tamping 
steels  should  be  cared  for  the  same 
as  tamping  picks,  and  enough  provid- 
ed so  that  they  can  be  frequently  sent 
to  the  blacksmith  for  repairs.  The 
correct  face  of  %  in.  x  3  in.  should 
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always  be  maintained  for  2-in.  stone 
ballast.  Due  to  the  constant  vibra- 
tion to  which  the  bars  are  subjected, 
it  is  impossible  for  blacksmiths  to 
consistently  weld  them,  either  in  the 
shank  or  in  the  head,  so  that  they 
will  hold.  Long  experience  has  taught 
that  when  the  head  becomes  so  small 
it  can  no  longer  be  dressed  to  the 
.  proper  size  it  is  most  economical  to 
supply  a  new  bar.  It  is  a  well  known 
fact  that  every  track  supervisor  has 
the  best  blacksmith  that  ever  dressed 
a  bar,  but  one  has  yet  to  be  found 
who  can  consistently  weld  tamping 
steels  and  have  them  hold  in  use. 
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Toronto  Hardens  Rails  by  New 
Process 

The  Toronto  Transportation  Com- 
mission of  Toronto,  Ont.,  according 
to  Electric  Traction,  has  recently  ex- 
perimented with  a  process  of  harden- 
ing the  wearing  surface  of  rails  and 
expects  to  thus  overcome  troubles 
from  corrugations  and  cupping  at 
joints. 

The  process  consists  in  heating  the 
rail  head  with  an  oxyacetylene  flame 
and  immediately  quenching  with 
water.  The  apparatus  of  oxygen 
bottles,  carbide  generator  and  -tank 
of  quenching  water  is  carried  on  a 
small  truck  to  the  track  upon  which 
work  is  to  be  done.  A  blow  torch 
attached  to  a  car  travels  slowly  along 
the  rails  by  gears  operated  by  hand. 

The  structure  of  the  steel  thus 
treated  is  changed  from  the  normal 
Pearlite  to  Sorbitic  for  about  %  to 
5/16  in.  in  depth,  and  gives  sclero- 
scope  readings  of  85  to  95  on  the 
treated  rail  as  compared  with  40  to 
45  on  the  untreated. 

Only   a    mile    of    single    track   has 
thus  far  been  treated  on  the  Toronto 
lines,  and  inasmuch  as  it  is  more  or 
less  in  the  line  of  an  experiment,  it 
is  too  early  at  this  date  to  say  just 
how  effective  this  treatment  will  be. 
This  process,  however,  has  been  tried 
out  in  many  parts  of  England  and  the 
results  there  are  interesting  to  note. 
It  is  claimed  in  England  that  where- 
as the  ordinary  steel  rail  has  a  hard- 
ness of  about  180  by  the  Brinell  test 
steel  rail  treated  by  the  new  process 
has   a  hardness   of  between    600   and 
t  700  Brinell  and  that  the  treated  rail 
I  will   wear   from    two   to   three   times 
I  longer  than  the  untreated.    The  treat- 
\  ed  surface  cannot  be  drilled  or  filed 
'  and  will  turn  up  the  edge  of  an  ordi- 
lary  chisel. 


. 


Civil  Engineers  Have  Best  Opportuni- 
ty  on   Pennsylvania   Railroad 

Some  interesting  information  on  the 
opportunities  in  railroading  for  the 
college  graduate  is  given  in  the  Delta 
CJpsilon  Quarterly  by  Samuel  Rea, 
president  of  the  Pennsylvania  R.  R. 
We  quote  from  his  article  as  follows: 

A  comparative  study  was  recently 
made  of  the  educational  data  in  the 
official  biographies  of  163  principal 
officers  and  directors  of  the  Pennsyl- 
vania System.  Of  these  men,  86  were 
found  to  be  college  graduates  and  77 
not.  Superficially,  that  does  not  look 
like  a  very  striking  preponderance  in 
favor  of  the  college  men. 

However,  we  must  consider  that  for 
every  hundred  men  entering  the  rail- 
road service  with  a  college  education, 
there  are  a  good  many  thousands  who 
start  without  one.  Therefore,  a  com- 
paratively small  group  of  men  have 
produced  the  86  leading  officers  and 
directors  who  are  college  trained, 
whereas  the  77  not  so  trained  repre- 
sent the  winners  in  a  race  of  competi- 
tion among  thousands. 

Civil  Engineers  Have  Best  Oppor- 
tunity.— As  to  the  best  lines  of  train- 
ing to  fit  men  for  entering  the  railroad 
service,  the  statistics  leave  no  doubt 
that  they  are  civil  and  mechanical  en- 
gineering, particularly  the  former.  Out 
of  the  list  of  163  leading  officers  and 
directors,  which  I  have  mentioned,  81 
are  officers  of  the  operating  depart- 
ment of  this  railroad  system.  That  is, 
they  are  the  men  who  supervise  the 
actual  running  and  maintenance  of  the 
railroad,  the  planning  and  construc- 
tion of  new  lines  and  facilities,  and 
the  building  and  repairing  of  equip- 
ment. 

Of  these  81  operating  officers,  no 
less  than  54,  or  exactly  two-thirds,  are 
college-trained  men;  and  out  of  the  54 
college  graduates,  38  are  civil  engi- 
neers, 11  are  mechanical  engineers,  1 
is  an  electrical  engineer,  and  4  are 
graduates  of  academic  departments. 
Thus  it  will  be  perceived  that  among 
the  leading  operating  officers,  the  civil 
engineers  outnumber  by  more  than 
two  to  one  all  the  other  college  men 
put  together. 

How  the  Engineers  Start. — Civil  en- 
gineers entering  the  service  of  our 
railroad  start  as  rodmen  and  work  up 
through     the     transportation     grades. 
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Mechanical  engineers  generally  start 
as  special  apprentices  in  the  Altoona 
shops  and  work  up  through  the  mo- 
tive power  grades.  The  preponder- 
ance of  the  former  over  the  latter  is 
due  to  the  fact  that  there  is  need  for 
more  technically  trained  transporta- 
tion men  than  motive  power  men, 
although  it  would  be  altogether  wrong 
to  form  any  disparaging  conclusions 
as  to  the  chances  for  those  who  are 
accepted  for  motive  power  training.  As 
a  matter  of  fact,  our  present  vice- 
president  in  charge  of  operation,  Gen- 
eral W.  W.  Atterbury,  is  a  motive 
.power  man,  being  a  graduate  of  Yale 
University  and  having  started  as  a 
special  apprentice  at  Altoona. 

The  81  operating  officers  in  ques- 
tion, including  as  they  do  those  of 
highest  rank  and  longest  experience, 
necessarily  embrace  quite  a  few  men 
who  are  well  on  in  life  and  in  a  num- 
ber of  cases  are  approaching  the  com- 
pulsory retiring  age  of  70  years. 

Nearly  All  Younger  Operating  Offi- 
cers College  Men. — If  we  confined  our 
study  to  the  younger  operating  officers 
we  would  find  nearly  100  per  cent  are 
college  graduates.  The  reason  for  this 
is  that  for  quite  a  number  of  years 
past  it  has  been  a  rule  of  the  company 
that  graduates  of  recognized  colleges 
or  universities  in  civil,  mechanical  or 
electrical  engineering,  or  their  equiva- 
lents, have  been  given  preference  in 
the  service  for  development  into  op- 
erating officers. 

In  the  other  departments  of  the  rail- 
road, the  principal  of  which  are  traffic, 
accounting,  purchasing,  financial,  in- 
surance, real  estate,  legal,  and  the 
secretary's  staff,  the  training  received 
in  a  scientific  course  is  naturally  of  no 
direct  advantage  outside  of  its  effect 
of  general  mental  development. 

The  training  of  an  academic  course, 
however,  gives  the  young  men  enter- 
ing those  departments  as  much  rela- 
tive advantage  as  it  would  be  in  the 
corresponding  departments  of  any 
other  large  business.  Ten  of  our 
leading  traffic  officers  are  graduates 
in  academic  courses  and  there  are  a 
number  of  others  occupying  positions 
of  high  responsibility  in  the  other  de- 
partments. 

Comparatively  few  young  men  who 
have  specialized  in  economics  at  col- 
lege seem  to  have  entered  the  rail- 
road business.  Just  why  this  is  the 
case,  I  do  not  know,  but  there  should 
be  a  good  field  for  them  in  the  non- 
operating  departments,  particularly 
traffic,  accounting  and  financial.    That 


indicated   by   the  fact 
of  our  officers  are  re- 


this   is  true  is 

that  a  number  or  our  omcers 
sponsible  employes  in  these  depart 
ments,  especially  accounting,  hav 
found  it  profitable  to  themselves  and 
useful  to  the  company  to  take  special 
courses  and  lectures  in  economics 
while  pursuing  their  work;  indeed,  in 
a  few  cases,  they  have  in  this  manne 
completed  full  courses. 

The     Rewards     Obtainable. — As 
the  relative  desirability  of  the  rewa 
which  the  college  graduate  many  r 
sonably  hope  to  obtain  in  the  railro 
profession    as    compared    with,    sa: 
manufacturing,     mining,     finance 
commerce,  the  answer  largely  depen 
upon  the  ambition,  type  of  ability  a 
personal   viewpoint   of   the   individual 
candidate. 

I  would  not  advise  any  young  man 
whose  principal  conception  of  success 
was  to  become  rich,  or  quickly  to  ob- 
tain a  very  large  salary,  to  enter  the 
railroad  business.  A  generation  or 
two  ago  the  situation  was  different. 
The  period  was  one  of  adventure  and 
pioneering,  and  the  railroad  enterprise 
in  this  country  was  undergoing  ex- 
tremely rapid  transition  and  marvel- 
ously  swift  growth.  The  projection, 
construction  and  development  of  a 
new  railroad  in  those  days  was,  in  tie 
majority  of  cases,  necessarily,  a  highly 
speculative  undertaking,  with,  on  one 
hand,  the  possibility  of  rapid  achieve- 
ment and,  on  the  other,  an  equally 
great  hazard  of  disastrous  failure. 

The  speculative  era  has  now  passed. 
With  the  settlement  of  the  country, 
the  opening  to  agriculture  of  nearly 
all  tillable  land,  the  placing  of  indus- 
try on  a  permanent  basis,  and  in  more 
recent  years  the  firm  establishment  of 
public  regulation  as  a  definite  policy 
accepted  by  all,  the  controlling  factors 
have  combined  to  remove  railroading 
almost  wholly  from  the  realm  of  specu- 
lative enterprise,  at  least  as  far  as 
those  who  work  in  it  for  salaries  are 
concerned.  As  a  result,  the  work  or 
the  railroad  officer  has  become  one  of 
the  most  highly  stabilized  of  the  pro- 
fessions. 

To  a  young  man  of  ability,  about  to 
graduate  from  college,  and  confronted 
with  a  choice  of  professions,  I  would, 
therefore,  say  that  railroading  offers  a 
more  certain  career  than  most 
branches  of  commerce  or  industry, 
with  less  likelihood  of  suffering 
through  the  mistakes  or  wrongs  of 
others  and  also  with  somewhat  less 
probability  of  gaining  the  very  high 
est  monetary  return. 
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The  Chances  for  Young  En- 
gineers in  Utility  Work 

The  training  and  opportunities  for 
young  engineers  in  work  for  public 
utility  companies  were  discussed  by 
Britton  I.  Budd,  President  Chicago 
Elevated  Railways,  at  a  recent  joint 
meeting  of  the  Electric  Railway, 
Electric  Light  and  Gas  Associations 
of  Illinois. 

Mr.  Budd  stated  that  the  utility 
companies  need  young  men  specially 
trained  in  various  phases  of  the  busi- 
ness. It  is  just  as  essential  to  develop 
the  personnel  of  the  organization  as  it 
is  to  develop  the  physical  property.  If 
the  utility  companies  are  to  draw  the 
best  men  graduating  from  our  univer- 
sities into  their  organizations,  they 
must  offer  them  the  same  advantages 
and  inducements  as  are  offered  by  the 
big  manufacturing  concerns  through- 
out the  country. 

It  is  essential. that  some  executive 
official  be  made  responsible  for  the 
training  of  these  young  men  for  a  cer- 
tain period  or  until  they  work  into  a 
permanent  place  in  the  organization. 
The  young  men  should  be  changed 
from  one  department  to  another  until 
they  get  a  general  insight  into  the 
business  as  a  whole  and  their  salaries 
should  be  increased  from  time  to 
time.  Special  care  should  be  exer- 
cised by  foremen  or  heads  of  depart- 
ments to  explain  the  technical  details 
and  reasons  for  doing  things  in  a  cer- 
tain  way. 

The  supervising  executive  should  in- 
terview these  students  frequently  in 
regard  to  their  work  and  give  them  a 
chance  to  offer  suggestions.  He 
should  also  make  the  young  men  un- 
derstand that  they  are  at  liberty  to 
come  to  him  at  any  time  in  regard  to 
matters  in  connection  with  their  work 
or  their  personal  affairs.  The  super- 
vising executive  must  keep  these  stu- 
dents interested  in  their  work  and 
develop  this  interest  to  the  point 
where  they  will  want  to  make  the 
utility  business  their  life  work. 

A  man  who  is  simply  working  be- 
cause he  must  and  has  no  particular 
interest  in  his  position,  certainly  will 
not  do  as  well  and  will  not  advance 
as  fast  as  the  man  who  has  become 
thoroughly  interested  in  the  work  he 
\  is  doing  and  in  the  welfare  and  suc- 
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cess  of  the  company  for  which  he  is 
working.  When  these  students  become 
interested  and  feel  that  there  is  a  fu- 
ture for  them,  they  will  induce  other 
young  men  who  are  about  to  finish 
at  the  universities  to  enter  the  em- 
ploy of  the  company  for  which  they 
are  working. 

Mr.  Budd  cited  the  following  exam- 
ples of  how  an  electric  railway  was 
handling  the  training  of  young  engi- 
neers along  the  lines  mentioned 
above: 

A  graduate  of  the  School  of  Elec- 
trical Engineering,  Iowa  University, 
class  of  1917,  was  employed  April, 
1919,  after  being  discharged  from  the 
U.  S.  Army  as  a  second  lieutenant, 
Signal  Corps.  He  was  placed  in  the 
electrical  engineer's  office  and  as- 
signed to  valuation  work.  His  salary 
was  fixed  at  $125  per  month.  In  Jan- 
uary, 1920,  he  was  assigned  general 
Avork  in  this  department  such  as  draft- 
ing, laying  out  wiring  and  conduit  and 
obtaining  material  for  construction 
work.  At  this  time  his  salary  was  in- 
creased to  $140  per  month.  During  the 
next  six  months  he  broke  in  as  a 
power  supervisor  and  his  salary  was 
increased  to  $180  per  month,  on  June 
1,  1920.  He  has  shown  a  special  in- 
clination for  the  work  in  the  electrical 
department  and  has  been  definitely  as- 
signed to  this  department. 

A  graduate  of  the  School  of  Elec- 
trical Engineering,  University  of  111- 
nois,  class  of  1920,  was  employed  June 
19,  1920,  and  placed  in  the  electrical 
engineer's  office.  He  was  assigned 
to  valuation  work  and  his  salary  fixed 
at  $125  per  month.  After  finishing  the 
valuation  work  in  November,  1920,  he 
was  given  miscellaneous  work  in  this 
department  such  as  the  planning  of 
repair  work  and  new  construction 
work.  On  July  1,  1921,  his  rate  was 
increased  to  $135  per  month.  In  Jan- 
uary, 1922,  he  was  transferred  from 
the  electrical  engineer's  office  to  the 
shop  department,  assigned  to  miscel- 
laneous engineering  work,  consisting 
of  drafting,  inspections,  reports  and 
the  specification  of  material  in  con- 
nection with  the  maintenance  and  re- 
construction of  rolling  stock.  On  June 
1,  1922,  his  salary  was  increased  to 
$160  per  month.  On  Sept.  1,  1922,  he 
was  transferred  to  the  accounting  de- 
partment and  placed  in  a  special  po- 
sition requiring  engineering  knowl- 
edge and  also  some  knowledge  in  ac- 
counting. When  assigned  to  this  work 
his  salary  was  increased  to  $200  per 
month. 


(215) 


914 


Railways  Monthly  Issue  of 


Magnetic   Methods   for  Ex- 
ploration and  Geologic 
Work 


April, 

varv 


Special  Dip  Needle  Described  in  Paper 
Presented  at  February  Meeting 
of    American     Institute    of 
Mining  and  Metallurgi- 
cal   Engineers 

By   W.    0.    HOTCHKISS. 

Magnetite  is  the  only  common  min- 
eral that  affects  the  earth's  magnetic 
field  to  a  marked  degree.  Experi- 
ments by  Wess,  in  1896,  showed  that 
the  magnetism  induced  in  two  crys- 
tals of  magnetite,  in  a  magnetic  field 
of  about  the  same  intensity  as  that 
of  the  earth,  was  respectively  85 
times  and  285  times  as  strong  as  the 
inducing  field.  If  a  rock  containe  1 
only  1  per  cent  of  magnetite  like  the 
weaker  of  these  crystals,  the  mag- 
netism near  its  surface  would  be 
nearly  twice  as  strong  as  the  earth's 
normal   field. 

From  data  in  U.  S.  Geological  Sur- 
vey Professional  Paper  99  it  appears 
that  in  many  districts  a  sufficiently 
wide  variation  in  the  magnetite  con- 
tents of  the  different  local  rocks  will 
exist,  to  permit  the  useful  application 
of  magnetic  surveys,  provided  that 
the  instruments  have  the  necessary 
delicacy.  When  an  ordinary  counter- 
poised dip  needle  is  used  in  the 
northern  United  States,  a  change 
of  1  per  cent  in  magnetic  intensity 
will  cause  a  deflection  of  1°  to  2°  in 
the  dip  reading.  As  a  good  needle 
can  be  read  to  %i0,  it  is  therefore  pos- 
sible to  detect  a  variation  of  as  little 
as  0.25  per  cent  in  field  intensity  with 
the  ordinary  dip  needle. 

The  Modified  Dip  Needle. — To  permit 
the  detection  of  still  smaller  changes 
in  the  magnetic  field,  the  author  has 
devised  a  special  dip  needle  with 
which  practically  any  degree  of  sen- 
sitiveness can  be  obtained.  As  shown 
in  the  adjoining  figure,  the  needle  is 
balanced  so  that  its  long  axis  is  per- 
pendicular to  the  direction  of  the 
magnetic  force,  while  its  counter- 
weight is  extended  on  a  rigid  arm 
horizontally  from  the  pivot.  Thus  the 
turning  moment  of  gravity  Ga  and 
of  the  magnetic  field  Ml  are  equal 
and  opposite.  The  difference  between 
this  needle  and  the  ordinary  dip 
needle  having  its  counter-balance  on 
the  long  axis   is   that,  as  the  needle 


turns,  the  lever  arms  a  and  1  vary 
in  the  same  proportion,  so  that  in  any 
position  Ga'  —Ml'.  Hence  the  needle 
is  in  unstable  equilibrium  and  the 
slightest  change  in  the  magnetic  force 
M  results  in  turning  the  needle  90° 
from  the  position  shown  in  the  figure. 
In  practice,  almost  any  degree  of 
sensitiveness  can  be  attained  by  vary- 


Counterweight 


Modified    Dip    Needle. 

ing  the  angle  between  the  counter 
weight  and  the  long  axis  of  the 
needle.  Field  work  with  an  instru- 
ment so  constructed  has  proved  that 
it  is  easily  practicable  to  adjust  it  so 
that  a  change  in  the  magnetic  field 
which  will  show  1°  variation  in  the 
ordinary  dip  needle  will  register  10° 
or  more  on  the  special  dip  needle. 

Practical  Tests  of  Dip  Needle. — 
Several  practical  tests  of  this  modi- 
fied dip  needle  have  been  made.  At 
Magdalena,  N.  M.,  the  zinc  ore  bodies 
lying  under  500  ft.  of  wash  proved 
too  weakly  magnetic  to  be  detected, 
but  it  was  easily  possible  to  follow 
the  buried  contact  between  monzon- 
ite  and  rhyolite  for  3,000  ft.  The 
same  thing  was  done  in  another  lo- 
cality to  the  northwest  of  Magda- 
lena. In  the  Chino  district,  the  min- 
eralized portion  of  the  intrusive 
proved  to  be  less  magnetic  than  the 
non-mineralized  part;  the  northern 
contact  between  limestone  and  in- 
trusive could  be  followed  easily.  In 
the  Hanover  district  the  zinc-bearing 
limestone  could  be  traced  by  its  mag- 
netic properties.  At  Ducktown,  it 
was  discovered  that  pure  pyrrhotite 
was  not  even  weakly  magnetic,  and 
that  only  those  parts  of  the  deposits 
that  contained  magnetite  could  be  de 
tected.  During  the  summer  of  1922, 
an  extensive  magnetic  study  of  the 
Keweenawan  lava  flows  in  northwest 
Wisconsin  was  begun,  and  interest- 
ing geological  facts  have  already  been 
disclosed  in  this  drift-buried  region. 
This  new  form  of  dip  needle  has 
some  most  interesting  possibilities. 
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Maintenance    of    Interurban 
Track 


Methods   of  Eastern   Wisconsin    Elec- 
tric   Railway    Company   Described 
on    Paper    Presented    March, 
22    before    Convention    of 
Wisconsin   Utilities 
Association 

By    A.    A.    OLDFIELD, 

Engineer  Maintenance  of  Way  and  Over- 
head Construction,  Eastern  Wisconsin 
Electric  Ry.  Co.,  Sheboygan,  Wis. 

As  our  properties  are  going  to  light- 
er equipment  on  city  tracks  we  are 
generally  specifying  hard-center  iron- 
bound  construction  for  frogs,  switches 
and  mates,  but  in  some  cases  have 
bought   solid  manganese. 

On  railroad  crossings  our  specifica- 
tions call  for  bolted  construction,  open- 
hearth  steel,  and  heat-treated  bolts. 
On  open  track  special  work,  our  spe- 
cifications generally  follow  the  man- 
ufacturers' but  also  incorporate  some 
of  our  own  details. 

On  open  track,  curves  from  6°  up 
are  guarded.  The  flangeway  is  1% 
in.  At  10°  the  gage  is  widened  ys  in. 
and  the  flangeway  1/16  in.  This  pro- 
portionate increase  of  flangeway  is 
carried  out  to  a  maximum  of  2%  in. 
Maximum  widening  of  gage  is  14  in. 
On  all  city  lines,  curves  are  guarded, 
usually  with  a  girder  guard  rail. 

Protecting  Switches  from  Freezing. 
— On  the  Oshkosh  property  we  have 
kept  our  switches  well  drained  and 
sparsely  salted,  and  have  not  had  any 
case  of  freezing.  On  our  Sheboygan 
property  the  boxes  were  packed  with 
grease,  and  oil  was  added  periodically. 
Grease  and  oil  collect  too  much  sand 
and  dirt.  In  future  the  former  sys: 
tern  will  be  followed.  In  this  terri- 
tory, where  extreme  cold  weather  is 
experienced,  I  consider  that  complete 
drainage  of  switches  is  a  most  neces- 
sary expense. 

Track  Construction  in  City  Streets. 
— We  are  doing  considerable  concrete 
paving.  Some  of  our  past  experience 
in  Plymouth  and  Sheboygan  has  been 
disastrous,  but  I  believe  most  of  this 
failure  was  due  to  faulty  track  con- 
struction. 

We  have  recently  installed  on  one 
of  the  approaches  to  the  Eighth  St. 
bridge  at  Sheboygan  Dayton  mechani- 
cal tie  construction  with  a  straight 
bar  spot-welded  to  the  web  and  base 
of  the  rail,  and  concrete  pavement.  On 
the   opposite    approach    we    installed 


wooden  tie  construction  with  banded 
joints  and  standard  angle  bars,  and 
also   concrete   pavement. 

We  intend  to  build  %  mile  of 
straight  track  this  year  in  Oshkosh 
using  Dayton  ties  and  simplex  joint 
plates  with  concrete  pavement,  and 
at  the  same  time  build  V2  mile  with 
cedar  ties  embeded  in  concrete  with 
a  concrete  pavement. 

Asphalt  paving  in  contact  with  the 
rail  has  proved  very  unsatisfactory. 
The  city  engineer,  the  city  superin- 
tendent of  streets  and  my  department 
are  experimenting  with  various  tarvia 
and  other  macadam  fillers. 

Maintenance  of  Track. — On  open 
track  work  where  we  are  using  all 
cedar  ties,  we  have  adopted  a  tie  re- 
newal program  extending  over  six 
years.  As  the  ties  are  put  in  each 
year  a  general  resurfacing  of  the 
track  is  made.  New  ballast  is  used 
only  where  absolutely  necessary.  Last 
fall  I  experimented  by  taking  a  2-in. 
raise  on  a  mile  of  track,  raising  it  on 
old  ties  and  using  no  new  ballast.  So 
far  it  has  held  up,  and  today  is  much 
better  than  any  other  part  of  our 
track,  including  those  sections  where 
new  ties  were  put  in.  At  the  time 
this  track  was  raised  no  new  ties 
were  installed,  although  they  were  in 
very  bad  condition,  but  every  spike 
was  either  replaced  or  reset.  The 
track  was  entirely  cleared  of  weed, 
good  drainage  given  to  the  roadbed 
and  the  track  was  very  carefully 
gaged.  Considering  the  result  ob- 
tained, we  have  decided  to  extend  this 
experiment  a  little  further  and  then 
add,  say,  600  ties  to  the  mile  and 
gradually  build  up  the  ballast  section. 
In  five  years'  time  our  track  again 
will  be  standardized,  and  during  the 
process  of  rehabilitation  it  will  be  in 
good  operating  condition. 

Chemical  Killing  of  Weeds. — Until 
a  few  years  ago  I  was  very  much  op- 
posed to  the  expense  incurred  in  using 
chemicals  for  the  destruction  of 
weeds,  but  after  making  some  very 
careful  comparisons,  I  am  fully  con- 
vinced that  it  is  cheaper  to  destroy 
the  majority  of  weeds  chemically 
Where  considerable  rehabilitation  of 
track  is  contemplated  the  weed  killer 
is  unnecessary,  but  for  ordinary  main- 
tenance one  and  possibly  two  applica- 
tions of  weed  killer  during  the  year 
are  very  profitable. 

Highway  Crossings. — The  practice 
that  we  have  adopted  for  the  construc- 
tion of  highway  crossings  on  inter- 
urban tracks  is  to   use   4  in.  x  6  in. 
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planks,  with  a  3-in.  space  between  the 
planks  in  the  middle  of  the  track,  this 
3-in.  space  being  filled  up  with  mac- 
adam; a  12-in.  plank  is  put  on  the  out- 
side of  each  rail.  I  find  this  more 
satisfactory  than  a  full  plank  cross- 
ing, although  the  macadam  filling  re- 
quires some  maintenance.  I  have  rec- 
ommended replacing  old  timber  struc- 
tures for  culverts  and  bridges  with 
reinforced  concrete  culverts  or  I-beam 
spans  on  concrete.  I  feel  this  expense 
is  justified  from  the  viewpoint  of 
safety  and  maintenance.. 


Two  Car  Trains  with  6  Mo- 
tors in  Street  Railway 
Service 

A  new  type  of  2-car  trains  recently 
placed  in  service  by  the  Pittsburgh 
Rys.  Co.  on  its  Frankstown  Ave.  route 
is  described  in  the-  April  issue  of  Aera 
by  Mr.  G.  C.  Hecker,  Special  Engi- 
neer of  the  American  Electric  Rail- 
way Association. 

The  train  consists  of  two  standard 
low-floor  cars  of  the  latest  design. 
The  motor  car  is  equipped  with  four 
motors  and  the  trailer  with  two  mo- 
tors mounted  on  the  forward  truck. 
The  equipment  on  the  motor  car  is 
exactly  the  same  as  that  on  the  last 
65  cars  purchased  except  that  three 
wires  are  run  through  from  the  trail 
car  and  connect  to  the  standard  K-43 
controller  with  slight  changes  in  the 
wiring. 

In  order  to  simplify  the  wiring,  the 
two  motors  on  the  rear  car  have  their 
field  coils  permanently  connected  so 
as  to  give  motion  only  in  a  forward 
direction.  The  standard  controller 
reverse  handle  on  the  motor  car  auto- 
matically disconnects  the  trailer  mo- 
tors when  thrown  into  the  reverse  po 
sition.  Therefore,  when  the  train  is 
backed-up  only  four  motors  are  used. 
Each  of  the  trailer  motors  is  connect- 
ed in  parallel  with  one  pair  of  the 
regular  series-parallel  groupings.  It 
might  seem,  on  first  thought,  that  it 
would  be  necessary  to  increase  the 
capacity  of  the  starting  resistance. 
Experience,  however,  has  shown  that 
the  standard  resistance  used  on  the 
motor  car  is  entirely  satisfactory  for 
the  train  operation  with  six  motors. 
Since  the  negative  leads  of  one  group 
of  the  motors  are  permanently  con- 
nected to  ground,  this  leaves  only 
three  wires  to  be  run  between  the 
two  cars  of  a  train. 

Motors    Can    Be   Cut    Out   One   at   a 
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Time. — In  the  past  it  has  been  the 
practice  in  standard  controllers  to  cut 
out  motors  in  pairs;  that  is,  if  one 
motor  be  in  trouble  the  cut-out 
switches  would  cut  out  two  motors. 
In  the  new  Pittsburgh  train  a  slight 
change  in  wiring  has  been  made  to 
permit  cutting  out  motors  one  at  a 
time  so  that  if  one  motor  be  disabled 
there  are  still  five  continued  in  use. 
This  change  in  the  wiring  accom- 
plishes the  same  result  as  the  com 
mon  practice  of  removing  the  brush 
from  a  disabled  motor  except  that 
is  not  necessary  to  crawl  under  a  ca 
or  to  lift  a  trap  door  in  a  car  floo 
and  remove  the  brushes.  It  is  b< 
lieved  that  the  new  arrangement  wi 
avoid  many  delays  occasioned  by  th 
makeshift  practice  of  removing 
brushes.  Moreover,  removing  the 
brushes  does  not  always  cut  out  I 
disabled  motor  if  its  field  is  ground- 
ed, it  being  possible  for  the  current 
to  reach  the  field  on  certain  control- 
ler positions,  even  with  the  brushes 
removed. 

Another  interesting  feature  is  an 
arrangement  by  means  of  which, 
when  two  motors  have  been  cut  out 
m  one  group,  no  current  is  fed  to  the 
controller  until  the  first  parallel  po- 
sition is  reached.  This  avoids  send- 
ing the  current  for  three  motors 
through  one  on  the  series  notches. 
This  is  accomplished  by  means  of  a 
second  cam  at  the  bottom  of  the  con 
troller,  which  keeps  the  contactor 
from  working  until  the  first  parallel 
notch  is  reached.  In  effect,  it  mere- 
ly runs  the  motors  in  parallel  when 
two  in  one  group  are  disabled,  and 
makes  it  possible  to  move  a  disabled 
train  quickly  back  to  the  barn  with- 
out tying  up  traffic,  which  usually  re- 
sults when  it  is  necessary  to  couple 
another  car,  which  car,  quite  often, 
does  not  have  the  necessary  capacity 
to  propel  itself  as  well  as  a  disabled 
train. 

Operation  of  Train  at  Pittsburgh. — 
The  train  is  in  regular  service  on  the 
Frankstown  Ave.  route.  The  motor 
car  is  operated  about  150  miles  per 
day  and  the  trailer  is  in  use  during 
two  complete  round  trips,  or  about 
33  miles  each  day.  Under  this  serv- 
ice the  new  train  effects  a  saving  of 
925  out  of  a  total  of  4,012  ton  miles 
per  day,  the  latter  figure  being  the 
ton  mileage  of  one  of  the  old  two- 
car  trains  which  consist  of  a  motor 
car  and  plain  trailer.  Additional 
power  is  saved  due  to  the  fact  that 
the  motor   car  equipment  during  the 
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off-peak  hours  is  more  accurately 
suited  to  the  requirements  than  those 
of  the  large  trailer-pulling  cars  which 
necessarily   are   over-motored. 

Operating  conditions  in  Pittsburgh 
are  extremely  severe  due  to  the  fact 
that  on  almost  every  line,  long  heavy 
grades  are  encountered.  Further- 
more, limitations  are  placed  upon  the 
design  of  the  cars  by  reason  of  the 
narrow  streets.  Traffic  congestion, 
particularly  in  the  business  section  of 
the  city,  presents  a  problem  perhaps 
more  difficult  from  the  standpoint  of 
maintaining  schedules  than  in  any 
other  large  city  in  the  country.  The 
company  has  given  serious  considera- 
tion to  the  use  of  multiple  unit  con- 
trol for  train  operation  but  such 
equipment  apparently  could  not  be 
justified  from  an  economic  stand- 
point. Trailers  have  been  utilized, 
therefore,  during  the  rush  hours  on 
many  of  the  lines  in  Pittsburgh  and 
this  meant  that  the  motor  car  equip- 
ment had  to  be  designed  to  carry  the 
additional  loads  during  the  rush 
hours. 

May  Be  Solution  of  Rush  Hour 
Problem. — The  use  of  the  six-motor 
two-car  train  will  be  watched  with  a 
great  deal  of  interest  by  electric  rail- 
way men  since  it  may  indicate  a  so- 
lution of  the  rush  hour  problem  on 
many  properties  where  trail  car  op- 
eration has  not  been  entirely  satis- 
factory and  it  has  not  been  possible 
to  justify  the  use  of  multiple  unit  con 
trol.  The  simplicity  of  the  arrange- 
ment, as  worked  out  under  the  su- 
pervision of  Mr.  P.  N.  Jones,  General 
Manager,  and  Mr.  F.  R.  Phillips.  Su- 
perintendent of  Equipment,  Pitts- 
burgh Rys.  Co.,  is  one  of  the  out- 
standing features.  The  low  initial 
cost,  together  with  the  simplicity  of 
the  plan,  make  this  form  of  train 
operation  worthy  of  serious  consid- 
eration by  others  who  have  not  yet 
been  able  satisfactorily  and  econom- 
ically to  solve  the  equipment  problem 
for  rush  hour  service. 


Elevating  Grader  for  Tractor 
Operation 

An  elevating  grader  designed  espe- 
cially for  use  with  a  heavy  tractor 
has  been  placed  on  the  market  by  the 
Western  Wheeled  Scraper  Co.,  Aurora, 
111.  A  new  elevator,  an  improved  disc, 
a  new  hitch,  an  improved  front  bolster 
and  a  sturdier  frame  are  features  of 
this  Western  1923  model.  The  eleva- 
tor of  the  Western  machine  has  bfi*»T> 


redesigned  entirely.  Alignment  is 
maintained  by  an  adjustable  hinge, 
with  adjusting  nuts.  By  loosening  or 
tightening  the  adjusting  nuts  the 
hinge  slides  in  a  steel  box,  making  it 
possible  to  get  perfect  alignment.  The 
elevator  is  raised  and  lowered  by 
worm  and  gear  with  hand  wheel.  The 
belt,  is  tightened  by  means  of  rods 
and  turnbuckles.  A  head  drum  adjust- 
ment on  both  sides  of  the  elevator 
makes  it  possible  to  take  up  a  reason- 
able stretch  in  the  belt.     By  a  simple 


1923  Model  Western  Elevating  Grader. 

adjustment  the  upper  roller  can  be 
lined  up  so  the  belt  will  run  absolute- 
ly true.  The  head  drum  bearing  box 
is  fastened  to  a  sliding  I-beam  and  is 
adjusted  by  means  of  a  turnbuckle  on 
either  side  of  the  head  drum.  The 
lower  roller  box  has  a  removable 
brass  bearing  instead  of  babbit,  mak- 
ing it  easier  to  renew  in  the  field. 
This  roller  box  is  adjustable  indepen- 
dent of  the  shoe,  and  the  upper  dirt 
pan  is  adjustable  independent  of  shoe 
or  box.  When  the  box  is  adjusted, 
for  example,  the  pan  goes  with  it, 
without  further  adjustment,  or  the 
pan  can  be  adjusted  independent  of 
the  box.  The  "cat-hole"  cleaner  of 
the  old  machine  has  been  fitted  with 
a  guide  rod,  which  holds  the  head  of 
the  cleaner  to  the  bottom  of  the  pan 
and  keeps  dirt  from  packing  under- 
neath the  head  and  lifting  it  up  or 
cutting  the  belt.  The  1923  model 
provides  a  hinged  pan  at  the  lower 
end  of  the  elevator  carrier.  A  re- 
moval of  the  hinge  pin,  which  is  but 
the  work  of  a  moment,  permits  the 
pan  to  drop  and  the  dirt  to  fall  out. 
The  same  hinge  castings  are  on  each 
end  of  the  pan  so  that  the  pan  can 
be  dropped  at  either  side  of  the  eleva- 
tor. The  angle  of  the  position  of  the 
disc  has  been  changed,  by  tipping  the 
heel  forward  and  the  top  back,  so  as 
to  give  it  more  "suck."  With  this 
change  the  machine  will  work  better 
in  hard  clay  and  with  reduced  draft. 
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The  adjustment  is  such  that  it  will 
plow  into  the  bank  outside  the  rear 
wheel,  so  that  the  wheel  will  follow 
in  the  bottom  of  the  furrow.  The 
engine  hitch  in  the  new  machine  has 
been  redesigned  to  take  all  strain 
from  the  frame. 

Personals 

S.  A.  Seely  has  been  appointed  division 
engineer  of  the  Adirondack  and  Ottawa 
divisions  of  the  New  York  Central  R.  R., 
with  headquarters  at  Utica,  N.  Y. 

Dwight  P.  Robinson  &  Co.,  New  York 
City,  engineers  and  Contractors,  have  op- 
ened a  Philadelphia  office.  The  new  office 
will  be  under  the  direction  of  Carl  A. 
Baer,  who  was  recently  with  the  firm  of 
Baer,  Cook  &  Co.,  engineers. 

David  H.  Ashton,  who  recently  retired 
as  assistant  engineer  Oregon  Short  Line 
R.  R.,  with  headquarters  at  Pocatello. 
Idaho,  has  joined  the  organization  of 
Morrison -Knudsen  Co.,  general  contrac- 
tors, with  headquarters  at  Boise,  Idaho. 

Thomas  H.  Beacom,  vice  president  and 
general  manager  of  the  Chicago,  Rock 
Island  &  Pacific,  has  tendered  his  resig- 
tion,  L.  C.  Pritch,  vice  president  in 
charge  of  construction,  maintenance  and 
capital  expenditures,  has  been  named  to 
succeed  Mr.  Beacom. 

F.  H.  Watts»  Engineer  Maintenance  of 
way  of  the  Illinois  general  division  of  the 
Pennsylvania  System,  has  been  trans- 
ferred from  Chicago  to  Cleveland.  S.  L. 
Church,  formerly  of  Baltimore,  will  suc- 
ceed Mr.  Watts  in  Chicago.  He  formerly 
served  as  division  engineer  on  the  Balti- 
more division. 

C.  F.  Brinser  of  Harrisburg,  Pa.,  has 
been  appointed  superintendent  of  the 
Louisville  Division  of  the  Pennsylvania 
R.  R.  System,  with  headquarters  at  Louis- 
ville. He  will  succeed  Taber  Hamilton, 
who  has  been  transferred  to  the  office  of 
superintendent  of  the  Indianapolis  Di- 
vision, with  headquarters  in  Indianapolis, 
taking  the  vacancy  caused  by  the  recent 
death  of  Division  Superintendent  J.  W. 
Coneys.    

Industrial  Notes. 

Arthur  D.  Little,  Inc.,  announces  the 
coming  to  its  organization  as  gas  engi- 
neer of  Alfred  I.  Phillips,  formerly  asso- 
ciate gas  engineer.  National  Bureau  of 
Standards,  and  lately  service  engineer  of 
American  Gas  Association. 

The  Traylor-Dewey  Contracting  Co.  of 
Allentown,  Pa.,  announces  that  it  has  re- 
cently been  incorporated  under  the  name 
of  The  Cement-Gun  Contracting  Co.  and 
under  that  name  will  continue  to  special- 
ize in  the  many  types  of  construction  and 
repair  by  means  of  the  cement-gun. 

The  Bucyrus  Co.,  South  Milwaukee, 
Wis.,  announces  the  removal  of  its  Chi- 
cago office  on  May  1st  from  622  Mc- 
Cormick  Bldg.  to  new  quarters  on  the 
corner  of  Adams  and  La  Salle  Sts.,  Room 
1015,  Corn  Exchange  Bank  Bldg.,  134 
South  La  Salle  St. 

Robert  F.  Eissler,  who,  during  the  past 
two  years,  has  so  ably  filled  the  position 
of  assistant  to  the  vice  president  of  the 
Chicago  Pneumatic  Tool  Co.,  being  de- 
sirous of  doing  more  active  sales  work, 
at  his  own  request,  effective  April  1st, 
assumed  his  former  position  as  district 
manager  at  Pittsburgh.  The  appointment 
is  announced,  effective  April  1st,  of  Nel- 
son B.   Gatch  as  assistant  to  vice  presi- 


dent, headquarters  at  New  York,  succeed- 
ing Mr.  Eissler.  Appointment  is  also  an- 
nounced of  William  C.  Straub  as  district 
manager  at  New  York,  effective  April  1st, 
to  succeed  Mr.  Gatch,  promoted. 

Statement    of    the    Ownership,     Manage- 
ment,  Circulation,    Etc.,    Required    by 
the  Act  of  Congress  of  Aug.  24,  1912, 
of  Railways   Monthly  issue   of  Engineer- 
ing &  Contracting,  published  monthly  at 
Chicago,  111.,  for  April  1,   1923. 

State  of  Illinois,  County  of  Cook,  ss. — 
Before  me,  a  notary  public  in  and  for 
the  state  and  county  aforesaid,  personally 
appeared  Halbert  P.  Gillette,  who,  having 
been  duly  sworn  according  to  law,  de- 
poses and  says  that  he  is  the  editor  of 
the  Railways  Monthly  issue  of  Engineer- 
ing &  Contracting,  and  that  the  following 
is,  to  the  best  of  his  knowledge  and  be- 
lief, a  true  statement  of  the  ownership, 
management  (and  if  a  daily  paper,  the 
circulation),  etc.,  of  the  aforesaid  publi- 
cation for  the  date  shown  in  the  above 
caption,  required  by  the  Act  of  August 
24,  1912,  embodied  in  section  443,  Postal 
La»vs  and  Regulations,  printed  on  the  re- 
verse of  this  form,  to-wit: 

1.  That  the  names  and  addresses  of  the 
publisher,  editor,  managing  editor  and 
business  managers  are: 

Publisher — Engineering  &  Contracting 
Publishing  Co.,  9  S.  Clinton  St.,  Chicago, 
111. 

Editor— Halbert  P.  Gillette,  9  S.  Clinton 
St.,  Chicago,  111. 

Managing  Editor — Halbert  P.  Gillette, 
9   S.  Clinton  St.,  Chicago,   111. 

Business  Manager — Lewis  S.  Louer,  9 
S.   Clinton  St.,   Chicago,   111. 

2.  That  the  owners  are:  (Give  names 
and  addresses  of  individual  owners,  or,  if 
a  corporation,  give  its  name  and  the 
names  and  addresses  of  stockholders 
owning  or  holding  1  per  cent  or  more  of 
the  total  amount  of  stock.) — Halbert  P. 
Gillette,  9  S.  Clinton  St.,  Chicago,  111.; 
Lewis  S.  Louer,  9  S.  Clinton  St.,  Chicago, 
111.;  R.  E.  Brown,  507  Fifth  Ave.,  New 
York  City. 

3.  That  the  known  bondholders,  mort- 
gagees and  other  security  holders  owning 
or  holding  1  per  cent  or  more  of  total 
amount  of  bonds,  mortgages  or  other  se- 
curities are:  (If  there  are  none,  so  state.) 
— There  are  none. 

4.  That  the  two  pai-agraphs  next  above, 
giving  the  names  of  the  owners,  stock- 
holders and  security  holders,  if  any,  con- 
tain not  only  the  list  of  stockholders  and 
security  holders  as  they  appear  upon  the 
books  of  the  company  but  also,  in  cases 
where  the  stockholder  or  security  holder 
appears  upon  the  books  of  the  company 
as  trustee  or  in  any  other  fiduciary  rela- 
tion, the  name  of  the  person  or  corpora- 
tion for  "whom  such  trustee  is  acting,  is 
given;  also  that  the  said  two  paragraphs 
contain  statements  embracing  affiant's 
full  knowledge  and  belief  as  to  the  cir- 
cumstances and  conditions  under  which 
stockholders  and  security  holders  who  do 
not  appear  upon  the  books  of  the  com- 
pany as  trustees,  hold  stock  and  securi- 
ties in  a  capacity  other  than  that  of  a 
bona  fide  owner;  and  this  affiant  has  no 
reason  to  believe  that  any  other  person, 
association  or  corporation  has  any  inter- 
est direct  or  indirect  in  the  said  stock, 
bonds  or  other  securities  than  as  so 
stated  by  him. 

H.  P.  GILLETTE,  Editor. 
Sworn  to  and  subscribed  before  me  this 
11th  day  of  April,  1923. 

(Seal.)  KITTIE  C.  WOULPE. 

(My  commission  expires  Feb.  9,  1926.) 
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Prices  of  Building  Mate- 
rials Rising  Dan- 
gerously 

The  price  index  of  "building  mate- 
rials" for  March,  1923,  was  198,  which 
is  43  points  or  28  per  cent  above  the 
index  of  March,  1922.  In  other  words, 
the  average  price  of  building  mate- 
rials is  nearly  100  per  cent  above  the 
prewar  price,  and  is  rising  at  the  rate 
of  6  points,  or  3  per  cent,  per  month. 

There  is  danger  of  another  run- 
away market  for  building  materials 
that  will  culminate  in  another  buyers' 
strike  and  bring  the  building  boom  to 
a  sorry  end. 

"Metals"  are  rising  in  price  even 
more  rapidly  than  "building  mate- 
rials," but  they  still  have  a  long  way 
to  travel  before  overtaking  their  swift 
rival.  The  price  index  of  "metals" 
(mostly  composed  of  iron,  steel  and 
copper)  was  109  for  March,  1922,  as 
compared  with  149  for  March,  1923, 
a  rise  of  37  per  cent;  but  one-fourth 
of  this  entire  rise  occurred  in  the  last 
month!  However,  steel  and  copper 
had  slumped  excessively  and  were  due 


for  a  violent  rebound  as  soon  as  times 
began  to  improve. 

It  need  surprise  no  one  to  see 
"metals"  rise  50  points,  or  33  per  cent, 
before  New  Year's. 

The  price  index  of  "all  commodities" 
for  March  was  159  as  compared  with 
142  a  year  ago,  and  100  ten  years  ago. 
We  look  to  see  this  price  index  rise 
to  about  180  before  the  end  of  the 
year,  for  prices  gather  momentum  as 
a  boom  grows  older. 

It  was  just  three  years  ago  that 
prices  reached  their  peak.  The  de- 
cline started  slowly,  but  gained  ve- 
locity for  several  months,  finally 
reaching  the  bottom  21  months  after 
the  downward  movement  started. 
Now  we  are  witnessing  the  reverse 
process. 

Our  federal  reserve  banking  system 
has  thus  far  been  so  managed  as  to 
accelerate  the  movement  of  com- 
modity prices,  up  or  down  as  the  case 
may  be.  The  issuance  of  a  large  vol- 
ume of  federal  reserve  notes  will  soon 
begin,  and  w^ll  act  exactly  as  the 
printing  of  German  marks  has  acted. 
Prices  will  be  sent  rapidly  upward  by 
the  growing  volume  of  our  paper 
money  until  a  crisis  is  reached,  per- 
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haps  two  years  hence.  Then  the  fed- 
eral notes  will  be  rapidly  retired, 
causing  violent  price  decline  similar 
to  that  of  three  years  ago,  but  prob- 
ably not  so  violent. 

As  yet  very  few  men  realize  that  the 
"elastic  currency"  of  our  federal  re- 
serve system  is  elastic  in  the  wrong 
direction,  and  will  cause  a  series  of 
violent  swings  in  prices  until  it  is 
clearly  evident  that  there  should  be  a 
curb  put  upon  the  issuance  of  federal 
reserve  notes.  There  is  little  hope  that 
the  lesson  will  be  learned  until  we  have 
had  at  least  two  more  big  swings  of 
the  price  pendulum. 


Payment  Should  Be  Pro- 
portional to  Per- 
formance 

Perhaps  the  greatest  economic  de- 
fect in  the  building  industry  is  the 
failure  to  pay  workers  in  proportion 
to  performance.  This  failure  is  the 
cause  of  persistingly  high  unit  costs 
of  buildings,  in  spite  of  the  fact  that 
nearly  every  other  large  industry 
shows  progressively  lower  unit  costs. 

A  recent  British  report  emphasizes 
the  handicap  of  British  ship  building 
industries  where  piece-work  has  been 
prohibited  or  curtailed.    We  quote: 

A  considerable  number  of  cases  are 
reported  of  delay  to  pieceworkers  due 
to  waiting  for  other  workers  who  work 
on  time.  This  applies  to  joiners  and 
carpenters,  who  work  on  time,  holding 
up  other  departments.  In  one  case  it 
is  stated  that  patternmakers  working 
on  time  are  responsible  for  delay  in 
foundries,  which  in  turn,  hold  up  the 
machine  shop.  A  number  of  cases  are 
mentioned  where  output  is  restricted, 
due  to  the  fact  that  assistants  are  paid 
on  time.  In  one  case  it  is  mentioned 
that  pieceworkers  make  habitual  pay- 
ments to  their  assistants  in  excess  ol* 
their  standard  remuneration.  When 
blacksmiths  had  changes  from  time  to 
piece  work,  their  assistants  shared  in 
earnings  in  a  certain  ratio,  and,  as  a 
consequence,  output  has  increased 
from  50  to  100  per  cent. 

Firms  making  returns  on  the  effi- 
ciency of  production  reported  that  the 
tonnage  launched  per  employe  de- 
creased from  17.9  tons  in  1913  to  10.7 
tons  in  1919  while  the  tonnage  re- 
paired per  employe  decreased  from 
103.8  tons  in  1913  to  60.4  tons  in  1919. 

As  regards  payment  by  results  and 
efficiency  of  production  in  the  British 
engineering  trades  the  report  says: 


Some  system  or  other  of  payment 
by  results  is  in  operation  to  varying 
extents  in  practically  all  firms.  Firms 
mention  a  number  of  cases  where 
piecework  would  have  been  introduced 
but  for  objections  raised  by  the  trades 
unions  concerned,  and  this  applies  par- 
ticularly to  patternmakers  and  foun- 
drymen. 

Between  1913  and  1919  there  have 
been  a  certain  number  of  cases  of 
changes  from  time  work  to  piecework. 
As  a  rule  the  change  has  been  made 
on  the  intiative  of  the  employers,  but 
in  some  of  the  cases  the  application 
came  from  the  work  people.  The  re- 
sult has  been  an  increase  in  earnings 
and  output. 

It  is  reported  that  in  a  number  of 
cases  the  efforts  of  the  pieceworkers 
have  been  hampered  through  the  fact 
that  their  assistants  are  not  being  paid 
by  results,  and  in  every  case  where  it 
has  been  found  possible  to  introduce 
payment  by  results  for  the  assistants 
the  result  has  been  satisfactory.  In 
most  cases  where  it  has  been  tested 
it  has  been  found  that  system  of  indi- 
vidual payment  by  results  is  better 
than  a  system  of  collective  payments 
by  results. 


Hoover  Asks  the  Public 

to  Blow  Against 

the  Tempest 

Herbert  Hoover  is  usually  careful  in 
his  use  of  statistics,  but,  relying  as  he 
does  upon  the  reports  of  subordinates 
who  are  not  so  careful,  he  frequently 
is  led  to  erroneous  conclusions.  Thus, 
in  his  advocacy  of  curtailing  public 
building  construction  now  with  a  view 
to  equalizing  construction  activity  in 
the  future,  he  fails  to  give  considera- 
tion to  the  fact  that  the  entire  volume 
of  public  building  construction  is  only 
a  drop  in  the  bucket. 

In  1922  the  total  volume  of  building 
contracts  in  27  states  was  $3,523,000,- 
000,  according  to  the  Dodge  reports,  to 
which  should  be  added  about  50  per 
cent  to  cover  new  buildings  not  re- 
ported. But  of  this  total  less  than  1 
per  cent  was  "public  buildings,"  and 
9  per  cent  was  "educational  buildings" 
(both  public  and  private).  "Educa- 
tional building"  construction  in  1919 
averaged  less  than  5  per  cent  of  the 
total  building  construction,  which  was 
probably  quite  close  to  a  normal  per- 
centage. 

A  consideration  of  these  percent- 
ages indicates  very  clearly  the  futility 
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of  trying  to  equalize  employment  in 
the  building  field  by  curtailing  con- 
struction of  public  buildings  in  boom 
times  and  increasing  it  in  dull  times. 
As  well  try  to  equalize  the  velocity  of 
the  wind  by  asking  the  public  to  blow 
today  against  the  tempest  and  tomor- 
row with  the  zephyr. 


Overalls  Supplanting  White 
Collars 

Editorial  from  Chicago  Tribune. 

The  citizens'  committee  to  enforce 
the  Landis  award  announces  a  nota- 
ble shifting  of  "white  collar"  workers 
into  the  building  trades.  It  is  evi- 
dent in  the  character  of  young  men 
enrolling  in  the  committee's  free  trade 
school,  which  trains  apprentices  for 
the  trades. 

That  is  a  movement  which  is  likely 
to  be  of  great  significance.  It  is,  of 
course,  due  primarily  to  the  small 
pay  of  "white  collar"  workers,  such 
as  stenographers,  office  clerks,  minor 
salesmen,  and  bookkeepers.  Young 
men  in  these  lines,  earning  perhaps 
from  $22  to  $38  a  week,  look  with  nat- 
ural envy  upon  the  man  of  similar 
age  who  is  drawing  from  $60  to  $100 
a  week  as  a  skilled  mechanic.  The 
dapper  young  sheik  no  doubt  hates  to 
trade  his  linen  collar  for  a  cotton 
jumper,  but  economic  pressure  is 
forcing  the  change. 

In  all  probability  it  will  be  good  for 
the  youth  who  makes  the  trade,  and 
for  the  country  in  general.  Boys  who 
have  some  natural  preference  for 
using  their  minds  and  keeping  their 
hands  clean  can  make  good  mechan- 
ics if  they  realize  that  their  minds 
may  be  useful  in  putting  up  a  house 
as  well  as  in  producing  a  balance 
sheet,  and  who  know  that  hands  can 
be  made  clean,  even  though  calloused. 
If  young  men  of  this  type  set  aside 
the  foolish  snobbishness  attached  to 
a  white  collar  they  can  go  far  in  the 
trades.  In  so  far  as  they  use  their 
natural  preference  for  head  work,  they 
will  improve  the  standard  of  mechan- 
ical work  and  workers. 

We  welcome  them.  The  building 
tradesmen,  beside  whom  they  eventual- 
ly must  work,  should  welcome  them 
likewise.  They  will  raise  standards 
both  for  themselves  and  for  their  fel- 
lows if  they  apply  their  abilities  as 
their  ambition  seems  to  have  dictated. 
It's  a  welcome  tendency. 


Secretary  Hoover  Advocates 

Curtailment    of    Public 

Building  Construction 

As  a  result  of  a  survey  of  the  situa- 
tion in  the  construction  trade  made  by 
the  Department  of  Commerce,  Secre- 
tary Herbert  Hoover  in  a  letter  to 
President  Harding  under  date  of 
March  17  recommended  that  the  dif- 
ferent divisions  of  the  Federal  govern- 
ment should  initiate  no  new  work  that 
is  not  eminently  necessary  to  carry  on 
the  immediate  functions  of  the  gov- 
ernment and  that  there  should  be  a 
slowing  down  of  work  in  progress  so 
much  as  comports  with  real  economy 
in  construction,  until  after  there  is  a 
relaxation  in  private  demands. 

Extracts  from  Secretary  Hoover's 
letter  follow: 

1.  The  year  1922  was  a  year  of  very 
large  employment  and  activity  in  the  con- 
struction trades  and  at  the  end  of  the 
year  stocks  of  construction  materials 
were  very  much  reduced.  Since  the  be- 
ginning of  the  present  year  there  has 
been  even  more  activity  than  in  the  same 
period  last  year  and  the  contracts  let  in 
the  past  few  months  are  of  larger  volume 
than  any  hitherto  entered  into  in  a  sim- 
ilar period.  Advance  orders  for  construc- 
tion materials  are  upon  a  very  large 
scale. 

2.  Labor  in  the  construction  trades  and 
in  the  manufacture  of  materials  is  not 
only  at  full  employment  but  there  is 
actually  a  shortage  in  many  directions. 

3.  Transportation  facilities  available 
for  the  building  materials  are  fully  load- 
ed and  almost  constant  car  shortages  are 
complained  of  with  consequent  interrup- 
tion  in  production. 

My  conclusion  from  all  this  is  that,  at 
least  for  the  next  several  months,  the 
trades  will  be  fully  occupied  in  private 
construction,  all  of  which  is  generally 
needed  by  the  country. 

For  the  Government  to  enter  into  com- 
petition at  the  present  moment  will  give 
no  additional  employment  to  labor  and  no 
additional  production  of  materials,  but 
must  in  the  broad  sense  in  the  end  dis- 
place that  much  private  construction.  The 
governments,  nationally  and  locally,  are 
in  a  much  better  position  to  hold  con- 
struction work  in  abeyance  than  are  pri- 
vate concerns,  and  are  in  better  position 
to  speed  up  in  times  of  less  demand  as 
we  did  in  the  last  depression  as  the  result 
of  the  Unemployment  Conference.  We 
can  by  this  means  contribute  something 
to  a  more  even  flow  of  employment  not 
only  directly  in  construction  work  but  in 
the  material  trades. 

A  summary  of  the  building  situation 
on  March  16  accompanying  Secretary 
Hoover's  letter  included  the  follow- 
ing: 

The  volume  of  construction  carried 
out  in  1922  is  indicated  by  the  follow- 
ing figures  on  building  materials: 
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(Index  numbers  based  on  1913  activity  sanitary  pottery  made  a  new  high  rec- 
as  100->  ord    for   all   time.     Trade   reports   for 
1922  1921  1920  1919  other  commodities  not  covered  by  ade- 
I.umber  production 103      80      94      94  qiiate    statistics    indicate    similar    ten- 
Cement  production 124     107     109       87  dencies 

Fabricated  steel  sales..  168      87    130    125  The  transportation  situation  is  indi- 

Lumber     production     in     1922     was  cated  by  the  car  shortage  during  the 

above   any   year    in   the 'past   decade,  last  few  months  as  follows: 

^nfov^OsX  ££  thThVh6  CAR  SHORTAGES  AT  end  OF  MONTH 

est  previous  year.    Cement  shipments  December   82927  110 

were    greater     than     production,    and  1923         1922 

were  20  per  cent  higher  than  in  1920,  January  73  269  642 

the  previous  record  year.  February " '. *. '. '. '. .' .' .' .'  .* .' .' ." .' .' .' .'    80,'633  599 

Contracts  awarded  for  construction  „  ..  ■  ,    . 

work  in  1922,  compared  with  the  three  ^Y0™    the    above    lt    would    aPPear 

previous  years,  are  shown  by  the  fol-  tnat    *??    building    and    construction 

lowing  index  numbers,  based  on  1919  necessities  of  the  company  are  being 

figures  as  100*  taken  care  of  so  far  as  labor,  material 

manufacturing,  and  transportation  fa- 

CONTRACTS  AWARDED.  cilities  permit,  and  that  the  addition 

1922  1921  1920  1919  0f  governmental  projects  at  the  pres- 

Total  value 130      91      98    100  ent  time  will  not  add  to  the  production 

Total  floor  space 102  69  72  100  Gf  materials  or  to  the  amount  of  em- 
Actual  building  activity  in  1922  in  ployment  in  the  country,  but  would  in 
relation  to  1919  was  greater  than  the  fact  mean  simply  displacement  of  con- 
figures on  contracts  awarded  show.  struction  that  could  be  undertaken  at 
A  large  amount  of  building  contracted  private  hands. 

for  in  the  last  months  of  1921  was  car- 

ried  over  into  1922,  whereas  there  was  Weathering  Tests   of  Stone 

practically    no    such    carry-over   into  Weathering     tests,      consisting      of 

There  was  practically  full  employ-  freezing  and  tnawing  of  tne  sPecimens 

ment  of  labor  during  1922,  and  an  ac-  untl1     disintegration    occurs,     are    in 

tual  shortage  of  labor  in  many  locali-  progress  at  the  U.  S.  Bureau  of  Stand- 

ties-  ards,  Washington,  D.  C,  on  22  samples 

.J^^ftingP,hySlCalffCtKrSinihe  ^    limestone    and    23    of    sandstone, 

amount  of  construction  to  be  under-  _  _   "!    ,  . 

taken  in  the  future  are  labor,  mate-  Some  of  the  best  limestones  have 
rials,  and  transportation.  withstood  800  freezings  without  show- 
It  may  be  said  generally  that  labor  ing  any  appreciable  amount  of  decay, 
is  in  full  employment  at  the  present  while  the  poorer  grades  of  this  mate- 
time,  and  the  increase  in  construction  rial  were  disintegrated  by  100  freez- 
demand  during  the  spring  months  on  ings.  Tests  on  the  sandstones  have 
the  basis  of  contracts  already  let  in-  only  recently  been  started,  and  so  far 
dicates  even  increased  shortages  over  the  samples  have  shown  no  great 
those  now  existing.  Considerable  num-  amount  of  decay. 

bers  of  material  manufacturers  are  A  number  of  limestone  and  sand- 
running  at  full  capacity,  and  where  stone  specimens  are  also  being  tested 
production  capacity  is  under-employed  by  soaking  in  a  15  per  cent  solution 
at  the  present  time  it  is  largely  due  to  of  sodium  chloride  and  drying  after- 
shortage  of  labor.  wards  to  obtain  a  crystallization  of 
Advance  orders  are  greatly  in  ex-  the  salt  in  the  pores  of  the  stone, 
cess  of  those  a  year  ago.  Combined  This  produces  an  action  similar  to 
figures  of  seven  large  lumber  associa-  that  of  frost  but  more  severe.  It  has 
tions  show  an  increase  of  49  per  cent  been  found  that  limestones  which 
in  orders  received  during  the  first  stood  up  under  several  hundred  of 
nine  weeks  in  the  year,  over  the  same  the  freezings  were  disintegrated  by 
period  in  1922.  Unfilled  steel  orders  less  than  100  crystallizations  in  the 
of  the  largest  company  were  71  per  salt  test.  However,  the  actual  disin- 
cent  greater  at  the  end  of  February  tegration  seems  to  be  similar  to  that 
than  a  year  before.  Sales  of  fabricat-  produced  by  the  action  of  frost,  and 
ed  steel  for  the  first  two  months  of  hence  it  is  believed  that  there  is  a 
1923  were  85  per  cent  above  the  same  possibility  of  using  this  method  as  an 
period    in    1922.     January    orders    for  accelerated  weathering  test. 
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Economical  Use  of  Concrete  in  Bridge  Construction 

Stone   Faced   Concrete   Slab   and   Girder   and   Reinforced   Concrete 
Frame  with  Stone  Facing  Bridges  of  Bronx  River  Parkway 

By  L.  G.  HOLLERAN. 

Deputy   Chief   Engineer,    Bronx  Parkway   Commission,   New  York  City. 


The  development  of  the  Bronx  River 
Parkway  Reservation,  which  extends 
along  the  Bronx  River  about  15  ^ 
miles  from  Bronx  Park  in  the  Borough 
of  the  Bronx  to  Kensico  Dam  in  West- 
chester County,  New  York,  includes 
the  construction  of  a  paved  driveway 
40  ft.  in  width  (or  in  some  locations 
two  20-ft.  driveways)  throughout  the 
entire  length  of  the  Reservation.   This 


driveway  crosses  and  re-crosses  the 
Bronx  River  many  times  and  requires 
the  construction  of  30  driveway 
bridges  and  viaducts,  mostly  40  ft.  in 
clear  width  and  generally  from  40  to 
52  ft.  in  span,  though  one  viaduct  has 
a  span  of  145  ft.  and  several  bridges 
are  more  or  less  than  40  ft.  in  span. 

Stone  faced  arch  rings  with  stone 
spandrels,     parapets     and     approach 


LOA/6/WD/N4L    SECT/ON 
L     Fig.   1— Plan   and    Longitudinal   Section  of   Stone   Faced  Slab  and  Girder  Type  Bridge, 

40-Ft.  Span. 
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walls  have  been  generally  adopted  as 
being  the  most  suitable  form  of  con- 
struction for  Parkway  purposes,  antf 
the  first  plans  were  prepared  and 
bridges  constructed  on  the  basis  of  re- 


are  fairly   flat,  as  is  the  case   in   the 
bridges  under  construction. 

The  design  finally  worked  out  con 
gists  of  a  slab  and  girder  deck  faced 
with  a  true  stone  arch   2  ft.  thick  on 


Fig.   2. — Completed   Bridge  of  Stone   Faced   Slab  and  Girder  Type.    Charles  W.  Stough- 
ton,  Consulting  Architect,  New  York  City. 


inforced    concrete    arches    with    stone 
facing. 

In  view  of  the  large  number  of 
bridges  to  be  constructed,  however, 
investigations  were  started  to  deter- 
mine whether  or  not  it  would  be  pos- 
sible to  develop  some  form  of  con- 
struction which  would  in  all  respects 
appear  to  be  of  true  arch  design,  and 
at  the  same  time  reduce  the  very  con- 


either  side  of  the  bridge.  Fig.  2  shows 
a  completed  bridge  of  this  type.  The 
stone  arches  abut  against  the  heavy 
approach  walls  which  would  be  re- 
quired in  any  case.  The  bridge  shown 
has  a  span  of  40  ft. 

Unfortunately,  for  the  purpose  of 
comparison,  no  bridge  of  true  arch  de- 
sign throughout  has  been  constructed 
of  40-ft.  span.    The  nearest,  is  a  bridge 


*■■•*■« 


Fig.   3- 


-Completed    Bridge,   Stone   Faced   True    Arch    Type.     Gilmore    D.    Clarke,    Con. 
suiting    Architect,    Pelham,    N.   Y. 


siderable  quantities  of  excavation  and 
concrete  required  for  the  abutments 
of  a  true  arch,  especially  if  the  arches 
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of  52-ft.  span  shown  in  Figs.  3  and  4. 
While  by  reason  of  the  difference  in 
span  of  these  two  bridges,  it  is  not 
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possible  to  obtain  a  true  comparison 
of  the  economies  effected  by  the  adop- 
tion of  the  slab  and  girder  type  in- 
stead of  the  true  arch  type,  yet  the  dif- 
ference in  quantities  and  cost  for  the 
abutments  of  these  two  bridges  is  suf- 
ficiently striking  to  indicate  that  the 
saving  is  considerable. 

The  true  arch  bridge  was  built  by 
contract  and  the  slab  and  girder 
bridge  by  Commission  forces.  The 
prices  used  for  comparison  are  those 
bid  by  the  contractor  for  the  true  arch 
in  each  case.  The  width  of  the  foot- 
ings and  therefore  the  width  of  the 
trenches  for  the  true  arch  bridge  was 
15  ft.  while  for  the  slab  and  girder 
type  the  width  of  footings  and 
trenches  was  only  6  ft. 

The  abutment  concrete  in  each  case 
was  proportioned  1:3:6  and  the  ce- 
ment factor  was  approximately  1  bbl. 
per  cu.  yd.  The  drawings  also  show 
that  the  ground  surface  was  approxi- 
mately at  the  top  of  the  abutments 
and  therefore  the  quantity  of  excava- 
tion would  approximate  the  quantity 
of  concrete  in  the  abutments.  On  this 
basis,  a  comparison  of  the  cost  of  the 
abutments  is  as  follows: 

QUANTITIES   AND    COST    OF 

ABUTMENTS. 

.  Stone  faced  true  earch,  52-ft.  span. 

470  cu.  yd.  excavation  at  $4 $1,880 

470  bbl.  cement  at  $3.50 1,645 

470  cu.  yd.  concrete  at  $8 3,760 


Total '.....$7,285 

Slab  and  girder  type  with  stone  arch 
facing,    40-ft.   span. 

200  cu.  yd.   excavation  at  $4 $    800 

200  bbl.  cement  at  $3.50 700 

200  cu.  yd.  concrete  at  $8 1,600 

Total  $3,100 

Difference    4,185 

The  quantity  of  reinforced  concrete 
in  the  slab  and  girder  type  bridge  was 
105  cu.  yd.  and  in  the  reinforced  con- 
crete arch  195  cu.  yd.  The  quantities 
of  excavation,  concrete  and  stone 
work  for  approach  walls,  spandrels, 
parapets  and  arch  ring  facings  would 
remain  the  same  for  any  particular 
span  and  architectural  design,  which- 
ever type  of  bridge  was  adopted. 

A  further  saving  in  the  cost  of  these 

bridges   is    effected   in   the   approach 

walls   which  are   merely  stone   faces 

backed  with  concrete,  and  not  of  solid 

t    stone  construction.     The  cost  of  con- 

I  crete,  including  cement,  is  about  half 

I  the  cost  of  a  good   quality  of   stone 

I  masonry. 

In  addition  to  the  driveway  bridges 
land  viaducts,  it  was  considered  neces- 
sary to  eliminate  five  grade  crossings 


where  the  Parkway  Drive  intersects 
heavy  traffic  streets. 

It  was  found  feasible  to  depress  the 
driveway  at  all  of  these  crossings  so 
that  structures  to  carry  the  highways 
over  the  Parkway  Drive  were  required. 


In  most  cases  it  was  considered  im- 
practicable to  raise  the  grade  of  the 
highways  to  any  considerable  extent 
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Fig.   5 — Details   of   Reinforced   Concrete    Frame     Construction 

Parkway   Drive. 


at     Undercrossings    of 


and  this  required  that  the  grade  of 
the  driveway  be  located  at  or  below 
the  level  of  the  Bronx  River,  which 
flows  near  the  driveway  at  all  of  these 
crossings. 

In  order  to  keep  the  grade  of  the 
driveway  as  high  as  practicable  and 


thus  reduce  the  possibility  of  seepage 
from  the  river,  it  was  necessary  to 
adopt  a  flat  arch  for  these  undercross- 
ings, all  of  which  have  a  span  of  about 
41  ft.,  and  about  4  ft.  rise. 

A  true  arch  as  flat  as  this  would  re- 
quire  heavy   abutments    and   a  large 


Fig.   6 — Nearly  Completed   Stone   Faced    Reinforced  Concrete  Frame  Construction  Un- 

dercrossing    Structure,    Swain    Street,    Yonkers,  N.  Y.    Charles  W.  Stoughton, 

Consulting    Architect,    New   York    City. 
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volume  of  excavation.     Investigations  Floor  Loads  in  Office  Build- 

were,  therefore,  made  as  to  the  feasi- 
bility of  designing  a  type  of  structure  mgS 
which  would  present  the  appearance  During  the  latter  part  of  last  year 
of  a  true  arch  and  at  the  same  time  a  detailed  investigation  was  made  of 
greatly  reduce  the  quantities  of  con-  nVe  loads  on  several  floors  of  the 
crete  and  excavation.  Equitable  building,  New  York  City, 
A  type  of  reinforced  concrete  frame  probably  the  largest  office  building  in 
construction  was  finally  developed,  as  the  world.  The  study  was  made  at 
shown  in  Fig.  5.  A  nearly  completed  the  request  of  the  Building  Code  Com- 
undercrossing  of  this  type  with  stone  mittee  of  the  U.  S.  Chamber  of  Corn- 
facing  is  shown  in  Fig.  6.     This  type  merce. 

of  structure  was   adopted   only   after  The  report  of  the  study  made  at  the 

tests  had  been  made  of  the  strength  Equitable    building    is    abstracted    as 

of  the  knee  beam  construction  at  the  follows  in  the  American  Machinist: 

junction  of  the  roof  and  sidewalls  and  The  objects  were  to  determine  the 

the  computations  and  general  design  maximum)  minimum  and  average  floor 

had   been   carefully   checked  and  ap-  loadg    existing   in  actual   office   prac. 

proved  by  a  consulting  engineer  spe-  u         the  nature   and   distributioil   of 

ciahzing  in  this  class  of  work.    When  guch  load       and  the  relations  whicn 

the  first  structure  was  so  far  complet-  th       should  bear  tQ  the  assumptions 

ed  as  to  make  it  possible  it  was  tested  for  degi       of  floor  glab     floor  beamg 

with  the  weight  of  four  10-ton  tractors  and  columns  as  governed  by  prevail- 

concentrated  as  closely  as  practicable  .       buiiding  code  practice.    With  this 

and  later  by  the  passage  of  a  steam  in  mind  u  wag  necessary  t0  determine 

shovel      Since  being  opened  for  teat-  th     actual  wei  hts  of  office  furnitUre 

fie,   all  sorts   or  heavy   trucking  has  and    merchandise,    aiso    its    location 

passed  over  two  of  these  structures  [h  reference  to  partitions  and  floor 

without  developing  any  signs  of  weak-  beams 

neiStS'is  estimated  that  about  $5,000  will  Three  fl°?rs  werf.  selected,  repre- 
be  saved  on  each  of  the  five  under-  senting  light,  medium  and  heavy 
crossings  at  which  this  type  of  con-  classes  of  occupancy,  and  the  entire 
struction  is  used.  area  o£  tnese  floors  was  surveyed.  A 
T  -  . .,  '  K^^«««  +v,~  n mi*  force  of  five  men  equipped  with  plat- 
In  planning  its  bridges  the  Commis-  f         gl          d  fl  *  book          t 

sion  has  invariably  employed  compe-  x    d          weighing    and    tabulating 

tent  architects  to  advise  on  the  archi-  article  of  furniture  within  the 

tectural   design    and    the    results   ob-  £|£  *^ton?d. 

tained    through    the    co-operation    of  ai^°     ,"lluuou' 

these  architects  with  Commission  engi-  Sketches    were    prepared   for    each 

neers    have   more    than   justified   the  office,     showing     the     location     and 

adoption  of  this  procedure.  weights    of  all  articles  of  furniture,  so 

The    Bronx    Parkway    Commission  tnat   tne   distribution   of  loads   could 

consists  of  Madison  Grant,  president,  be  <iuite  closely  determined.     The  re- 

W.     W.     Niles,     vice-president,     and  sults    form    a    most    interesting    and 

——-————--—-^ _____________  valuable  collection  of  data: 

MAXIMUM,    MINIMUM   AND   AVERAGE    LIVE  LOADS  IN  EQUITABLE  BUILDING 

i  _j       No.  of  Maximum       Minimum        Average 

offices.  lb.  sq.  ft.         lb.  sq.  ft.         lb.  sq.  ft. 

Light  occupancy  floor  (20th)   67  55.4                    0.87                  10.26 

Medium  occupancy  floor  (37th)   64  30.73                  3.27                  10.67 

Heavy  occupancy  floor  (11th)   62  33.84                 5.00                 13.96 

Total  and  average    193  11.6 


Prank  H.  Bethell,  treasurer.  Engineer- 
ing and  construction  work  is  under  the 
supervision  of  Jay  Downer,  Engineer 
and  Secretary.  Arthur  G.  Hayden  is 
Designing  Engineer. 


Zinc  Production  in  March. — Zinc  pro- 
duction last  month,  at  97,462,000  lb., 
was  the  highest  since  1917. 


The  weights  given  do  not  include 
radiators,  which  averaged  200  lb.  each, 
with  two  to  each  bay,  located  under 
the  windows.  These  would  add  ap- 
proximately 1  lb.  per  square  foot  for 
all  exterior  bays. 

The  weight  of  the  partitions  was 
not  included  in  the  calculations.  These 
in  general  are  3-in.  hollow  tile  plas- 
tered each  side,  and  a  careful  weigh- 
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ing  of  one  which  was  being  removed 
showed  a  weight  of  30  lb.  per  square 
foot,  or  approximately  350  lb.  per  Tun- 
ing foot.  The  weight  of  occupants, 
taken  at  150  lb.  per  person,  is  probably 
high. 

The  careful  sketches  of  load  ar- 
rangement made  it  possible  to  throw 
some  light  on  the  prevailing  method 
of  assuming  uniformly  distributed  live 
loads  as  a  basis  for  floor  design,  and 
help  to  indicate  what  relation  such 
assumptions  should  bear  to  actual 
total  loads. 

Examination  of  bays  for  which  the 
live  load  was  more  than  25  lb.  per 
square  foot,  showed  wide  variation  in 
the  distribution  of  such  loads.  The 
larger  proportion  was  found,  as  might 
be  expected,  within  a  zone  approxi- 
mately 3  ft.  wide  around  the  walls, 
the  remainder  being  distributed  va- 
riously in  the  center  of  the  rooms.  In 
one  or  two  cases,  however,  the  major 
proportion  of  all  the  load  was  situated 
away  from  the  walls  and  this  condi- 
tion must  be  provided  for  by  design- 
ers. There  is  also  the  probability  that 
practically  all  furniture  may  be  col- 
lected in  the  central  portion  of  a  floor 
area  when  occupants  are  moving,  or 
when  painting  or  cleaning  is  in 
progress. 

Examination  of  all  the  floor  sketches 
shows  but  eight  articles  of  furniture 
(safes)  over  2,000  lb.  in  weight.  A 
number  of  sectional  filing  cases  and 
bookcases  with  contents  weighed 
much  more,  but  these  weights  were 
distributed  over  such  a  large  area  that 
they  could  not  be  regarded  as  con- 
centrated. Of  36  safes  and  safe  cab- 
inets, 23  weighed  less  than  1,000  lb., 
5  between  1,000  and  2,000  lb.;  2 
weighed  2,200  lb.;  2,  2,360  lb.;  1,  2,800 
lb.;  1,  3,000  lb.;  1,  3,500  lb.;  and  1, 
4,250  lb.  This  seems  to  indicate  that 
if  care  in  regulation  of  occupancies 
were  exercised  considerable  economies 
might  be  possible  in  providing  for 
concentrated  loads.  To  what  extent 
such  regulation  is  practical  is  a  mat- 
ter for  deliberation. 

As  would  naturally  be  expected,  the 
live  loads  were  found  lighter  next  the 
outside  walls.  Single  row  filing  cases, 
cabinets,  safes,  bookcases  and  bins 
are  usually  located  against  blank  in- 
terior walls.  Whether  by  accident  or 
otherwise,  the  heavier  loads  were  not 
found  where  partitions  cut  up  the 
floor  space  into  small  rooms,  indicat- 
ing that  allowance  may  not  be  neces- 
sary both  for  removable  partitions 
and  heavy  floor  loads. 


Several  instances  were  found  where 
two  adjacent  floor  bays  supported  av- 
erage loads  of  25  lb.  or  more,  but  in 
no  case  were  two  adjacent  bays  found 
in  excess  of  an  average  of  40  lb.  per 
square  foot. 

There  are  but  two  or  three  in- 
stances in  the  floor  plans  discussed 
where  three  offices  or  store  rooms 
meet  at  the  same  column  and  it  is 
probable  that  this  condition  will  be 
found  but  rarely  in  buildings  designed 
for  a  sufficiency  of  light  and  ventila- 
tion. In  view  of  this  and  of  the  sur- 
prisingly light  average  floor  loads  dis- 
covered, it  becomes  an  interesting 
question  whether  in  a  building  of  this 
type  further  reduction  in  loads  as- 
sumed for  column  design  could  be 
made  with  safety.  The  building  was 
designed  for  a  live  load  of  100  lb.  per 
square  foot  on  the  first  floor  and  73 
lb.  on  all  others. 

Diagonal  Reinforcement  for  Con- 
crete Slabs 

It  would  be  natural  to  suppose  that 
the  most  effective  way  of  using  steel 
for  reinforcing  concrete  floors  and 
other  slabs  would  be  to  place  it  in  the 
direction  in  which  the  stress  was  ap- 
plied, and  at  right  angles  to  the  direc- 
tion of  probable  cracks.  Mathematical 
analysis  of  the  problem  confirms  this 
assumption. 

In  the  design  of  concrete  ships, 
however,  there  were  other  considera- 
tions which  made  it  seem  desirable  to 
place  the  steel  diagonally  with  respect 
to  the  direction  in  which  the  cracks 
were  expected.  Accordingly  tests  were 
made  at  the  U.  S.  Bureau  of  Stand- 
ards on  slabs  in  which  different  types 
of  reinforcement  were  used.  These 
tests  confirm,  in  a  general  way,  the 
correctness  of  the  mathematical  anal- 
ysis and  show  that  the  reinforcement 
should  be  laid  parallel  with  the  span 
and  not  at  an  angle  with  it;  unless 
there  are  other  factors,  such  as  shrink- 
age in  setting  or  expansion  and  con- 
traction with  change  in  temperature, 
which  tend  to  produce  cracks  at  right 
angles  to  those  due  to  load  stress. 

The  results  of  these  tests  are  pub- 
lished in  Technologic  Paper  No.  233 
of  the  Bureau  of  Standards,  entitled 
"Tests  of  Heavily  Reinforced  Con- 
crete Slab  Beams:  Effect  of  Direction 
of  Reinforcement  on  Strength  and  De- 
formation." Copies  of  this  paper  can 
be  obtained  from  the  Superintendent 
of  Documents,  Government  Printing 
Office,  Washington,  D.  C.  The  price 
is  15  ct. 
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Suggestions  for  Designers  to  Facilitate  Production  of  Good  Concrete 
Field    Outlined    in    Paper    Presented    Last    January    at 


in 


Cincinnati  Convention   of   American   Concrete   Institute 

By  H.   D.   LORING 

Of  Ferro  Concrete  Construction  Co.,   Cincinnati,   O. 


Many  structures  are  injured  or  ren- 
dered unsightly  by  cracks  due  to  the 
applied  loads  for  which  they  are  sup- 
posedly designed.  Pure  blunders,  we 
are  of  course  not  concerned  with,  but 
sometimes  there  are  factors  easily 
overlooked. 

Points  in  Design  of  Retaining  Walls. 
— Walls  to  retain  earth  or  water  are 
frequently  designed  as  vertical  can- 
tilevers, and  such  walls  seldom  give 
trouble,  when  they  are  straight. 
When,  however,  two  such  walls  are 
built  at  right  angles  to  each  other  as 
a  continuous  structure,  a  wide  crack 
is  very  apt  to  appear  near  the  corner, 
because  each  wall  bends,  under  the 
earth  or  water  pressure,  enough  to 
cause  rupture,  even  when  consider- 
able amounts  of  steel  are  bent  around 
the  corners. 

The  rigidity  of  continuous  floor  con- 
struction is  so  well  fixed  in  the  minds 
of  most  building  designers  that  they 
may  not  at  first  thought  consider  how 
comparatively  limber  a  cantilever  is, 
but  recalling  that  a  cantilever  of  uni- 
form cross  section  under  uniform  load 
deflects  48  times  as  much  as  a  similar 
fixed  beam  with  the  same  span  and 
load,  will  give  one  a  measure  of  the 
deflection  that  may  be  expected  in 
cantilever  walls.  The  simplest  and 
often  the  best  preventive  of  such 
cracks  is  to  design  the  walls  as  sepa- 
rate structures  with  a  joint  near  the 
corners.  Where  liquids  are  to  be  re- 
tained, this  is  not  practicable  and  the 
two  walls  may  be  connected  by  a 
curved  or  broken  section  of  consider- 
able radius  with  liberal  horizontal  re- 
inforcements extending  into  each  wall 
far  enough  to  take  care  of  stresses 
caused  by  restraint.  For  low  walls  a 
generous  fillet  in  the  corner  with  lib- 
eral horizontal  reinforcement,  may  be 
sufficient. 

On  walls  subject  to  fluid  pressure, 
the  overturning  moment  varies  as  the 
cube  of  the  height,  and  is  2.27  times 
as  much  on  an  8-ft.  wall  as  on  a  6-ft. 
one.  Although  earth-retaining  walls 
are  usually;  designed  for  fluid  pres- 
sure, skepticism  of  such  alarming  pre- 
cision is  probably  justified  in  view  of 
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the  uncertainty  as  to  how  much  pres- 
sure earth  does  exert  on  a  wall.  How- 
ever, several  years  ago  when  we  were 
advised  that  a  small  retaining  wall 
which  had  been  built  five  or  six  years, 
was  buckling  out  of  line,  we  found 
that  the  fill  behind  it  had  increased 
from  about  6  ft.  to  about  8  ft.  and  was 
being  supported  by  wooden  flash 
boards  held  by  posts  behind  the  walls. 
Soaking  rains  had  contributed  to  the 
overload  which  had  been  sufficient  to 
throw  the  wall  considerably  out  of 
line.  In  choosing  factors  of  safety  the 
possibility  of  overload  from  excessive 
surcharges  may  well  be  borne  in  mind. 
Roof  Insulation  with  Cinder  Fills.— 
A  frequent  source  of  trouble  in  con- 
crete buildings  having  the  roof  in- 
sulated with  a  fill  of  cinders  is  the 
buckling  of  the  cement  topping  placed 
over  this  fill  to  receive  the  roofing. 
The  topping  usually  is  a  thin  slab  of 
rather  lean  mortar  and  unable  to 
withstand  the  compressive  stresses 
due  to  expansion  at  summer  tempera- 
ture, which  will  frequently  raise  large 
blisters.  The  resulting  ridge  cracks 
are  very  destructive  to  roof  coverings 
and  are  a  frequent  source  of  trouble- 
some leaks. 

Expansion  joints  are  easily  made  in 
the  topping  with  some  of  the  prepared 
strips  of  bituminous  material  sold  for 
the  purpose  or  by  leaving  wood  strips 
which  are  removed  and  the  space 
filled  with  mastic.  Such  joints  should 
provide  for  expansion  in  all  directions 
at  the  rate  of  at  least  %  in.  for  every 
50  ft. 

Cinder  fills  often  become  saturated 
from  rains  before  topping  is  laid  and 
the  water  slowly  finds  the  only  way 
out — through  the  ceiling,  resulting  in 
dampness  for  many  weeks  or  even 
months.  The  cost  of  fill  and  topping 
with  the  cost  of  carrying  their  weight 
to  the  foundations  may  amount  to  15 
ct.  or  20  ct.  per  square  foot  and  at 
best  they  do  not  form  as  good  a  foun- 
dation for  *roofing  as  a  solid  slab. 
This  leads  to  the  inquiry  as  to  wheth- 
er they  may  not  be  eliminated  alto- 
gether in  many  cases.  Inasmuch  as 
composition    roofing    contractors    will 
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usually  guarantee  a  dead  level  roof  as 
readily  as  a  sloping  one,  filling  is  not 
a  necessity  for  forming  slopes  when 
it  is  not  desired  to  pitch  the  structural 
slab  for  this  purpose. 

The  best  reason  for  the  use  of  cin- 
der fill  is  as  an  insulator  to  prevent 
undue  condensation  on  a  cold  ceiling 
in  winter  and  excessive  heat  in  the 
top  story  in  summer.  While  cinder 
fills  accomplish  this  result  success- 
fully and  are  desirable  in  buildings, 
with  thin  roof  slabs  in  beam  and  slab 
construction,  the  greater  thickness  of 
structural  concrete  in  flat  slab  con- 
struction is  in  many  cases  sufficient 
insulation  in  itself. 

We  have  examined  several  heated 
buildings  constructed  within  the  last 
year  or  two,  where  the  roofing  was 
applied  directly  to  level  structural 
slabs,  and  found  them  giving  satisfac- 
tion. In  one  case,  a  portion  of  the 
building  is  used  for  office  purposes 
with  a  plastered  ceiling  applied  direct- 
ly to  the  concrete  and  no  condensa- 
tion was  noted  or  other  trouble  ex- 
perienced by  the  occupants.  The  sav- 
ing in  the  cost  of  roof  fill  is  a  consid- 
erable item  in  buildings  where  low 
first  cost  is  imperative.  In  colder  cli- 
mates there  is,  of  course,  more  neces- 
sity for  the  fill  as  a  heat  saver. 

Expansion  Joints  in  Building  Proper. 
— While  expansion  joints  in  fill  top- 
pings are  absolutely  necessary  to  pre- 
vent trouble  in  even  buildings  of  mod- 
erate size,  expansion  joints  in  the 
building  itself  are  another  matter. 
The  question  of  expansion  joints  in 
concrete  buildings  has  been  a  much 
discussed  one  and  probably  the  pres- 
ent tendency  is  to  use  them  in  fewer 
buildings.  We  believe  they  are  sel- 
dom needed  in  buildings  up  to  300  ft. 
in  length.  Where  they  are  used,  care- 
ful designing  is  necessary  to  prevent 
their  giving  trouble,  especially  from 
leaking  floors,  in  buildings  where  wet 
operations  are  carried  on. 

Perhaps  the  best  form  of  expansion 
joint  is  one  in  which  the  adjoining 
parts  are  independent  cantilevers. 
Such  a  joint  used  in  the  Anheuser- 
Busch  building  at  St.  Louis,  was  de- 
scribed in  the  technical  press  a  few 
years  ago.  In  another  building,  560 
ft.  long,  it  was  considered  advisable 
to  use  an  expansion  joint  which  was 
secured  by  resting  the  ends  of  the 
beams  carrying  one  side  on  brackets 
formed  on  the  girders  and  columns  of 
the  other,  to  form  a  sliding  joint.  In 
this  case,  however,  the  frictional  re- 
sistance developed  by  the  dead  load  of 


the  construction  was  sufficient  to  spall 
or  pull  off  some  of  the  brackets,  rath- 
er than  to  permit  sliding.  In  design- 
ing such  brackets,  either  for  expan- 
sion joints  or  to  carry  future  exten- 
sions, care  should  be  taken  that  slid- 
ing on  the  joint  will  take  place  before 
any  destructive  force  may  be  trans- 
mitted to  the  brackets. 

Prevention  of  Cracks  in  Beams. — In 
beams,  cracks  of  the  well  known 
shear  variety  may  be  caused  by  forces 
other  than  loading,  for  example,  a 
slight  settlement  of  supports,  or  of 
the  form  work  before  the  concrete  has 
fully  set.  These  cracks  are  likely  to 
occur  as  in  shear  failures,  since  the 
accumulated  stresses  are  greatest  at 
these  points.  Cracks  of  this  kind  can 
usually  be  avoided  by  placing  stirrups 
throughout  the  beam,  not  further 
apart  than  three-quarters  the  effective 
depth,  and  repairs  can  be  made  by 
cutting  out  a  section  of  the  beam  and 
floor,  placing  sufficient  stirrups  and  re- 
concreting. 

In  many  buildings  having  structural 
members  exposed  on  the  exterior, 
time  and  the  elements  have  worked 
considerable  damage,  spalling  and 
flaking  of  concrete  and  exposing  steel 
to  corrosion.  Frequently  the  spall- 
ing is  occasioned  by  the  swelling  of 
steel  which  has  corroded  when 
reached  by  moisture,  due  to  insuffi- 
cient covering;  perhaps  occasionally 
aided  by  electrolytic  action.  The  great 
preventive  of  such  unfortunate  results 
is  sufficient  concrete  protection  for 
the  steel.  No  such  members  should 
be  designed  with  less  than  2  in.  mini- 
mum cover  and  3  in.  or  4  in.  would 
often  be  desirable.  Where  bars  are 
accidentally  exposed  during  construc- 
tion, the  trouble  should  be  remedied 
at  the  time. 

The  dense  surface  finishes  produced 
by  rubbing  in  cement  grout  are  a 
protection  to  the  building  as  well  as 
an  addition  to  its  appearance,  while 
the  bush-hammered  effects  and  other 
finishes  which  expose  aggregate 
should  be  used  only  when  ample  cover 
is  given  to  the  steel.  Repairs  to 
buildings  so  damaged  are  difficult  and 
costly,  but  should  not  be  neglected. 
The  steel  should  have  all  loose  scale 
wire-brushed  or  otherwise  removed  be- 
fore pointing  is  done  and  every  pre- 
caution taken  to  secure  a  bond  for 
the  pointing  mortar.  Metal  lath  may 
sometimes  be  used  to  advantage  by 
tying  to  the  reinforcing  with  galvan- 
ized wire.  Painting  the  steel  with  a 
bituminous    coating    before    pointing 
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with  mortar  may  prevent  further  cor- 
rosion. 

Location  of  Steel  in  Columns. — 
Some  building  codes  encourage  the 
placing  of  steel  too  near  the  surface 
by  specifying  that  in  vertically  rod- 
ded  columns  only  the  concrete  inside 
the  ties  may  be  counted  to  carry  load. 
This  appears  to  be  based  on  an  in- 
correct idea  of  the  use  of  ties  in  ver- 
tically rodded  columns;  their  function 
is,  of  course,  only  to  stay  the  vertical 
bars  and  they  cannot  add  anything  to 
the  strength  of  the  concrete  in  the 
way  that  closely  spaced  spiral  hoop- 
ing does.  Such  test  data  as  the 
writer  has  examined  do  not  show  any 
effect  of  changing  the  location  of  ver- 
tical steel  in  a  column,  as  long  as  it 
is  symmetrically  disposed.  In  design-, 
ing  columns  for  bending  moment,  the 
position  of  steel  must,  of  course,  be 
taken  into  account. 

There  are  many  other  points  for 
the  designer  to  bear  in  mind  to  facili- 
tate the  production  of  good  concrete 
in  the  field,  such  as  the  proper  loca- 
tion of  construction  joints,  the  rein- 
forcement of  re-entrant  angles,  the 
avoiding  of  sharp,  thin  sections  and 
the  design  of  sections  and  disposi- 
tion of  reinforcement  that  will  per- 
mit concrete  to  flow  into  place  read- 
ily. The  skill  of  the  organization  do- 
ing the  work  has  a  bearing  on  permis- 
sible details.  The  speaker  recalls  a 
structure  consisting  mainly  of  4-in. 
walls,  26  ft.  high,  which  were  poured 
in  two  lifts  and  showed  hardly  a  flaw 
when  the  forms  were  removed.  These 
walls  had  one  layer  of  steel  only,  in 
the  center,  but  in  some  work  8-in. 
walls  would  be  the  thinnest  that  could 
be  used  with  confidence  of  tight  work. 


March  Building  Permits  Break  All 
Records. — Building  permits  in  March 
break  all  records,  according  to  statis- 
tics compiled  by  the  American  Con- 
tractor. The  increase  over  the  same 
month  in  1922,  which  was  record 
breaking  itself,  is  49  per  cent.  The 
total  valuation  of  70,391  permits  is- 
sued during  March  this  year,  from 
comparison  of  200  cities,  is  $397,404,- 
393  as  against  $266,032,068  for  63,916 
permits  for  March  of  last  year. 


Pig  Iron  Production  in  March. — Pig 
iron  production  broke  all  previous  rec- 
ords in  March  at  3,521,275  tons,  and 
steel  ingot  production,  alowing  for 
companies  not  reporting,  amounted  to 
3,888,897  tons,  the  highest  since 
March,  1920. 


Low- Bed  Trailer  Used  in  Setting 
Granite  Column 

In  setting  the  six  monolithic  col- 
umns for  the  Angle  &  London-Paris 
National  Bank  building  in  San  Fran- 
cisco, the  contractors  made  use  of  a 
low-bed  trailer  on  which  each  column 
rested  with  the  base  resting  on  bags 
of  sand  to  prevent  chipping.  As  each 
column  was  raised  the  trailer  rolled 
forward  and  as  each  column  swung 
free  the  shears  carrying  the  track 
were  drawn  toward  the  building  by 
block  and  tackle  until  it  was  sus- 
pended  over   the   base  and   could   be 


Granite    Column,    with    Base    Resting    on 

Low- Bed    Trailer,    Being    Raised   to 

Position  for  Setting. 

lowered  to  place  according  to  the  mag- 
azine Stone,  with  this  apparatus  some 
of  the  columns  were  set  in  30  minutes 
after  arriving  on  the  job.  A  pair  of 
shear  legs  were  used  for  the  first  two 
columns,  but  as  space  did  not  permit 
their  use  on  the  remaining  four  a  gin 
pole  was  set  up.  The  tackle  consisted 
of  a  two-part  derrick  fall  and  a  lifting 
fall  with  four  parts,  making  six  in  all, 
through  which  a  %-inch  cable  was 
reaved. 

The  columns  were  furnished  and  set 
by  the  McGilvray-Raymond  Granite 
Co.  of  San  Francisco.  Each  column 
weighs  23  tons. 
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Contractor's  Plant  for  Concrete  Buildings 

Wheeling  and  Chuting  Systems  Compared  in  Report*  of  American 
Concrete  Institute  Committee 


The  broad  question  of  when  chutes 
may  and  may  not  be  used  with  econ- 
omy is  one  to  which  contractors  are 
giving  increasingly  careful  thought, 
particularly  in  view  of  the  increased 
labor  efficiency  now  obtainable  and 
the  lowered  wage  scale.  Conditions 
in  the  labor  market  have  changed 
materially  in  the  last  two  years,  since 
the -various  charts  were  printed  in  the 
report  of  this  committee.  The  present 
situation  as  regards  supply  and  effi- 
ciency of  labor  is  probably  a  much 
more  normal  condition  than  that 
which  existed  then  and  the  committee 
has  replotted  the  charts  already  pub- 
lished. 

The  charts  have  been  redrawn  on  a 
basis  of  plant  equipment  costs  for  the 
fall  of  1922  for  the  same  layouts  as 
in  1921.  Labor  rates  have  been  re- 
duced to  $4.50  for  8  hours,  as  wage 
scales  throughout  the  country  have 
been  generally  established  at  new  and 
lower  levels.  A  few  teritories  are 
still  maintaining  peak  wages,  but  they 
are  exceptions. 

The  new  charts  are  intended  to  be 
self-explanatory  and  will  not  require 
reference  to  last  year's  report. 

Analysis  of  Chuting  and  Wheeling 
Plant. — The  principal  problem  facing 
a  contractor  in  making  a  deci- 
sion as  to  what  kind  of  plant 
to  use  on  a  certain  concrete  structure 
is  a  proper  conclusion  as  to  the  rela- 
tive meirts  of  placing  concrete  by 
means  of  wheeling  or  chuting.  One 
method  or  the  other  may  be  obviously 
more  suitable  for  a  certain  job  and 
here  the  decision  is  easy  to  make 
without  any  chance  of  error,  but  for 
each  job  like  this,  there  will  be  many 
places  of  work  where  the  corect  choice 
may  only  be  made  after  a  careful 
study  has  been  given  to  all  of  the  con- 
ditions governing  the  work  to  be  done, 
as  affecting  the  relative  economy  of 
one  type  of  plant  or  the  other. 

Wheeling  has  been  used  in  the  past 
for  almost  every  type  of  building  op- 
eration. It  has  been  favored  because 
of  the  low  cost  of  plant  installation 
and  negligible  upkeep  charges.    Its  ef- 


*  Abstract  by  Concrete  of  report  of  com- 
mittee presented  at  the  convention  of  the 
American  Concrete  Institute,  Cincinnati, 
O.,  January,  1923. 


fectiveness  is  limited  chiefly  by  the 
distance  which  it  may  be  necesary  to 
wheel  from  the  mixing  plant.  It  is  al- 
ways theoretically  possible  to  use 
enough  wheelers  to  take  away  the  con- 
crete as  fast  as  it  can  be  mixed  (bar- 
ring labor  shortage).  The  number  of 
men  required  to  maintain  a  given 
speed  of  fill,  however,  will  increase 
with  each  addition  to  the  distance  from 
the  hoist  tower  to  the  point  of  deposit 
of  the  concrete  in  the  forms.  Start- 
ing, therefore,  with  the  lowest  cost  for 
placing  concrete  in  front  of  the  mixer, 
the  labor  cost  per  cubic  yard  will  rise 
with  each  addition  to  the  haul.  With 
a  chuting  plant  conditions  are  other- 
wise. 

Chuting  plants  are  of  two  general 
types.  The  self-contained  type,  usual- 
ly of  about  100-ft.  radius,  is  hung  from 
the  hoist  tower  direct  by  means  of  a 
suspended  boom  and  counter-weight 
chute.  In  the  older  or  "line  chute" 
method  the  chutes  are  suspended  from 
a  cable  run  between  towers  or  be- 
tween towers  and  anchorages. 

The  plant  cost  and  installation,  and 
the  upkeep  charges,  as  well,  are  usual- 
ly higher  for  chuting  than  for  wheel- 
ing plants.  When  chutes  are  used  the 
labor  required  to  take  care  ^  of  any 
given  mixer  capacity  is  the  same  at 
long  distances  as  it  is  at  the  mixer, 
the  increased  distance  to  be  covered 
being  taken  care  of  by  added  chutes. 
The  plant  investment  and  installation 
cost,  however,  will  vary  with  the  dis- 
tance to  be  spanned,  for  since  the 
slope  of  the  chutes  with  reference  to 
the  horizontal  cannot  be  reduced  be- 
low a  certain  fixed  angle  it  follows 
that  for  long  reaches  there  must  be 
added  the  cost  of  the  extra  length  of 
chute  plus  a  charge  for  the  corre- 
sponding increase  in  the  height  of  the 
tower. 

There  are,  of  course,  many  other 
factors  affecting  the  choice  between 
the  two  methods  of  placing  in  addition 
to  the  few  that  have  already  been 
mentioned.  Principal  among  these 
may  be  mentioned  the  character  of 
the  building,  the  cost  of  freight  and 
repairs,  interest  on  investment  and 
the  kind  of  equipment  which  is  avail 
able  as  well  as  the  amount  of  experi- 
ence which  local  labor  has  had  in  con- 
crete construction.     These  items  will 
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be  dealt  with   in  more  detail  in  the 
analysis  of  the  two  systems. 

The  one  point  to  be  considered  is 
the  character  and  type  of  building.  It 
may  be  assumed  that  any  typical 
building  job  can  be  wheeled,  with  the 
number  of  mixing    plants    depending 


row  structures  one  or  two  stories  high 
with  low  yardages  are  not  adapted  for 
this  method  of  placing,  for  example. 
With  the  same  plan  of  building,  but 
with  greater  yardage  and  more  floors, 
one  100-ft.  radius  plant  may  be  used 
to  pour  part  of  the  building  and  by 
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Fig.    1. — Comparison    Between    Seven   Types  of  Wheeling   Plant   Layout. 


upon  the  contractor's  individual  pref- 
erence as  to  the  distance  he  cares  to 
wheel  from  the  tower.  As  a  rule  this 
is  limited  to  about  200  ft.  parallel  to 
the  long  axis  of  the  building  and  100 
ft.  to  150  ft.  across  the  building,  or 
over  an  equivalent  area.  Whether  the 
labor  cost  thus  obtained  can  be  eco- 
nomically lowered  by  a  heavier  invest- 
ment in  plant  is  usually  the  crux  of 
the  problem. 

Chutes  do  not  lend  themselves  so 
readily  to  all  types  of  building.  A  near- 
ly square  structure  is  obviously  best 
adapted  for   the   100-ft.    radius    type. 


/OOOeuft^. 


chuting  to  a  floor  hopper  cut  approx- 
imately 130  ft.  off  the  wheel  required 
to  reach  the  rest  of  the  building.  Two 
independent  100-ft.  radius  plants  may 
be  used,  or  one  mixing  plant,  a  line 
chute  to  a  re-hoist  tower,  and  100-ft. 
radius  plants  mounted  on  both  towers. 
In  other  cases,  two  adjoining  build- 
ings may  be  reached  by  the  one  100- 
ft.  radius  plant,  or  one  building  may 
be  chuted  in  entirety  and  the  chutes 
used  only  to  deliver  concrete  to  a  floor 
hopper  in  the  second  building.  For 
groups  of  isolated  buildings,  line 
chutes  will  sometimes  solve  the  prob- 
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Fig.  2. — Comparison   Between  Seven  Types  of  Chuting  Plant  Layout. 


The  building  should  preferably  have  a 
high  yardage  or  a  number  of  stories 
although  "H"  or  irregular  shaped 
buildings  which  may  be  enclosed  in  an 
approximate  square  can  usually  be 
handled  as  advantageously.  Long  nar- 


lem  of  material  delivery  to  what  would 
otherwise  be  inaccessible  mixing 
plants  by  the  installation  of  a  central 
mixing  plant  and  the  distribution  of 
the  mixed  concrete  instead  of  the  raw 
materials. 
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The  first  step  is  to  find  out  whether 
the  job  is  one  to  which  chutes  will 
lend  themselves  without  forcing.  If 
by  a  general  inspection  of  the  condi- 
tions such  is  found  to  be  the  case,  it 
is  then  proper  to  outline  a  plant  lay- 
out for  each  method  of  placing  and 
make  an  analysis  of  the  advantages 
and  disadvantages  of  each. 

The  next  step  in  the  decision  as  to 
which  type  of  plant  is  economical  and 
suitable  for  a  certain  piece  of  work  is 
to  determine  as  accurately  as  possible 
the  cost  of  each  so  that  the  one  giving 
the  lowest  ultimate  cost  of  mixing  and 
placing  concrete  may  be  selected. 

This  ultimate  cost  may  be  separated 
for  the  purpose  of  analysis  into  the 
following  items: 

1.  Rental  of  Plant  Involved. 

2.  Installation — Labor  and  Material. 

3.  Maintenance  of  Plant — Labor  and 
Material. 

4.  Operating  Cost  of  Plant — Labor 
and  Material. 

Rental  of  Plant. — Item  No.  1  is  ar- 
rived at  in  several  different  ways  by 
different  contractors.  The  simplest, 
though  not  the  most  economical  to 
the  job,  is  to  purchase  suitable  plant 
at  the  beginning  of  the  work  and  sell 
it  upon  the  completion  of  the  job;  the 
difference  between  the  purchase  and 
the  sale  price  then  represents  the 
charge  to  be  made  as  rental  of  plant. 
This  method  of  handling  plant  account 
is  practiced  by  several  of  our  largest 
and  more  progressive  general  contrac- 
tors and  eliminates  the  trouble  of  the 
plant  yard  and  the  accumulation  and 
maintenance  of  quantities  of  partly 
worn  out  and  more  or  less  out  of  date 
machinery. 

The  usual  way  to  handle  this,  ac- 
count is  for  a  general  contractor  to 
maintain  a  suitable  plant  yard  and 
charge  each  job  a  rental  for  the  items 
of  plant  furnished  to  the  work.  Thisi 
charge  can  be  either  a  fixed  amount 
agreed  upon  for  the  work  in  hand  or 
a  monthly  rental  for  the  various  items 
of  machinery  furnished.  The  amount 
of  rental  depends  upon  the  value  of 
the  machinery  and  the  rapidity  of  its 
depreciation  and  varies  generally 
from  5  per  cent  to  15  per  cent  per 
month  of  its  initial  value.  Motors,  en- 
gines, hoists,  etc.,  with  proper  main- 
tenance, will  not  depreciate  in  value 
more  than  5  per  cent  a  month.  Mix- 
ers, boilers,  etc.,  will  depreciate  10 
per  cent  per  month  and  concrete 
parts,  chutes  and  like  items  of  plant 
will  depreciate  up  to  15  per  cent  per 
month."     Other  smaller  items,  such  as 


belting,  shovels,  wheelbarrows,  etc., 
which  are  apt  to  be  used  up  or  de- 
stroyed during  the  life  of  an  average 
job,  are  not  generally  considered  as 
plant  but  as  supplies  and  are  bought 
by  the  job  and  any  salvage  value 
which  they  may  have  upon  the  com- 
pletion of  the  work  is  credited  to  the 
part  of  the  job  for  which  they  were 
purchased. 

The  transportation  of  the  plant,  in- 
cluding freight,  trucking,  loading  and 
unloading,  both  to  and  from  the  job, 
is  a  proper  part  of  the  plant  rental 
item. 

Installation  Cost. — Item  No.  2  in- 
cludes all  charges  for  labor  and  ma- 
terial entering  into  the  setting  up  of 
the  machinery  at  the  beginning  of  the 
work.  This  includes  the  construction 
of  storage  bins,  cement  sheds,  hoist 
towers,  floor  hoppers,  run  panels  and 
such  miscellaneous  items  as  really 
form  a  part  of  the  completed  plant  for 
mixing  and  depositing  of  concrete. 
This  cost  of  installation  also  includes 
any  additions  to  this  plant  or  changes 
in  the  arrangement  of  the  same  which 
may  be  necessary  during  the  opera- 
tion of  the  job  and  also  includes  the 
cost  of  taking  down  the  plant  upon 
the  completion  of  the  work.  The  sal- 
vage of  any  lumber  or  timber  or  other 
items  which  enter  into  the  construc- 
tion of  the  plant  but  do  not  form  a 
permanent  part  of  the  machinery,  are 
to  be  credited  to  this  item. 

The  cost  of  running  water  lines  to 
mixer,  bringing  in  electric  power  with 
setting  of  transformers,  switches,  etc., 
must  also  be  included.  If  steam  is  ob- 
tained from  nearby  sources,  cost  of 
necessary  connections  and  piping 
must  be  added. 

Fuel  to  operate  a  steam  plant  or 
electric  power  charges  are  obviously 
operating,  costs. 

Maintenance. — Item  No.  3  includes 
the  cost  of  all  labor  and  material  used 
in  maintaining  the  plant  in  good  work 
ing  order  so  that  the  machinery  may 
leave  the  job  in  as  good  condition  as 
it  arrived  except  for  the  ordinary  wear 
and  tear.  To  this  item  is  also  charged 
the  cost  of  replacing  parts  broken 
during  the  life  of  the  job. 

Operating  Cost  of  the  Plant. — Item 
No.  4  is  principally  a  labor  charge,  the 
only  material  entering  into  it  being 
the  cost  of  fuel,  water,  lubricating  oils, 
waste,  etc.,  and  electric  power  in  case 
electricity  is  used  instead  of  steam. 
The  labor  in  this  item  includes  the 
actual  operatives  of  the  plant  such  as 
engineers,  firemen,  hoist  runners,  me- 
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chanics,  etc.,  as  well  as  the  force  of 
laborers  employed  in  charging  the 
mixer  with  the  materials  of  concrete 
and  the  larger  force  of  laborers  em 
ployed  in  moving  run  panels  or  chutes 
as  the  case  may  be,  as  well  as  actual 
ly  placing  the  concrete  in  the  forms 
whether  it  be  by  carryalls  or  chutes 

It  is  logical  to  expect  that  any  in 
crease  in  expenditures  for  items  Nos 
1,  2  and  3  will  cause  a  sufficient  de 
crease  in  item  No.  4  to  make  the  sum 
mation  of  the  four  items  a  minimum 
for  the  object  of  the  plant  used  is  to 
get  the  concrete  in  the  forms  for  the 
least  amount  of  money  and  all  charges 
against  this  part  of  the  work  are  in- 
cluded in  the  four  items  outlined. 

Serious  shortage  in  the  labor  mar- 
ket or  necessity  for  extreme  speed  in 


Hoisting  buckets 

Electric  motors  or  steam  engines 
and  boilers  and  electric  wiring  or 
steam   piping 

Concrete  carts. 

Floor  hoppers,  gates,  etc. 

Run  panels  with  horses,  etc. 

In  the  case  of  a  wheeling  job,  large 
numbers  of  carryalls  will  be  used  with 
their  necessary  run  panels  and  sup- 
porting horses.  There  will  probably 
be  a  single  drum  type  of  hoist  used 
and  the  hoist  tower  and  floor  hoppers 
will  be  built  of  wood.  A  number  of 
carryalls  and  run  panels  sufficient  to 
reach  the  most  remote  parts  of  the 
work  must  be  provided  for.  The  size 
of  the  wheeling  gang  must  be  deter- 
mined for  the  whole  job  as  that  suffi- 
cient to  take  care  of  a  little  more  than 
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Fig.  3.— Comparison   Between  Wheeling  and  Chuting  for  Plant  No.  5. 


placing  concrete,  may  influence  the 
choice  of  plant  which  would  not  nor- 
mally be  selected.  The  actual  value 
of  those  two  conditions  can  generally 
be  determined  with  sufficient  accu- 
racy so  that  proper  weight  may  be 
given  to  their  influence  in  changing 
any  layout  of  plant  which  would  nor- 
mally be  decided  upon. 

In  the  comparative  analysis  of  the 
two  methods  of  placing  concrete,  the 
majority  of  items  will  be  found  com- 
mon to  both  the  wheeling  and  the 
chuting  systems,  although  the  charges 
for  those  items  will  often  vary  for 
each. 

Principal  among  the  items  common 
to  both  will  be: 

Towers  and  guy  lines 

Mixers 

Hoist  drums 


the  average  haul  which  will  be  half 
way  from  the  tower  to  the  most  ex- 
treme part  of  the  building.  The  charg- 
ing and  placing  gang  will  remain 
about  uniform  throughout  the  job. 

Where  chuting  plant  is  decided 
upon,  it  will  either  be  of  the  counter- 
weight boom  type  or  the  line  chute 
type. 

In  this  case  the  special  equipment 
will  be  about  as  follows: 

Steel  towers  with  base  and  head 
frame 

Sliding  frame  with  hopper 

Boom  and  counterweight  truss 

Extension  chutes 

Special. "hoist  bucket 

Intermediate  hoppers  or  additional 
sliding  frame  and  hopper. 

There  will  be  much  heavier  guy 
lines  needed  and  many  more  of  them 
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as  every  other  20-ft.  panel  point  of 
tower  needs  support.  The  hoist  cable 
will  be  of  greater  length  due  to  the 
increased  height  to  which  it  is  neces- 
sary to  elevate  the  concrete.  A 
double  drum  hoist  will  be  necessary 
so  that  the  second  drum  may  be  avail- 
able for  the  movement  of  the  sliding 
frame,  without  delaying  operations. 
The  motor  and  drum  will  have  to  be 
of  considerably  greater  capacity  due 
to  the  greater  hoist,  if  the  interval 
between  batches  is  to  be  maintained. 
The     charging 


type  of  plant  upon  which  the  charts 
are  based  shapes  up  about  as  shown 
in  Table  I  when  all  items  are  consid- 
ered. The  specific  items  of  equipment 
given  below  are  only  for  an  example. 

Plant  Layouts. — The  arrangements 
of  plant  most  frequently  used  in  build- 
ing construction  can  be  classified  as 
modifications  of  seven  general  types. 

To  avoid  the  labor  of  repeated  esti- 
mates of  the  cost  of  these  layouts  for 
different  yardages  it  was  suggested 
that  the  cost  of  each  of  these  arrange 


and  placing  gang 
will  be  about  the 
same  as  where 
chutes  are  not 
used.  The  actual 
operators  of  the 
plant  such  as 
hoist  runners, 
firemen,  etc.,  will 
be  about  the  same 
whether  the  con- 
crete be  trans- 
ported by  chutes 
or  by  carryalls. 
The  cost  of  power 
whether  steam  Or 
electricity  is  con- 
siderably greater 
for  the  chuting 
than  for  the 
wheeling  plant 
due  to  the  in- 
creased hoist  nec- 
essary. 

If  due  to  spe- 
c  i  a  1  conditions 
such  as  the  nec- 
essary transporta- 
tion of  consider- 
able quantities  of 
concrete  long  dis- 
tances, it  is  de- 
cided that  line 
chutes  are  more 
suitable,  the  spe- 
cial equipment  will  consist  of  princi- 
pally: 

Main  hoist  tower,  generally  of  steel 
and  of  greater  height  than  for  either 
of  the  other  layouts. 

Auxiliary  towers  or  heavy  anchor- 
ages. 

Line  chutes  and  heavy  supporting 
cables. 

Special  auxiliary  chutes  with  gates 
taking  off  from  the  line  chutes. 

Special  hoist  bucket. 

Heavy  guy  lines  and  anchorages  for 
towers. 

Heavier  hoist  equipment. 

The  summary  of  the  cost  of  each 
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Fig.  4. — Seven    Different   Plant    Layouts. 


ments  be  platted  in  the  form  of  a 
chart  from  which  the  cost  per  yard 
for  plant  and  installation  could  be 
readily  obtained. 

The  new  charts  which  are  presented 
this  year  are  figured  as  follows: 

(1)  For  each  layout  two  sets  of  es- 
timates have  been  prepared,  one  for 
wheeling  and  one  for  chuting  plant. 

(2)  While  a  1-yd.  mixer  is  rarely 
used  for  jobs  of  less  than  4,000  yd., 
the  curves  for  1-yd.  plants  have  been 
carried  down  to  3,000  yd.  Mixers  of 
%-yd.  capacity  are  often  used  for  jobs 
up  to  4,000  yd.  so  that  the  %  and  1-yd. 
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TABLE   I— SUMMARY    OF  COST   OF  WHEELING  AND  CHUTING  PLANTS. 


PLANT. 

Chuting. 
Equipment.  Depreciation. 

Mixer  1  yd.  20%. 

Motor  75  HP 20% 

Double  drum  hoist   20% 

180-ft.   Steel  Tower    20% 

1  additional  sliding  frame  with  54-ft. 

straight  back  hopper    20% 

Full  set  of  tower  bolts  100% 

800  ft.— %   in.   hoist  cable   50% 

20  Turnbuckles 


Wheeling. 
Equipment.  Depreciation. 

Mixer  1  yd.  20% 

Motor    75    HP 20% 

Single    drum    hoist    20% 

100-ft.  Wood  Tower 

ft.  BM  Lumber  @  $  /M— 100% 
Tower  hoppers 

ft.  BM  Lumber  @  $  /M— 100% 
Run  panels  and  horses 

ft.  BM  Lumber  @  $  /M— 100% 

1  yd.  hoist  bucket   20% 

?50  ft.— %   in.   hoist  cable  @ 50% 

1,500  ft.  %  in.  Guy  Cable  @ 50% 

12  Turnbuckles 

Wiring  or  Piping  100%. 
Concrete  carts   @ 50%        Sliding  frame  with  Boom  and  Coun- 
terweight  truss   plant   complete    . .   20% 

Blocks  and  tackle  for  boom    50% 

Blocks  for  moving   sliding   frame, 

1,080  ft.— %  in.  cable  50% 

Also  include  bins,  bulkheads,  conveyors,  elevators,  or  other  mechanical  equipment,* 
forming  part  of  set  up.  Usually  these  items  will  apply  equally  to  wheeling  and 
chuting  plants. 

II.— INSTALLATION. 

Wheeling.  Chuting. 

Excavation  for  grading  for  mixer  plus 

sheeting  and  backfilling. 
Setting  up  and  dismantling  motor, 
mixer  and  hoist. 
Building  and  dismantling  wood  tower  Erecting   and   dismantling   steel   tower, 

Making  floor  hoppers  rigging,  chutes,  etc. 

Making  run  panels  and  horses 

Erection  and  dismantling  of  bins, 

bulkheads,  conveyors,  etc. 
Electrical,    plumbing   and    steamfitting 
work  to  connect  up  plant. 


III.- 
Wheeling. 
Replacement  of  broken  run-panels, 

horses  and  slides 
Inspection 


-MAINTENANCE. 

Chuting. 
Inspection,    generally   requiring   an    iron- 
worker foreman   to  tighten  loose  bolts, 
inspect  tackier,  etc. 

IV.— OPERATING    (CONCRETING). 
Wheeling.  Chuting. 

Fuel  or  power,  oil  or  waste 
Labor   mixing,    hoisting  and  placing 
Men   charging  mixer 
Men  handling  cement 
Men  on  mixer 
Hoisting  engineer 
Firemen  (if  any) 
Man  on  tower  hopper 

Men    handling   chutes 

Additional    labor    to    raise    sliding    frame 
and  shift  guys  and  anchorage 
Men  spreading  and  tamping 
Foremen 
Men  on  mixer 
Hoisting   engineer 
Fireman   (if  any) 
Man  on  tower  hopper 
Men  wheeling  on  floor  Men  on  chutes 

Men  shifting  run  panels 

Men  spreading  and  tamping 
Foreman 


Men  shifting  run  panels 
Men  wheeling  on  floor 


plant  curves  will  overlap  between  3,- 
000  and  4,000  yd. 

(3)  For  jobs  of  less  than  4,000  yd. 
the  equipment  used  for  mixing,  hoist- 
ing and  placing  is  assumed  as  %-yd. 
mixer,  1-yd.  hoist  bucket,  single  drum 
hoist,  50-HP.  electric  motor,  50-ft. 
wood  tower,  8  concrete  carts  and  300 
ft.  of  run  panels. 

For  jobs  of  more  than  4,000  yd.  it 
is  assumed  that  there  would  be  used 
1-yd.  mixer,  1-yd.  hoist  bucket,  single 


drum  hoist,  75-HP.  electric  motor,  125- 
ft.  wood  tower,  12  carryalls  for  plac- 
ing and  400  ft.  of  run  panels.  One  30- 
ft.  length  of  extension  chute  has  been 
included. 

Chuting  equipment  for  jobs  of  all 
sizes  is  assumed  as  1  yd.  of  the  so- 
called  "100-ft.  radius"  type,  with  which 
a  double  drum  hoist  would  be  used 
for  convenience  in  raising  and  lower- 
ing the  sliding  frame.  A  %-yd.  mix- 
ing plant  would  probably  require  not 
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over  a  120-ft.  tower;  for  a  1-yd.  plant  has  been  added  to  the  plant  cost.   The 

a  180-ft.  tower  is  commonly  used.  labor  unit  is  based  on  a  rate  of  $4.50 

The  final  decision  on  any  large  job  for  8  hours,  with  labor  efficiency  at 
should  be  made  from  a  special  esti-  100  per  cent  as  against  approximate- 
mate  rather  than  from  the  charts;  ly  90  per  cent  for  the  corresponding 
as  a  small  difference  per  yard  will  be-  time  last  year.  The  units  used  for  the 
come  quite  important  in  the  case  of  different  plant  layouts  are  given  in 
large  yardages.  Fig.   4. 

(4)   Cost   of   plant    to    the   job    has  Labor.— Labor,  mixing,  hoisting  and 

been  figured  on  a  depreciation  basis.  placing    embrace    broadly    the    gangs 

The  schedule  below  is  reprinted  from  charging  and  running  the   mixer,  the 

last  year:  hoisting  engineer,  man  on  the  tower 

Per  cent.  hopper   and    the    floor,    and   the    floor 

Bucket    elevator    40  gang      The    floor    gang    incm(ies    men 

Concrete  bucket '.'.';.'.'.;.'.*.■.' .'.'.*    20  wheeling,    spreading   and    tamping  as 

Hoists    20  well  as  labor  to  lay  and  shift  run  pan 

^ot^s  20  els  or  move  chutes. 

Side  tip  cars ".'.'.'.'.'.'.'.'.'.'. *. '. '.'.'.'.     20  Time  spent  on  receiving  aggregate 

Steel  hoist  tower  20  or  cement  is  not  included.  It  has  been 

Stiff-leg  derricks  20  taken  f or  granted  that  in  receiving  ce- 

I retaliation.  —  Under     installation  ment  it  would  be  piled  alongside  the 

was  charged  labor  required  to  set  up  mixer  so  that  not  more  than  two  men 

and  dismantle   the   plant,   as   well   as  would  be  required   to  open  bags  and 

labor    making    up    run    panels,    wood  empty  into  mixer  hopper, 
tower  hoppers,  conveyor  supports,  etc.  Plants  4  and  5  employ  stiff-leg  der- 

Erecting  steel  hoist  tower  and  hang-  ricks.    Their  operation  is  not  included 
ing  concrete  chutes  the  first  time  is  .    in  the  cost  of  concrete  as  they  would 

an   installation   charge.      The     subse-  in  all  probability  be  used  principally 

quent   moving   of    chutes    about    the  for  unloading  aggregate  from  cars  or 

floor,   or   the   lifting    of    the     sliding  scows    which   would    be    a   "receiving 

frame  on  the  tower  from  floor  to  floor  charge." 

are  charges   against  concreting.  

wa^ea^^ete^nc.uT  Production   of  Slate  in   1922 

ed  in  the  form  of  a  flat  charge  of  12c  Tne  total  value  of  a11  slate  sold  m 

per  yard  of  concrete.     As  this  is  an  the  United  States  in  1922  was  $9,156,- 

operating   cost,   as    distinct   from    the  484>  as  reported  by  the  Department  of 

plant     depreciation     and     installation  the    Interior    through    the    Geological 

costs,  it  has  been  added  to  the  labor  Survey.    This  amount  was  25  per  cent 

unit  for  mixing,  hoisting  and  placing.  more  than  that  reported  for  1921. 

Interest    and     Investment. — Interest  The  roofing  slate  sold  amounted  to 

and  investment  should  be  figured  at  7  479,243   squares,  valued   at   $4,069,761, 

per  cent  per  annum  on  the  value  of  an  increase  of  38  per  cent  in  quantity 

the  mechanical  equipment  put  on  the  and  27  per  cent  in  value.     The  quan- 

job.     Wood  frame  structures  are  not  tity  and   value  of  the  other  kinds  of 

carried  by  the  contractor,  but  like  the  slate  sold  were  as  follows:  Electrical 

form  lumber  are  bought  for  and  used  slate,  1,329,500  sq.  ft.,  valued  at  $976,- 

up  on  the  one  job,  and  their  cost  be-  022  (increases  of  13  and  5  per  cent) ; 

comes  a  part  of  the  cost  of  the  work.  structural  and  sanitary  slate,  2,274,200 

As   the   period    for   which   interest   is  sq.  ft.,  valued  at  $810,745  (increases  of 

figured  will  vary  with  the  period  dur-  33  and  26  per  cent) ;  blackboards  and 

ing  which  the  plant  is  on  the  job,  it  bulletin  boards,  3,518,700  sq.  ft.,  valued 

may  either  be  put  into  the  chart  for  at    $880,985    (increases    of   12    and    11 

an    assumed   average   period,    as   was  per     cent) ;      school     slate,     2,766,610 

the  depreciation,  or  it  may  be  added  pieces,  equivalent  to  1,479,000  sq.  ft., 

in   the  summary.    The   latter  method  valued  at  $42,027  (decreases  of  23  and 

has  been  followed  here.  25  per  cent) ;   billiard  table  tops,  241,- 

These   items   comprise   the  charges  500    sq.    ft.,    valued    at    $81,353     (de- 

against  the  plant  for  equipment  and  creases  of  48  and  55  per  cent) ;  grave 

installation   which   are    considered    in  vaults     and     covers,     400,100     sq.    ft., 

the  chart.    To  the  total  cost  for  plant,  valued  at  $87,763  (decreases  of  28  per 

however,  must  be  added  the  labor  cost  cent  each  in  quantity  and  value).  The 

for  mixing,  hoisting  and  placing.  quantity    of    slate    granules    sold 

At  the  right  of  each  chart  is  a  set  amounted  to  379,980  short  tons,  valued 

of  curves  in  which  this  placing  charge  at  $2,177,061. 
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Practical    Phases    of    Office 
Building   Design 

Abstract     of     Address     Presented     at 

Meeting     of     Building     Managers 

and     Owners     Association      of 

New  York 

By    CLARENCE    T.    COOLEY, 

Manager,   Equitable  Building,   New  York. 

I  like  to  consider  an  office  building 
as  a  pile  of  cubes,  arranged  economi- 
cally, so  as  to  be  convenient  to  the 
persons  who  are  to  occupy  space,  but 
at  the  same  time  artistically,  so  that 
the  whole  may  be  pleasing  to  the  eye. 
Thinking  of  a  building  in  terms  of 
cubes,  it  is  easily  visualized  as  cubic 
feet  and  thence  mentally  resolved  into 
dollars  and  cents.  Thinking  of  a  build- 
ing in  terms  of  cubic  feet  while  it  is 
in  course  of  construction,  it  is  easy 
to  keep  in  mind  that  for  every  addi- 
tional cubic  foot  one  is  putting  in  so 
many  additional  dollars. 

Importance  of  Eliminating  Useless 
Space. — The  dollar  is  a  severe  task- 
master because  we  have  got  to  realize 
that  so  long  as  the  building  stands  we 
must  work  for  each  dollar  that  is  put 
into  the  building.  We  must  earn 
interest  on  the  cost  of  that  cubic  foot, 
we  must  pay  operating  and  mainte- 
nance expenses  and  taxes  out  of  the 
earnings  of  that  unit  and  still  be  able 
to  return  a  profit  to  the  owner.  We 
must  save  and  economize  so  that  in  a 
given  time  we  can  write  off  deprecia- 
tion. 

The  responsibility  that  lies  with  us 
is  very  great,  because  we  must  always 
bear  the  burden  of  paying  interest, 
profits,  and  all  fixed  charges  and  taxes 
out  of  the  returns  from  the  cubic  feet 
of  space  contained  in  a  building — into 
which  building,  in  too  many  cases, 
cubic  feet  have  been  uselessly  incorpo- 
rated. In  fact,  the  main  thought  that 
I  can  bring  before  you  today  is  the 
necessity  of  trying  to  eliminate  every 
useless  cubic  foot  of  building  space 
that  it  is  possible  to  get  rid  of,  so 
that  the  future  burden  may  be  as 
light  as  possible. 

Architecture  and  habit  are  probably 
generally  responsible  for  the  way  a 
given  plot  of  land  is  developed.  Al- 
most always  it  is  desired  to  build 
over  as  large  a  part  of  the  plot  as 
possible,  and  yet  the  available  land 
is  apt  to  be  irregular  in  shape  and 
undesirable  in  dimensions.  You  have 
to  take  the  plot  that  is  left — whatever 


the  other  fellow  may  be  willing  to 
sell — and  you  must  try  to  build  eco- 
nomically on  the  available  plot.  It  is 
like  trying  to  make  a  round  plug  fit 
into  a  square  hole. 

In  order  to  erect  an  ideal  office 
building  we  must  start  by  determining 
the  size  and  shape  of  an  ideal  individ- 
ual office  in  that  building.  Having 
determined  the  dimensions  of  an  ideal 
office,  the  problem  is  to  find  how  many 
such  offices  we  can  build  above  or 
below  or  beside  one  another  in  order 
to  produce  the  ideal  office  building. 
How  far  we  get  depends  somewhat 
upon  the  pocketbook  and  somewhat 
upon  building  restrictions  in  the  city 
where  the  structure  is  located.  We 
must  bear  in  mind  that  the  ideal  office 
necessitates  carrying  about  50  per 
cent  of  its  own  volume  in  utility 
volume.  This  means  that  a  well  de- 
signed office  building  contains  about 
66  per  cent  of  rentable  space  and  33 
per  cent  of  utility  space,  which  latter 
includes  corridors,  elevator  shafts, 
staircases  and  what  not.  The  office 
rent  must  carry  the  cost  of  the  whole. 

What  Is  the  Ideal  Size  for  an  Office? 
— Probably  I  should  get  25  different 
answers  to  that  question  here.  Since 
I  have  the  floor  I  am  going  to  give 
my  opinion  of  the  ideal  office,  and 
then  perhaps  change  it  when  I  hear 
yours.  I  believe  that  an  office  of  right 
proportions  should  be  24  ft.  deep  in 
the  clear  from  the  outer  wall  of  the 
building  to  the  corridor  partition;  it 
should  be  16  ft.  wide  in  the  clear  be- 
tween the  two  side  walls,  and,  in  this 
climate,  it  should  have  a  clear  height 
of  about  11  ft.  from  floor  to  ceiling. 
If  you  were  much  farther  south  the 
public  would  require  you  to  raise  your 
ceiling  heights;  as  you  went  farther 
north  you  could  lower  your  ceiling 
heights  to  as  low  as  9  ft.  The  warmer 
the  climate  the  higher  must  be  the 
ceiling  to  prevent  the  feeling  of  op- 
pressiveness; in  cooler  climates  you 
can  lower  the  ceiling  considerably 
without  producing  that  feeling. 

It  will  be  noted  that  the  proportions 
between  width  and  length  of  the  ideal 
office  room  are  as  two  is  to  three. 
Office  tenants  are  always  looking  for 
wall  surface,  for  something  against 
which  equipment  may  be  set.  The 
greatest  possible  floor  area  in  com- 
parison with  the  length  of  enclosing 
walls  could,  be  enclosed  in  the  form 
of  a  circle,  but  a  circle  is  about  the 
most  undesirable  shape  that  could  be 
devised  for  an  office.  The  most  desir- 
able office  contains  a  minimum  floor 
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area  with  a  maximum  of  available 
wall  space,  since  the  area  near  the 
walls  is  the  usable  area.  The  shape 
to  be  aimed  at  is  that  which  combines 
maximum  length  of  wall  space  with 
the  width  that  provides  all  space  re- 
quired for  actual  use  but  a  minimum 
area  of  unused  space  in  center  of 
room. 

I  believe  that  an  office  whose  floor 
dimensions  are  16x24  provides  the 
maximum  amount  of  wall  space  with 
a  sufficient  open  area  in  the  center  of 
the  office.  You  will  find  that  an  office 
16x24  divides  up  very  well  into  inner 
and  outer  offices,  each  inner  office 
being  about  8  ft.  wide  and  12  ft.  long 
if  one  man  wishes  to  work  alone  in 
it,  or  if  he  desires  to  have  a  secretary 
in  the  same  office  the  length  should 
be  increased  to  14  ft.  In  case  inner 
offices  of  unequal  size  are  desired,  the 
available  space  may  readily  be  cut  up 
into  one  office  9  ft.  wide  and  one  7  ft. 
wide.  If  the  private  offices  are  made 
8x12  there  will  be  left  for  the  outer 
office  a  space  of  12x16,  the  dimen- 
sions of  which  are  in  the  ratio  of 
three  to  four. 

Lighting  and  Ventilation. — In  such  a 
unit  bay  as  we  have  here  described 
there  should  be  two  windows.  In 
theory,  at  least,  an  office  building 
would  be  best  built  without  windows. 
It  should  be  artificially  ventilated  and 
artificially  lighted.  Such  an  arrange- 
ment would  probably  make  for  much 
greater  efficiency  on  the  part  of  those 
working  within  the  building.  The 
poorest  light  that  can  be  imagined  is 
window  light,  for  the  reason  that  it 
comes  from  one  direction  and  makes 
variable  shadows.  When  daylight  fails" 
and  you  resort  to  artificial  light  an 
entirely  different  type  of  light  is  pro- 
duced, but  a  kind  of  light  that  is  abso- 
lutely uniform  and  can  be  regulated 
to  suit  the  requirements  of  the  in- 
dividual. 

By  artificial  ventilation  instead  of 
using  windows  you  would  obtain  very 
much  better  results.  Ventilation 
through  an  open  window  causes  direct 
drafts.  The  source  of  heat  being  gen- 
erally at  the  outer  wall  and  under  a 
window  makes  any  one  sitting  near 
it  uncomfortably  hot,  while  those 
away  from  the  window  are  subjected 
to  cold  drafts,  particuarly  when  the 
window  is  open  for  ventilation.  By 
using  artificial  ventilation  warm  air 
can  be  supplied  without  drafts  and. 
also  with  a  sufficient  percentage  of 
moisture. 

However,  windows  are  demanded  in 


offices  and  business  buildings  because 
we  use  windows  at  home,  and  the 
same  conservative  tendency  that 
causes  this  demand  would  make  it 
very  hard  to  get  tenants  for  offices 
not  lighted  by  windows  and  not  per- 
mitted ventilation  by  the  ordinary 
haphazard  method  practiced  in  our 
residences. 

Windows  in  an  office  of  the  dimen- 
sions just  specified  should  be  4  ft.  6  in. 
wide  and  7  ft.  6  in.  high.  This  gives 
about  one-third  of  the  total  superficial 
area  of  the  building  as  window  area. 
Many  of  the  most  successful  designs 
in  commercial  office  buildings  are  ob- 
taining this  proportion  of  glazed 
surface. 

Width  of  Corridors. — What  is  the 
desirable  width  for  corridors?  I  think 
that  a  corridor  6  ft.,  6  in.  to  7  ft.  in 
width  is  best  with  an  11-ft.  ceiling. 
No  matter  what  the  length  of  such  a 
corridor,  it  will  look  well  if  laid  out 
in  these  proportions,  which  it  will  be 
noted  bear  the  relation  in  width  and 
height  as  two  is  to  three. 

Much  money  is  needlessly  spent  in 
borrowing  light  for  corridors  from  the 
offices;  that  is  to  say,  in  putting  in 
windows  between  corridors  and  offices. 
This  makes  a  very  expensive  form  of 
construction,  and  it  also  destroys  use- 
ful office  wall  space.  In  case  book- 
cases, filing  cabinets,  etc.,  are  placed 
against  the  office  sides  of  corridor 
windows  these  objects  become  visible 
from  the  corridor  and  have  a  very 
objectionable  effect  from  without.  I 
believe  that  corridors  should  be  arti- 
ficially lighted  at  all  times.  The  doors 
between  the  offices  and  the  corridors 
may  be  glazed  with  full  length  or 
two-thirds  panels.  Wainscoting  in  cor- 
ridors should  be  4  ft,  6  in.  high.  Pol- 
ished marble  makes  a  very  handsome 
wainscoting,  and  its  surface  curbs  the 
tendency  of  office  boys  and  others  to 
decorate  with  lead  pencil. 

Office  Doors. — Doors  between  corri- 
dors and  offices  must  be  large  enough 
to  take  in  prevailing  sizes  of  office 
furniture.  I  find  that  a  door  42  in. 
wide  is  necessary  to  take  care  of 
tables,  desks,  and  pieces  of  furniture 
as  they  are  usually  made  today.  Doors 
between  offices,  however,  may  be  as 
narrow  as  30  in.,  or  just  wide  enough 
to  enable  a  person  to  pass  comfort- 
ably. 

Depth  of  Wings.— The  total  width 
of  the  wings  of  any  building;  that  is, 
the  distance  from  outside  wall  includ- 
ing two  offices  and  central  corridor  sep- 
arating them  should  not  exceed  58  ft. 
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Results   of   Tests   of   Concrete   Protected  and   Reinforced   Concrete 

Columns  Summarized  in  Paper  Presented  Jan.  16  at  Annual 

Convention  of  National  Crushed  Stone  Association 

By  S.  H.  INGBERG, 
Physicist,  U.   S.   Bureau  of  Standards. 


During  the  past  five  years  two 
series  of  fire  tests  of  columns  have 
been  completed,  the  data  from  which 
have  materially  increased  our  knowl- 
edge of  the  safety  of  these  building 
supports  when  exposed  to  fire.  One 
series,  including  tests  of  protected 
and  unprotected  structural  steel,  cast 
iron,  concrete  filled  pipe,  and  timber 
columns,  and  reinforced  concrete  col- 
umns with  integral  concrete  protec- 
tion, was  a  co-operative  investigation 
by  the  Associated  Factory  Mutual 
Laboratories  of  Boston,  Mass.,  the 
Underwriters  Laboratories,  Chicago, 
111.,  where  the  tests  were  conducted, 
and  the  Bureau  of  Standards.  The 
other  series,  consisting  of  fire  tests  of 
concrete  columns,  was  conducted  by 
the  Bureau  of  Standards  at  its  former 
Pittsburgh  testing  station. 

Jointly  Conducted  Fire  Tests. — This 
series  comprised  106  tests  of  columns 
of  which  91  were  fire  tests  and  15  fire 
and  water  tests.  In  the  fire  tests  the 
columns  were  subjected  to  an  average 
working  load  computed  by  accepted 
design  formulas,  and  exposed  to  fire 
in  a  gas-fired  furnace,  the  intensity 
of  the  exposure  being  regulated  to 
conform  with  a  predetermined  time- 
temperature  relation.  In  the  tests 
after  a  rapid  rise  in  the  first  5  or  10 
minutes,  a  furnace  temperature  of 
about  1,700°  F.  was  attained  at  the 
end  of  1  hour,  2,000°  F.  at  4  hours, 
and  2,300°  at  8  hours,  for  the  tests 
continued  to  this  rather  extreme 
point.  The  efficiency  of  the  column 
or  its  protecting  material  was  judged 
by  the  length  of  time  it  withstood  the 
combined  load  and  fire  exposure.  In 
the  fire  and  water  tests  the  column 
was  loaded  and  exposed  to  fire  for  % 
to  1  hour,  when  the  furnace  doors 
were  opened  and  a  hose  stream  ap- 
plied to  the  heated  column. 

Material  and  Workmanship. — A  de- 
termined effort  was  made  to  obtain 
for  these  tests,  columns  representa- 
tive in  material  and  workmanship  of 
the  field  constructions.  As  an  aid  in 
obtaining  representative  workman- 
ship, several  experienced  men  con- 
nected   with    local    construction    com- 


panies were  at  different  times  placed 
in  charge  of  the  mixing  and  placing. 
These  men  were  allowed  to  determine 
consistency  of  mix  and  the  method  of 
mixing  and  placing,  except  that  time 
of  mixing  was  required  to  be  between 
1  minute  and  iy2  minutes. 

Results  of  Fire  Tests. — The  results 
of  fire  tests  of  unprotected  columns 
and  columns  employing  portland  ce- 
ment concrete  as  a  covering  or  col- 
umn material  are  outlined  in  Tables 
I,  II,  III,  and  IV.  The  column  length 
exposed  to  fire  was  12  ft.  in  all  cases, 
an  upper  enlarged  extension,  of  3  ft. 
above  the  roof  of  the  furnace  serving 
as  a  means  for  transferring  the  load 
to  the  portion  exposed  to  the  test  fire. 

Unprotected  and  unfilled  structural 
steel  columns  withstood  the  fire  test 
under  load  from  11  to  21%  minutes; 
with  interior  or  re-entrant  spaces 
filled  with  concrete  but  with  exposed 
metal  flanges  the  resistance  was  in- 
creased by  an  average  of  three  times 
that  in  the  unprotected  condition,  and 
the  latticed  columns,  Nos.  18  and  22, 
protected  by  concrete  to  the  outside 
of  the  rivet  heads,  withstood  the  tests 
for  2  hours,  53  minutes  and  5  hours, 
14  minutes. 

In  Table  III  are  given  the  results  of 
tests  with  2-in.  and  4-in.  round  and 
square  concrete  protections.  Here  a 
wide  range  in  effectiveness  developed, 
attributable  to  difference  in  mineral 
composition  of  the  concrete  aggre- 
gates used,  the  strength  of  the  con- 
crete as  exposed  to  fire,  and  the  size 
of  the  covered  column,  the  resistance 
increasing  appreciably  with  size.  The 
largest  source  of  variation  in  fire  re- 
sistance of  concrete  is  mineral  com- 
position, particularly  of  the  coarse 
aggregate.  In  the  tests  with  2-in. 
concrete  protection  the  test  durations 
ranged  from  1  hour  47  minutes,  where 
silicious  gravel  was  used,  to  6  hours 
34  minutes  and  over  for  crushed  lime- 
stone and  calcareous  gravel,  with  in- 
termediate degrees  of  resistance  de- 
veloped by  concrete  coverings  made 
with  trap  rock,  sandstone,  and  cinder. 
Similarly,  with  4-in.  protections,  test 
durations  of  3  hours  41  minutes  obtain 
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with  silicious  gravel  concrete,  7  hours 
23  minutes  to  7  hours  58  minutes  with 
trap  rock  and  granite  as  coarse  aggre- 
gate, and  test  periods  of  over  8  hours 
with  limestone  aggregate.  Columns 
with  4-in.  coverings  of  limestone  con- 
crete did  not  fail  under  working  load 
in  the  8-hour  fire  test,  and  sustained 
while  hot,  loads  over  three  times  the 
working  load. 

The  cause  of  the  cracking  incident 
with  fire  exposure  of  concrete  made 
with  silicious  aggregates  can  be 
ascribed  to  the  strains  set  up  in  min- 
erals like  chert  and  quartz  when 
heated.  Chert  has  a  variable  amount 
of  combined  water  that  disrupts  it 
when  liberated  by  heat  and  it  also 
has  points  of  abrupt  volume  change 
as  low  as  210°  C.  Quartz  has  a  de- 
cided point  of  abrupt  volume  change 
at  its  transformation  point,  573°  C. 
Sandstone  is  made  up  mainly  of  ce- 
mented grains  of  silica,  and  on  expos- 
ure to  fire  concrete  made  with  it, 
develops  effects  similar  to  those  with 
silicous  gravel  concrete,  although  to 
somewhat  smaller  extent.  Granite 
contains  quartz,  feldspar,  and  ferro- 
magnesian  minerals  in  varying 
amounts,    the     cracking    of    concrete 


made  with  it  when  exposed  to  ftra 
being  less  marked  than  for  aggregates 
having  a  higher  silica  content.  The 
quartz  content  of  true  trap  rock  is 
very  small  and  the  fire  effects  on  con- 
crete made  with  it  can  be  attributed 
to  normal  expansion  and  shrinkage. 
At  the  higher  temperatures  attained 
in  fire  tests  and  building  fires  some 
fusion  of  trap  rock  concrete  as  well 
as  granite  and  cinder  concrete  will 
occur,  although  from  the  indications 
in  the  tests  such  effects  will  seldom 
seriously  reduce  the  resistance  of  con- 
crete protected  or  reinforced  columns. 

Limestone  concrete,  in  addition  to 
being  nearly  free  from  disruptive  fire 
effects,  affords  an  added  degree  of  in- 
sulation due  to  heat  absorbed  by  the 
calcination  of  the  limestone,  and  the 
protection  afforded  by  the  calcined 
material. 

Results  of  tests  of  reinforced  con- 
crete columns  are  given  in  Table  IV. 
The  aggregates  employed  were  lime- 
stone and  trap  rock,  the  limestone 
concrete  columns  all  withstanding  the 
8-hour  fire  test  under  working  load 
and  supporting  while  hot  loads  av- 
eraging more  than  twice  the  working 
load  before  failure.     Two  of  the  trap 


TABLE   I.— RESULTS   OF   FIRE   TESTS- 


UNPROTECTED   COLUMNS. 
Load    sustained 

during  test.  Fur- 

Total    Unit  load,  Time  to  nace  ex- 
load,         lb.  per      failure,     posure. 


Vr. 

lb. 

sq.  in. 

hr. — mn. 

per  cent 

75.6 

119,500 

11,750 

0— 11% 

95.6 

111.8 

116,000 

8,900 

0—19% 

97.0 

64.7 

111,000 

12,650 

0—14 

101.4 

44.0 

111,000 

14.250 

0—11 

101.1 

81.7 

105.000 

11,250 

0—14V4 

100.0 

72.1 

122,000 

12,050 

0—17 

89.6 

40.7 

122,500 

14.500 

0—14 

96.3 

108.5 

124,000 

9,350 

0—21i/2 

99.0 

68.2 

95,500 

6,500 

0—34% 

101.2 

68.2 

95,500 

6.500 

0—34% 

101.7 

63.2 

98.500 

6,800 

0—3414 

100.3 

68.2 

95,500 

0—4514 

103.1 

Normal 
Test  area, 

No.  Section.  sq.  in. 

1  Rolled   H 10.17 

2  Plate  and  angle  13.00 

3  Plate  and  channel   8.76 

4  Latticed  channel    7.78 

5  Z-bar  and  plate 9.32 

6  I-beam  and  channel    10.12 

7  Latticed  angle    8.44 

8  Starred  angle   13.27 

9  Round  cast  iron    14.73 

10  Round  cast  iron    14.73 

10A  Round  cast  iron    14.45 

11  Round  cast  iron  (concrete  filled)     14.73 

Steel 

12  Steel  pipe  (concrete  filled)   6.93 

Concrete 
38.74 

13  Reinforced   steel   pipe    (starred     Steel 

angles  imbedded  in  concrete     18.36 

filling)     Concrete 

40.07         

TABLE  II.— RESULTS  OF  FIRE  TESTS— COLUMNS  PARTLY  PROTECTED  BY 

CONCRETE. 

Load 
Age  of   sustained  Time  to 
covering,  during       failure, 
Kind  of  concrete,    days,     test,  lb. 
Joliet   gravel   ....   405 


63.9       114,500 


68.2       236,000 


0—36 


1—11% 


101.9 


99.3 


Test 
No.  Section. 

14  Rolled  H 

15  Rolled   H 

16  Plate  and  angle 

17  Plate  and  angle 

18  Latticed    channel 

19  Z-bar  and  plate   

20  I-beam  and  channel 

21  I-beam  and   channel 

22  Latticed  angle   


Protection- 


hr. — min. 

119,500  1—04% 

Rockport    granite  407         119,500  0 — 48% 

New  York  trap    .   416         116.000  0— 44y2 

Hard  coal  cinders  408         116,000  0—41% 

New  York  trap   .   418         111,000  2—53 

Chicago  limestone  414         105,000  1 — 07% 

New  York  trap   .   415         122,000  1—24% 

New  York  trap   .   416         122,000  1—21% 

Chicago  limestone  408         119,500  5 — 14 


Fur- 
nace ex- 
posure, 
per  cent 

85.1 

91.5 

94.8 

99.6 

98.1 

95.8 
100.2 

99.6 

99.2 


'Re-entrant  portions  and  interior  filled  with  concrete. 
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rock  concrete  columns  failed  under 
working  load  during  the  eighth-test 
hour,  the  other  sustaining  the  load 
until  the  end  of  the  8-hour  period,  and 
25  per  cent  additional  load  before 
failure  resulted. 

A  nominal  thickness  of  concrete  of 
2  in.  all  around  was  considered  as 
protection,  and  deducted  in  computing 
the  working  loads  to  be  applied.  The 
last  column  in  all  tables  gives  the 
approximate  relative  intensity  of  the 
fire  exposure  as  indicated  by  the  tem- 
perature readings,  considering  the  av- 
erage exposure  for  all  tests  to  be  100. 
Since  the,  maximum  equivalent  intens- 
ity and  duration  of  a  fire  in  a  building 
seldom  if  ever  exceeds  that  corre- 
sponding to  a  4-hour  test  fire,  it  is 
seen  that  the  fire  resistance  afforded 
by  the  reinforced  concrete  columns 
tested  is  ample  to  provide  for  all 
exigencies  met  with  in  building  occu- 
pancies. With  limestone  and  trap 
rock  concrete  l^-in.  protection  out- 
side of  the  reinforcement  would  ap- 
parently be  sufficient  for  general 
building  purposes. 

The  results  should  not  be  taken  as 
applying  broadly  to  this  type  of  col- 
umn, as  the  aggregates  used  were 
those  that  would  be  expected  to  give 
the  best  results.  When  these  tests 
were  planned,  little  was  known  rela- 
tive to  the  effect  of  mineral  composi- 
tion of  the  aggregate  on  the  fire  re- 
sistance of  the  concrete;  otherwise 
tests  of  reinforced  columns  that  would 
have  developed  more  nearly  the  range 
of  results  to  be  expected  of  concrete 
in  use  would  have  been  introduced. 

Results  of  Fire  and  Water  Tests. — 
During  the  water  application  portions 
of  the  covering  were  carried  away 
that  were  damaged  during  the  fire  ex- 
posure, the  criterion  being  the  ability 
of  the  column  to  withstand  a  fire  re- 
curring after  a  moderate  water  appli- 
cation estimated  as  equivalent  of  a 
two-minute  hose  stream  application. 
The  results  of  the  tests  indicated  that 
properly  tied  concrete  protections  will 
not  fall  off  to  such  extent  as  to  make 
the  column  subject  to  early  collapse 
in  a  recurring  fire,  although  where 
silicious  aggregate  was  used  portions 
of  the  steel  flanges  generally  became 
exposed.  The  intensity  and  duration 
of  such  fire  can  justly  be  taken  as 
considerably  moderated  by  the  pre- 
vious fire  and  water  exposure.  The 
jSame  conclusions  as  to  sufficiency 
mder  fire  and  water  exposure  held 
'elative  to  reinforced-concrete  col- 
imns  made  with  limestone   and  trap 


rock  aggregate.  In  the  middle  section 
of  the  columns  subjected  to  fire  and 
water  a  concrete  made  with  silicious 
aggregate  was  used.  Here  most  of 
the  protection  outside  of  the  steel  fell 
off  after  a  brief  water  application  and 
the  safety  of  the  column  on  being 
again  exposed  to  fire  of  moderate  dur- 
ation is  less  assured  than  with  con- 
crete made  with  non-silicious  aggre- 
gate. 

Fire  Tests  of  Reinforced-Concrete 
Columns  by  Bureau  of  Standards. — 
Considering  the  need  for  information 
on  the  effect  of  fire  on  reinforced- 
concrete  columns  following  several 
fires  in  concrete  buildings  in  which 
column  failure  was  involved,  an  in- 
vestigation was  undertaken  that  cov- 
ered the  main  types  of  concrete 
columns  in  use  as  made  with  different 
aggregates.  The  investigation  was 
extended  to  determine  the  effective- 
ness of  a  number  of  methods  of  pro- 
tecting columns  that  otherwise  did 
not  develop  an  adequate  resistance 
for  all  purposes  as  tested  unprotected. 

In  the  entire  investigation  90  column 
tests  were  made,  of  which  62  were 
fire  tests,  16  were  compression  tests 
of  columns,  which  had  not  been  sub- 
jected to  fire  test,  and  12  were  com- 
pression tests  of  columns  which  had 
been  fire  tested,  but  which,  after  4 
hours  of  fire  test,  did  not  fail  while 
hot  under  the  maximum  load  obtain- 
able with  the  equipment.  The  fire  ex- 
posure under  working  load  was  gen- 
erally continued  to  4  hours,  unless 
failure  occurred  before  this  point  was 
reached.  At  the  end  of  the  4-hour 
period  the  column  was  loaded  to  fail- 
ure or  up  to  the  limit  of  the  equip- 
ment (about  600,000  lb.).  The  full 
report  of  the  investigation  has  not  as 
yet  been  published,  but  progress  re- 
ports are  given  in  the  proceedings  of 
the  American  Concrete  Institute  for 
1918,  1919,  and  1920. 

The  series  includea  tests  of  plain 
concrete  columns,  columns  reinforced 
with  longitudinal  bars,  and  columns 
with  combined  reinforcement  of  spiral 
hooping  and  longitudinal  bars.  The 
columns  were  generally  round  of  18-in. 
outside  diameter  with  IY2  in.  of  pro- 
tective concrete  outside  of  the  rein- 
forcement. Comparable  tests  were 
made  of  some  square  columns,  as  also 
of  12-in.  round  columns.  The  concrete 
aggregates  used  included  limestone, 
trap  rock,  calcareous  gravel,  blast  fur- 
nace slag,  two  silicious  gravels,  and 
one  pure  quartz  gravel. 

Tests  were  made  to  determine  the 
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TABLE  III.— RESULTS  OF  FIRE  TESTS— COLUMNS  PROTECTED  BY  CONCRET1 

Load  sus-  Fur- 
, Protection >  Age  of     tained  Time  to  nace  ex- 
Test                                    Thick-  Mix-                                         covering,during  failure  posurdg 
No.          Section.          ness,  in.  ture.       Kind  of  concrete,    days,  test,  lb.  hr. — min.  pet. 

28  Rolled    H 2       1:2:4    Chicago    limestone..   437       119,500  6—33%  96.9 

28A  Rolled    H 2       1:2:4    Chicago    limestone..   438       119,500  7—09%  95.2 

29  Rolled   H 2       1:2:4     New  York  trap    435       119,500  4—38%  99.5 

30  Rolled    H 2       1:2:4    Joliet  gravel    439       119,500  7—16  99.2 

31  Rolled    H 2       1:2:4    Cleveland    sandstone  500       119,500  4—11%  99.4 

32  Rolled   H 2       1:2:5     Hard  coal  cinders  ..  503       119,500  3—44  101.3 

32A  Z-bar  and  plate 2       1:2:5     Hard  coal  cinders  ..   497       105,000  4—02  100.5 

33  Rolled    H 4      1:2:4    Chicago    limestone..   450       119,500  8—08  99.2 

$431,000 

33A  Rolled   H 4       1:2:4    Chicago    limestone..   455       119,500  8—07%  98.8    . 

$405,000 

34  Rolled    H 4       1:2:4     Rockport   granite    ..   452       119,500  7—58  98.6 

34A  Rolled    H 4       1:2:4     Rockport   granite    ..   454       119,500  7—23  102.5 

35  Rolled    H 4       1:3:5     Chicago    limestone..  504       119,500  8—07  101.3 

$348,000 

36  Plate  and  angle 2      1:2:4     New  York  trap    445       116,000  3—53%  100.3 

37  Plate  and  angle 4      1:2:4     New  York  trap    503       116,000  7—34%  99.9 

round 

38  Plate   and   channel.  2      1:2:4     Joliet  gravel    449     *116,500  5—28%  100.2 

39  Plate   and   channel.  4      1:2:4     Meramec   R.   gravel.  436     *116.500  3—41%  98.3 

40  Latticed  channel   ..  2      1:2:4     New  York  trap   501       111,000  7—57  99.1 

round 

41  Z-bar  and  plate 4       1:3:5     Chicago    limestone..   451       105,000  8—24%  99.6 

$332,000 

42  Z-bar  and  plate 4       1:3:5     Chicago    limestone..  453       105,000  8—11%  98.5 

$333,000 

43  I-beam  and  channel  2       1:2:4    Cleveland    sandstone  456       122,000  4—11  98.7 

44  I-beam  and  channel  2       1:3:5     Cleveland    sandstone  458       122,000  3—04%  100.6 

45  Starred   angle   2      1:2:4     Meramec  R.   gravel.   447       124,000  1—47  99.7 

round 

46  Latticed    angle t2       1:2:4     New  York  trap   451       122,500  6— 43%  99.0 

47  Round  cast  iron   ...   2       1:2:5     Hard  coal  cinders  ..  446        95,500  2—48%  99.6 

♦Heavier  load  used  as  plates  have  1/32  in.  greater  thickness  than  nominal. 
t2-in.  outside  rivets,  -3% -in.  outside  angles. 

$Load  necessary  to  cause  failure  of  column.     After  8  hr.   the  load  was  increased 
until  failure  occurred. 


effect  on  fire  resistance  of  increasing 
the  thickness  of  concrete  protection 
outside  of  reinforcement  and  of  em- 
bedding metal  mesh  in  the  protection. 
Experiments  were  also  maue  with  pro- 
tections of  cinder  concrete  and 
molded  gypsum  and  also  with  various 
plaster  protections.  Load  tests  were 
made  of  unexposed  columns  compar- 
able with  those  subjected  to  fire  tests. 

Concrete  of  Silicious  Aggregate. — 
Of  the  three  silicious  aggregates,  one 
contained  a  large  proportion  of  sand- 
stone pebbles  and  a  smaller  amount 
of  quartz  pebbles.  This  aggregate  was 
generally  used  in  all  tests  to  deter- 
mine effect  of  form  and  size  of  col- 
umn, type  of  reinforcement,  and  the 
various  methods  of  protection.  In  the 
second,  granite  pebbles  predominated 
with  smaller  proportions  of  gneiss  and 
quartz,  and  the  third  consisted  almost 
entirely  of  white  quartz  pebbles  fairly 
well  graded  as  to  size. 

As  applied  in  round  columns  with  1 
per  cent  spiral  hooping  and  2  per  cent 
longitudinal  reinforcement,  approxi- 
mately equal  fire  resistance  was  devel- 
oped by  columns  of  concrete  made 
with  the  three  aggregates.  Failure 
under  working  load  generally  oc- 
curred after  three  to  four  hours'  fire 


exposure.  The  cause  of  failure  was 
spalling  of  the  protection  outside  of 
the  reinforcement  which  began  about 
30  minutes  after  the  start  of  the  test. 
This  spalling  was  somewhat  less  pro- 
nounced and  a  little  higher  fire  re- 
sistance was  developed  in  case  of 
round  and  square  columns  reinforced 
with  longitudinal  bars  without  the 
spiral  hooping,  due  apparently  to  the 
absence  of  the  plane  of  cleavage  de- 
fined by  the  spiral  hooping,  and  pos- 
sibly also  to  the  lower  uni;  working 
load  applicable  for  columns  so  rein- 
forced. The  round  columns  did  not 
develop  greater  fire  resistance  than 
square  columns  of  the  same  area,  and 
same  type  of  concrete  and  reinforce- 
ment. Two  round  concrete  columns 
without  reinforcement  developed  fire 
resistance  under  working  load  for 
plain  concrete  comparable  with  that 
of  reinforced  columns  under  their 
higher  allowable  unit  loads.  In  the 
matter  of  effect  of  size  in  two  tests 
of  12-in.  spirally  hooped  and  vertically 
reinforced  columns,  one  failed  after  2 
hours'  fire  exposure  and  the  other 
withstood  the  fire  test  for  4  hours 
and  sustained  40  per  cent  additional 
load  before  failure.  It  should  be  noted 
that  the  working  unit   stress  on  the 
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whole  area  was  considerably  smaller 
for  the  12-in.  columns  than  for  the 
18-in.  columns,  due  to  greater  propor- 
tion of  concrete  considered  as  protec- 
tive covering. 

Light  expanded  metal  placed  in  the 
1^-in.  protective  concrete  outside  of 
the  spiral  hooping  retained  the  pro- 
tection in  place  sufficiently  to  enable 
18-in.  round  columns  of  silicious  ag- 
gregate to  sustain  working  load  for 
the  4-hour  fire  exposure  and  while  hot, 
loads  averaging  about  2,000  lb.  per 
square  inch.  With  2%-in.  protection 
of  concrete  but  without  a  metal  bind- 
er in  it,  the  average  load  sustained 
at  the  end  of  the  4-hour  fire  test  was 
1,567  lb.  per  square  inch,  and  with  a 
metal  binder  imbedded,  these  col- 
umns tested  cold  subsequent  to  a 
4-hour  fire  test  developed  strengths 
comparable  with  that  of  similar  col- 
umns tested  cold  without  previous  fire 
exposure. 

A  variable  amount  of  resistance 
was  afforded  by  columns  with  plaster 
protections  applied  to  the  column 
directly  with  or  without  metal  binder, 
or  as  a  form  within  which  the  column 
was  cast.  All  afforded  some  protec- 
tion enabling  the  columns  to  sustain 
working  load  for  4  hours,  with  sub- 
stantial increase  in  load  before  failure 
at  the  end  of  the  period. 

Concrete  of  Trap  Rock  and  of  Blast 
Furnace  Slag. — Round  columns  of  con- 
crete made  with  these  aggregates  and 
reinforced  with  hooping  and  vertical 
bars,  and  square  columns  of  the  same 
aggregates  with  vertical  reinforce- 
ment, withstood  the  fire  test  under 
working  load  for  4  hours  and  when 
further  loaded  at  the  end  of  the  test 
failed  under  loads  between  3  and  4 
times  the  working  load.  Little  crack- 
ing, spalling,  or  similar  effects  were 


apparent  before  failure,  although  the 
strength  of  the  columns  while  hot  at 
the  end  of  the  fire  exposure  was  re- 
duced to  about  50  per  cent  of  that  of 
comparable  unexposed  columns. 

Concrete  of  Calcareous  Aggregates. 
— The  18-in.  round  columns  of  concrete 
made  with  crushed  limestone  or  cal- 
careous gravel  and  reinforced  with 
hooping  and  vertical  bars  withstood 
the  4-hour  fire  test  with  loss  of  about 
21  per  cent  of  the  unexposed  strength 
as  tested  after  cooling.  They  with- 
stood, while  hot,  the  maximum  load 
that  could  be  applied  with  the  equip- 
ment (3,400  lb.  per  square  inch). 
Round  and  square  columns  of  lime- 
stone concrete  reinforced  with  verti-* 
cal  bars  failed  at  the  end  of  the  4-hour 
fire  test  under  loads  averaging  2,278 
lb.  per  square  inch,  which  is  about 
four  times  the  working  load  and  50 
per  cent  of  the  unexposed  strength. 
A  limestone  concrete  column  rein- 
forced with  hooping  and  vertical  bars 
and  protected  by  1  in.  of  plaster  in 
addition  to  the  1V&  in.  of  concrete  suf- 
fered little  permanent  loss  in  strength 
due  to  the  fire  test. 

In  all  tests  with  concrete  made  with 
calcareous  aggregates  no  cracking  or 
spalling  of  note  developed  and  the 
temperatures  in  concrete  and  rein- 
forcement were  generally  lower  than 
for  columns  made  with  the  other 
aggregates. 

Generally  the  tests  show  quite  con- 
clusively that  the  fire  resistance  of 
reinforced  concrete  columns  is  mainly 
a  function  of  the  mineral  composition 
of  the  concrete  aggregates  employed. 
Silicious  aggregates  will  cause  early 
cracking  and  spalling  of  the  protective 
concrete  on  exposure  to  fire,  leaving 
the  load-bearing  steel  and  concrete 
exposed.     Substantial  increase  in  fire 


TABLE  IV.— RESULTS  OF  FIRE   TESTS— REINFORCED  CONCRETE   COLUMNS- 
EFFECTIVE   LENGTH,    12   FT.   8  IN. 

Load  Furnace 

Outside        , Concrete N  sustainedTime  to     ex- 

dimension  and  Mix-  Age,    during    failure, posure, 

reinforcement,  ture.  Kind.  days,  test,  lb.  hr. — min.   pet. 

16-in.    square.. 1:2:4    Chicago  limestone  433     101,000     8— 401/4     101.1 
4  1-in.  sq.  bars.  $294,000 


Test 
No.         Section. 

70  Square  vertically 

reinforced 

71  Square  vertically 

reinforced 

72  Round  vertically 

reinforced 

73  Round  vertically 

reinforced 

74  Hooped 

reinforced 


75  Hooped 

reinforced 


SameasNo. 70.1:2:4  New  York  trap   ..450    101,000 

17-in.    diam... 1:2:4  Chicago  limestone  520    107,500 

6  1-in.  sq.  bars  $250,000 

Same  as  No.  72.1:2:4  New  York  trap  ..  442    107,500 

17-in.    diam... 1:2:4  Chicago  limestone  522    129,000 

6  %-in.  sq.  bars.  $243,000 
^-in.  0  spiral  on 

1%-in.  pitch 

SameasNo.  74.1:2:4  New  York  trap  ..  460    129,000 

$163,000 


7—22% 

99.2 

8—04% 

102.1 

7—57% 

98.5 

8—06% 

99.5 

$Load  necessary  to  cause  failure  of  column, 
until  failure  occurred. 


—01%     100.7 
After  8  hr.  the  load  was  increased 
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resistance  for  such  columns  can  be 
obtained  by  the  use  of  outside  plaster 
coatings  suitably  held  in  place,  as  also 
by  imbeding  metal  mesh  in  the  outer 
protective  concrete.  Concrete  columns 
made  with  non-silicious  aggregates, 
like  trap  rock,  are  neutral  in  this  re- 
spect, but  lose  considerable  strength 
on  exposure  to  fire  for  several  hours. 
As  made  with  calcareous  aggregates, 
the  loss  in  strength  is  less  than  with 
concrete  made  with  the  other  aggre- 
gates, due  to  the  better  insulation 
afforded,  the  heat-retarding  effect  of 
the  calcination  as  such,  and  greater 
inherent  strength  of  the  concrete  at 
temperatures  below  those  causing 
decided  calcination  of  the  aggregate. 


Production  of  Limestone  Build- 
ing Stone  in  the  Bedford- 
Bloomington    District, 
Indiana,  in  1922 

The  limestone  sold  for  building 
stone  from  quarries  in  the  Bedford- 
Blomington  district,  Lawrence  and 
Monroe  counties,  Ind.,  in  1922 
amounted  to  9,616,670  cu.  ft.,  the  larg- 
est output  since  1912.  The  great  de- 
mand for  this  stone  in  1922  is  re- 
flected in  a  gain  of  81  per  cent  over 
the  quantity,  sold  in  1921,  and  orders 
ahead  for  shipments  in  1923  indicate 
that  unless  unexpected  conditions 
arise  the  output  for  this  year  will  be 
equal  to  or  greater  than  that  in  1922. 
The  total  value  of  the  stone  sold  in 
1922  was  $11,288,823.  These  figures 
are  made  public  from  reports  by  the 
quarrymen  and  mill  operators  in  the 
district  to  the  Department  of  the  In- 
terior, Geological  Survey.  The  aver- 
age value  per  cubic  foot  of  all  stone 
sold  decreased  from  $1.29  in  1921  to 
$1.17  in  1922. 

The  stone  quarried  in  this  district 
is  sold  by  the  quarrymen  in  the  form 
of  rough  blocks,  sawed  blocks,  and 
dressed  or  cut  stone.  In  1922  more 
than  43  per  cent  of  the  stone  sold  by 
the  quarrymen  consisted  of  rough 
blocks,  and  36  per  cent  of  these  rough 
blocks  (1,508,100  cu.  feet)  was  sold  by 
the  quarrymen  to  mills  in  the  district, 
where  the  stone  was  sawed  or  cut  and 
dressed  and  shipped  to  other  parts  of 
the  country. 

The  value  of  the  stone  sold  by  the 
mills  was  $8,706,900.  Thus  the  total 
gross  value  of  the  building  stone  sold 
in  this  district,  including  the  value 
added  to  the  product  by  manufac- 
turers,  was    about    $15,000,000.      The 


rough  blocks  sold  by  the  quarrymen  in 
1922  (4,189,547  cu.  ft.)  represented  a 
gain  of  about  86  per  cent  over  1921. 
The  average  value  decreased  from 
$0.67  a  cu.  ft.  in  1921  to  $0.58  in  1922. 
The  sawed  stone  sold  (3,635,744  cu. 
ft.)  a  little  more  than  doubled  in 
quantity,  but  its  average  value  per  cu- 
bic foot  decreased  from  $1.05  in  1921 
to  $0.94  in  1922.  The  dressed  stone 
sold  (1,791,379  cu.  ft.)  increased  44 
per  cent  in  quantity  and  its  average 
value  per  cubic  foot  increased  from 
$2.76  in  1921  to  $3.02  in  ±922. 

Almost  90  per  cent  (1,005,210  cu.  ft.) 
of  the  building  stone  sold  in  1922  was 
shipped  out  of  the  State.  Illinois,  the 
principal  market  for  this  stone,  re- 
ceived" 2,043,851  cu.  ft.  from  these 
quarries;  New  York  received  1,301,539 
cu.  ft.;  Ohio,  843,517  cu.  ft.;  Michigan, 
837,279  cu.  ft.;  Pennsylvania,  820,163 
cu.  ft.;  and  36  other  States  received 
different  amounts,  not  more  than  270,- 
000  cu.  ft.  for  any  one  State.  Canada 
received  shipments  of  310,847  cu.  ft. 

The  waste  product  of  some  of  the 
quarries  is  sold  in  small  quantities  and 
at  comparatively  low  prices  for  use  as 
riprap,  furnace  flux,  road  stone  and 
ballast,  and  for  agricultural  use.  Other 
waste  stone  is  more  carefully  selected 
and  sold  to  glass  works,  pulverized 
for  use  as  agricultural  limestone,  and 
crushed  for  use  in  concrete  and  in 
road  making.  The  output  of  this  ma- 
terial in  1922  was  214,722  short  tons, 
valued  at  $139,233,  an  increase  of  52 
per  cent  over  that  sold  in  1921.  The 
average  value  per  ton  in  1922  was 
$0.65;  in  1921  it  was  $1.04.  The  fig- 
ures given  do  not  include  stone  that 
was  burned  into  lime  in  the  district. 


r 


Competition  for  Plans  for  Govern- 
ment Building  for  Uruguay. — An  inter- 
national competition  is  being  held  for 
plans  for  a  municipal  palace  to  be 
erected  in  Montevideo,  the  capital  of 
Uruguay.  The  palace  will  contain  not 
only  the  offices  of  the  municipal  gov- 
ernment, but  those  of  the  national  gov- 
ernment as  well.  The  competition  will 
close  on  Aug.  8,  1923.  The  winner  of 
this  competition  will  receive  a  prize 
of  $8,500.  The  second  prize  will  be 
$4,250,  and  the  third  $2,500.  The  jury 
of  awards  has  been  authorized  to  di- 
vide an  additional  $4,250  among 
other  competitors,  should  their  work 
merit  this  recognition.  Complete  de- 
tails can  be  supplied  by  the  Pan- 
American  Union,  Washington,  D.  C, 
by  which  the  competition  is  con- 
ducted. 
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Stone  Screenings  as  Fine  Aggregate  for  Concrete 

Results  of  Studies  of  Strength  of  Mortar  and  Concrete  Made  from 

Sand  and  Screenings  Given  in  Paper  Presented  Jan.  17  at 

Annual  Meeting  of  National  Crushed  Stone  Association 


By  DUFF  A.  ABRAMS 

Professor  in  Charge  of  Structural  Materials,    Research    Laboratory, 

Chicago. 


Lewis    Institute, 


There  is  probably  no  question  in  the 
whole  category  of  concrete  testing 
which  raises  so  many  knotty  problems 
as  that  of  the  determination  of  the 
relative  merits  of  crushed  stone 
screenings  and  natural  sands  as  fine 
aggregate  for  concrete.  It  brings  us 
back  to  the  question  of  what  concrete 
is  and  the  underlying  principle  on 
which  the  proportioning  of  mixtures 
is  based  and  the  many  details  of  test- 
ing of  aggregates  and  concrete.  The 
methods  of  testing  are  very  impor- 
tant features  of  any  discussion  of  the 
relative  merits  of  different  materials 
in  concrete.  In  other  words,  if  our 
tests  are  not  carried  out  in  an  abso- 
lutely comparable  manner,  we  are  al- 
most certain  to  get  misleading  results 
and  may  arrive  at  entirely  erroneous 
conclusions. 

Quality  of  Water  Most  Important 
Factor  In  Concrete  Mixtures. — Con- 
crete is  a  mixture  of  cement  ag- 
gregate and  water.  Too  ften  the 
water  is  entirely  overlooked  in  our  dis- 
cussions. We  go  to  great  lengths  in 
testing  cement  and  in  examining  ag- 
gregates, but  pay  no  attention  to  the 
quality  of  the  mixing  water. 

Investigations  carried  out  at  the 
Lewis  Institute  in  co-operation  with 
the  Portland  Cement  Association  dur- 
ing the  past  eight  or  nine  years  have 
given  us  a  great  deal  of  new  informa- 
tion on  the  underlying  principles  of 
concrete  mixtures  and  on  many  relat- 
ed topics.  These  investigations  have 
shown  that  the  quality  of  mixing  water 
is  by  all  odds  the  most  important  fac- 
tor in  a  concrete  mixture.  Wide  vari- 
ations in  the  type  or  size  and  grading 
of  aggregate  and  in  the  quantity  of 
cement,  make  much  less  difference  in 
the  strength  and  other  properties  of 
the  resulting  concrete  than  do  slight 
variations  in  the  quantity  of  mixing 
water.  This  consideration  of  the  ef- 
fect of  quantity  of  mixing  water  has  a 
most  important  bearing  on  the  relative 
merits  of  screenings  and  natural 
sand;  if  we  do  not  get  the  proper  bal- 
ance between  the  water  content  in  the 
mixtures,    we   are   certain    to    get   re- 


sults which  reflect  that  variation 
rather  than  the  effect  of  the  shape 
and  size  of  the  aggregate  article. 
General  Characteristics  of  Aggregate. 
— The  general  characteristics  of  aggre- 
gate for  concrete  are:  (1)  structural 
quality,  (that  is,  they  must  have  a  cer- 
tain degree  of  hardness,  toughness 
and  general  durabilty,  whatever  we 
term  it,  that  will  enable  them  to  with- 
stand the  stresses  which  come  upon 
them  and  to  resist  exposure  to  weath- 
er, etc.) ;  (2)  cleanness — freedom  from 
excessive  amounts  of  clay  and  dust 
and  from  organic  impurities  such  as 
may  occur  in  surface  loam;  (3)  size 
and  grading,  depending  on  the  mix- 
tures used  and  the  type  of  work  un- 
der way;    (4)  shape  of  the  particles. 

The  only  question  at  issue  here  is 
the  effect  of  shape  of  particles,  since 
we  must  consider  that  the  aggregates 
are  of  similar  structural  quality  and 
similarly  graded,  or  we  are  not  work- 
ing on  a  uniform  basis.  Natural  sands 
and  gravels  differ  from  crushed  rocks 
only  in  that  they  have  been  broken 
down  and  in  general  the  particles  are 
rounded  by  natural  agencies.  The 
principal  agencies  in  the  production  of 
sand  and  gravel  are,  no  doubt,  glacia- 
tion,  stream  action  and  weather. 
Those  causes  will  probably  account 
for  formation  of  sand  and  gravel,  so 
that  we  are  dealing  with  the  same  ma- 
terials except  that  one  has  been 
rounded  and  the  other  has  not. 

We  have  studied  the  relative  merits 
of  screenings  and  sands  to  some  ex- 
tent, not  to  as  great  an  extent  as  we 
desire,  and  not  to  a  sufficient  extent 
to  clear  up  all  of  the  problems  that 
arise. 

The  Question  of  Quality  of  Concrete. 
— In  dealing  with  concrete  mixtures, 
there  is  always  a  question  as  to  just 
what  quality  of  concrete  we  are  try- 
ing to  secure.  All  concrete  work  must 
be  done  with  a  consideration  of  dura- 
bility and  cost.  We  cannot  get  away 
from  those  two  limitations.  If  con- 
crete is  not  durable  it  will  be  disap- 
pointing in  the  end;  if  it  costs  too 
much    we    cannot    afford    to    use    it. 
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There  are  also  the  important  ques- 
tions of  strength,  wear,  water-tight- 
ness, ease  of  placing,  ease  of  finishing, 
resistance  to  various  destructive  agen- 
cies and  appearance. 

So  far  as  most  of  these  topics  are 
concerned,  there  is  little  room  for 
choice  between  screenings  and  natural 
sand.  However,  when  we  come  to 
such  topics  as  water-tightness,  ease  of 
placing  and  ease  of  finishing,  difficul- 
ties are  sometimes  encountered. 

During  the  past  three  or  four  years 
we  have  carried  out  four  separate 
series  of  investigations  in  which  com- 
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Fig.    1 — Effect    of    Quantity    of    Sand    in 

Mixture  of  Sand  and  Screenings  on  the 

Tensile  Strength  of  1:3  Mortars. 

Mix  1:3  by  weight.  Fine  aggregate; 
limestone,  granite  and  slag  screenings 
mixed  with  different  percentages  of  sand. 
Relative  consistency  1.00.  Specimens 
stored  in  water;  tested  damp. 


parisons  were  made  between  the  rela- 
tive merits  of  natural  sands  and 
screenings.  These  tests  apply  only  to 
the  strength  of  the  resulting  mortar 
or  concrete  and  do  not  constitute  a 
complete  investigation  of  the  subject. 
Tension  and  Compression  Test  of 
13C0  Samples  of  Fire  Aggregates. 
— Series  2.  This  series  includes  ten- 
sion and  compression  tests  of  1:3  mor- 
tar at  7  and  28  days,  using  about  1300 
different  samples  of  fine  aggregates 
from  widely  scattered  sources.  These 
samples  were  sent  to  the  Laboratory 
for  test  during  the  period  1914  to  date. 
For  about  800  of  the  early  samples, 
briquettes  of  1:3  mortar  by  weight 
were  tested  at  ages  of  3,  7  and  28 
days;  for  the  remaining  500  samples, 
3x6-in.  or  2x4-in.  mortar  cylinders  of 
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1:3  mix  by  weight  or  by  volume'  wer 
tested  in  compression  at  7  and  \ 
days.  Among  these  samples  were 
large  number  of  stone  screenings. 
Due  to  the  fact  that  these  tests  ex- 
tended over  a  long  period  of  time,  it 
was  our  practice  to  make  parallel 
tests  using  standard  Ottawa  sand  on 
each  day  that  other  fine  aggregates 
were  tested. 

It  is  impracticable  to  give  all  the  de 
tails  of  these  tests  in  this  report; 
however,  the  principal  conclusions, 
far  as  our  present  inquiry  is  con- 
cerned, may  be  summarized  as  fol 
lows: 

1.  The  amount  of  mixing  water 
used  and  the  manipulation  of  the  mor- 
tar may  affect  the  strength  more  than 
the  grading  or  type  of  the  aggregate 
used. 

2.  For  mortars  of  similar  consis- 
tency, the  strength  varied  with  the 
grading  of  the  aggregate  as  measured 
by  fineness  modulus.  The  higher  the 
fineness  modulus  (coarser  the  grad- 
ing) within  certain  limits,  the  higher 
the  strength. 

3.  Other  conditions  being  equal,  ag- 
gregates of  same  fineness  modulus 
gave  about  the  same  mortar  strength 
at  7  and  28  days. 

4.  In  general,  screenings  are  grad- 
ed coarser  than  the  average  natural 
sands;  hence,  if  the  grading  is  not 
taken  into  account,  the  screenings  will 
generally  be  found  to  give  higher  mor- 
tar strength  than  sands. 

5.  Mortar  strength  tests  do  not 
give  definite  information  on  the  rela- 
tive value  of  sand  and  screenings  for 
concrete  mixtures.  There  appear  to 
be  two  reasons  for  this  result:  (a) 
The  angularity  of  the  particles  in  the 
screenings  permits  more  tamping  and 
consequently  probably  receives  more 
in  the  molding  of  the  test  pieces,  than 
the  sand.  (b)  In  1:3  mortars  the 
screenings  of  sand  constitute  the 
whole  aggregate,  while  in  concrete 
mixtures  these  materials  are  only 
about  %  the  aggregate,  hence  their  in- 
fluence on  the  final  result  is  much 
less  in  concrete  than  on  mortar  mix- 
tures. In  the  case  of  briquette  tests, 
there  is  an  additional  reason  for  dis- 
crepancies in  that  the  shape  of  the 
specimen  and  the  resulting  distribu- 
tion of  stresses  give  results  entirely 
different  from  that  found  in  compres- 
sion tests  of  concrete.  (This  conclu- 
sion was  reinforced  by  later  series  of 
tests  described  below.) 

Compression  Tests  of  Limestone 
Screenings    and    Natural    Sand. — Ser- 
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ies  84.  Compression  tests  were  made 
on  6xl2-in.  concrete  cylinders  at 
ages  of  28  days  and  6  months.  Mix 
1:5  by  volume,  relative  consistency 
1.00  (normal  consistency).  In  this 
series  the  fine  aggregates  were  lime* 
stone  screenings  and  natural  sand 
and  the  coarse  aggregates  crushed 
limestone  and  pebbles.  Four  combina- 
tions were  used  as  follows:  sand  and 
pebbles,  sand  and  crushed  limestone, 
limestone  screenings  and  pebbles,  and 
limestone  screenings  and  limestone. 
Twenty-seven  different  gradings  of 
each  of  the  above  combinations  were 
used.  The  size  of  the  fine  aggregates 
varied  from  0  to  No.  48  and  0  to  No. 
4;  the  coarse  aggregate  was  of  the 
same  grading  throughout  and  ranged 
from  No.  4  to  l^-in. 

In  order  to  secure  a  uniform  grad- 
ing, all  aggregates  were  screened  into 
several  sizes  and  recombined  by 
weight.  The  sand  was  largely  of  lime- 
stone origin  from  Elgin,  111.  As  pro- 
duced for  the  market,  this  sand  is 
well-graded  up  to  about  ^-in.  and  is 
a  high-grade  concrete  sand,  known  in 
the  trade  as  "torpedo."  The  consis- 
tency of  the  concrete  was  judged  by 
an  experienced  operator.  A  total  of 
432  concrete  cylinders  was  tested. 

Figure  4  shows  average  relation  be- 
tween the  grading  of  the  aggregates, 


•  Average 
O  Lirnestone  Screenings  and Elgin  Sana 

•  Granite, 
_•    Slag 


'O  10        20       30       40       SO        SO        70       SO       90       '6 

Send  -  percent  of  Sand  end  Screenings 

Fig.  2— Effect  of  Quantity  of  Sand  in  Mix- 
ture  of   Sand    and    Screenings   on    the 
Compressive  Strength  of  1:3  Mortars. 

Compression  tests  of  2x4-in.  cylinders. 
Mix  1:3  by  weight.  Fine  aggregate;  lime- 
stone, granite  and  slag  screenings  mixed 
with  different  percentages  of  sand.  Rela- 
tive consistency  1.00.  Specimens  stored 
in  water;  tested  damp. 


as  measured  by  fineness  modulus,  and 
the  compressive  strength  of  the  con- 
crete at  28  days,  for  the  gradings  em- 
ployed in  this  series.  The  fineness 
modulus  is  a  measure  of  the  size  and 
grading  of  the  aggregates;  it  is  the 
summation  of  the  percentages  coarser 


•  Limestone  Screenings  ond  Elgin  Sand 
o   Gronito 

•  Slog 


o      io      20      so     40      so     6o      70     eo     so 
Sand  -  percent  of  Sand  and  Screenings 

Fig.  3 — Effect  of  Quantity  of  Sand  in  Mix- 
ture of  Sand   and   Screenings  at   Fine 
Aggregate    in    Concrete. 

Compression  tests  of  6xl2-in.  concrete 
cylinders.  Mix  1:4  by  volume.  Fine  ag- 
gregate; limestone,  granite  and  slag 
screenings  mixed  with  different  percent- 
ages of  sand.  Coarse  aggregate;  pebbles 
graded  No.  4  to  \xk  in.  Fine  and  coarse 
aggregate  combined  to  give  fineness  modu- 
lus of  5.50  for  mixed  aggregate.  Relative 
consistency  1.10.  Specimens  stored  in 
moist  room;    tested  damp. 

than  each  of  the  following  sieves:  100, 
50,  30,  16,  8,  4,  %,  %  and  iy2  in.,  divid 
ed  by  100.  Aggregates  in  which  the 
coarser  particles  predominate  have  a 
high  .fineness  modulus  and  those  in 
which  the  finer  particles  predominate 
have  a  low  fineness  modulus. 

These  tests  show  that  the  concrete 
made  with  natural  sand  and  pebbles 
gave  about  the  same  strength  as  that 
from  sand  and  crushed  limestone.  The 
concrete  made  with  limestone  screen- 
ings as  fine  aggregate  gave  consider- 
ably lower  strengths.  The  lowest 
strengths  were  obtained  with  the 
screenings  as  fine  aggregate  and  peb- 
bles as  coarse  aggregate;  the  strength 
of  concrete  was  about  2/3  of  that  from 
sand  as  fine  aggregate  and  pebbles  or 
crushed  limestone  as  coarse  aggregate. 
The  screenings  required  about  30% 
more  water  for  normal  consistency 
than  was  necessary  with  sand;  this 
increase  in  mixing  water  would  be  ex- 
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pected  to  produce  about  the  reduction 
in  strength  indicated. 

Tests  of  Motar  and  Concrete  Made 
from  200  Samples  of  Fine  Aggregate. 
— Series  145  (A).  This  series  includ- 
ed tests  of  mortar  and  concrete  made 
from  about  200  samples  of  fine  aggre- 
gates obtained  from  various  parts  of 
the  United  States  and  Canada,  among 
which  were  natural  sands,  screenings 
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Fig.  4 — Effect  of  Grading  of  Aggregate  on 
the  Compressive  Strength  of  Concrete. 

Compression  tests  of  6xl2-in.  cylinders. 
Grading  of  aggregate  measured  by  the 
fineness  modulus,  as  explained  in  the 
text.  Mix  1:5  by  volume.  Relative  con- 
sistency 1.00.  Age  at  test,  28  days.  Ag* 
gregate  graded  O.l1^.  Specimens  stored 
in  damp  sand;  tested  damp. 

from    limestone,    granite,    trap,    slag, 
chatts  and  other  materials.     Tension 


tests  of  briquettes  of  1:3  mortar  (by 
weight)  and  compression  tests  of  2x4- 
in.  cylinders  of  1:3  mortars  (by  weight 
and  by  volume)  were  made  at  ages  of 
7  and  28  days,  3  months  and  1  year. 
Compression  tests  of  1:4  concrete  in 
the  form  of  6xl2-in.  concrete  cylinders 
were  made  at  the  same  ages;  wear 
tests  of  8x8x5-in.  blocks  were  made  at 
3  months.  The  coarse  aggregate  was 
pebbles  graded  from  No.  4  sieve  to 
1^-in.  from  Elgin,  111.  The  relative 
consistency  was  1.10.  This  investiga- 
tion included  about  3800  briquettes, 
7600  2x4-in.  cylinders,  3200  6xl2-in. 
cylinders  and  1200  wear  tests — a  total 
of  about  15,800  specimens. 

Results  of  Tests. — The  principal 
results  are  given  in  Tables  I  and 
II.  In  the  preparation  of  the  1:3 
mortar,  care  was  taken  to  use 
the  same  consistencies  throughout. 
The  consistency  was  judged  by  an  ex- 
perienced operator  and  checked  by  a 
"flow-table"  similar  to  that  used  by 
the  Bureau  of  Standards.  Somewhat 
wetter  consistencies  were  employed  in 
these  tests  than  for  standards  tests 
of  cement  in  order  to  avoid  the  varia- 
tion in  results  due  to  irregularly  grad- 
ed aggregates  when  mixed  to  a  rela- 
tively dry  consistency. 

The  natural  sands  and  slag  screen- 
ings had  approximately  the  same  aver- 
age strengths  at  all  ages  and  gave  the 
lowest  values  ,p_f  the  materials  tested. 
The  stone  screenings  gave  higher  aver- 
age mortar  strengths  than  the  sands; 
the  different  types  of  stone  screenings 
gave  essentially  the  same  strengths. 
It  should  be  noted  that  the  average 
fineness  modulus  of  the  sands  was 
smaller  than  that  of  the  crushed  mate- 


TABLE   I— MORTAR  STRENGTH  TESTS,   USING  SAND  AND  SCREENINGS. 

The  relative  strength  of  the  mortars  is  expressed  as  a  ratio   to   the  corresponding 
strength  of  standard  Ottawa  sand  mortar  of  the  same  mix  and  same  age. 

No.      Fine-  Water-                     ^Relative  mortar— >, 

Fine   aggregate.                 of  sam-    ness  cement                                strength. 

pies,    modulus.  ratio.        Flow.       7  d.    28  d.  3  m.  1  y. 
Tension  Tests  of  Standard  Briquettes.     1-3  by  Weight. 

Sand 87             2.69  0.78  141         1.37     1.18  1.21  1.42 

Limestone  screenings    11            3.14  0.80  136        1.69     1.50  1.61  1.99 

Slag  screenings    9            3.45  0.86  122        1.33     1.15  1.33  1.74 

Trap  screenings  3             3.37  0.77  125         1.89     1.70  1.79  1.99 

Granite  screenings   4            2.96  0.74  124         1.87     1.53  1.73  2.02 

Chatts    10             3.62  0.71  120         2.01     1.74  1.85  2.16 

Compressive   Tests  of  2-in.  by  4-in.  Cylinders.  1-3  by  Weight. 

Sand    87             2.69  0.78  141         1.32     1.23  1.16  1.19 

Limestone  screenings    11             3.14  0.80  136         1.82     1.59  1.43  1.53 

Slag   screenings    9             3.45  0.86  122         1.22     1.10  1.08  1.20 

Trap  screenings   3             3.37  0.77  125         1.71     1.52  1.43  1.53 

Granite  screenings 4             2.96  0.74  124         1.68     1.56  1.49  1.49 

Chatts    10             3.62  0.71  120         1.64     1.56  1.40  1.43 

Compressive  Tests  of  2-in.  by  4-in.  Cylinders.  1-3  by  Volume. 

Sand    87             2.69  0.85  135         1.25     1.16  1.03  1.18 

Limestone  screenings    11             3.14  0.92  133         1.73     1.41  1.33  1.56 

Slag  screenings   9             3.45  0.83  122         1.27     1.17  1.07  1.25 

Trap    screenings    3             3.37  0.86  125         1.48     1.43  1.19  1.41 

Granite  screenings    4             2.96  0.81  120         1.59     1.48  1.30  1.51 

Chatts  10             3.62  0.76  125         1.58     1.48  1.28  1.40 
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rials,  which  would  be  expected  to  ac- 
count for  the  differences  in  strengths. 
Attention  should  be  called  to  the  tests 
in  Table  II,  which  show  a  different  re- 
lation for  the  screenings  when  the 
same  fine  aggregates  are  used  in  con- 
crete. 

Results  of  Strength  and  Wear  Tests. 
— Table  II  gives  the  results  of  strength 
and  wear  tests  of  1:4  concrete  using 
the  same  fine  aggregates  used  in 
Table  I,  combined  in  each  case  with 
Elgin,  111.,  pebbles  graded  from  No.  4 
sieve  to  1*4 -in.  Tests  were  made  on 
6xl2-in.  cylinders  at  ages  of  7  and  28 
days,  3  months  and  1  year;  also  wear 
tests  on  8x8x5-in.  blocks  at  the  age  of 
3  months.  The  wear  tests  were  made 
in  a  Talbot-Jones  rattler  by  methods 
described  in  Bulletin  10,  "Wear  Tests 
of  Concrete,"  of  the  Structural  Mate- 
rials Research  Laboratory.  The  con- 
sistency of  the  concrete  was  judged 
by  an  experienced  operator  and 
checked  by  the  flow-table.  A  high 
value  of  flow  indicates  a  more  plastic 
or  workable  concrete  than  lower 
values. 

In  order  to  place  the  different  fine 
aggregates  on  the  same  basis  in  the 
concrete  tests,  the  relative  amounts  of 
fine  and  coarse  aggregate  were  varied 
in  such  a  manner  as  to  give  a  uniform 
fineness  modulus  (5.50)  for  the  mixed 
aggregate;  the  average  percentages  of 
the  fine  aggregates  are  shown  in  the 
table. 

The  compressive  strengths  of  the 
concretes  are  seen  to  fall  into  two  dif- 
ferent groups:  that  made  of  sand, 
granite  screenings  and  chatts  gave 
nearly    the    same    strength,    and    that 


made  with  limestone,  slag  and  trap 
screenings  gave  about  12  per  cent  less 
strength  at  all  ages.  The  wear  at  3 
months  was  also  a  little  greater  for 
the  latter  materials.  It  should  be 
noted  that  a  large  number  of  natural 
sands  was  used  and  relatively  few 
samples  of  screenings.  In  general 
more  water  was  used  with  the  lime- 
stone, slag  and  trap  screenings  for 
equal  consistency  than  for  sand,  gran- 
ite screenings  and  chatts.  The  use  of 
a  greater  amount  of  mixing  water  ac- 
counts in  part  for  the  somewhat  lower 
strength  of  the  concretes  made  with 
the  limestone,  slag  and  trap  screen- 
ings. 

Effect  of  Mixing  Screenings  with 
Sand. — Series  145  (B).  In  order  to  de- 
termine the  effect  of  mixing  screenings 
with  sand,  a  separate  group  of  tests 
was  made  at  the  same  time  as  Series 
145  (A),  in  which  limestone,  granite 
and  slag  screenings  were  mixed  with 
various  percentages  of  a  well-graded 
sand  from  Elgin,  111.  The  coarse  ag- 
gregate for  these  tests  was  pebbles 
graded  for  No.  4  to  l^-in.,  also  from 
Elgin,  111.  In  this  investigation  about 
500  briquettes,  1000  2x4in.  cylinders, 
500  6xl2-in.  concrete  cylinders  and  100 
wear  blocks  were  tested.  The  results 
of  tension  and  compression  tests  of 
mortars  and  compression  tests  of  con- 
crete are  given  in  Figs.  1,  2  and  3. 
The  wear  tests  are  omitted  from  this 
report. 

Figure  1  shows  the  effect  of  quan- 
tity of  sand  in  mixtures  of  sand  and 
screenings  on  the  tensile  strength  of 
1:3  mortar.  Except  for  the  tests  at  1 
year  there  is  not  much  change  in  ten- 


TABDE    II— CONCRETE    TESTS   USING     SAND    AND    SCREENINGS  AS    FINE 

AGGREGATE. 
Compression  tests  of  6xl2-in.  cylinders.     Wear    tests    of    8x8x5-in.    concrete   block. 
Mixed  1:4  by  volume.    Coarse  aggregate  in  all  cases,  Elgin,  111.,  pebbles  graded  to  1V2 
in.    Mixed  in  such  proportions  that  the  total  aggregate  would  have  an  equivalent  grad- 
ing as  expressed  by  a  uniform  fineness  modulus   of  5.50.     Cylinders   cured   in   a   moist 

room  until  date  of  test;  tested  damp.     Wear  blocks  stored  in  moist  room  for  14  days; 
remainder  of  curing  period  in  air. 

, ——Fine    aggregate. N  Weight  of 

mixed   ag- 

Material.                    Number          Fineness         Per  cent          gregate.  Water- 

of                modulus,           for  m.             L.b.  per  cement 

samples.                m.                    5.50.                cu.    ft.  ratio. 

Sand    87                     2.69                     36                      126  0.79 

Dime    screenings 11                     3.14                     41                      122  0.89 

Slag   screenings 9                     3.45                     44                      115  0.87 

Trap  screenings 3                     3.37                     39                      123  0.92 

Granite  screenings   ...              4                     2.96                     38                      124  0.84 

Chatts    10                     3.59                     45                      118  0.82 

Compressive   strength    of    con-  Depth  of 

Material.                                                                         crete,   6  lb.   per  sq.   in.  wear   at 

Flow.       7  d.           28  d.          3  m.         1  y.  3m.    (in.). 

Sand    210         1,710         3,050         4,160         5,330  .54 

Lime  screenings   198         1,600         2,610  •      3,570         4,680  .55 

Slag  screenings    192         1.330         2,430         3,490         4,690  .59 

Trap   screenings    202         1,380         2,430         3,460         4,550  .55 

Granite    screenings    198         1,600         2.830         3,970        5,180  .50 

Chatts   196         1,600         2,620         4,050         5,290  .52 

(201) 


952 


Buildings  Monthly  Issue  of 


April, 


sile  strength  as  the  percentage  of 
sand  is  increased  up  to  50  per  cent; 
beyond  this  point  the  tensile  strength 
decreased.  The  mortar  strength  with 
the  sand  only  is  less  than  for  screen- 
ings only,  except  in  the  case  of  the 
slag  screenings  at  the  later  ages.  In 
the  mortar  tests  a  somewhat  greater 
strength  would  be  expected  for  the 
screenings,  since  they  were  graded 
coarser  than  the  sand.  The  grading 
of  the  slag  screenings  was  quite 
coarse  and  gave  rather  harsh-working 
mixtures  in  the  1:3  mortar. 

The  results  of  the  compression  tests 
of  the  2x4-in.  mortar  cylinders  of  1:3 
mix  by  weight  are  given  in  Fig.  2.  In 
general,  they  show  the  same  result  as 
was  obtained  for  the  tension  tests. 

The  results  of  the  compression  tests 
of  1:4  concrete  are  plotted  in  Fig.  3. 
The  fine  aggregates  were  combined 
with  pebbles  so  that  the  resulting  fine- 
ness modulus  was  the  same  in  each 
case  (5.50).  The  consistency  of  the 
concrete  was  similar,  as  nearly  as 
could  be  judged  by  a  skilled  operator. 
A  relative  consistency  of  1.10  was 
used.  In  these  tests  the  strength  of 
the  concrete  increased  uniformly  with 
increase  in  percentage  of  sand  in  the 
fine  aggregate.  The  increase  in 
strength  for  the  concrete  made  with 
sand  alone  over  that  made  with 
screenings  alone  was  about  12  per 
cent  at  7  and  28  days  and  about  20  per 
cent  at  3  months  and  1  year.  This 
result  is  the  reverse  of  that  found  in 
the  mortar  tests  and  indicates  that 
the  concrete-making  properties  of  the 
materials  cannot  be  judged  on  the 
basis  of  mortar  tests  alone.  A  part 
of  the  difference  in  strength  is  due 
to  the  fact  that  the  required  consis- 
tency could  be  obtained  with  a  some- 
what smaller  quantity  of  mixing  water 
in  the  concrete  made  with  sand. 

Workability  and  Ease  of  Finishing. 
— The  question  which  is  often  encoun- 
tered in  using  screenings  is  the  work- 
ability and  ease  of  finishing,  particu- 
larly in  concrete  roads.  Dust  in 
screenings  in  quantities  up  to,  say 
10  per  cent,  does  no  harm,  so  long  as 
the  concrete  is  well  mixed  and  of  a 
proper  consistency;  too  much  mixing 
water  causes  the  dust  and  other  fine 
materials  in  the  concrete  to  float  to 
the  surface  where  it  forms  a  weak, 
friable  layer  called  laitance,  or  pro- 
duces a  concrete  which  is  unable  to 
resist  wear  and  weather.  I  wish  I 
could  emphasize  sufficiently  the  im- 
portance of  a  proper  control  of  mix- 
ing  water   in    concrete;    there    is   no 


feature  of  concrete  making  that  is 
more  important.  Unfortunately,  we 
allow  the  mixer  foreman  to  use  his 
own  judgment  in  proportioning,  the 
water  in  the  batch.  It  would  be  just 
as  consistent  to  measure  the  wate/ 
accurately,  and  guess  at  the  cement, 
as  it  is  to  measure  the  cement  and 
guess  at  the  water.  In  general  we 
would  get  better  results  by  guessing 
at  the  cement. 

Care  must  be  taken  in  any  case  in 
which  screenings  are  used  as  fine  ag- 
gregate to  eliminate  the  quarry  dirt. 
Dirt  should  not  be  allowed  to  fall  into 
the  quarry  and  be  scooped  up  with 
the  material  as  it  is  loaded  and  car- 
ried through  the  plant  and  into  the 
screenings. 

The  writer  had  an  opportunity  to 
examine  a  concrete  bridge  in  Nash- 
ville, Tenn.,  in  which  stone  screenings 
were  used  as  fine  aggregate.  This 
bridge  showed  very  poor  concrete,  but 
it  appears  that  the  screenings  have 
been  improperly  blamed  for  a  poor 
job.  In  general,  it  is  almost  impossi- 
ble to  determine  what  was  wrong  with 
the  concrete  by  a  post-mortem  exami- 
nation, but  in  this  case  the  poor  re- 
sults may  be  attributed  to  (1)  sec- 
tions too  thin,  particularly  on  railings; 
(2)  screenings  graded  too  coarse;  (3) 
too  much  mixing  water;  (4)  too  lean 
mixtures;  and  (5)  probably  improper 
curing  condition.  Any  kind  of  aggre- 
gate under  those  conditions  would 
give  poor  concrete. 

Most  Important  Features  of  Studies. 
— In  closing  it  may  be  well  to  empha- 
size a  few  of  the  most  important  fea- 
tures of  the  results  of  our  studies  of 
the  strength  of  mortar  and  concrete 
made  from  sand  and  screenings. 

(1)  Aggregate  testing  has  not  thus 
far  reached  the  state  of  an  exact 
science;  in  other  words  available  test, 
methods  do  not  always  enable  us  to 
determine  definitely  the  relative  mer- 
its of  aggregates  of  different  types. 

(2)  Mortar  strength  tests  are  likely 
to  give  misleading  results,  particularly 
when  tension  tests  are  made  on  bri- 
quettes; due  to  the  angularity  of  par- 
ticles, the  mortar  from  screenings 
probably  receives  more  tamping  than 
sand-mortars. 

(3)  The  strength  of  concrete  made 
from  screenings  on  the  same  basis  is 
a  little  lower  than  the  strength  of  nat- 
ural sands. 

(4)  Good  concrete  can  be  made 
with  stone  screenings  as  fine  aggre- 
gate, but  it  is  important  that  proper 
inspection   be   given  to   see   that   the 
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material  is  graded  in  such  a  way  as 
to  be  free  from  an  excess  of  dust  and 
of  extremely  coarse  particles,  and  that 
an  excess  of  mixing  water  is  not  used. 
Due  to  the  angularity  of  the  particles 
there  is  a  tendency  with  screenings 
to  use  more  mixing  water  than  is  re- 
quired by  sands;  especially  where 
concrete  is  distributed  by  chutes. 

(5)  These  tests  and  other  investiga- 
tions shows  that  good  concrete  can 
be  made  from  inferior  aggregates,  if 
proper  proportions  and  maniuplation 
are  employed;  on  the  other  hand  very 
inferior  concrete  may  result  with  the 
best  of  aggregates  if  improper  meth- 
ods are  used.  The  quantity  of  mixing 
water  is  the  most  important  feature  of 
a  concrete  mix. 

(6)  Additional  studies  are  desirable 
in  order  to  bring  out  the  features  of 
the  relative  merits  of  sands  and 
screenings. 


Elevator  Safety  Code 

There  is  great  diversity  in  the  re- 
quirements of  various  states  with  re- 
gard to  elevator  construction  and  op- 
eration, although  the  important  advan- 
tages which  might  be  gained  by  uni- 
formity of  practice  are  generally  rec- 
ognized. 

The  Elevator  Safety  Code,  formu- 
lated by  the  American  Society  of  Me- 
chanical Engineers,  at  present  consti- 
tutes the  best  available  basis  for  such 
uniform  requirements.  This  code  is 
now  used  in  the  States  of  Utah  and 
Oklahoma,  and  is  the  basis  of  the  new 
code  for  New  York  state.  It  is  also 
used  by  the  City  of  Baltimore. 

It  has  been  recognized,  however, 
that  some  revision  of  the  rules  is  de- 
sirable, particularly  in  order  to  pro- 
vide ones  which  shall  apply  to  exist- 
ing installations  as  these  can  not  al- 
ways be  brought  into  conformity  with 
the  requirements  of  new  construction. 
Such  a  revision  of  the  code  is  being 
undertaken  by  a  sectional  committee 
working  under  the  rules  and  procedure 
of  the  American  Engineering  Stand- 
ards Committee  and  under  the  joint 
sponsorship  of  the  American  Society 
of  Mechanical  Engineers,  the  Ameri- 
can Institute  of  Architects,  and  the  U. 
S.  Bureau  of  Standards. 

The  District  of  Columbia  has  recent- 
ly taken  up  the  revision  of  its  elevator 
requirements  and  a  set  of  proposed 
rules  has  been  drafted.  Since  it  is 
very  desirable  to  have  these  conform 
to  the  proposed  new  version  of  the 
American   Society  of  Mechanical  En- 


gineers' code,  a  joint  meeting  of  the 
elevator  safety  code  committee  with 
the  local  officials  and  others  interested 
in  the  matter  was  held  at  the  Bureau 
of  Standards  on  March  12.  This  meet- 
ing was  attended  by  representatives 
of  the  local  chapters  of  the  American 
Institute  of  Electrical  Engineers  and 
the  American  Society  of  Mechanical 
Engineers  as  well  as  by  representa- 
tives of  the  District  government  and 
members  of  the  sectional  committee. 

As  a  result  of  the  meeting,  the  Dis- 
trict officials  agreed  to  consider  the 
present  American  Society  of  Mechan- 
ical Engineers'  Code  as  applying  to 
new  installations  and  asked  that  a 
code  for  existing  installations  be  pre- 
pared and  submitted  for  their  consid- 
eration. This  work  is  now  being  un- 
dertaken by  subcommittees  of  the 
above-mentioned  sectional  committee. 


Portable  Acetylene  Welding  Gen- 
erator 

A  portable  acetylene  welding  gen- 
erator designed  to  obviate  the  use  of 
high  pressure  cyl- 
inders has  been 
added  to  the  line 
of  the  Alexander 
Milburn  Co.,  Balti- 
more, Md.  The  gen- 
erator is  of  30  lb. 
carbide  capacity, 
or  equivalent  of 
150  cu.  ft.  cylinder 
gas.  It  is  stated  to 
be  simple  to  oper- 
ate, having  few 
parts,  and  operates 
automatically  with 
no  clock  or  motors. 
It  has  a  steel  body 
welded  throughout, 
with  all  parts  get-at-able. 


Acid-Proof 


for     Concrete 


Coatings 
Surfaces 

Letter  Circular  42  of  the  mimeo- 
graphed series  of  the  U.  S.  Bureau  of 
Standards,  Washington,  D.  C,  has 
lately  been  revised  and  is  now  ready 
for  distribution.  This  circular  deals 
with  acid-proof  coatings  for  concrete 
surfaces  and  the  revised  edition  con- 
tains many  corrections  and  much  new 
material,  among  which  are  specifica 
tions  covering  materials  for  acid- 
proof  mastics  and  methods  for  their 
application  as  well  as  a  detailed  de- 
scription of  acid-proof  asphalt  flooring 
composition  for  cold  application. 
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Construction  of  Concrete  Fuel  Oil  Storage  Tanks 

Tentative  Recommended  Practice  Given  in  Committee  Report  Pre- 
sented Jan.  24  at  Annual  Meeting  of  American 
Concrete  Institute 


General  Construction  Requirements. 
— Concrete  tanks  are  recommended 
for  the  storage  of  fuel  oil  when  the 
specific  gravity  of  the  liquid  is  heavier 
than  35°  B.  at  60°  F.,  but  should  not 
ordinarily   be  used  for  lighter  oils. 

Fuel  oil  tanks  should  be  located  so 
as  to  decrease  the  fire  hazard  to  a 
minimum.  Their  design,  location  and 
equipment  must  be  considered  from 
several  viewpoints;  that  of  the  own- 
er, the  insurance  underwriter,  the 
municipality  in  which  they  a^e  to  be 
built,  the  oil-burner  and  equipment 
company  making  the  mechanical  in- 
stallation and  that  of  the  engineer 
having  charge  of  the  design  of  the 
complete  layout. 

The  owner  selects  a  site,  preferably 
for  economic  use  of  space  in  handling 
the  fuel  oil.  If  tanks  are  to  be  buried, 
he  determines  what  load  the  roof 
shall  carry.  He  also  determines  the 
capacity  of  the  tank  or  tanks  to  in- 
sure storage  of  sufficient  oil  for  con- 
sumption over  a  specified  period  of 
time. 

The  insurance  underwriters  take  in- 
to consideration  the  fire  hazard  pre- 
sented by  each  individual  installation, 
and  advise  the  owner  as  to  the  capac- 
ity allowed  under  the  conditions  pro- 
posed, and  as  to  the  acceptability  to 
them  of  the  proposed  pumping  and 
piping  layout.  They  also  require  cer- 
tain safety  appliances  which  may  or 
may  not  have  been  embodied  in  the 
plans  of  the  equipment  company. 

The  commonwealth  or  municipality 
or  metropolitan  district  may  have  reg- 
ulations governing  the  storage  of  fuel 
oil.  If  there  are  such  regulations,  the 
approval  of  the  officials  in  charge 
must  be  obtained,  and  when  obtained 
it  sometimes  becomes  necessary  to 
obtain  building  permits  from  the  prop- 
er authorities. 

The  oil  burner  and  equipment  com- 
pany usually  designs  the  supply  and 
feed  piping,  the  pumps,  the  safety  ap- 
pliances, determines  their  location 
and  the  location  of  the  fittings  in 
contact  with  the  tank,  installs  heat- 
ing coils  for  raising  the  temperature 
of  the  oil  for  pumping  where  required, 
and  in  general  does  all  of  the  detail 
work  pertaining  to  the  mechanical  in- 
stallation of  the  system. 


Design  Features. — A  competent  ex- 
perienced designing  and  constructing 
concrete  engineer,  satisfactory  to  or 
representing  the  owners  should  be  re- 
sponsible for  the  design  of  the  con- 
crete tank,  should  inspect  its  construc- 
tion, especially  during  the  placing  of 
the  concrete,  and  should  have  author- 
ity to  harmonize  the  different  inter- 
ests. 

Care  should  be  taken  in  the  design 
to  provide  for  all  external  and  internal 
stresses;  namely,  hydrostatic  pressure 
of  contents,  external  hydrostatic  pres- 
sure from  the  ground  upon  the  floor 
and  walls,  earth  pressure  on  walls, 
and  live  and  dead  load  on  roof. 

In  continuous  or  restrained  mem- 
bers, positive  and  negative  bending 
moments  should  be  given  equal  con- 
sideration. Temperature  reinforce- 
ment should  be  placed  in  the  walls 
and  floor  independent  of  other  rein- 
forcement, the  steel  ratio  being  not 
less  than  one-third  of  one  per  cent. 
The  maximum  range  in  temperature 
should  be  predetermined  as  a  basis  of 
calculation. 

While  the  hydrostatic  pressure  of 
water  in  soils  is  about  50  per  cent  of 
the  full  hydrostatic  pressure,  it  is  rec- 
ommended that  not  less  than  521/£  lb. 
per  square  foot  for  the  full  head  of 
water  be  assumed  and  allow  the  dif- 
ference as  a  factor  of  safety  for  un- 
foreseen conditions. 

Steel  in  tension,  whether  in  circum- 
ferential tension  or  in  tension  due  to 
negative  bending  moments  on  the  face 
of  tank  walls  -or  floor  exposed  to  the 
oil,  should  be  designed  for  a  safe 
working  stress  of  10,000  lb.  per  square 
inch.  In  circumferential  walls,  the 
thickness  of  the  concrete  should  be 
based  upon  a  maximum  tensile 
strength  in  the  concrete  of  150  lb.  per 
square  inch,  but  a  minimum  thickness 
of  8  in.  at  the  top  and  10  in.  at  the 
bottom  of  walls  is  recommended  to 
give  space  for  spading.  Working 
stresses  in  the  concrete  or  steel  not 
otherwise  covered  should  conform 
with  the  recommendations  of  the  cur- 
rent report  of  the  Joint  Committee  on 
Concrete   and   Reinforced   Concrete. 

All  tanks  should  be  built  with  a  con- 
crete roof.  The  roof  should  be  made 
gas-tight  at  the  junction   with  walls, 
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and  should  be  constructed  without  un- 
protected openings. 

At  least  two  manholes  should  be 
provided  for  each  tank  20  ft.  in  di- 
ameter and  over  and  one  manhole  for 
tanks  of  lesser  diameter.  The  multi- 
plicity of  manholes  is  recommended 
so  that  oil  vapors  or  gases  may  be 
more  quickly  diffused  when  the  tank 
is  opened  prior  to  being  cleaned  out 
and  other  work  being  done  within. 

Fittings  for  pipe  connections  and 
attachments  to  hold  heating  coils 
should  be  placed  where  shown  on  the 
plans. 

The  tanks  should  be  set  on  firm, 
well  tamped  earth,  rock  or  other  suit- 
able foundation  to  guard  against  set- 
tlement. The  foundations  should  be 
constructed  to  provide  full  bearing  for 
the  tank  bottom. 

In  order  to  carry  out  the  recommen- 
dations contained  herein,  the  service 
of  competent  engineers  and  engineer- 
ing contractors  experienced  in  this 
work  are  required  in  making  the  de- 
sign and  specifications  and  in  super- 
intending the  construction. 

Reinforcement.  —  The  reinforcing 
metal  should  meet  the  requirements 
of  the  current  standard  specifications 
for  billet  steel  reinforcement  of  the 
American  Society  for  Testing  Mate- 
rials excepting  that  twisted  square 
bars  should  not  be  employed  in  the 
construction.  Reinforcing  should  be 
free  from  excessive  rust,  scale,  paint 
or  coatings  of  any  character  which 
would  tend  to  reduce  or  destroy  the 
bond. 

Wherever  it  is  necessary  to  splice 
the  reinforcement,  no  lap-splice  should 
be  less  than  40  diameters.  No  two 
laps  of  adjacent  rods  should  be  direct- 
ly opposite  each  other  in  circular 
walls. 

Reinforcing  steel  should  be  cleaned 
of  all  mill  and  rust  scales  before  be- 
ing placed  in  the  forms.  All  reinforce- 
ment should  be  bent  or  curved  true  to 
templates,  placed  in  its  proper  posi- 
tion as  required  by  the  plans  and  se- 
curely wired  or  fastened  in  place,  well 
in  advance  of  the  concreting.  Rein- 
forcement should  be  inspected  and 
approved  by  the  engineer  before  any 
concrete  is  deposited. 

Concrete  Specifications. 
Cement. — The  cement  should  meet 
the  requirements  of  the  current  stand- 
ard specifications  for  Portland  cement 
adopted  by  the  American  Society  for 
Testing  Materials  and  this  Institute 
(Standard  No.  1).    It  should  be  stored 


in  a  weathertight  structure  with  the 
floor  raised  not  less  than  one  ft.  from 
the  ground.  Cement  that  has  hard- 
ened or  partially  set  should  not  be 
used. 

Aggregate. — Before  delivery  on  the 
job,  the  contractor  should  submit  to 
the  engineer  a  50  lb.  sample  of  each 
of  the  aggregates  proposed  for  use. 
These  samples  should  be  tested  and, 
if  found  to  pass  thg  requirements  of 
the  specifications,  similar  material 
should  be  considered  as  acceptable  for 
the  work. 

Fine  Aggregate.  —  Fine  aggregate 
should  consist  of  natural  sand  or 
screenings  from  hard,  tough,  crushed 
rock  or  pebbles,  clean  and  free  from 
any  surface  film  or  coating  and  graded 
from  fine  to  coarse  particles  passing, 
when  dry,  a  sieve  having  four  (4) 
meshes  per  lineal  inch.  Fine  aggre- 
gate should  not  contain  injurious  vege- 
table or  other  organic  matter  as  indi- 
cated by  the  Colorimetric  Test,  nor 
more  than  seven  (7)  per  cent  by  vol- 
ume of  clay  or  loam.  Field  tests  may 
be  made  by  the  engineer  on  fine  ag- 
gregate as*  delivered  at  any  time  dur- 
ing the  progress  of  the  work.  If  there 
is  more  than  seven  (7)  per  cent  of 
clay  or  loam  by  volume  in  one  (1) 
hour's  settlement  after  shaking  in  an 
excess  of  water,  the  material  repre- 
sented by  the  sample  should  be  re- 
jected. 

Colorimetric  Test. — The  Colorimetric 
Test  may  be  applied  in  the  field  as 
follows:  Fill  a  twelve  (12)  oz.  grad- 
uated prescription  bottle  to  the  four 
and  one-half  (4%)  oz.  mark  with  the 
sand  to  be  tested.  Add  a  three  (3) 
per  cent  solution  of  sodium  hydroxide 
until  the  volume  of  sand  and  solution, 
after  shaking,  amounts  to  seven  (7) 
oz.  Shake  thoroughly  and  let"  stand 
for  twenty-four  (24)  hours.  The 'sam- 
ple should  then  show  a  practically  col- 
orless solution  or  at  most  a  solution 
not  darker  than  straw  color. 

Coarse  Aggregate. — Coarse  aggre- 
gate should  consist  of  clean,  hard, 
tough  crushed  rock  or  pebbles  graded 
in  size,  free  from  vegetable  or  other 
organic  matter  and  should  contain  no 
soft,  flat  or  elongated  particles.  The 
size  of  the  coarse  aggregate  should 
range  from  one  (1)  in.  down,  not  more 
than  five  (5)  per  cent  passing  a  screen 
having  four  (4)  meshes  per  lin.  in. 
and  no  intermediate  sizes  should  be 
removed. 

Mixed  Aggregate.  —  Crusher-run, 
stone,  bank-run  gravel  or  mixtures  of 
fine   and   coarse   aggregates   prepared 
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before  delivery  on  the  work  should 
not  be  used  because  the  ratio  of  fine 
to  coarse  material  varies  so  widely  as 
to  lead  to  concrete  mixtures  of  vary- 
ing proportions. 

Water. — The  water  should  be  free 
from  oil,  acid  and  injurious  amounts 
of  vegetable  matter,  alkali  or  other 
salts. 

Proportions. 

Unit  of  Measures. — The  unit  of 
measures  should  be  the  cubic  foot;  94 
lb.  (1  sack  or  %  bbl.)  of  cement 
should  be  assumed  as  1  cu.  ft. 

Proportions. — The  concrete  should 
be  mixed  in  a  proportion  by  volume 
not  leaner  than  one  (1)  sack  of  port- 
land  cement,  one  and  one-half  (IY2) 
cu.  ft.  of  air  dry  or  the  equivalent  of 
fine  aggregate  and  three  (3)  cu.  ft.  of 
coarse  aggregate. 

(Note. — The  proportion  of  fine  ag- 
gregate should  be  on  the  basis  of  air- 
dried  material  because  of  the  bulking 
of  damp  sand.) 

Measuring. — The  method  of  measur- 
ing the  materials  for  the  concrete,  in- 
cluding water,  should  be  one  which 
will  insure  separate  and  uniform  pro- 
portions of  each  of  the  materials  at 
all  times. 

Mixing. 

Machine  Mixing. — All  concrete 
should  be  mixed  by  machine  in  a 
batch  mixer  of  an  approved  type 
equipped  with  suitable  charging  hop- 
per, water  storage  and  a  water 
measuring  device  which  can  be  locked. 

The  ingredients  of  the  concrete 
should  be  mixed  to  the  required  con- 
sistency and  the  mixing  continued  not 
less  than  one  and  one-half  (IY2)  min. 
after  all  materials  are  in  the  mixer. 
Including  water,  and  before  any  part 
of  the  batch  is  dischargea.  The  mixer 
should  be  emptied  before  receiving 
materials  for  the  succeeding  batch. 
The  volume  of  the  mixed  material 
used  per  batch  should  not  exceed  the 
manufacturer's  ratea  capacity  of  the 
drum. 

In  no  case  should  aggregate  con- 
taining frost  or  lumps  of  frozen  mate- 
rial be  used. 

The  mixing  plant  should  be  of  suffi- 
cient capacity  and  power  to  carry  out 
each  prearranged  operation  without 
danger  of  delay  during  the  process. 

Consistency. — The  quantity  of  water 
used  in  mixing  should  be  the  least 
that  will  produce  a  plastic  mixture 
which  can  be  worked  into  the  forms 
and  around  the  reinforcement.  Under 
no  circumstances  should  the  consist- 
ency of  the   concrete    be   such   as   to 


permit  a  separtaion  of  the  coarse  ag- 
gregate from  the  mortar  in  handling. 
An  excess  of  water  should  not  be  per- 
mitted as  it  seriously  affects  the 
strength  of  the  concrete  and  any 
batch  containing  such  an  excess 
should  be  rejected. 

Retempering. — The  retempering  of 
mortar  or  concrete  which  has  partial- 
ly hardened,  that  is,  remixing  with  or 
without  additional  materials  or  water, 
should  not  be  permitted. 
Depositing. 

General. — Before  beginning  a  run  of 
concrete  all  hardened  concrete  or  for- 
eign material  should  be  completely  re- 
moved from  the  inner  surfaces  of  all 
conveying  equipments. 

Before  depositing  any  concrete,  all 
debris  should  be  removed  from  the 
space  to  be  occupied  by  the  concrete, 
all  steel  reinforcing  should  be  secured 
in  its  proper  location,  all  forms  should 
be  thoroughly  wetted  except  in  freez- 
ing weather  unless  they  have  been 
previously  oiled  and  all  formwork  and 
steel  reinforcing  should  be  inspected 
and  approved  by  the  engineer. 

Handling. — Concrete  should  be  han- 
dled from  the  mixer  to  the  place  of 
final  deposit  as  rapidly  as  possible  and 
by  methods  of  transportation  which 
would  prevent  the  separation  of  the 
ingredients.  The  concrete  should  be 
deposited  directly  into  the  forms  as 
nearly  as  possible  in  its  final  position 
to  avoid  rehandling.  The  use  of 
chutes  is  not  recommended.  The  pil- 
ing up  of  concrete  material  in  the 
forms  in  such  manner  as  to  permit  the 
escape  of  mortar  from  the  coarse  ag- 
gregate should  not  be  permitted.  Un- 
der no  circumstances  should  concrete 
that  has  partially  set  be  deposited  in 
the  work. 

Depositing. —  (a)  Where  continuous 
placing  of  concrete  in  floor  and  walls 
is  impracticable,  the  operations  should 
be  in  the  following  order: 

1.  The  concrete  of  footings  and  floor. 

2.  The  concrete  of  walls. 

3.  The  concrete  of  columns,  if  any. 

4.  The  concrete  of  the  roof. 

(b)  No  break  in  time  of  over  forty- 
five  (45)  min.  should  occur  during  any 
one  operation  except  between  columns 
and  supported  roof  slabs  where  six 
(6)  hours  should  elapse  to  permit  the 
settlement  of  concrete  in  the  columns. 
In  placing  concrete  in  floors,  it  should 
not  be  allowed  to  set  up  on  exposed 
vertical  faces  where  work  is  temporar- 
ily discontinued.  Column  footings 
should  be  placed  monolithically  with 
floor  and   the   floor  reinforcement  so 


(206) 


1923 


Engineering  and  Contracting 


957 


designed  as  to  distribute  the  column 
load  over  a  sufficient  area. 

(c)  In  walls  the  concrete  should  be 
placed  in  layers  or  not  over  twelve 
(12)  in.  for  the  entire  wall  so  that  a 
monolithic  structure  will  result.  The 
concrete  should  be  thoroughly  worked 
around  the  reinforcing  material  so  as 
to  completely  surround  and  embed  the 
same. 

(d)  If  the  placing  of  concrete  is  un- 
avoidably interrupted  by  accident  or 
otherwise,  the  previous  surface  should 
be  roughened  and  washed  clean  with 
a  hose,  a  mixture  of  1:1  mortar 
slushed  on  uniformly  before  further 
concreting  is  done  and  the  new  con- 
crete deposited  immediately  there- 
after. 

(e)  When  deposited  in  the  forms, 
concrete  should  be  thoroughly  spaded 
against  the  inner  and  outer  faces  of 
the  forms  so  that  it  will  densely  com- 
pact and  force  out  the  trapped  air  and 
work  back  the  coarser  particles  from 
the  face  of  the  forms.  More  and 
better  work  can  be  accomplished  by 
using  light  wooden  sticks  one  by  two 
in.,  placed  smooth  with  sheet  steel 
blade  at  lower  end  rather  than  with 
heavy  spades.  Enough  laborers  should 
be  employed,  spading  continuously  to 
obtain  satisfactory  results. 

Depositing  Concrete  During  Freez- 
ing Weather.  —  During  freezing 
weather,  the  stone,  sand  or  water  or 
all  three  materials  should  be  heated, 
so  that  the  concrete  mixture  will  have 
a  temperature  of  at  least  60°  F.  After 
concrete  is  deposited,  precaution 
should  be  taken  to  prevent  freezing 
for  at  least  forty-eight  (48)  hours. 
Concreting  should  not  be  begun  when 
the  temperature  is  below  15°  F. 
Finishing. 

The  floor  and  roof  should  be  brought 
to  grade  with  a  straight  edge  or  strike- 
board,  finished  with  a  wood  float  and 
troweled  to  a  smooth  surface  as  soon 
as  possible  after  the  concrete  is  de- 
posited. Voids  in  walls,  if  any,  should 
be  filled  with  a  one  to  one  and  one- 
half  (l:iy2)  mortar  as  soon  as  the 
forms  are  removed.  After  filling  these 
void  spots  they  should  be  rubbed 
smooth  with  a  fine  grained  carborun- 
dum brick. 

Forms. 

Material. — The  forms  should  be  of 
good  material  planed  to  a  uniform 
thickness  and  width,  tongued  and 
grooved  for  walls,  strongly  made  and 
located  or  held  in  place  by  exterior 
bracing  or  on  the  outside  of  circular 
walls  by  circumferential  bands  so  that 


no   distortions   allowing   displacement 
of  concrete  will  be  possible. 

Workmanship.  —  Joints  in  forms 
should  be  tight  so  that  no  mortar  will 
escape.  All  forms  should  be  oiled  and 
if  forms  are  to  be  re-used,  they  should 
be  thoroughly  cleaned  and  re-oiled.  (A 
slush  mixture  of  one-half  petrolatum 
and  one-half  kerosene  makes  a  good 
mixture  for  oiling  forms.)  The  use  of 
bolts  or  wires  through  the  concrete 
should  be  prohibited.  All  spreaders 
should  be  removed. 

Removal. — The  forms  should  not  be 
removed  until  the  concrete  has  suffi- 
ciently hardened  so  that  no  deflection 
or  damage  will  result.  In  warm  weath- 
er column  and  wall  forms  should  re- 
main undisturbed  for  at  least  forty- 
eight  (48)  hours  and  roof  forms  at 
least  seven  (7)  days.  In  cold  weather 
no  predetermined  rules  can  be  made, 
but  should  be  left  to  the  judgment  of 
the  engineer  in  charge. 

Sliding  Forms.  —  Contractors 
equipped  to  handle  the  work  with  slid- 
ing forms  may  be  permitted  to  do  so 
provided  the  forms  are  left  at  one 
level  until  the  concrete  which  will  be 
exposed  on  raising  them  has  hardened 
sufficiently  to  sustain  the  weight  of 
the  concrete  above. 

Details  of  Construction. 

Joints. —  (a)  Unless  the  roof  is  in- 
sulated against  temperature  changes 
by  sufficient  earth  cover  or  the  rein- 
forcing in  walls  and  roof  is  designed 
to  take  care  of  temperature  stresses 
likely  to  occur,  an  expansion  joint 
should  be  provided  between  the  tops 
of  walls  and  the  bottom  of  roof  slabs 
so  that  any  expansion  of  the  roof  due 
to  temperature  changes  will  not  trans- 
mit bending  moment  into  the  walls. 

(b)  In  roof  slabs  where  temporary 
stops  are  necessary,  they  should  be 
made  on  the  plane  of  least  shear,  that 
is,  at  the  middle  of  beams  or  slabs. 

(c)  If  walls  and  floor  are  not  de- 
posited in  one  operation  an  approved 
joint  or  dam  should  be  provided  be- 
tween the  floor  and  walls.  It  can  be 
made  as  follows:  (1)  provide  a  recess 
in  the  floor  to  engage  the  wall  and 
insert  a  galvanized  iron  strip  at  least 
ten  (10)  in.  wide  with  joints  riveted 
and  soldered  so  as  to  form  a  con- 
tinuous band  on  one  side  of  the  recess, 
or  (2)  place  a  10-in.  strip  of  deformed 
sheet  metal  1  in.  back  from  the  inside 
form  and  engaging  floor  and  wall 
equally.  After  wall  form  is  removed 
the  1-in.  recess  is  to  be  plastered  with 
a  1:1%  mortar  to  make  a  6-in.  coved 
base. 
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Treatment  of  Concrete  Surface. — 
The  interior  of  the  tank  should  be 
oil-proofed.  This  work  should  be  done 
only  by  persons  familiar  with  this 
process.  A  bond  guaranteeing  the 
work  for  a  term  of  years  should  be 
furnished. 

(Note. — Oil-proofing  is  deemed  essen- 
tial owing  to  the  possibility  of  using 
the  tank  as  a  container  for  oils  of 
various  characters.) 

Water  Test. — The  tank  should  be 
tested  as  soon  as  practicable  in  the 
opinion  of  the  engineer  by  filling  with 
water,  and  should  show  no  signs  of 
leakage  during  a  period  of  seven  (7) 
days. 

Service. — The  tank  should  not  be 
placed  in  service  until  after  the  engi- 
neer in  charge  of  the  work  is  assured 
that  the  concrete  has  gained  sufficient 
strength  to  resist  all  involved  stresses. 

Backfilling. — Backfilling  should  not 
be  done  around  the  walls  nor  de- 
posited on  the  roof  until  after  the 
water  test  has  been  made  and  at  such 
a  time  when  in  the  opinion  of  the 
engineer  in  charge,  it  can  be  safely 
done. 

Protection  Against  Lightning. — All 
steel  reinforcement  should  be  inter- 
connected and  grounded  by  an  ap- 
proved method  as  a  protection  against 
lightning.  Any  pipe  passing  through 
the  tank  should  be  properly  bonded  to 
the  reinforcement. 

Venting  of  Tanks. —  (a)  An  inde- 
pendent, permanently  open  galvanized 
iron  vent  pipe  terminating  outside  of 
building  should  be  provided  for  every 
tank.  The  lower  end  of  the  vent  pipe 
shall  not  extend  through  the  top  into 
the  tank  for  a  distance  of  more  than 
1  in. 

(b)  Vent  openings  shall  be  screened 
(40  by  40  non-corrodible  wire  mesh 
or  its  equivalent,  preferably  cone 
shaped)  and  shall  be  of  sufficient  area 
to  permit  power  inflow  of  liquid  dur- 
ing the  filling  operation  and  in  no 
case  less  than  one  and  one-quarter 
{llA)  in.  in  diameter.  Screens  shall 
be  accessible  for  examination  and  re- 
moval. Vent  pipes  shall  be  provided 
with  weatherproof  hoods,  and  termi- 
nate twelve  (12)  ft.  above  top  of  fill 
pipe,  or,  if  tight  connection  is  made 
in  filling  line,  to  a  point  one  (1)  ft. 
above  the  level  of  the  top  of  the 
highest  reservoir  from  which  the 
tanks  may  be  filled  and  preferably  not 
less  than  three  (3)  ft.,  measured  hori- 
zontally and  vertically,  from  any  win- 
dow or  other  building  opening. 

Filling  Pipe. — End  of  filling  pipe  in 


tank  shall  be  turned  up  so  as  to  form 
a  trap  or  seal,  and  when  installed  in 
the  vicinity  of  any  door  or  other  build- 
ing opening  shall  be  as  remote  there- 
from as  possible  so  as  to  prevent  lia- 
bility of  flow  of  oil  through  building 
openings;  terminal  shall  be  outside  of 
building  in  a  tight,  incombustible  box 
or  casting,  so  designed  as  to  make 
access  difficult  by  unauthorized  per- 
sons. 

Manhole. — Manhole  covers  shall  be 
securely  fastened  in  order  to  make 
access  difficult  by  unauthorized  per- 
sons. No  manhole  should  be  used 
for  filling  purposes. 

Oil  Level  Indicating  Device. — A  test 
well  or  gaging  device  shall  be  in- 
stalled and  so  designed  as  to  prevent 
the  escape  of  oil  or  vapor  within  the 
building  at  any  time.  The  top  of  the 
well  shall  be  sealed  and  where  located 
outside  of  building,  kept  locked  when 
not  in  use. 

Pipefitting. — All  pipes  shall  pass 
through  the  roof,  if  possible.  If  neces- 
sary to  pass  through  the  walls,  there 
should  be  flanged  sections  with  a 
space  of  about  one  and  one-half  (1%) 
in.  left  between  the  flange  and  the 
concrete  on  each  side  of  the  wall;  this 
space  should  be  calked  later  with 
litharge  and  glycerin  or  other  ap- 
proved oilproof  material.  It  is  advis- 
able also  to  have  a  ring  projecting 
about  two  (2)  in.  around  the  pipe 
sleeve  which  engages  the  concrete. 

Care  of  Surface  Water. —  (a)  In 
many  cases  it  becomes  necessary  to 
construct  reinforced  concrete  tanks  in 
localities  near  tidewater,  rivers, 
streams  or  water  basins  where  water 
pressure  may  be  derived  through  por- 
ous soils.  Care  should  be  taken  to 
keep  this  water  pressure  from  fresh 
concrete  until  it  has  attained  suffi- 
cient strength  to  fully  resist  the  as- 
sumed hydrostatic  pressure. 

(b)  If  it  becomes  necessary  to 
sheet-pile  or  shore  the  tanks,  the 
shores  should  be  so  designed  that  they 
will  not  pass  through  the  walls  and 
thus  leave  openings  that  it  would  be 
necessary  to  fill  later. 

Cleaning  Out  Tanks:  Warning. — It 
is  dangerous  to  life  to  enter  fuel  oil 
tanks  soon  after  they  are  opened  as 
there  is  not  only  danger  of  suffocation 
from  oil  fumes  on  account  of  the  ab- 
sence of  sufficient  oxygen,  but  an 
explosion  may  be  caused  by  the  acci- 
dental presence  of  an  open  flame  in 
the  vicinity.  Before  entering  the  tanks 
should,  therefore,  be  freed  from  all 
inflammable  vapors. 
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Index  Numbers  of  Wholesale  Prices  January,  1913, 
to  March,   1923 

The  accompanying  tabulation  shows  as  computed  by  the  Bureau  of  Labor 
the  revised  index  numbers  of  whole-  Statistics  of  the  U.  S.  Department  of 
sale  prices  by  groups  of  commodities      Labor. 

REVISED    INDEX    NUMBERS    OF    WHOLESALE  PRICES,   BY  GROUPS  OF  COM- 
MODITIES   AND    BY    MONTHS.     1913-1923     (1913    EQUALS    100). 
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Aluminum   Alloys  as    Struc- 
tural Metals 

Extract  From  Paper  Presented  Jan.  17 

at   Annual    Meeting    of   American 

Society    of    Civil    Engineers 

By  GEORGE  K.  BURGESS. 

Chief  Division  of  Metallurgy,  U.  S.  Bureau 
of  Standards. 

There  is  an  important  reason  why 
the  structural  engineer  should  go 
slowly  in  accepting  new  ideas  and 
applying  them.  Many  engineering 
structures  are  costly  and  they  are 
usually  built  on  a  non-competitive 
basis  as  regards  the  engineering.  The 
engineer,  therefore,  holds  himself 
bound  to  follow  accepted  practice.  For 
many  types  of  structure,  also,  he  is 
restrained  by  building  codes  and  spec- 
ifications of  technical  groups  or 
societies  that  tend  to  crystalize  exist- 
ing practice. 

In  contrast  to  this  enforced  con- 
servatism of  the  structural  engineer, 
the  freer  position  of  the  mechanical 
engineer,  who  also  deals  in  metals, 
should  be  noted.  Employed  by  the 
manufacturer,  he  is  engaged  in  design- 
ing and  distributing  his  product  under 
keen  competitive  conditions  and  he  is 
thereby  stimulated  constantly  to  im- 
prove it.  The  marvelous  strides  made 
in  the  knowledge  and  economical  use 
of  steels  by  the  automotive  industry 
which  is  now  directing  attention  most 
effectively  to  aluminum  and  its  alloys 
need  only  be  mentioned  to  illustrate 
what  progress  is  possible.  The  speak- 
er wonders  if  any  bridge  engineer  has 
ever  considered  whether  he  could  ad- 


vantageously use  such  an  alloy  as 
duralumin  for  any  of  the  parts  of  a 
bridge?  As  compiled  by  Mr.  H.  C. 
Kneer,*  Table  I  gives  a  comparison  of 
the  properties  of  duralumin  and  alumi- 
num with  those  of  mild  and  alloy 
steels. 

The  cost  of  duralumin  construction 
will  be  found  to  compare  favorably 
with  heat-treated  alloy  steel,  with  an 
increase  in  strength  efficiency  of  about 
17  per  cent  over  alloy  steel  and  200 
per  cent  over  mild  steel.  Is  it  possible 
that  we  may  expect  a  fifth  epoch  in 
structural  metals,  that  of  aluminum 
alloys? 

It  may  be  of  interest  to  note  that 
the  United  States  Bureau  of  Stand- 
ards is  testing  about  143  duralumin 
girders  for  the  new  U.  S.  Navy  dirigi- 
ble, Z-Rl.  These  tests  have  not  only 
given  added  confidence  in  the  ade- 
quacy of  these  girders,  but  they  have 
shown  that  there  may  be  possibilities 
of  lighter  construction  in  future 
design. 

For  structural  uses  of  duralumin, 
there  are  many  factors  other  than 
lightness  to  be  considered,  such  as 
its  low  modulus  of  elasticity — one- 
third  that  of  steel — which  will  aug- 
ment deflection  under  load;  greater 
rigidity  in  tubes  and  channels;  the 
elimination  of  the  need  of  painting; 
lower  transportation  and  erection 
costs;  and  the  possibility  of  greater 
permanence.  There  is  a  promising, 
immediate  future  for  structural  items 
and  accessories  on  transportation 
units,  but  for  important  permanent 
structures  the  use  of  the  light  alumi- 
num alloys  to  replace  steels  is  still 
in  the  conjectural  stage. 


♦"Duralumin — A  Digest  of  Information," 
Transactions,  Am.  Soc.  for  Steel  Treat- 
ing.   Vol.  3,  pp.   13-42   (1922). 


TABLE    I.— COMPARISON    OF    PROPERTIES    OF    DURALUMIN  AND    ALUMINUM 

WITH   STEEL. 

Duralumin  Aluminum  Alloy 

temnered.  half  hard.  Mild  steel        steel. 

Specific  gravity    2.85  2.7  7.8                  7.8 

Weight,   in  pounds,  per  cubic  inch   0.010  0.094  0.27                 0.27 

Weight,  in  pounds  of  1  sq.  ft.,  0.1  in.  thick....     1.44  1.35  3.90                 3.90 

Tensile  strength,   in  pounds  per  square  inch    .    55,000  18,000  55.000           125,000 

Yield  point,  in  pounds  per  square  inch  25.000t  36.000          100,000 

Percentage  of  elongation  in  2  in 17  7  20                    15 

Modulus    of    elasticity,    in    millions    of    pounds 

per  square  inch   9.4-10  9.8  30                   30 

Ratio  of  strength  to  weight,  — 19,250  6,650  7,050            16,000 

W 

s 

Factor,  — ,  compared,     duralumin  ==  100% 100  33.5  36.6                    83 

W 

Sectional  area  for  equal  weight  1.00  1.05  0.36                0.36 

tValues  as  high  as  46,000  lb.   per  sq.  in.  have  been  obtained  for  yield  point,  with 
15  per  cent  elongation  in  2  in. 
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Modifications    of    Structural 
Steels 


Extract  From  a  Paper  Presented  Jan. 
19   at   Annual   Meeting   of   Ameri- 
can Society  of  Civil  Engineers 

By  GEORGE  K.  BURGESS, 

Chief,     Division     of     Metallurgy,     U.     S. 
Bureau  of  Standards. 

It  has  long  been  considered  a  desid- 
eratum to  find  an  alloying  element 
which  can  be  added  to  structural  steel 
at  low  cost  and  increase  its  strength 
and  elastic  limit  without  lowering  the 
ductility  and  without  resorting  to  spe- 
cial thermal  or  mechanical  treatment. 
It  has  also  been  considered  by  some 
engineers  that  the  present  type  of 
structural  steel  might  be  improved 
considerably  by  refinements  in  manu- 
facture without  essential  change  of 
composition  or  appreciable  increase 
in  cost,  thus  making  for  greater  uni- 
formity of  product  which  might  allow 
raising  the  permissible  stresses.  For 
certain  structural  members,  also,  the 
possibility  of  raising  the  carbon  con- 
tent somewhat  at  the  expense  of  duc- 
tility has  been  considered,  which 
would  make  for  reduction  in  weight; 
and,  finally,  two  or  more  of  these  sug- 
gestions have  been  combined  that  is, 
raising  the  carbon  and  also  adding  an 
alloying  element,  such  as  nickel  which 
tends  to  maintain  the  ductility,  giving 
a  satisfactory  structural  steel  of  con- 
siderably enhanced  permissible 
stresses,  say,  28,000  lb.  per  square 
inch  as  compared  with  16,000  lb.  per 
square  inch. 

A  well-known  factor  that  must  be 
taken  into  account  in  structural  steel 
when  weight  is  decreased  and  stresses 
are  increased,  particularly  for  struc- 
tures such  as  the  larger  bridges  sub- 
ject to  heavy  and  variable  live  loads, 
is  the  greater  deflection  and  conse- 
quent decreased  stiffness  undergone 
by  the  structure.  These  effects  neces- 
sarily accompany  the  use  of  higher 
allowable  stresses  for  a  material  like 
steel,  all  the  alloys  of  which  show  no 
change  in  the  modulus  of  elasticity.  In 
some  cases,  this  may  be  counteracted 
by  introducing  strains  of  opposite 
sign  during  fabrication;  and  for  each 
type  and  design  of  structure  there  is 
undoubtedly  a  best  practice  to  be  fol- 
lowed for  a  given  material.  The 
writer  will  not  discuss  this  phase  of 
the  question,  but  will  confine  himself 
to  some  of  the  metallurgical  aspects. 


There  are  certain  manufacturing 
characteristics  generally  common  to 
all  steels,  but  in  diverse  degree,  such 
as  piping,  segregation,  effect  of  im- 
purities, including  oxides  and  gas  in- 
clusions, internal  stresses,  and  surface 
defects,  but  from  which  ordinary  low- 
carbon  structural  steel  may  be  and 
often  is  singularly  free.  With  the  in- 
crease of  carbon,  and  especially  with 
alloying  elements  in  increasing  quan- 
tities, it  is  more  and  more  difficult  and 
often  practically  impossible  to  make 
steel  ingots  free  from  .pipe,  and  these 
more  complex  steels  are  also  usually 
more  subject  to  other  defects,  such  as 
internal  irregularities  of  composition 
and  surface  flaws,  all  of  which  results 
thereby  in  greater  manufacturing 
losses,  such  as  increased  discard  for 
pipe  and  rejection  for  variation  in 
composition,  properties,  or  condition 
of  surface.  In  other  words,  the  diffi- 
culties and  cost  of  manufacture  in- 
crease, as  the  complexity  of  the  steel 
increases  with,  in  general,  a  corre- 
sponding uncertainty  in  uniformity  of 
the  product,  necessitating  also  a  more 
rigid  inspection. 

Keeping  these  facts  in  mind,  the 
modifications  of  structural  steel  by  al- 
loying and  deoxidation,  as  well  as  the 
role  of  impurities,  may  be  considered. 
Modification  by  Alloying. — Among 
the  alloying  or  addition  elements  be- 
sides carbon,  that  have  been  suggest- 
ed, and  used  in  some  cases,  are  nickel, 
alone  or  together  with  chromium  as 
for  steel  made  from  M  a  y  a  r  i  ores, 
vanadium,  chrome-vanadium,  silicon 
especially  in  association  with  higher 
manganese,  aluminum  which  appears 
not  to  have  been  used  except  as  a  de- 
oxidizer,  and  titanium.  Other  possi- 
bilities are  copper  and  perhaps  molyb- 
denum. 

It  is  interesting  to  note  that  as  early 
as  1904,  the  Pennsylvania  Steel  Co. 
offered  a  special  high-carbon  steel  for 
the  structural  work  of  the  Manhattan 
Bridge,  in  New  York  City,  to  have  an 
elastic  limit  of  45,000  lb.  per  square 
inch,  a  tensile  strength  of  85,000  to 
95,000  lb.  per  square  inch.,  and 
a  percentage  elongation  in  8  in.  of 
1,500,000 

j   this  steel  had  from 

tensile  strength 

0.50  to  0.60  per  cent  of  manganese, 
and  0.45  per  cent  of  carbon,  together 
with  low  silicon. 

The  properties  of  the  steel  men- 
tioned may  be  compared  with  the 
latest  specifications,  those  of  the  pro- 
posed   Sydney    Harbor    River   Bridge 
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which  has  a  central  span  of  1,600  ft.  ■                                              Percent. 

The  specifications  allow  the  contrac-  Manganese o'is 

tor  to  use  either  carbon,  steel,  nickel  Nickel    '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.  z'.45 

steel     or     chrome-nickel     steel.     The  Phosphorus    — '.'..'.'.'..'. '. .... '.  o.'oi2 

specifications    for    plates    and    shapes  Sulphur   0.03 

up  to  and  including  1  in.  in  thickness  In  the  Manhattan  Bridge,  about  8,- 

are  as  given  in  Table  I.  000  tons  of  plates  and  shapes  of  nickel 

Use  of  Nickel   in   Structural  Steels.  steel  were  used,  as  well  as  nickel-steel 

—Considering  first  the  use  of  nickel  rivets-    The  requirements  were  tensile 

in  structural  steels,  the  properties  of  strength,    85,000     to     95,000    lb.     per 

3.5   per  cent   nickel-steel    have    been  square  inch,  yield  point,  55,000  lb.  per 

generally    recognized     for     about     15  square  inch  and  percentage  of  elonga 

years  or  more,  the  manufacturing  con-  1,600,000 

ditions  and  costs  are  well  established,     'tlon  in  8  m-  of * •  Nickel 

and  there  are  in  existence  widely  ac-  tensile  strength 

cepted  specifications  such  as  the  A8-21  Hteel   nas  ?lso  been  used  in   the   *ol- 

of  the  American  Society  for  Testing  lowing    bridges:      The    new     Quebec 

Materials.  This  material  also  has  been  Bridge,   the   Frott   Bridge    in    Kansas 

advocated  several  times  before  this  so-  Clty»    Mo-   the    Jack-knife    Bridge    in 

ciety,  especially  by  J.  A.  L.  Waddell.  Chicago,  111.,  and  the  Detroit-Superior 

Carbon  is  allowed  up  to  0.45  per  cent  High-Level  Bridge,  in  Cleveland,  O. 

in  this  steel,  which  has  a  yield  point  Addition    of    Copper     to     Structural 

(50,000   lb.    per    square    inch)    nearly  Steel. — The  element  that  may  best  be 

double   that   of   low-carbon   structural  compared  with  nickel  for  addition  to 

steel,  but  with  slightly  less  ductility.  structural  steel  is  copper,  which  has 

This  material  was  first  used  in  been  shown  to  increase  the  strength, 
bridge  construction  about  1904  in  the  yield  point,  and  resistance  to  shock 
Blackwell's  Island  Bridge  designed  by  and  to  atmospheric  corrosion,  without 
Gustav  Lindenthal.  Mr.  Waddell  has  loss  of  ductility.  Experimenters  have 
advocated  insisting  on  a  yield  point  disproved  the  erroneous  idea  of  em- 
of  55,000  or  even  60,000  lb.  per  square  brittlement  of  low  and  medium  car- 
inch  for  this  grade  of  steel,  but  it  bon  steel  by  copper,  t  A  steel  contain- 
should  be  borne  in  mind  that  if  the  ing  0.38  per  cent  carbon,  0.57  per  cent 
chemical  composition  is  kept  con-  manganese,  and  0.86  per  cent  copper, 
stant,  the  yield  point  can  be  raised  will  have  a  yield  point  near  that  of 
only  by  thermal  or  mechanical  treat-  3.5  per  cent  steel,  with  considerably 
ment  (as  by  cold  working  it),  a  pro-  greater  ductility. 

cedure  which  tends  to  make  for  lack  Messrs.  Clevenger  and  Ray*  have 
of  uniformity  of  properties.  This  im-  noted  the  tendency  of  copper  to  seg- 
plies  a  best  value  for  the  finishing  regate  toward  the  bottom  of  small  in- 
temperature  of  rolling  any  given  sec-  gots  when  more  than  0.8  per  cent  is 
tion  of  a  material.  It  may  be  that  a  added  as  metallic  copper.  The  rela- 
yield  point  of  50,000  lb.  per  square  tively  low  cost  of  copper  and  the  ease 
inch  is  too  low  for  this  material,  but-  with  which  it  may  be  added  to  struct 
the  specified  tensile  strength  and  due-  tural  steel  indicate  that  it  should  be 
tility  are  probably  also  low.  This  ma-  recommended,  at  least  after  trial  in 
terial  as  used  in  the  construction  of  some  large  heats  on  full-sized  struc- 
the  St.  Louis  Bridge,*  for  annealed  tural  members.  In  fact,  this  appears 
specimens  averaged  an  ultimate  to  be  a  most  promising  field  of  re- 
strength  of  99,850  lb.  per  square  inch,  search  from  the  points  of  view  of  en- 
a  yield  point  of  60,250  lb.  per  square  "vTT^  t.  „  ^ 
inch,  an  elongation  of  17.9  per  cent  in  Waddei?gp.  fi^meT^'  y 
8  in.,  and  a  reduction  in  area  of  53.3  tSee  paper  by  Messrs.  Hayward  and 
per  cent,  with  a  chemical  composition  Johnston,  Transactions,  Am  Inst,  of  Min. 
nc  fr,li^w«-  and  Metallurgical  Engrs.,  Vol.  LVIII.,  p. 
as  IOllOWS.  722  (1918),  and  references  therein. 


Minimum   tensile   strength,   in   pounds 
in    pounds   per 


per  square  inch 
Hn" 


TABLE    I. 

Carbon  steel. 

62,000-70,000 

35,000 
1,500,000 


Nickel  steel. 
85,000-100,000 


Chrome-nickel 
steel. 


85,000-100,000 


Minimum    yield    point 

square  inch   

Percentage  of  elongation  in  8  in. . . 

Minimum  reduction  of  area,  percentage  Tensile  strength  Tensile  strength  Tensile  strength 

44  40  30 


50,000 
1,600,000 


50,000 
1,600,000 
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gineering,  metallurgy,  and  economy, 
and  it  would  probably  be  more  than 
worth  while  to  conduct  an  investiga- 
tion to  determine  the  best  metallurgi- 
cal practice,  manufacturing  costs,  and 
most  suitable  limits  for  copper,  either 
alone  or  with  other  elements,  such  as 
nickel  and  manganese,  in  structural 
steel,  similar  to  that  reported  by  Mr. 
Waddellt  for  nickel  steels.  It  may  be 
recalled  that  some  American  iron  ores 
contain  copper  which  enters  and  re- 
mains in  the  steel  which  often  con- 
tains 0.25  per  cent  copper  to  its  im- 
provement. It  is  possible  that  there 
might  be  advantage  in  using  either 
the  copper-nickel  ore  from  which 
monel  metal  is  made,  for  example,  or 
some  intermediate  product,  or  even 
monel  metal  itself  (68  per  cent  nickel, 
28  per  cent  copper,  the  residual  being 
mainly  iron  and  manganese),  in  pro- 
ducing an  economical  copper-nickel 
structural  steel. 

The  case  for  vanadium  as  an  alloy- 
ing element  has  been  attractively  stat- 
ed by  Mr.  G.  L.  Norris,$  although,  as 
Mr.  Waddell  pointed  out,  this  exhibit 
was  not  without  ambiguity  either 
from  the  metallurgical  or  cost  point 
of  view.  The  advantages  of  vanadium 
appear  to  be  greatest  in  association 
with  chromium  for  steels  to  be  heat 
treated. 

Nickel-Chromium  Structural  Steel. 
— An  interesting  possibility  is  the 
greater  development  of  nickel-chrom- 
ium structural  steels  using  such  ores 
as  the  Mayari  as  a  base.  Large  steel 
columns  made  from  this  steel  contain- 
ing from  1.12  to  1.58  per  cent  nickel 
and  0.37  to  0.66  per  cent  chromium 
were  tested  at  the  Bureau  of  Stand- 
ards for  the  Metropolis  and  Memphis 
bridges. §  Some  of  these  steels  also 
had  a  copper  content  as  high  as  0.1 
per  cent.  Credit  is  due  to  Ralph  Mod- 
jeski,  M.  Am.  Soc.  C.  E.,  for  the  first 
use  of  Mayari  steel  in  bridge  con- 
struction, namely,  for  the  Memphis 
bridge.  A  large  number  of  smaller 
railway  bridges  have  since  been  con- 
structed in  which  Mayari  steel  has 
been  used. 

Silicon  Steel. — Another  alloy  steel 
that  is  coming  into  use  for  structures, 
such  as  parts  of  the  Delaware  bridge, 
is  the  so-called  silicon  steel  which 
might  perhaps  as  well  be  named  a 
silicon-manganese  stfeel  as  the  specifi- 
cations call  for  a  maximum  of  0.40  per 
cent  copper,  0.45  per  cent  silicon,  and 
1.00  per  cent  manganese,  with  a  mini- 
mum of  0.20  per  cent  silicon.  The  rais- 


ing of  the  elastic  limit  by  increase  of 
silicon  seems  to  be  of  English  origin. 
The  Sandbergs  urged  the  use  of  0.3  to 
0.4  per  cent  silicon  in  rail  steel  about 
1903.  Silicon  steel  appears  to  have 
been  first  produced  in  America  by  the 
Cambria  and  Carnegie  Steel  Compa- 
nies in  the  form  of  plates  and  shapes 
for  light  torpedo-boat  destroyers  about 
1908  or  1910,  for  which  the  U.  S.  Navy 
Department  desired  a  steel  having  a 
tensile  strength  of  80,000  to  90,000  lb. 
per  sq.  in.,  and  a  steel  having  approxi- 
mately 0.75  per  cent  silicon,  0.60  to 
0.80  per  cent  manganese,  and  0.30  to 
0.40  per  cent  copper,  was  produced  for 
that  purpose.  In  1912,  the  Carnegie 
Steel  Co.,  the  writer  understands,  made 
the  first  proposal  of  a  silicon  steel  for 
bridge  construction,  for  the  eye-bars 
and  structural  steel  of  the  Memphis 
bridge. 

Here,  again,  is  a  case  in  which  a 
so-called  impurity,  silicon,  has  become 
a  desirable  and  relatively  cheap  alloy- 
ing element,  imparting  strength  and 
high  elastic  limit  to  the  steel.  The 
present  specification,  however,  is  real- 
ly a  double  one,  permitting  the  physi- 
cal properties  desired  to  be  attained 
by  either  high  silicon  or  high  mangan- 
ese. The  manufacturers  naturally  wiil 
furnish  a  steel  of  an  adjusted  composi- 
tion, depending  on  the  relative  price 
of  ferro-silicon  and  ferro-manganese. 
Steel  of  this  kind  was  also  tested  at 
the  U.  S.  Bureau  of  Standards  in  the 
form  of  large  columns  for  the  Metro- 
polis bridge.*  The  Bureau  is  now 
making  additional  tests  of  this  steel 
made  into  fabricated  parts  for  the 
Delaware  bridge. 

Treatment  with  Titanium. — The  role 
of  titanium  has  been  well  described 
by  Mr.  N.  Petinotf  to  be  primarily 
that  of  a  deoxidizer  and  scavenger 
and  an  effective  agent  for  reducing 
segregation.  It  is  usually  added  with 
ladle  additions  in  the  form  of  ferro- 
carbon-titanium  containing  16  per 
cent  titanium,  about  8  to  12  lb.  of 
ferro-carbon-titanium  per  ton  of  steel 
(0.06  to  0.08  per  cent  titanium),  and 
there  remains  in  the  steel  less  than 
0.02  per  cent  titanium. 


*"The  Influence  of  Copper  Upon  the 
Physical  Properties  of  Steel,"  Bulletin, 
Am.  Inst,  of  Min.  Engrs.,  No.  82,  pp. 
2437-2475    (1914). 

f "Nickel  Steel  for  Bridges,"  Transac- 
tions, Am.  Soc.  C.  E.,  Vol.  L.XIII.  (1909), 
p.    101. 

^Transactions,  Am.  Soc.  C.  E.,  Vol. 
LXXVII.    (1915),  p.  72. 

{jTechnology  Paper  184,  U.  S.  Bureau  of 
Standards. 
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The  U.   S.   Bureau   of   Standards   is  out  increased  costs,  except  as  his  art 

completing    an    investigation    of    the  is  improved. 

manufacture  and  properties  of  two  Uses  of  Heat-Treated  Steel.  — Evi- 
1,000-ton  lots  of  rail  steel  (0.75  per  cent  (ientlv  there  are  possible  uses  of  heat- 
copper  and  0.76  per  cent  manganese)  treated  steels  in  engineering  struc- 
treated  with  titanium,  as  compared  tures,  and  such  steels  have  been  intro- 
with  similar  steel  deoxidized  with  duced  to  a  limited  extent  in  lattices 
ferro-silicon.  The  mechanical  proper-  and  auxiliary  parts.  The  difficulties 
ties  of  these  two  steels  are  not  of  furnishing  a  reliable  and  uniform 
markedly  different,  but  the  titanium-  product  increase  rapidly  with  the  size 
treated  steel  has  less  segregation  in  of  heat-treated  pieces,  as  well  as  the 
the  upper  part  of  the  ingot  and  shows  difficulties  and  costs  of  joining  by 
a  slightly  greater  tendency  toward  rivets  or  otherwise.  For  certain  struc- 
piping.  One  would  expect  still  less  tural  purposes,  as  parts  of  bridges, 
difference  for  low  and  medium  carbon  the  iine  of  ieast  resistance  would 
steels.  seem  to  be  the  development,  first,  of 
With  regard  to  the  possibilities  of  higher  carbon  steels  which  may  be 
improving  the  physical  properties  of  air-quenched  by  some  method,  such  as 
ordinary  structural  steel — yield  point  the  Sandberg  process.  After  a  study 
and  ductility — by  endeavoring  to  pro  has  been  made  of  the  most  economical 
duce  steel  more  highly  "purified,"  it  is  alloying  element  or  combination  to 
questionable  whether  much  is  to  be  give  maximum  yield  point  without 
gained  by  this  means.  A  series  of  ex-  serious  loss  of  ductility  in  steel  to  be 
perimentsj  just  completed  at  the  Bu-  air-treated,  it  may  be  possible  to  con- 
reau  of  Standards  on  the  mechanical  sider  liquid  quenched  and  tempered 
properties  of  pure  alloys  of  iron,  car-  steels,  although,  in  the  beginning, 
bon,  and  manganese,  containing  no  these  steels  should  be  limited  to  small 
phosphorus,    with    less    than   0.01    per  parts. 

cent  sulphur  and  silicon  for  most  of  Mr.  Modjeski  appears  to  have  been 
the  samples,  show  that,  although  there  the  first  to  have  used  heat-treated  eye 
is  a  slight  improvement  in  ductility,  bars  for  bridges.  For  the  Memphis 
there  is  a  corresponding  decrease  in  bridge,  he  used  Mayari  steel  for  which 
strength  and  elastic  limit  as  compared  the  rather  mild  treatment  consisted 
with  commercial  steels  of  the  same  in  an  anneal  at  about  1,500°  F.,  fol- 
carbon  and  manganese  contents.  lowed  by  an  air  quench.  These  heat- 
In  view  of  the  almost  negligible  im-  treated  eye-bars,  as  specified  by  Mr. 
portance  of  the  phenomena  of  fatigue  Modjeski,  and  furnished  by  the  Penn- 
for  most  structural  steels  of  interest  sylvania  Steel  Co.,  had  the  properties 
to  the  civil  engineer,  the  question  of  given  in  Table  II. 
freeing  the  steel  still  further  from  Fur- 
entrained  inclusions,  although  it  may  Minimum  tensile  strength^1^  "**& 
be  said  to  be  desirable,  appears  not  in  pounds  per  square  inch  80,000  90,000 
to   be   vitallv   essential,    and   probably  Minimum  elastic  limit,   in 

wnnlrl    not    allow    raisine-    thp    nprmis-  ,,po.unds  per  s^uare  mch-   47,000         56,000 

wouia    not    anow    laismg    tne    permis  Minimum  elongation,  per- 

sible  stresses,  whereas  the  cost  would         centage    10  13 

be  increased.  Structural  steel  is  much  Thig  composition  was  approximate- 
less  subject  to  abuse  in  service  than  jy  as  f0n0ws- 
rail  steel,  for  example,  and  the  manu-  '                                                Percent. 

facturing   practices   permitted  by   the  Carbon    0.35 

specifications  for  rail  steel  do  not  nee-  NteiffiineSe    1*40 

essarily  result   in   clean   steel.     This  Chromium 0*45 

fS^0UHldrt^°c!;^   we?t  ™«?  flSt  "  is  questionable* whether"  it  will  be 

wno    n  S2S    htlrl  ZTJr  found  economical  or  safe  to  urge  the 

more  rigid  requirements,  but  not  with-  ^su^'j^^otT^^P^t 

Technology  Paper  184,  U.   S.  Bureau  of  tu/e«    *uWecJ   *°   Are   hazard,    the   use 

Standards.  of    heat-treated    struts    would    be    an 

fTransactions,    Am.    Soc.    C.    E.,    Vol.  additional  hazard  as,  in  general,  they 

T^TeYhInolog9y15PkpPer54°53,  U.  S.  Bureau  of  ]ose    *hf lr    enhanced    properties    with 

Standards  rise  of  temperature. 
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New  Half-Bag  Tilting  Mixer 

A  half-bag  mixer  built  along  exactly 
the  same  lines  as  the  larger  Smith 
tilting  mixers  has  been  brought  out 
by  the  T.  L.  Smith  Co.,  Milwaukee, 
Wis.  The  new  mixer  has  a  mixed 
batch  capacity  of  3^  cu.  ft.  or  a  full 
half-bag  batch  of  1:3:6  mix  with  mate- 
rials containing  the  usual  40  per  cent 
voids.  The  main  drive  gear  and  tha 
engine  pinion  are  machine-cut.  The 
bevel  drive  pinion  is  made  of  40  per 
cent  carbon  electric  steel.  The  chilled 
thrust  rollers  have  enclosed  dust  and 
moisture-proof  ball  bearings.  The 
bolster  castings  are  of  electric  steel 


the  mixer  to  an  automobile,  truck  or 
wagon.  While  the  mixer  is  being 
moved,  the  front  supporting  leg  is 
folded  up  out  of  the  way. 


A  New  Colored  Concrete  Hard- 
ener for  Floors. 

A  new  integral  colored  hardener  for 
coloring,  hardening  and  waterproofing 
concrete  floors  has  been  placed  on  the 
market  by  the  Master  Building  Co., 
Cleveland,  O.  The  product,  known  as 
Colormix,  is  marketed  as  a  paste  with 
about  the  consistency  of  white  lead. 
When  put  into  use  it  is  dissolved  in 


m 
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Smith    375    Tilting    Mixer— Two    Wheel  Model,   Being  Moved  to  New  Work. 


and  the  operating  levers  of  malleable 
iron.  The  power  plant  consists  of  a 
1^-h.p.  Fuller  &  Johnson  engine, 
equipped  with  a  magneto.  It  is  com- 
pletely housed.  The  feed  chute  is 
made  of  No.  12  gauge  steel  plate.  The 
charging  platform  is  built  of  l^-in. 
boards  bolted  to  heavy  steel  angles. 
The  height  of  this  platform  is  30V2 
in.;  width,  32  in.;  length,  42  in.  The 
mixers  are  built  in  two  models.  Model 
RW-1  is  equipped  with  two  pressed 
steel  wheels  fitted  with  clincher  rims 
for  Ford  30x30^  pneumatic  tires. 
Model  SW-1  has  four  steel  wheels,  24 
in.  in  diameter  and  3-in.  grooved 
treads.  Axles  on  both  models  are 
made  of  cold  rolled  steel,  1%  in.  in 
diameter.  The  two-wheeled  model  has 
a  hauling  stub  so  arranged  that  it  can 
be    drawn    out   for    readily    attaching 


the  gauging  water,  where  it  dyes  the 
sand  and  cement  of  the  floor  topping, 
thus  securing,  it  is  claimed,  a  uniform 
and  even  distribution  throughout  the 
entire  topping.  Six  attractive  colors 
are  available:  Tile  red,  linoleum 
brown,  nile  green,  battleship  gray, 
buff  and  white.  Combinations  ef  these 
colors  may  be  laid  in  a  variety  of  de- 
signs to  fit  any  decorative  scheme. 
When  the  Colormix  floor  is  troweled 
it  is  ordinarily  cut  into  squares  to  re- 
semble tile,  the  size  of  the  blocks 
varying  from  6  in.  to  18  in.  square  to 
suit  the  tastes  of  the  owner  and  his 
architect.  Colored  cement  tile  employ- 
ing this  new  compound  in  the  above 
colors,  are  made  in  regular  sizes  6  in. 
by  6  in.,  6  in.  by  9  in.,  9  in.  by  9  in., 
and  larger,  and  are  laid  like  quarr-y 
tile. 
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New    Portable    General    Utility 
Derrick 

A  new  one-man  portable  general 
utility  derrick  for  loads  up  to  2,000  lb. 
has  been  placed  on  the  market  by 
the  Barrett-Cravens  Co.,  1328  W.  Mon- 
roe street,  Chicago,  111.  The  derrick 
is  made  of  steel  and  malleable  iron 
and  consists  of  two  major  parts,  a 
beam  which  includes  the  hoisting 
mechanism  and  a  bore.    One  man  can 


Hoisting  Wheelbarrow  of  Brick  or  Mortar 
on  Construction  Work. 

carry  either  section  and  can  easily 
install  the  derrick  alone.  The  derrick 
can  be  rigged  up  for  three  speeds.  The 
sheaves  at  the  end  of  the  beams  per- 
mit the  load  to  be  carried  by  one,  two 
or  three  strands  of  cable.  The  reach 
of  the  beam  is  3  ft.  4  in.;  the  maxi- 
mum lift  above  floor  level  that  derrick 
is  bolted  to  is  5  ft.,  and  the  height 
over  all  is  7  ft.  The  drum  has  a  ca- 
pacity of  300  ft.  of  cable.  The  stand- 
ard type  derrick  weighs  285  lb.  and 
the  gondola  type  450  lb. 


Industrial  Notes. 


The  Gypsum  Industries,  a  service  bu- 
reau maintained  by  gypsum  producers, 
will  move  its  offices  on  May  1  to  the 
America  Fore  Bldg.,  844  Rush  St.,  Chi- 
cago. The  change  provides  more  office 
space  to  take  care  of  expansion. 

The  Standard  Scale  &  Supply  Corpora- 
tion, 1631  Liberty  Ave.,  Pittsburgh,  Pa., 
has  purchased  and  is  now  operating  un- 
der entirely  different  management  the 
business  formerly  conducted  by  the 
Standard  Supply  Co.  The  new  corpora- 
tion will  manufacture  scales,  concrete 
mixers  and  contractors'  equipment. 
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Statement    of    the    Ownership,     Manage- 
ment,  Circulation,    Etc.,    Required    by 
the   Act   of   Congress  of   Au- 
gust 24,   1912, 
of  Buildings,   monthly  issue  of  Engineer- 
ing  and    Contracting,    published    monthly 
at    Chicago,    Illinois     (9     South     Clinton 
Street),  April  1,  1923. 
State  of  Illinois,  County   of  Cook,  ss. 
Before  me,   a  notary  public  in  and  for 
the    State  and  county  aforesaid,   person- 
ally  appeared    Halbert   P.    Gillette,    who, 
having  been  duly  sworn  according  to  law, 
deposes  and  says  that  he  is  the  editor  of 
the    Buildings,    monthly     issue     of     En- 
gineering and   Contracting,   and   that  the 
following  is,  to  the  best  of  his  knowledge 
and    belief,    a     true     statement     of     the 
ownership,    management    (and    if   a   daily 
paper,  the  circulation),  etc.,  of  the  afore- 
said   publication    for    the    date    shown    in 
the  above  caption,  required  by  the  Act  of 
August  24,   1912,  embodied  in  section  443, 
Postal  Laws  and  Regulations,  printed  on 
the  reverse  of  this  form,  to  wit: 

1.  That  the  names  and  addresses  of 
the  publisher,  editor,  managing  editor  and 
business  manager  are: 

Publisher — Engineering  and  Contracting 
Pub.  Co.,  9  So.  Clinton  St.,  Chicago,  111. 

Editor— Halbert  P.  Gillette,  9  So.  Clin- 
ton St.,  Chicago,  111. 

Managing  Editor — Halbert  P.  Gillette — 
9  So.  Clinton  St.,  Chicago,  111. 

Business  Manager — Lewis  S.  Louer,  9 
So.  Clinton  St.,  Chicago,  111. 

2.  That  the  owners  are:  (Give  names 
and  addresses  of  individual  owners,  or, 
if  a  corporation,  give  its  name  and  the 
names  and  addresses  of  stockholders 
owning  or  holding  1  per  cent  or  more  of 
the  total  amount  of  stock.) 

Halbert  P.  Gillette,  9  So.  Clinton  St., 
Chicago,  111. 

Lewis  S.  Louer,  9  So.  Clinton  St.,  Chi- 
cago, 111. 

R.  E.  Brown,  507  Fifth  Ave,  New  York 
City. 

3.  That  the  known  bondholders,  mort- 
gagees and  other  security  holders  owning 
or  holding  1  per  cent  or  more  of  total 
amount  of  bonds,  mortgages  or  other  se- 
curities are:   (If  there  are  none,  so  state.) 

None. 

4.  That  the  two  paragraphs  next 
above,  giving  the  names  of  the  owners, 
stockholders  and  security  holders,  if  any, 
contain  not  only  the  list  of  stockholders 
and  security  holders  as  they  appear  upon 
the  books  of  the  company  but  also,  in 
cases  where  the  stockholder  or  security 
holder  appears  upon  the  books  of  the 
company  as  trustee  or  in  any  other 
fiduciary  relation,  the  names  of  the  per- 
son or  corporation  for  whom  such  trustee 
is  acting,  is  given;  also  that  the  said  two 
paragraphs  contain  statements  embrac- 
ing affiant's  full  knowledge  and  belief  as 
to  the  circumstances  and  conditions  un- 
der which  stockholders  and  security  hold- 
ers who  do  not  appear  upon  the  books  of 
the  company  as  trustees,  hold  stock  and 
securities  in  a  capacity  other  than  that 
of  a  bona  fide  owner;  and  this  affiant  has 
no  reason  to  believe  that  any  other  per- 
son, association,  or  corporation  has  any 
interest  direct  or  indirect  in  the  said 
stock,  bonds,  or  other  securities  than  as 
so  stated  by  him. 

H.  P.  GILLETTE,  Editor, 
Sworn  to  and  subscribed  before  me  this 
11th  day  of  April,  1923. 

(Seal)  KITTIE  C.  WOULFE. 

(My  commission  expires  Feb.  9,  1926.) 
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Is  the  Civil  Engineering 
Profession  Over- 
crowded? 

There  are  approximately  54,000  en- 
gineering students,  of  whom  16,000 
are  civil,  12,000  electrical,  12,000  me- 
chanical, 5,000  chemical,  and  3,000 
mining  students.  The  number  of  stu- 
dents taking  architecture  is  only 
about  1,000,  yet  the  total  annual  ex- 
penditures for  buildings  are  four 
times  as  great  as  the  total  expendi- 
tures for  public  works  and  railways. 
Hence  there  are  64  times  as  many 
civil  engineering  students  as  archi- 
tectural   students    per    dollar    of    an- 

|  nual    investment    in    their    respective 

I  fields. 

So  far  as  practicing  the  design  of 

1  structures   is    concerned,   not   one    in 
Iten    of    these    civil    engineering    stu- 
dents is  likely  to  find  permanent  oc- 
cupation.   Yet  our  college  courses  in 
civil   engineering   still   remain   essen- 


tially courses  for  designers.  The 
same  holds  true  of  nearly  all  engi- 
neering courses  with  the  exception  of 
courses  in  mining  and  chemical  en- 
gineering. Agricultural  engineering, 
it  is  true,  is  not  a  course  in  designing, 
but  it  numbers  fewer  than  500  stu- 
dents. 

Professors  of  civil  engineering 
should  tell  their  students  frankly  that 
very  few  of  them  should  plan  to  fol- 
low the  profession  with  the  object 
of  becoming  designers,  and  that  still 
fewer  can  become  consulting  engi- 
neers— indeed  that  the  number  of  con- 
sultants is  infinitesimal.  Civil  engi- 
neering students  should  be  advised  to 
plan  early  to  undertake  work  that  is 
seemingly  not  of  an  engineering  na- 
ture at  all.  They  should  be  told, 
however,  that  since  engineering  is 
the  application  of  science,  and  since 
science  exists  or  can  be  created  in 
every  branch  of  economic  endeavor, 
the  field  for  the  engineer  is  as  broad 
as   human  enterprise. 
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The  Gasoline  Tax  Should 
Be  Tripled 

In  the  18  states  that  levied  a  tax 
on  gasoline  last  year,  the  average 
consumption  of  "gas"  per  car  was 
pearly  400  gal.,  and  the  tax  rate  was 
1  ct.  per  gallon  in  all  but  two  states. 
This  income  of  $4  annually  per  car  is 
a  welcome  addition  to  the  income 
available  for  highway  purposes;  but, 
in  our  opinion,  it  should  be  tripled. 
A  tax  of  3  ct.  per  gallon  in  every  one 
of  the  states  would  yield  about  $12 
per  car  per  annum.  Since  there  are 
about  12,000,000  cars,  a  3  ct.  gasoline 
tax  would  yield  $144,000,000.  An  an- 
nual license  fee  of  $12  per  car  would 
yield  another  $144,000,000,  thus  pro- 
viding nearly  $300,000,000  annually 
for  highway  construction  and  main- 
tenance. 

Large  as  this  sum  is,  it  is  wholly 
inadequate  for  needed  highway  con- 
struction. Even  if  all  of  it  were  used 
to  pay  interest  on  highway  bonds  it 
would  support  only  $7,500,000,000  of 
bonds.  This  would  provide  for  only 
$500,000,000  of  highway  construction 
annually  for  five  years;  yet  $500,000,- 
000  is  a  moderate  annual  budget  for 
road  improvement. 

There  has  been  altogether  too  much 
hesitancy  about  taxing  motor  cars 
and  the  fuel  they  use.  As  users  of 
the  highways  their  owners  should  not 
only  be  willing  but  glad  to  pay  a  lib- 
eral tax,  provided  most  of  the  tax 
were  used  to  provide  improved  road- 
ways. 


No    Overproduction    of 
Roads 

Bankers  and  economists  are  issuing 
warnings  against  the  danger  of  "over- 
production." Undoubtedly  there  is 
scarcely  a  class  of  product  for  which 
the  capacity  for  production  does  not 
exceed  the  capacity  of  demand.  Among 
the  few  exceptions  to  this  statement 
are  highways.  Of  improved  roads 
and  railways  there  is,  and  long  will 
be,  an  inadequate  supply. 

This  country  has  never  yet  built  a 
billion  dollars  worth  of  improved 
roads  in  one  year,  but  Ford  is  mak- 
ing half  a  billion  dollars  worth  of 
motor  vehicles  annually.  The  con- 
struction of  motor  cars  and  trucks  far 
outruns  the  construction  of  road  and 
street  pavements,  and  this  has  been 
the  case  for  more  than  two  decades. 

Vastly   greater   amounts   of   capital 


should    be    attracted    into    road 
rail   construction.     Highway   bond 
sues  should  be  advocated  not  merely 
for  country  roads  but  for  city  stree 
Bondholders   should   not  be   regard 
as  creditors  whom  it  is  desirable 
pay  off  at  an  early  date,  but  as  pai 
owners   of  property   essential   to   th 
greatest  prosperity. 

It  is  economically  absurd  to  tal 
of  paying  for  highway  improvemei 
by  current  taxation.  What  would  ou 
railway  and  industrial  plants  be  t 
day  had  such  a  policy  existed  wit 
respect  to  them? 

Innumerable  fingers  beckon  capita 
continuously.  If  we  are  ever  to  se 
cure  an  adequate  highway  system 
capital  must  be  invited  into  highw 
bonds  on  a  much  larger  scale  tha 
heretofore. 


Trend  in  Types  of  Vehicle  Using  I 
Highways 

The    Michigan    State    Highway    De- 
partment   has    collected    data     since  j 
1913  on  the  traffic  using  its  trunk  line  i 
roads.  Some  interesting  facts  brought 
out  by  the  census  were  given  by  Mr. 
G.  C.  Dillman,   deputy   highway    com-?| 
missioner,  in  a  paper  presented  at  the  I 
recent    highway    engineering    confer-  6 
ence  at  the  University  of  Michigan. 

A  summary  of  the  traffic  census  on  H 
trunk  line  roads  gives  the  following: 

Total    %  horse     %  pas-         % 
No.  of     drawn       senger      motor 
Year.        counts. vehicles,  vehicles,  trucks 


1913 
1914 
1915 
1916 
1917 
1918 
1919 

1920  1,860 

1921  2,984 

1922  2,687 


77 
21 
25 
265 
795 
781 
287 


33.98 

33.80 

20.86 

27.33 

21.18 

16.14 

14.19 

7.52 

4.59 

3.21 


62.35 
63.98 
77.23 
68.33 
75.44 
74.93 
76.24 
83.80 
86.66 
87.59 


3.67 
2.22 
1.91 
4.34 
3.38 
8.93 
9.57 
8.68 
8.75 


An  analysis  of  the  data  shows: 

First:  The  per  cent  of  horse-drawn 
vehicles  using  the  main  highways  has 
been  steadily  decreasing.  The  ran^< 
has  been  from  34  per  cent  in  1913  to 
3.21  per   cent  in   1922. 

Second:  The  use  of  passenger  cars 
on  these  highways  is  increasing  rapid- 
ly, running  from  62.35  per  cent  in  1913 
to  87.59  per  cent  in  1922. 

Third:  The  percentage  of  motor 
trucks  in  use  is  gradually  increasing 
although  at  a  slow  rate  which  may  be 
expected,  this  being  from  3.67  per 
cent  in  1913  to  9.20  per  cent  in  1922. 

The  mean  of  the  percentage  graphs 
comes  reasonably  close  to  the  actual 
figures      and      extending     the     mean 


(256) 


1923 


Engineering  and  Contracting 


971 


curves  five  years  hence  the  following 
may  be  expected: 

Per  cent. 

Horse  drawn  vehicles   1.5 

Passenger  cars    ; 88.5 

Motor   trucks    10.0 

For  all  practical  purposes  the  horse- 
drawn  vehicle  is  a  thing  of  the  past 
for  the  main  improved  roads.  The 
use  of  the  motor  truck  will  unques- 
tionably increase  from  year  to  year, 
perhaps  slowly,  but  with  continued 
highway  improvement  and  proper 
legislative  control  over  the  motor 
vehicle  combined  with  suitable  pro- 
tection to  it,  the  common  carrier  as 
a  part  of  the  co-ordinated  system  of 
transportation  is  here  to  stay. 


Low  Growing  Crops  at  Road 
Intersections 

The  Indiana  State  Highway  Com- 
mission is  urging  farmers  to  plant 
low-growing  crops  this  season  in  the 
corners  of  fields  adjacent  to  road  in- 
tersections. Many  automobile  col- 
lisions have  occurred  at  these  places, 
the  accidents  being  due  frequently  to 
sight  distances  being  blocked  by  high 
growing  crops,  particularly  corn  in 
field  corners.  It  is  suggested  that  the 
low  growing  crops  be  planted  100  ft. 
each  way  of  the  road.  Many  farmers 
are  planting  in  field  corners  such 
crops  as  tomatoes,  potatoes,  beans, 
cucumbers,  and  other  low  growing 
crops.  Even  popcorn  or  sweet  corn 
can  be  planted  in  such  places  with 
profit  to  the  grower  and  greatly  les- 
sening the  danger  of  obstructing 
sight  distances. 


Motor  Vehicle  Production  in 
March 

Automobile  production  increased  in 
March  and  was  the  highest  on  rec- 
ord, exceeding  by  64,006  cars  and 
trucks    the    high    production    of    last 


June,  according  to  reports  received 
by  the  Department  of  Commerce 
through  the  Bureau  of  the  Census,  in 
co-operation  with  the  National  Auto- 
mobile Chamber  of  Commerce.  Out- 
put of  passenger  cars  increased  from 
254,650  in  February,  to  318,424  in 
March,  and  truck  production  in- 
creased from  21,815  in  February  to 
34,593. 

The  following  table  gives  the  total 
production  for  each  of  the  last  nine 
months,  with  the  corresponding  fig- 
ures for  the  same  months  of  the  pre- 
vious year.  With  few  exceptions,  the 
reports  each  month  are  from  identi- 
cal firms  and  include  approximately 
90  passenger-car  and  80  truck  manu- 
facturers. 

AUTOMOBILE   PRODUCTION. 
(Number  of  Machines.) 


Passenger  cars. 

Trucks. 

1922. 

1921. 

1922. 

1921. 

July    .. 

.  .    224,770 

165,574 

♦21,837 

10,766 

Aug.     . . 

..*248,122 

167,705 

♦24,467 

13,080 

Sept.     . 

..♦187,661 

144,669 

♦19,188 

13,648 

Oct.    ... 

..    216,099 

134,734 

21,512 

12,813 

Nov.     .  . 

..♦215,284 

106,042 

21,683 

10,010 

Dec.     . . 

..•207,269 

70,690 

20,050 

8,307 

1923. 

1922. 

1923. 

1922. 

Jan.     .  . 

..   223,706 

81,693 

♦19,377 

•     9,416 

Feb.     . . 

. .♦254,650 

109.171 

♦21,815 

13,195 

March 

..   318,424 
?ed. 

152,959 

34,593 

19,761 

♦Revh 

Road  and   Street   Contracts 

Awarded  During  the  Last 

39  Months 

The  accompanying  table  shows 
three  outstanding  facts:  First,  that 
highway  contracts  awarded  during 
the  last  half  of  each  year  have  av- 
eraged only  25  per  cent  less  in  volume 
than  those  awarded  during  the  first 
half;  second,  that  there  is  not  a 
month  in  the  year  without  a  very 
large  volume  of  road  and  street  con- 
tracts awarded;  third,  that  each  year 
shows  a  substantial  gain  over  its 
predecessor. 


ROAD  AND  STREET  CONTRACTS  EXCEEDING  $25,000  IN  SIZE. 


1920. 

January    $  12,204,000 

February   21,334,000 

March    26,221,000 

April    33,340,000 

May 30,258,000 

June 31,441,000 

July    29,353,000 

August    18,565,000 

September     26,537,000 

October    12,894,000 

November    12,443,000 

December    10,834,000 


1921 
11,598,000 
12,049,000 
25,880,000 
31,026,000 
35,064,000 
56,777,000 
33,943,000 
28,693,000 
23,257,000 
20,055,000 
20,751,000 
16,263,000 


1922. 
14,424,000 

9,052,000 
39,669,000 
32,991,000 
42,284,000 
42,138,000 
26,087,000 
37,035,000 
28,884,000 
23,162,000 
20,892,000 
18,096,000 


1923. 

$  21,691,000 
18,781,000 
37,706,000 


Total    , $265,424,000     $315,356,000     $334,714,000         

Note. — About  100  per  cent  must  be  added  to  these  totals  to  give  the  grand  total 
of  highway  contracts   in  the  United  States. 

Bridges  are  not  included,  and  bridge  contracts  average  15  per  cent  as  much  in 
value  as  road  and  street  contracts.  A  great  deal  of  road  and  street  work  is  done 
by  directly  hired  labor  and  is  not  included  above. 
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Cost  of  Sandstone  Excava- 
tion on  a  Road  Job 

The  following  data  on  the  cost  of 
making  a  small  sandstone  cut  are 
given  by  Mr.  J.  S.  Walton  in  a  recent 
issue  of  The  Scraper.  The  figures 
are  the  actual  costs,  no  profit  in- 
cluded. The  cut  is  typical  of  some 
of  the  rock  excavation  met  with  on 
a  highway  grade  and  arain  project, 
where  the  nature  of  the  work  calls 
for  a  team  outfit  for  the  earthwork, 
and  what  rock  is  encountered  is  so 
scattered  that  it  is  necessary  to  take 
it  out  by  hand  and  teams. 

A  portable  air  compressor,  gasoline- 
driven,    with   jackhammer   was    used. 


There  were  811  cu.  yd.  of  this  mate- 
rial, which  makes  a  cost  of  $1.92  per 
cu.  yd.  (no  profit  included). 

To  keep  an  accurate  record  of  the  i 
costs    of    the    different    parts    of    the 
work,  it  is  necessary  to  devise  a  way 
of  distributing  each  man's  daily  time, 
so  that  it  can  intelligently  be  charged 
to  the  part  of  the  work  he  is  engaged 
on.     The  following  individual  weekly 
time    card    was    gotten    up    by    Mr. 
Walker  so  that  each  man's  time  could 
be  distributed  each  day  by  the  time- 
keeper on  the  ground.    The  total  time 
of  the  man  by  hours  is  kept  in  the 
spacing  just  in  front  of  the  days  of  ! 
the  week,   while   the    distribution   by  i 
hours  is  made  in  the  body  of  the  card, 


J.  S.  WALTON  &  COMPANY 
General  Contractors 

Contract 
Distribution                                         Week  ending  _ 

Rate ,                                  Issued  to 

.  ,  .Sunday 

.  .  .Monday 
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Individual  Weekly  Time  Card. 

The    sandstone,    on    account    of    the  at  the  intersection  of  tne  line  of  the 

sharp   grit,    was   very   destructive    on  day  of  the  week  with  the  line  enclos- 

drill   steel,   necessitating   frequent  ing  the  subheading  of  the  job.     These 

sharpening.     The    haul    on    the    ex-  subheadings  have  been  abbreviated  to 

cavated  material  was  very  favorable,  save  space:  «c    &  G„  means  clearing 

averaging  about  250  ft.    The  rock  was  and    grubbing;    «Haul>    Rock»    means 

very  hard  to  drill,  it  being  mixed  with  hami        rQck  teamg  Qr  truckg  QU 

dirt    seams      It   was   found   that   this  a  macadam   road  job;    «s>  w.   &  r! 

^ir°efd  'SSFS^rtW^  meanS  ?°.M  CTnati°n  2n"rt 

and  heavier  charges   of   powder  than  ™%>  watering  and  rolling;    "D.   &  S.' 

hard  limestone  means    drilling    and    shooting    m    the 

Supt.  labor  and  teams  $1,040.77  quarry;    "Load    &   Haul"   is   intended 

insurance    35.39  to   cover  the   loading  of  rock  in  the 

Cost  of  dynamite,  caps,  transpor-  nuarrv   and    thp   hanlinsr  tn  rh»  rrimh- 

tation  and  storage  of  same  ....      307.81  quarry  ana  tne  naming  to  tne  crusn 

Use  of  compressor,  freight,  etc. . .      128.92  er.     In  addition,  several  blank  spaces 

Sharpening  steel   44.85  are    left   for    covering   phases    of   the 

Totai    $1,557.74  work  that  come  up  now  and  then. 

(258) 


923 


Engineering  and  Contracting 


973 


Recognized  Types  of  Sizes  of 
Paving  Brick  Cut  to  Six 

At  the  annual  meeting  of  the  per- 
manent committee  on  simplification  of 
variety  and  standards  for  vitrified 
paving  brick  of  the  U.  S.  Department 
of  Commerce,  held  in  Washington  on 
March  27,  the  recognized  styles  and 
sizes  of  paving  brick  were  cut  from 
seven  to  six.  The  variety  eliminated 
was  the  repressed  hillside  brick,  4x3  V2 
x8^  in.  in  size.  In  eliminating  the 
hillside  repressed  brick  it  was  clearly 
brought  out  in  the  discussion  that  this 
variety  is  essentially  a  special  brick 
made  for  a  special  purpose,  and  that 


it  will  continue  to  be  made  and  sold 
as  such. 

The  variety  survey  report  of  the 
National  Paving  Brick  Manufacturers' 
Association,  presented  by  Mr.  Edward 
E.  Duff,  Jr.,  secretary  of  the  associa- 
tion, was  used  as  the  basis  of  dis- 
cussions by  the  committee.  This  re- 
port gave  a  comprehensive  view  of  the 
trend  of  the  various  types  and  sizes 
of  paving  brick,  as  well  as  the  condi- 
tion of  the  industry  as  a  whole.  The 
accompanying  graph  reproduced  from 
the  report  indicates  the  trend  in  types 
since  1914. 

The  action  of  the  committee  in  the 
further  elimination  of  one  type  of 
brick  reduced  the  recognized  types 
and  sizes  for  the  ensuing  year  to  the 
following: 


SIZES  TN  INCHES. 

Width                  Depth 

as  usually         as  usually 

laid.                     laid. 

4                             3 

m              4 

Width 

as  usually 
Length.                   laid. 
8^                         3^ 
8%                         3^ 

VARIETIES. 

Depth 
as  usually 

laid.                  Length. 

3y2                  8y2 

3                           8% 

Plain  Wire-Cut  Brick 
(vertical  fibre  lugless). 

4     x3     x8y2 

4     x3%x8% 

(Sizes  in  inches.) 

Repressed    Lug    Brick. 
3%x4     x8y2 

Wire-Cut    Lug    Brick 

(Dunn). 

3%x3     x8% 

3&x8%x8% 

3%x4     x8% 

"Srend   in   Types  of  Vitrified   Paving   Brick  for    Past    Nine   Years. 
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City  Planning  for  Engineers 

An   Article  in   Engineering   Education, 
the   Bulletin   of   the    Society  for 
the  Promotion  of  Engineer- 
ing Education 

By  WM.  T.  LYLE, 

Professor  of  Civil  Engineering,  Washing- 
ton and  Lee  University. 

In  the  revision  of  curriculum  at 
Washington  and  Lee  University  to 
conform  to  the  accepted  conclusions 
of  recent  educational  investigations,  a 
shortage  of  time  is  being  felt,  as  is 
the  case  elsewhere,  for  technical 
courses  of  merit  in  the  junior  and 
senior  years.  The  pruning  of  techni- 
cal information  courses  which  have 
flourished  more  in  the  branches  than 
at  the  root  was  a  distinct  step  in  ad- 
vance. On  the  other  hand,  we  believe 
that  there  are  highly  specialized  sub- 
jects which  are  worthy  of  attention, 
not  so  much  as  information  courses, 
as  for  their  great  educational  value, 
using  the  word  "educational"  in  its 
strict  derivative  sense. 

One  of  these  subjects  is  city  plan- 
ning. At  this  institution  we  do  not 
give  a  full-fledged  course  in  city  plan- 
ning as  a  part  of  the  civil  engineering 
curriculum,  but  offer  three  illustrated 
lectures  on  the  subject  and  encourage 
those  seniors  whose  inclinations  lie 
in  this  direction  to  choose  city  plan- 
ning theses.  This  year  they  have 
chosen  Memphis,  Tenn.,  as  a  subject. 
The  conditions  there  will  be  investi- 
gated and  a  plan  prepared.  This  plan 
will*  include  the  street  system,  parks 
and  boulevards,  the  water  front,  sur- 
face and  steam  railways,  passenger 
and  freight  stations  and  a  zoning  plan. 

Educational  Merits  of  City  Plan- 
ning.— City  planning  possesses  cer- 
tain educational  merits  which  have 
not  hitherto  been  grasped.  It  is  a  sub- 
ject pre-eminently  fitted  to  convey  to 
young  men's  minds  the  nature  of  a 
modern  engineering  which  has  trans- 
cended old  ideas  based  on  materials, 
forces  and  technique.  We  are  deal- 
ing now  with  other  forces  also,  and 
our  young  men  must  understand  that 
there  are  sociological  and  economic 
problems  connected  with  an  engineer- 
ing project,  fully  as  important  as  the 
calculation  of  stresses  and  the  pro- 
portioning of  materials.  Furthermore 
the  modern  engineering,  dealing  as  it 
does  with  big  problems,  recognizes  a 
mutual  dependence  of  the  different 
elements  and  a  powerful  influence  of 
other  matters  outside  of  the  problem 


)e 
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proper.    Of  all  subjects  which  may  be 
used  to  illustrate  these  ideas  to  thi 
minds  of  university  students  none 
better  than  that  of  city  planning. 

Broad  Gage  Engineers  Require 
for  City  Planning. — In  its  preparatio 
the  city  plan  requires  an  engineer  of 
broad  gage  and  well  balanced  judg- 
ment, for  the  city  plan  is  a  big  prob- 
lem and  a  problem  consisting  of  parts 
each  one  of  which  exerts  a  powerful 
influence  on  the  others.  Thus  we  have 
the  park  system  consisting  of  parks 
and  boulevards  which  cannot  be  des- 
ignated without  regard  to  the  street 
system  and  often  to  the  question  of 
water  supply  where  the  parks  and 
park  reservations  constitute  a  water- 
shed for  the  municipal  water  supply. 
The  street  system  bears  heavily  on 
problems  not  only  of  local  transporta- 
tion, but  also  on  those  of  railroads 
and  freight  and  passenger  stations. 
These  in  turn  are  dependent  on  the 
requirements  of  business  and  manu- 
facturing and  often  on  that  of  water 
transportation.  The  housing  prob- 
lem, which  in  other  words,  is  largely 
a  problem  of  the  reduction  of  labor 
turnover,  is  thus  bound  up  in  prob- 
lems of  industry  and  commerce,  and 
all  three  in  that  of  a  comprehensive 
zoning  which  powerfully  operates  to 
stabilize  real  estate  values  to  the . 
benefit  of  business  and  homestead 
alike. 

City  Planning  as  a  Study. — City 
planning  as  a  study  for  students  also 
possesses  other  most  desirable  edu- 
cational properties.  When  practiced 
it  develops  the  faculty  of  design.  The 
designing  of  cities  is  designing  in  its 
highest  sense  and  requires  a  mental 
activity  and  ingenuity  far  superior  to 
that  required  in  some  other  of  our 
more  prosaic  engineering  problems. 
Then,  too,  city  planning  invariably 
stimulates  the  student's  interest  and 
creates  a  wholesome  enthusiasm  for 
his  work.  This  is  especially  true  if 
the  example  taken  is  the  student's 
home  town.  Furthermore,  in  work 
of  this  kind  the  student  himself 
bridges  the  gap  between  the  college 
cloister  and  the  field  of  business  and 
construction  by  bringing  about  in  his 
own  mind  an  attitude  of  interest  and 
independent  thinking  which  bids  fair  to 
bring  him  success  and  prominence  as 
an  engineer  and  man  of  affairs.  No 
young  man  can  hope  to  reach  the  top 
of  the  ladder  unless  his  interest  and 
concern  are  closely  identified  with  the 
activities  of  the  world  in,  whfch  he 
lives. 
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Central  Mixing  Plant  for  City  Work 


Experiences  of  Illinois  Contractor  in  Handling  Small  Concrete  Jobs 

By   E.   E.  BAUER, 

Instructor  Highway  Engineering,  University  of  Illinois,  Urbana,   111. 

During  the  past  several  years  the 
•eitites  of  Champaign  and  Urbana,  111., 
have  laid  a  large  amount  of  concrete 
pavements.  The  two  Cities  are  ad- 
jacent and  have  a  combined  popula- 
tion of  about  35,000.  One  of  the  con- 
tractors after  storing  his  materials 
on  the  subgrade  for  two  years,  de- 
cided to  equip  himself  for  central 
mixing.  Locations  were  found  in 
both  Champaign  and  Urbana  which 
were  along  the  railroad  bringing  in 
the  aggregates  from  Indiana  and." 
which  were  along  or  very  close  to 
existing  city  pavements.  These  ex- 
isting pavements  made  travel  to  and 
from   the   mixer  comparatively  rapid. 

Outfit. — The  first  setup  was  in  Ur- 
fcana   and   on   it  the  contractor  made 


of  a  7-in.  slab  on  Main  St.,  Urbana, 
through  the  business  district.  Every 
public  utility  had  something  or  other 
on,  under  or  along  this  street.  The 
street  car  company  had  tracks  and 
trolley  wire  poles;  there  were  gas, 
water  and  steam  mains  underneath; 
there  were  telephone  and  electric 
wire  poles  along  the  side.  The  re- 
newing and  readjustment  of  these  va- 
rious items  took  considerable  time. 
To  have  laid  the  slab  continuously 
would  have  been  impossible,  so  the 
contractor  shifted  from  one  place  to 
another  as  the  utilities  companies 
finished  their  work.  It  was  a  simple 
matter  to  make  these  shifts  with  the 
central  mixing  arrangement.  It  would 
have  been  impossible  to  have  stored 


Mixing    Plant    at   Champaign    Showing    5- Bag      Electrically     Operated      Mixer. 
(Building  in   Background   Is  Not   Part   of    Plant.) 


use  of  as  much  of  his  original  oufit 
as  was  possible.  He  elevated  his  3- 
bag  payer,  built  some  elevated  bins, 
bought  a  crane  with  a  ^-yd.  clam- 
shell bucket  and  10  1-ton  Ford  trucks 
[with  Lee  bodies.  There  was  nothing 
essentially  new  or  original  in  the 
equipment.  Several  advantages  of 
central  mixitig"  appeared,  however, 
luring  the  prosecution  of  the  work, 
"Which    are    of   interest. 

First   Job.— The   first   job   with   the 
•central   mixing  'plant   was   the  laying 


materials  on  the  subgrade  under 
these  conditions  and  even  with  cen- 
tral proportioning  considerable  diffi- 
culty would  have  been  experienced  in 
moving  the  mixer  around  excavations 
and  over  street  car  tracks.  Central 
mixing  saved  the  day,  saved  the  con- 
tractor some  money  and  the  people 
coming  to  Urbana  a  great  deal  of  in- 
convenience in  that  the  street  was 
opened  to  traffic  at  a  much  earlier 
date  than  if  any  other  method  had 
been  used. 
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Champaign  Set- Up. — A  number  of 
contracts  were  then  secured  in  Cham- 
paign and  a  plant  was  equipped  in 
that  city.  The  crane  was  moved 
from  Urbana.  An  electrically  driven 
5-bag  stationary  mixer  was  pur- 
chased. Current  was  purchased  from 
the  local  plant.  No  trouble  was  ex- 
perienced with  this  type  of  motive 
power.  The  jobs  were  small.  If  the 
mixer  had  been  on  the  subgrade,  a 
shut-down  on  that  job  would  have 
meant  the  stopping  of  paving  opera- 
tions. With  the  central  mixing  plant 
it  was  comparatively  easy  to  shift 
from  one  job  to  another,  so  that  the 
mixer  would  be  kept  running  almost 
continuously. 

Sells  Ready  Mixed  Concrete. — A 
number  of  times  during  the  summer 
the  contractor  sold  fresh  concrete  to 


dicate  the  possibility  of  central  mix- 
ing on  sidewalks,  basement  floors, 
footings,  etc. 

The    contractor    doing     this    work 
was  Mr.  Frank  A.  Somers  of  Urbans 
111. 


Study     of     Factors      Influencing 

Traction  of  Wheel  Tractors 

An    important   addition    to    the    1 
or   more    farm    engineering  investig 
tions  of  the  state  agricultural  exper 
ment  stations  dealing  with  problem 
of  land  clearing,  drainage,  irrigation, 
farm   buildings   and   equipment,   far 
machinery,    farm   water   supply,   sei 
age  disposal   and     santitation,    mat 
rials  of  construction,  and  similar  su 
jects,    according    to    reports     to     tl 
United  States  Department  of  Agricu 


Dumping     Load     of    Mixed    Concrete    for    Curb   and    Gutter   Construction. 


individuals  who  were  in  a  position  to 
place  and  finish  it  themselves.  A 
person  could  secure  concrete  at  any 
time  and  in  any  amount  he  desired. 
The  sale  of  this  product  was  not 
pushed  because  the  contractor  had 
use  for  practically  his  entire  output. 
Because  of  the  mechanical  handling 
of  the  materials,  the  freshly  mixed 
concrete  could  be  delivered  on  the 
job  for  about  the  same  price  charged 
by  other  dealers  delivering  the  un- 
mixed   aggregates   and    cement. 

The  contractor  used  central  mixing 
on  some  of  his  smaller  jobs  while 
pavement  construction  was  in  prog- 
ress. At  no  time  were  there  enough 
of  the  smaller  jobs  available  to  take 
the  entire  output  of  the  mixing  plant. 
These  were  sufficient,  however,  to  in- 


ture,  is  a  project  recently  undertaken 
by  the  Alabama  experiment  statior 
to  determine  the  fundamental  factors 
influencing  traction  of  wheel  tractors. 
More  fully  stated,  the  purpose  of  this 
project  is  to  determine  the  lines  ol 
maximum,  minimum,  and  interim 
diate  resistance  in  soil,  and  lines  of 
maximum,  minimum  and  intermediate 
impulsive  stress  from  tractor  lugs, 
with  a  view  to  making  lines  of  maxi- 
mum impulsive  stress  coincident  to 
lines  of  maximum  resistance  in  soil 
as  a  basis  for  the  development  of  the 
proper  material,  shape,  size,  location 
and  inclination  of  lug  on  tractor 
wheels  to  give  the  minimum  permis- 
sible slip  and  the  maximum  impulsive 
traction  under  worst  agricultural  soil 
conditions  in  the  state. 
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The  General  Road  Situation  in  United  States 


Various  Phases  Discussed  in  Paper  Presented  Jan.  29  at  Annual  Con 
vention  of  Virginia  Good  Roads  Association 


By  THOMAS  H.  MAC  DONALD, 
L;         |    Chief,    U.    S.    Bureau   of  Public   Roads. 


1 


Convinced  of  the  economic  wisdom 
of  improving  our  highways  we  have 
set  our  hands  to  the  labor  of  building 
up  a  system  of  roads — state  by  state 
and  county  by  county  and  the  country 
as  a  whole.  But  just  now  there  seems 
to  be  a  period  of  hesitation  or  reluc- 
tance on  the  part  of  the  public  to 
carry  the  responsibility  of  continuing 
the  work  that  has  been  well  begun  to 
its  logical  conclusion — the  provision 
of  an  adequate  system  of  highways 
for  the  ever  increasing  highway 
traffic.  The  suggestion  is  made  in 
some  quarters  that  we  have  gone  far 
enough  in  building  highways,  and 
many  other  equally  thoughtless  com- 
ments and  criticisms  are  more  or  less 
common. 

Unwillingness  of  Public  to  Ascer- 
tain Facts. — It  is  precisely  this  typi- 
cally American  trait  that  is  at  the 
root  of  the  greatest  difficulties  faced 
by  highway  officials  today — the  un- 
willingness on  the  part  of  the  public, 
first,  to  ascertain  the  determining 
facts  in  the  highway  situation  and, 
having  done  so,  to  use  these  facts  as 
a  guide  governing  the  course  of  ac- 
tion until  the  desired  objective — an 
improved  system  of  roads — is  reached 

To  build  these  highways  that  are 
well  nigh  universally  desired  there  is 
need  of  labor,  material,  organization, 
contractors,  engineers,  transportation 
of  materials — all  of  which  mean 
money.  If  we  really  want  adequate 
highway  service  that  money  is  abso- 
lutely essential.  And  yet  it  seems 
more  than  difficult  to  obtain  from  the 
public  a  general  understanding  of  the 
tremendous  effort  that  must  be  made 
in  every  state  and  in  all  the  states  to 
carry  on  the  construction  and  mainte- 
nance of  a  sufficient  mileage  of  high- 
ways to  give  adequate  service. 

Those  in  responsible  charge  of  the 
road  work  in  the  states  and  federal 
government  are  making  a  serious 
effort  to  bring  before  the  public  a  full 
statement  of  the  need  and  a  fair  and 
complete  disclosure  of  their  activities 
in  meeting  the  need.  They  are  en- 
deavoring to  make  perfectly  plain  the 
principles  by  which  they  are  gov- 
erned, and  the  reasons  for  the  course 


of  action  they  are  following.  And, 
all  too  frequently,  this  policy  of  open- 
ness and  sincerity  is  taken  advantage 
of,  and  the  information  so  freely  dis 
closed  becomes  the  basis  of  attacks, 
unfair,  unjust,  and  viciously  destruc- 
tive. 

It  is  surprising  that  such  attacks 
are  credited  by  thinking  people.  The 
medical  quack  who  would .  deny  all 
the  experience,  studies  and  research 
of  the  medical  profession  which,  year 
by  year,  have  developed  into  what  is 
now  the  modern  science  of  medicine 
and  surgery,  would  have  no  following 
among  the  thinking  public.  It  is  the 
same  with  the  law.  Society  has  se- 
cured for  itself  freedom  of  action, 
protection  of  life  and  property  after 
long  years  during  which  principles 
were  laid  down  one  by  one  to  form 
the  structure  we  call  the  law;  and  we 
do  not  lightly  abandon  a  single  prin 
ciple.  So  also  the  future  of  highway 
building  in  Virginia  as  well  as  every 
other  state  will  prosper  or  fail  to 
prosper  in  the  proportion  that  it  fol- 
lows or  fails  to  follow  and  put  into 
force  and  effect  those  principles 
which  have  been  brought  out  of  the 
experience  of  the  past. 

It  has  taken  a  long  time  and  the 
road  building  efforts — successes  and 
mistakes — of  many  states  to  crystal- 
lize these  principles,  but  they  are  now 
so  clearly  established  that  he  who 
would  deny  them  simply  betrays  his 
own  lack  of  understanding  of  the  def- 
inite progress  which  has  been  made 
in  the  science  of  highway  administra- 
tion, operation  and  financing. 

It  was  for  the  purpose  of  encourag- 
ing the  general  adoption  of  these  prin- 
ciples that  the  federal  government  in 
1916  made  its  first  appropriation  for 
road  building.  The  law  is  not  an 
arbitrary  set  of  rules  and  regulations, 
but  rather  a  clear-cut  delineation  of 
the  principles  which  have  proved  suc- 
cessful in  application  over  a  period  of 
30  years.  These  principles  have  not 
only  proved  successful  in  the  states 
where  they  have  been  in  effect  for 
the  longest  period;  they  have  proved, 
in  fact,  the  only  methods  that  will 
insure  a   continuity  of  successful  ad- 
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ministration  of  the  highways  and  pro- 
duce both  new  construction  and  con- 
tinuous maintenance  suited  to  the 
needs  of  any   state. 

The  Four  Classes  of  Roads. — One  of 

these  principles,  clearly  established 
by  experience,  is  that  the  economic 
development  of  the  country  calls  for 
roads  of  four  classes.  Whether  they 
are  recognized  as  such  or  not  there 
are  roads  of  the  four  classes  in  every 
state  and  these  classes  are:  First,  the 
interstate  roads;  second,  the  roads 
which  are  of  importance  to  a  whole 
state;  third,  the  roads  of  county-wide 
importance;  and,  fourth,  the  local 
roads  or  roads  which  serve  only  one 
small  community.  As  I  say,  the  devel- 
opment of  the  country  has  already 
brought  into  existence  roads  of  the 
four  classes,  and  it  is  a  first  principle 
of  proper  highway  administration  to 
recognize  the  difference  that  exists. 
The  roads  should  be  grouped  in  their 
proper  classes  and  the  duty  of  con- 
structing and  maintaining  each  class 
should  be  acknowledged  and  accepted 
by  the  proper  governmental  unit.  It 
is  not  right  to  expect,  as  we  not  in- 
frequently have  expected,  the  county 
to  bear  the  expense  of  a  highway 
which  is  actually  of  greater  impor- 
tance to  the  state  than  the  county. 

The  existence  of  roads  of  interstate 
importance  has  been  recognized  by 
the  Federal  Highway  Act  and  pro- 
vision has  been  made  for  the  segrega- 
tion of  such  roads  into  an  integral 
system,  not  exceeding  in  mileage  7 
per  cent  of  the  total  road  mileage  of 
the  states,  upon  which  funds  appro- 
priated by  the  federal  government 
are  to  be  spent  in  aid  of  construction. 

The  interstate  and  state  systems 
will  generally  be  coincident,  although 
probably  not  co-extensive  but  there 
will  generally  be  a  clear  line  of 
demarcation  between  the  state  and 
county  roads  and  the  county  and 
local  roads. 

There  follows  from  the  acceptance 
of  such  a  classification  the  necessity 
for  the  establishment  of  an  adequate 
state  highway  organization  to  take 
over  the  duty  of  building  and  main- 
taining the  roads  which  are  peculiar- 
ly the  interest  of  the  state,  and  this 
is  another  of  the  principles,  developed 
through  years  of  experience,  that  is 
recognized  and  given  the  force  of  law 
by  the  federal  aid  measure. 

State  Funds  for  State  Roads. — Now 
it  is  carrying  the  logic  of  the  analysis 
only  one  step  farther  to  set  up  as  a 
third   fundamental  principle   the   idea 


that  the  roads,  which  are  of  impor 
tance  to  the  state  as  a  whole  and 
which  the  state  has  provided  an  or- 
ganization to  administer,  should  be 
built  and  maintained  with  state  funds 
derived  from  the  citizens  of  the  states 
at  large.  This  principle  also  has  been 
adopted  by  the  states  which  have 
recorded  the  greatest  progress  in 
highway  development;  but,  in  some 
states,  it  meets  with  resistance  aris- 
ing out  of  the  conception  of  local  self- 
government  and  the  limitation  of  local 
responsibility  to  the  improvement  of 
local  conditions.  There  is  actually  no 
conflict  with  the  institution  of  local 
self-government.  On  the  contrary,  this 
principle  recognizes  what  I  take  to 
be  an  axiom  of  political  economy: 
That  improvements  which  benefit 
equally  more  than  one  locality  or 
governmental  unit  should  not  be  held 
to  be  the  obligation  of  any  one  local- 
ity. The  counties  and  smaller  units 
have  a  great  responsibility.  There  is 
imposed  upon  them  the  burden  of 
maintaining  the  90  per  cent  of  all 
roads  which  are  solely  of  local  benefit. 
It  is  not  right  to  expect  them  to  build 
the  main  roads  of  the  state  which  lie 
within  their  borders  when,  as  is  often 
the  case,  such  roads  afford  greater 
service  to  communities  outside  of  the 
county  borders  than  to  the  county 
itself.  It  is  not  fair  to  exhaust  the 
credit  of  the  counties  by  expecting 
them  to  pay  for  roads  the  income 
from  which  will  return  only  in  part, 
in  small  part,  perhaps,  to  their 
citizens. 

Let  me  illustrate  my  point  by  re- 
ferring to  a  certain  county  I  know  of, 
a  county — not  in  this  state— which  is 
situated  in  a  valley,  surrounded  by 
mountains.  In  order  to  obtain  an 
outlet  ft  bonded  itself  to  the  very 
limit  and  spent  every  cent  of  the 
money  on  a  main  line  of  highway.  Its 
money  spent  and  its  credit  exhausted, 
this  county  now  finds  itself  with  a 
road  running  through  the  center  of  it, 
but  with  no  connection  on  either  end, 
and  there  is  no  possibility  of  making 
these  connections  unless  the  state 
takes  over  the  responsibility.  The 
road  is  really  a  part  of  the  main  high- 
way in  that  part  of  the  state  and  it 
is  the  state's  duty  to  take  it  over, 
reimburse  the  county  for  the  money 
spent  and  connect  it  with  the  adjoin- 
ing counties.  It  is  not  fair  to  place 
this  burden  on  the  county. 

This  principle  was  not  included  in 
the  original  Federal  Aid  Road  Act, 
but   it   is   now    embodied    in   the   Fed- 
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eral  Highway  Act,  and  hereafter  it 
will  be  required  of  every  state  as  a 
condition  precedent  to  the  granting 
of  aid  by  the  Federal  Government 
that  the  state  shall  provide  state 
funds  under  the  control  of  its  high- 
way department  to  pay  the  state's 
part  of  the  cost  of  constructing  the 
Federal-Aid  roads  and  to  main- 
tain them  perpetually  when  com- 
pleted. 

When,  in  recognition  of  these  estab- 
lished principles,  the  highways  have 
been  classified  according  to  use  and 
a  state  highway  organization,  provid- 
ed with  state  funds,  has  been  created 
to  care  for  the  construction  of  the 
state  roads,  when  the  individual  coun- 
ties have  thus  been  freed  of  the  bur- 
den of  providing  for  the  more  expen- 
sive roads  which  are  the  concern  of 
the  entire  state,  the  next  problem  is 
to  determine  the  rate  at  which  the 
improvement  of  all  systems  is  to  go 
forward,  and  in  this  there  is  involved 
directly  the  problem  of  financing  the 
improvements. 

But  here  let  me  say  that  there  is 
this  principle  that  may  be  set  down 
as  inevitable:  That  until  a  state  has 
completed  the  backbone  of  its  trunk 
line  system  with  suitably  paved  or 
surfaced  highways,  the  rate  of  con- 
struction should  be  independent  of 
the  source  of  the  revenue  or  the 
method  of  payment,  and  should  be 
limited  only  by  the  physical  handi- 
caps imported  by  the  available  supply 
of  labor  and  materials.  Only  by  ac- 
cepting this  principle  can  the  ulti- 
mate cost  of  the  highways  and  their 
service  be  reduced.  For,  in  a  state 
like  Virginia,  the  use  of  the  princi- 
pal highway  is  so  extensive  that  the 
people  pay  for  adequate  highways 
whether  they  have  them  or  not,  and 
they  pay  less  if  they  have  them  than 
if  they  have  not.  This  statement  can 
be  very  readily  proved  by  considering 
the  difference  in  the  one  item  of  fuel 
for  motor  vehicles  on  unimproved  and 
improved   highways. 

Vehicle  Fuel  Costs  on  Unimproved 
and  Improved  Roads. — Here  is  an  ex- 
ample taken  from  an  industrial  sec 
tion:  The  recent  traffic  counts  made 
by  the  Bureau  of  Public  Roads  in  Con- 
necticut and  Massachusetts,  taken  in 
October,  which  is  an  average  traffic 
month,  show  an  average  traffic  pass 
ing  each  of  four  stations  of  1,140  tons 
of  commodities  per  day  of  nine  hours. 
Adding  one-third,  as  a  very  conserva- 
tive estimate  for  the  full  day,  we  have 
1,520     gross     tons     daily     commodity 


movement,  which  includes  the  weight 
of  the  commodity  and  the  carrying 
vehicle.  Now,  from  figures  based  on 
experiments  conducted  by  the  Iowa 
Experiment  Station,  assuming  gaso- 
line to  cost  24  ct.  per  gallon,  the  cost 
of  fuel  alone  for  moving  this  tonnage 
over  an  ordinary  dirt  road  would  be 
$26.44  per  mile  per  day,  assuming  the 
impossible,  that  such  traffic  could  be 
carried  over  a  dirt  road.  The  cost 
of  fuel  for  moving  the  same  tonnage 
over  a  paved  road  would  be  $11.70,  a 
difference  of  $14.74  per  day.  On  the 
basis  of  300  days  per  year  the  actual 
saving  in  fuel  alone  for  moving  this 
tonnage  would  be  $4,022.  Suppose  the 
paved  highway  costs  $40,000  per  mile. 
The  average  interest  at  5  per  cent 
would  then  be  $1,000  per  year,  which, 
deducted  from  the  saving  on  fuel, 
would  leave  a  balance  which  would 
retire  the  cost  of  the  road  in  a  little 
over   11   years. 

Here  are  the  astonishing  figures  of 
the  cost  of  an  improved  highway,  con- 
structed at  prices  which  are  above 
what  we  believe  will  be  the  general 
average  of  such  costs,  and  the  sav- 
ing in  fuel  consumption  alone  on  the 
commodity  traffic  is  sufficient  to  pay 
the  cost  of  the  construction,  and  the 
tremendous  passenger  traffic  is  car- 
ried, on  this  basis,  free  of  cost. 

With  such  facts  as  these  before  us, 
I  think  it  must  be  agreed  that  until 
the  truck  line  systems  are  completed 
there  can  be  no  debate  as  to  the  wis- 
dom of  providing  money  for  their  con- 
struction. The  question  is:  Are  we 
going  to  pay  for  highways  and  get 
them  or  will  we  pay  for  them  and  not 
have  them?  There  can  be  only  one 
answer  to  that  question. 

Type  of  Improvement  Dependent  on 
Traffic. — But  I  do  not  mean  to  say 
that  all  highways,  even  of  the  trunk 
line  system,  should  be  paved.  The 
type  of  improvement  required  is  clear- 
ly dependent  upon  the  traffic,  and  if 
the  traffic  be  known  the  kind  of  sur- 
facing or  pavement  to  be  applied  or 
whether  to  apply  any  surfacing  at  all 
will  be  a  relatively  simple  matter  to 
decide.  It  is  merely  a  matter  of  bal- 
ancing the  aggregate  saving  in  cost 
of  operation,  which  is  a  product  of 
the  number  of  vehicles  and  the  re- 
duction in  operating  cost  made  possi- 
ble by  the  various  types  of  surface, 
against  the  costs  of  the  several  types 
of  improvement.  For  any  particular 
traffic  density  the  economic  type  is 
that  which  can  be  paid  for  with  the 
savings    in    operating      cost   accruing 


(265) 


980 


Roads  and  Struts  Monthly  Issue  of 


May, 


from  the  improvement.  No  road 
should  be  improved  to  an  extent  in 
excess  of  its  earning  capacity;  but  all 
roads  should  be  developed  to  the 
highest  degree  consistent  with  the 
return  in  the  form  of  traffic  econ- 
omies. Fortunately,  we  are  not  limit 
ed  to  any  type  of  improvement.  Our 
problem  is  to  provide  economical 
transportation,  and  in  doing  so  we 
must  resort  to  every  material  and 
every  practice,  that  can  be  utilized  to 
obtain  the  end  desired. 

Nor  do  I  mean  to  imply  that  every 
highway  should  be  brought  at  once 
to  its  final  state  of  improvement.  We 
must  keep  always  in  mind  that  the 
amount  of  construction  possible  in 
any  state  is  necessarily  restricted  by 
the  physical  limits  of  labor  and  ma- 
terial available.  But  in  a  state  as 
large  as  Virginia  there  are  miles  upon 
miles  of  road  to  be  improved,  and 
every  mile  in  an  unimproved  condi- 
tion entails  a-  reducible  expense  to 
the  traffic  that  uses  it.  The  ideal  so 
lution  would  be  to  improve  all  such 
roads  at  once,  raising  each  to  the 
state  of  improvement  justified  by  its 
traffic,  but  this  it  is  physically  impos- 
sible to  do. 

Stage  Improvement  Plan  Best. — 
What,  then,  is  the  better  course  to 
pursue:  To  confine  all  attention  to 
a  few  roads  each  year,  leaving  all 
others  in  a  totally  unimproved  condi- 
tion, or  to  extend  the  mileage  treated 
and  develop  a  whole  system  progres- 
sively by  stages?  We  have  learned 
by  experience  that  the  stage-improve- 
ment plan  is  the  better.  It  is  the 
only  plan  that  has  been  successful  in 
such  a  large  state  as  Virginia,  and  we 
have  recognized  the  wisdom  of  it  by 
advancing  Federal  Aid  funds  for  Im- 
provements of  this  character.  There 
will  be  certain  roads,  of  course,  so 
important  from  the  standpoint  of 
traffic  that  they  must  be  singled  out 
for  complete  improvement  at  once, 
but  generally  speaking,  the  greater 
return  will  follow  the  simultaneous 
upbuilding  of  an  entire  system.  In 
one  state,  with  which  I  am  very  fa- 
miliar, the  application  of  this  method 
has  made  it  possible  to  improve  1,500 
miles  of  secondary  roads,  surfaced 
with  material  available  locally,  which 
will  last  for  a  period  of  from  5  to  10 
years  and  which  will  greatly  facilitate 
traffic  during  this  period  on  the  en- 
tire mileage  improved.  If  the  same 
resources  had  been  applied  to  the 
construction  of  paved  roads  they 
would  have   produced   only  some  150 


to  200  miles  of  pavement  and  the  bal- 
ance of  the  mileage  would  remain 
•  entirely  unimproved. 

I  think  there  is  no  question  that 
the  improvement  of  the  trunk  line 
system  should  be  carried  into  effect 
as  rapidly  as  physical  limitations  wiil 
permit,  and  I  have  said  that  this 
should  be  done  regardless  of  the 
methods  of  financing  adopted;  but  I 
do  not  mean  to  imply  that  I  regard 
the  methods  of  financing  as  unimpor- 
tant. 

Principles  of  Financing. — Let  us 
consider  briefly  the  principles  of  fi- 
nancing. In  the  first  place,  it  seems 
to  me  that  there  are  only  three 
sources  of  revenue,  and  whatever 
money  is  needed  must  come  from  one 
■  or  more  of  them.  One  is  the  road 
user,  from  whom  revenue  may  be  de- 
rived in  the  form  of  automobile  li- 
cense fees  or  a  gasoline  tax;  the  sec- 
ond is  property — real  or  personal — on 
which  a  direct  tax  may  be  collected; 
and  the  third  is  income.  Then  there 
are  just  two  methods  of  expending 
the  money  derived  from  these 
sources,  either  by  the  pay-as-you-go 
plan  or  the  deferred  payment  plan, 
which  means  a  bond  issue.  Now,  it 
seems  to  me  that  it  is  entirely  pos- 
sible, by  following  certain  well 
known  principles  to  finance  a  pro- 
gressive program  of  highway  im- 
provement in  this  or  any  other  state 
which  will  be  acceptable  to  all  par- 
ities. 

The  first  of  these  principles  which 
T  would  lay  before  you  is  this: 

That  the  total  cash  expenditures, 
in  each  state,  for  highway  purposes 
shall  be  considered  as  the  annual 
highway  budget. 

You  are  building  state  roads  and 
'county  roads  and  local  roads,  and  the 
money  to  pay  for  all  of  them  is  de- 
rived finally  from  the  same  people. 
This  being  the  case,  unless  you  con- 
sider the  financial  needs  of  all 
classes  of  roads  in  preparing  your 
highway  budget,  you  are  very  apt  to 
pile  up  an  expense  which  it  will  be 
impossible  to  meet  without  excessive 
taxation.  In  this  connection  there  i3 
a  lesson  to  be  drawn  from  your  own 
experience.  In  planning  the  financ- 
ing of  your  state  system  you  are 
meeting  with  opposition  to  the  issu- 
ance of  bonds,  but  the  fact  is  appar 
ently  entirely  overlooked  that  you 
are  issuing  bonds,  and  issuing  them 
in  considerable  amounts.  Since  1911 
the  state  has  issued  $14,000,000  in 
bonds  through  the  counties  and  prac- 
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tically  all  of  these  bonds  are  out- 
standing. Moreover,  practically  all 
(of  them  are  of  the  sinking-fund  type, 
the  most  expensive  type,  and  prac- 
tically all  of  them  have  been  issued 
to  help  build  a  state  system  for 
which  the  state  ought  to  take  the 
sole  responsibility  with  the  help  it 
gets  from  the  Federal  Government. 

If  this  policy  is  continued  some  of 
these  counties  that  are  issuing  bonds 
will  find  themselves  in  the  position 
of  that  county  to  which  I  have  re- 
ferred. With  their  credit  exhausted 
and  their  people  already  taxed  to 
the  limit  to  build  state  roads  they 
will  be  unable  to  perform  their  prop- 
er functions  with  regard  to  the  coun 
ty  roads.  The  only  way  to  prevent 
such  a  situation  from  developing  is 
to  provide  the  means  with  which  the 
state  may  take  over  the  responsibil- 
ity which  properly  belongs  to  it.  And 
the  business-like  way  to  proceed  is  to 
recognize  at  the  outset  this  first  prin- 
ciple of  successful  financing  which  I 
have  enunciated,  set  np  a  compre- 
hensive budget  which  will  cover  the 
work  for  the  year  on  all  classes  of 
roads  and  which  will  be  adjusted  to 
the  people's  ability  to  pay. 

All  Expenditures  Should  Be  Corre- 
lated.— For  the  purpose  of  securing 
efficiency  all  expenditures  on  all  sys- 
tems should  be  correlated  under  en 
gineering  and  economic  supervision; 
and  the  order,  character  and  extent 
of  the  improvements  made  upon  the 
several  systems  should  depend  upon 
the  relative  future  traffic  require- 
ments. The  attPihrment  of  these  ob- 
jects implies  the.  creation  of  a  budge- 
tary authority  to  supervise  all  high- 
way expenditures  in  the  state,  and 
such  an  authority  should,  in  my  opin 
ion,  be  created. 

There  is.  this  fact  also. that  we  must 
constantly  hear  in  mind :  That  the  ex- 
penditure for  highways  is  only  a  por- 
tion o2  the  necessary  public  expendi- 
ture,, We  cannot  take  all  the  income 
from  public  revenue  and  devote  it  to 
highways.  There  are  educational  insti- 
tutions to  be  maintained  and  there 
are  other  public  functions  that  re- 
quire money  for  their  proper  per 
formance;  and  it  may  therefore  be 
taken  as  another  fundamental  princi- 
ple that  the  annual  highway  budget 
should  be  adjusted  to  the  relative 
needs  for  other  public  purposes.  The 
revenues  derived  from  various 
sources  must  be  sufficient  to  cover  all 
these  needs,  and  the  portion  allotted 


to  highway  improvement  must  not  be 
out  of  proportion  to  the  relative  need 
for  highways.  But  in  this  connec- 
tion it  should  be  added  that  all  reve- 
nue secured  from  motor  vehicles  or 
road  users  should  be  set  aside  for 
highway    purposes. 

Now,  if  the  highway  program, 
planned  and  administered  as  I  have 
described,  entails  an  expenditure 
greater  than  can  be  met  with  current 
funds  without  diverting  money  from 
other  necessary  purposes,  the  only 
recourse  is  to  issue  bonds,  for  I  will 
remind  you  again  that  to  fail  to 
prosecute  the  work  of  highway  im- 
provement as  rapidly  as  physical  lim- 
itations will  permit  is  merely  to 
shoulder  the  inescapable  expense  in 
the  form  of  greater  operating  costs 
for  vehicles,  a  form  in  which  it  will 
be  greater  than  if  it  is  assumed  as 
a   road  construction   cost. 

Exactly  what  part  of  the  cost  of 
the  program  can  properly  be  de- 
ferred is  perhaps  a  debatable  ques- 
tion. That  is  to  say,  there  is  a  de 
batable  middle  ground  where  it  is  dif- 
ficult to  define  the  policy  that  may 
be  pursued  with  propriety.  There  is 
no  question  that  certain  parts  of  the 
construction  cost  may  be  deferred 
without  reasonable  objection;  for  ex 
ample,  the  costs  of  the  grade  and 
drainage  structures  which  are  prac- 
tically permanent  improvements.  On 
the  other  hand,  there  is  no  question 
that  maintenance  charges  as  they  are 
ordinarily  defined,  should  not  be  met 
with  borrowed  money.  But  in  be- 
tween these  two  fixed  points  of  policy 
there  is  doubtful  ground  wherein  it 
is  difficult  to  judge  offhand  as  to  the 
soundness  of  deferring  payment.  The 
principal  doubt  arises  over  the  financ- 
ing of  the  cost  of  the  pavement;  and 
it  seems  to  me  that  the  solution  of 
this  doubt  rests  entirely  with  the 
character  of  the  maintenance.  It  is 
probably  the  merest  platitude  to  say 
that  unless  the  roads  are  maintained 
year  by  year — it  matters  not  how 
well  they  are  built — the  investment 
in  them  will  gradually  be  dissipated 
and  the  roads  themselves  will  never 
give  the  service  that  they  should  be 
expected  to  give.  Perfect  mainte- 
nance on  the  other  hand,  abso- 
lutely guarantees  the  integrity  of  the 
original  investment,  assures  continu- 
ous service  and  converts  what  would 
otherwise  be  a  liability  into  an  asset 

The  Experiences  of  New  York 
State. — The   state   of   New   York  has 
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been  severely  criticised  by  a  great 
many  people  because  it  issued  sev- 
eral years  ago  $100,000,000  in  bonds. 
Yet,  I  say  to  you  that  the  highways 
purchased  with  that  borrowed  money 
are  now  worth  probably  twice  $100,- 
000,000  in  actual  replacement  value. 
I  think  that  is  a  very  conservative 
statement;  and,  in  addition  the  peo- 
ple of  the  state  have  had  the  serv- 
ice of  the  roads  all  these  years.  A 
lot  of  these  roads  are  now  being  re- 
built, and  it  is  true  that  the  bonds 
issued  have  not  been  retired,  but  that 
does  not  mean  that  the  people  of  the 
state  will  continue  from  now  on  to 
pay  for  an  improvement  that  no  long- 
er exists  as  has  been  erroneously 
stated.  The  grades  remain  intact, 
and  much  even  of  the  surfacing  ma- 
terial remains  to  form  the  basis  of 
the  renewed  surface.  For  example, 
on  their  macadam  roads,  originally 
surfaced  12  to  14  ft.  in  width,  they 
are  reshaping  the  surfacing  material, 
drawing  it  toward  the  center  to  form 
a  strip  from  6  to  8  ft.  wide  and  add- 
ing an  8-ft.  strip  of  concrete  on  each 
side  to  form  a  pavement  22  to  24  ft. 
wide  and  the  cost  of  the  finished  con- 
struction has  been  just  about  the  av- 
erage cost  of  an  18-ft.  concrete  road. 
So  I  repeat  that  Whether  you  are  to 
proceed  on  a  pay-as-you-go  policy  or 
with  funds  derived  from  a  bond  issue 
is  absolutely  dependent  upon  the  de- 
gree of  protection  you  give  the  in- 
vestment   by    maintenance. 

Thus  far  I  have  not  referred  to  the 
distribution  of  the  financial  burden, 
more  than  to  suggest  the  sources 
from  which  funds  may  be  derived. 
I  have  preferred  to  deal  with  the 
problem  in  three  distinct  parts  to 
avoid  the  confusion  which  arises 
when  one  under  takes  to  discuss 
methods  of  payment  and  sources  of 
revenue  at  the  same  time.  I  have 
shown:  First,  that  the  trunk  line  sys- 
tem, at  least,  should  be  completed 
as  rapidly  as  possible,  regardless  of 
the  method  of  payment  adopted  or 
the  sources  from  which  the  funds  are 
obtained  and  that  it  should  be  lim- 
ited only  by  the  physical  factors  of 
labor  and  materials  available;  sec- 
ond, that  the  method  of  deferred  pay- 
ment is  the  logical  resort  when  the 
funds  necessary  to  carry  on  the 
requisite  program  are  greater  than 
may  be  obtained  without  undue  bur- 
den from  current  tax  collections.  Now 
I  am  going  to  add  that  these  points 
of  policy  will  remain  unchanged  re- 
gardless   of    the    distribution    of    the 


cost.  Whether  funds  are  obtained  by 
taxation  of  property  or  road  users 
should  not  affect  the  rate  of  improve- 
ment (at  least  for  trunk  line  roads) 
and  it  has  nothing  to  do  with  the 
method  of  payment  adopted.  I  should 
like  to  emphasize  that  because  you 
are  being  urged  to  adopt  a  gasolina 
tax  in  lieu  of  a  bond  issue,  and  I 
want  you  to  understand  that  they  are 
not  alternatives.  The  one  is  a  method 
of  raising  money;  the  other  is  a 
method  of  payment.  And  as  I  have 
already  shown,  your  decision  as  to 
whether  you  will  pay-as-you-go  or  de- 
fer the  payment  is  dependent  only 
upon  the  relation  of  the  necessary 
rate  of  expenditure  to  the  rate  at 
which  it  is  expedient  to  attempt  to 
raise  the  money  by  taxation,  regard- 
less of  the  kind  of  taxation. 

Benefits  Derived  from  Improved 
Highways. — Now,  viewing  the  prob- 
lem of  raising  money  as  a  separate 
matter,  there  is  one  very  definite 
principle  that  will  aid  you  in  deter- 
mining upon  a  wise  policy.  Concise- 
ly stated,  it  is  this:  That  the  cost  of 
building  and  maintaining  an  adequate 
system  of  highways  should  be  distrib- 
uted in  equitable  relation  to  the  bene- 
fits derived. 

I  wish  to  develop  this  point  very 
clearly  and  enumerate  the  various 
benefits  derived  because  there  is  a 
tendency  to  saddle  too  much  of  the 
original  cost  of  construction  upon 
road  users. 

First  and  most  important  are  the 
general  benefits  to  "society,  such  as 
the  influences  on  education,  recrea- 
tion, health,  the  national  defense,  the 
postal  service,  living  and  distribution 
costs.  In  these,  our  general  benefits, 
every  man  shares  whether  he  rides  in 
an  automobile  or  not.  Every  one  re- 
members the  absolutely  indispensa- 
ble part  played  by  the  highways  dur- 
ing the  war.  It.  is  self-evident  that 
the  efficiency  of  the  rural  free  deliv- 
ery postal  service  is  dependent  ab- 
solutely upon  the  condition  of  the 
roads.  No  one  is  so  out  of  touch 
with  developments  in  modern  educa- 
tional methods  as  not  to  know  that 
the  progress  of  rural  education  de- 
pends upon  the  displacement  of  the 
one-room  school  house  by  the  cen- 
tralized graded  school  and  that  this 
development  in  turn  is  dependent 
upon  the  improvement  of  the  roads. 
The  advantage  of  improved  roads  in 
making  possible  prompt  medical  at- 
tention in  case  of  sickness  is  too  well 
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understood  to  be  argued  over.  And 
so  with  the  benefits  that  are  derived 
by  the  farmer  through  increased  par- 
ticipation in  the  facilities  for  recrea- 
tion afforded  by  the  town  and  the 
city  and  the  general  influence  of  the 
roads  upon  living  and  distribution 
costs.  It  is  only  necessary  to  men- 
tion these  benefits  for  every  one  to 
realize  how  great  an  influence  they 
have  upon  the  lives  of  all  of  us. 

A  second  important  group  is  made 
up  of  the  special  benefits,  such  as 
those  to  agriculture,  manufacturers, 
labor,  railroads,  waterways,  mining 
and  forestry.  Without  roads  there 
could  be  no  agricultural  development 
at  all.  Without  roads  there  would  be 
practically  no  freight  for  railroads 
and  ships  to  transport.  The  need  for 
roads  to  develop  and  protect  our  for- 
ests is  so  well  understood  that,  as  a 
nation,  we  are  expending  large  sums 
of  money  for  that  special  purpose. 
The  advantage  to  manufacturers  is 
two-fold — the  roads  facilitate  the  ac- 
quisition of  raw  material  and  aid  in 
the  distribution  of  the  manufactured 
product.  It  is  not  necessary  to  go  fur 
ther  in  the  development  of  the  argu- 
ment. It  needs  but  a  little  reflection 
to  convince  one  that  every  branch 
of  industry  is  benefited  directly  be- 
cause roads  are  built  and  maintained 
and  it  follows  that  the  economic  im- 
provement of  the  roads  must  in- 
crease  these    benefits. 

The  benefit  to  property  is  well  un- 
derstood, and  the  benefit  to  the  road 
user  is  direct  and  obvious. 

Now  I  say  this:  That  all  these 
benefits  must  be  taken  into  consid- 
eration in  making  the  assessment  for 
the  construction  and  maintenance  of 
the  roads.  It  is  not  fair  to  lay  upon 
any  one  class  a  part  of  the  cost  dis- 
proportionate to  the  benefits  it  re- 
ceives. And  I  will  go  further  and 
say  that  when  you  are  voting  for 
highway  bonds,  it  is  not  wise  to  ob- 
ligate all  the  money  that  can  be  de- 
rived by  taxation  of  the  road  user 
to  pay  the  interest  charges  and  re- 
tire the  bonds.  You  will  need  money 
to  maintain  the  roads  when  they  are 
built;  and  it  is  especially  appropriate 
to  devote  the  money  raised  by  taxa- 
tion of  the  road  user  to  this  purpose, 
for  two  reasons:  First,  because  it 
will  be  raised  in  direct  proportion  to 
the  use  of  the  roads  and  therefore  in 
proportion,  to  the  need  for  mainte- 
nance;  and  second,  because,  once  the 


rate  is  fixed,  the  return  will  be  au- 
tomatic, thereby  assuring  a  continu- 
ing source  of  revenue  for  mainte- 
nance, which  to  be  efficient,  must  be 
continuous. 

I  do  not  mean  to  say  that  no  part 
of  the  revenue  raisecT  by  taxation  of 
the  road  user  should  be  devoted  to 
construction,  but  merely  that  from 
it  there  should  first  be  set  aside  an 
amount  sufficient  to  pay  for  mainte- 
nance and  that  the  total  revenue  de- 
rived from  this  source  should  not  be 
out  of  proportion  to  the  benefits  de- 
rived from  the  direct  use  of  the 
roads.  If  a  balance  of  such  funds, 
fairly  raised,  remains  after  the  main- 
tenance requirements  have  been  pro- 
vided for,  there  can  be  no  objection 
to  applying  it  to  construction. 

General  Principles  Regarding  High- 
way Budget. — The  wide  variation  in 
the  present  status  of  highway  devel- 
opment in  the  several  states  prevents 
the  adoption  of  a  uniform  policy  for 
securing  the  funds  necessary  to  the 
annual  highway  budget  and  expend- 
ing these  funds.  Generally  speaking, 
however,  these  principles  may  bi 
enunciated. 

(a)  State  in  the  initial  stage  of 
highway  development  should  issue 
bonds  to  defer  that  portion  of  the  an- 
nual charge  for  construction  which 
would  overburden  either  property  or 
the  road  user. 

(b)  States  where  original  construc- 
tion programs  are  well  under  way, 
can,  in  the  main,  finance  further  ex- 
penditures for  construction  by  bond 
issues  devoted  to  deferring  the  cost 
of  special  projects. 

(c)  States  where  original  construc- 
tion is  practically  completed  are  con- 
cerned chiefly  with  maintenance  and 
reconstruction  and  should  depend  on 
current  funds,  save  in  cases  of 
emergency. 

(d)  The  maintenance  of  interstate 
and  state  roads  should  be  a  charge 
against   the   road   user. 

(e)  Roads  serving  a  purely  local 
purpose  will  generally  require  only 
light  upkeep  and  this  should  properly 
be  a  charge  against  the  adjacent 
property,  which  in  this  case  is  the 
first  and  often  the  only  beneficiary. 

(f)  No  road  should  ever  be  im- 
proved to  an  extent  in  excess  of  its 
earning  capacity.  The  return  to  the 
public  in  the  form  of  economic  trans- 
portation is  the  sole  measure  of  the 
worth    of    such    improvements. 
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Effect  of  Imperfect  Ends  on 

Compressive  Strength  of 

Concrete  Test  Cylinders 

The  importance  of  properly  finish- 
ing the  ends  of  concrete  cylinders 
taken  in  the  field  for  test  purposes  is 
quite  clearly  brought  out  by  Mr.  D. 
V.  Terrell,  Testing  Engineer  of  the 
Kentucky  Department  of  State  Roads 
and  Highways,  in  an  article  in  the 
March  Kentucky  Road  Builder,  from 
which  we  quote  as  follows: 

The  irregularities  in  results  of  com 
pressive  tests  made  on  concrete  cyl- 
inders sent  from  the  field  to  the  test- 
ing laboratory  have  brought  about  an 
investigation  of  the  effect  of  imper- 
fect ends  of  the  cylinder  on  the  com- 
pressive strength. 

Five  groups  of  three  cylinders  each 
were  made  and  all  were  broken  at  the 
age  of  28  days.  The  aggregate  used 
was  Ohio  River  sand  and  gravel.  The 
cement  for  all  the  cylinders  came 
from  the  same  bag.  Great  care  was 
taken  to  have  the  water  content  as 
nearly  the  same  as  possible  in  all 
cylinders.  A  mixture  of  1:2:4  was 
used.  A  screen  analysis  of  gravel 
showed  that  40  per  cent  passed  the 
2-in.  opening  and  was  retained  on  1- 
in.  opening,  and  that  60  per  cent 
passed  the  1-in.  opening  and  was  re- 
tained on  a  ^-in.  opening.  The  only- 
difference  in  moulding  the  cylinder 
was  that  of  finishing  the  ends. 

The  first  group  was  capped  with 
neat  cement,  cut  off  with  a  straight 
edge  and  made  as  nearly  perfect  as 
possible.  Results  in  pounds  per 
square   inch   are   as   follows: 

Lb. 

la     3,100 

lb    2,900 

lc 3,200 

Mean    3,080 

The  second  group  was  finished  with 
a  trowel,  which  left  the  tops  uneven 
with  slight  waves  in  them.  The  trace 
will  show  unevenness  of  the  ends, 
variation  1/16  to  %   in. 

Results  in  pounds  per  square  inch 
are  as  follows: 

Lb. 

2a 1,500 

2b    1,950 

2c     . ...  2,010 

Mean . .  1,826 

No.  2a  shows  the  least  compressive 
strength.      If   the    trace    for   this    cyl- 


inder is  examined  it  shows  that  thin 
was  the  most  uneven  cylinder.  The 
traces  of  2b  and  2c  are  so  much  alike 
that  it  is  difficult  to  distinguish  any 
difference   between   them. 

In  group  3  the  tops  were  rough: 
but  when  they  were  to  be  broken, 
sheet  lead  was  placed  over  the  tops, 
the  idea  being  that  when  enough 
pressure  was  applied,  the  lead  being 
soft,  it  would  take  up  unconformities 
in    the  cylinder. 

Results  in  pounds  per  square  inch 
are  as  follows: 

Lb. 

*3a     1.550 

3b 1,440 

3c     1,660 

Mean     1,550 

The  fact  that  these  cylinders  broke 
under  so  small  a  force  is  explained 
by  failure  of  the  lead  to  take  up  all 
the  unconformities  in  the  cylinder 
head.  Consequently,  the  entire  area 
was   not  under  compression. 

In  group  4  everything  was  done  the 
same  as  in  group  3,  but  instead  of 
using  the  sheet  lead,  we  used  beaver 
board. 

Results  in  pounds  per  square  inch 
are   as    follows: 

Lb. 

4a     1,600 

4b 1,760 

4c     1,'690 

Mean    1,683 

This  increase  in  strength  over  No. 
3  was  probably  due  to  the  fact  that 
the  beaver  board  is  softer  than  the 
lead  and  takes  up  the  unevenness  bet- 
ter. 

In  group  5  the  ends  were  left  rough 
until  time  for  breaking  when  they 
were  capped  with  plaster  of  Paris. 
The  plaster  of  Paris  was  applied,  the 
cylinder  was  placed  under  a  pressure 
of  2,000  lb.  and  left  until  the  cap  was 
thoroughly  set  up,  then  it  was 
broken. 

Results  in  pounds  per  square  inch 
are  as  follows: 

Lb. 

5a     2,260 

5c     2,310 

5d     2,220 

Mean    2.290 

Results  from  these  first  tests  indi- 
cate very  clearly  that  laboratory  re- 
ports of  compressive  tests  on  cylin- 
ders from  the  field  may  fail  to  be  a 
real  expression  of  the  quality  of  con- 
crete. In  short  the  report  may  mean 
negligence  on  the  part  of  the  road 
department  employes,  rather  than  on 
the   part   of   contractors. 
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Method  of   Making   Service 
Cuts  in  Brick  Pavements 

After  the  street  is  paved,  and  in 
spite  of  all  precautions  that  may  have 
been  taken,  it  will  sooner  or  later 
be  necessary  to  make  an  opening  to 
repair  or  renew  some  subsurface 
structure,  and  it  is  then  that  the 
pavement    is    damaged    through    lack 
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Cutting   Out    Brick  with   Pneumatic  Tool. 

of  proper  care  in  back-filling  and  re- 
paving.  Some  useful  suggestions  on 
making  service  cuts  in  brick  pave- 
ments are  given  in  the  April  issue  of 
Paving  Brick  News,  a  publication  of 
the  Eastern  Paving  Brick  Manufac- 
turers Association,  from  which  the 
notes   following   are   taken. 

Few  city  officials  seem  to  realize 
that  the  clause  in  their  ordinance 
stating,  "The  work  must  be  done  to 
the  satisfaction  of  or  under  the  di- 
rection of  some  municipal  authority," 
is  the  keynote  clause  that  they  can 
use  to  insure  proper  construction. 
The  City  Engineer  can  prepare  speci- 
fications outlining  just  how  such  re- 
pairs are  to  be  made  and  it  is  com- 
pulsory that  the  work  be  done  as 
specified  regardless  of  the  cost  or  the 
equipment  required. 

It  has  been  found  by  experience 
that  the  plumber  or  public  utility  cor- 
poration is  glad  to  be  relieved  of  this 
repair  work,  particularly  if  the  speci- 
fications are  so  drawn  that  it  is  nec- 
essary for  them  to  keep  on  hand  cer- 
tain equipment  and  materials  not 
normally  used  in  their  regular  work. 
They  will  gladly  turn  this  work  over 
to  the  city  street  department  and  pav 
them  for  making  such  repairs,  pro- 
vided the  city  then  relieves  them  of 
any  further  responsibility  for  this  re- 
pair and  returns  their  bond. 

This  plan  has  been  carried  out  with 
great  success  in  many  cities,  and  the 


results  are  so  obviously  shown  in 
the  condition  of  the  streets  as  to 
speak  for  themselves. 

So  far  as  the  specifications  them- 
selves are  concerned,  they  need  not 
be  complicated.  No  skilled  labor  is 
required  nor  is  it  necessary  for  the 
city  to  have  on  hand  an  expensive  or 
elaborate  repair  plant. 

The  bricks  should  be  cut  out  so 
that  when  they  are  replaced  they  may 
be  "toothed  in."  This  may  be  done 
very  successfully  by  the  use  of  pneu- 
matic tools. 

Regardless  of  whether  the  pave- 
ment has  a  rigid  concrete  base  or  a 
flexible  base  of  stone,  slag  or  gravel, 
the  trench  or  excavation  must  be 
back-filled  to  within  6  in.  of  the  base 
course  and  must  be  thoroughly 
tamped  in  layers  of  proper  depth,  by 
flooding  with  water,  or  by  rolling  or 
any  combination  of  these  methods 
as  specified  by  the  city  engineer. 

After  the  trench  has  been  back- 
filled, the  existing  base  course  shall 
be  removed  for  a  distance  of  6  in.  on 
each  side  of  the  trench,  and  the  brick 
wearing  surface  removed  at  least  6 
in.  beyond  the  edge  of  the  base 
course  thus  exposed.  If  the  original 
base  is  concrete,  sufficient  concrete 
of  the  same  mix  as  was  used  in  the 
original  base,  shall  then  be  poured, 
making  a  key  6  in.  deep  into  the 
trench  and  forming  a  shelf  at  least 
6  in.  wide  on  each  side  of  the  trench. 
If  broken  stone,  slag  or  gravel  is 
used  in  the  original  base,  a  sufficient 
amount  of  clean  material  of  the  same 
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Brick  Surface   Removed  for  Service  Cut. 


quality  and  grade  as  the  original 
shall  be  placed  as  for  concrete  and 
shall  be  thoroughly  tamped. 

Having  thus  brought  the  base 
course  to  the  level  of  the  original 
base,  a  bed  of  the  same  material 
shall  be  added  of  such  depth  that  it 
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will  be  the  same  thickness  as  the 
original  bedding  course.  The  brick 
wearing  surface  shall  then  be  laid, 
using  the  old  brick  if  possible,  after 
cleaning  them  to  insure  the  adhe- 
rence of  the  filler. 

The  surface  shall  then  be  tamped 
or  rolled  with  a  light  hand  roller  and 
brought  to  proper  contour,  even  with 
and  no  higher  than  the  surface  of  the 
original  pavement.  Any  depressions 
existing  in  the  surface  after  rolling 
shall  be  corrected  by  removing  the 
brick  surface  and  adding  additional 
bedding  material. 

The  filler  of  the  same  type  and 
grade  as  the  original  shall  then  be 
applied. 

With  either  a  concrete  base  or  a 
cement  grout  filler,  the  pavement 
shall  be  protected  from  traffic  for  at 
least  seven  days  as  directed  by  the 
city  engineer.  With  a  broken  stone, 
slag  or  gravel  base,  and  a  bituminous 
or  sand  filler,  the  pavement  may  be 
opened  to  traffic  as  soon  as  inspect- 
ed and  approved  by  the  city  engineer. 


Haulage  of  Lean  Mixture  of 
Concrete 

Some  useful  suggestions  on  the 
above  subject  are  given  by  C.  C. 
Wiley,  assistant  professor  of  highway 
engineering,  University  of  Illinois,  in 
Municipal  and  County  Engineering 
from  which  we  quote  the  following: 

During  the  past  summer  in  the  city 
of  Champaign,  111.,  it  was  desired  to 
lay  a  6-in.  concrete  foundation  for  a 
brick  pavement.  The  contractor  had 
been  laying  concrete  pavements  from 
a  central  mixing  plant  and  desired  to 
use  this  method  on  this  concrete  base. 

The  specifications  called  for  a  1:3:5 
mixture.  The  aggregates  were  sand 
and  gravel,  both  of  which  were  fairly 
well  graded,  but  the  sand  especially 
tended  towards  coarseness.  The  re- 
sulting concrete,  therefore,  was  some- 
what harsh  and  difficult  to  finish. 

The  concrete  was  hauled  in  I>ee 
bodies  mounted  on  Ford  trucks.  The 
distance  was  2.6  miles,  all  on  fair  to 
good  brick  pavement.  Every  batch 
received  was  mixed  at  least  one  min- 
ute and  many  of  them  twice  as  much. 

At  the  start  of  the  work  it  was 
found  very  difficult  to  spread  the  con- 
crete and  secure  a  surface  that  could 
be  finished:  in  fact,  some  20  ft.  of  thft 
concrete  had  to  have  added  to  it  a 
thin  grout  coat  to  fill  up  the  spaces 
between  the  coarse  aggregates  and 
make  the  surface  smooth  and  solid. 

It  was  found  that  a  wet  consistency 
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would  come  on  the  job  with  2  or  3  in. 
of  water  on  top  of  the  load  and  the 
bottom  of  it  very  dense  and  solid, 
necessitating  the  use  of  a  pick  to  get 
it  out.  On  the  other  hand,  dry  mix- 
tures would  be  more  or  less  solid  all 
the  way  down  and  were  too  harsh  to 
move  into  place  and  finish.  After  a 
number  of  trials  the  following  meth 
od  was  developed: 

1.  The  consistency  such  that  about 
1  in.  of  water  stood  on  top  of  the  con- 
crete when  it  reached  the  job. 

2.  The  truck  was  backed  close  to 
the  concrete  in  place  so  that  the  new 
load  was  discharged  on  top  of  that 
already  delivered.  This  pile  was  then 
pulled  forward  into  place. 

3.  In  dumping  the  truck,  care  was 
taken  that  the  body  should,  on  the 
first  attempt,  swing  to  its  full  unload- 
ing position  in  order  to  give  some 
inertia  to  the  contents,  which  almost 
invariably  threw  the  entire  load  out 
of  the  body. 

By  following  this  scheme  carefully 
it  was  found  entirely  possible  to  get 
reasonably  good  results.  If  a  batch 
came  a  little  too  wet,  the  slush  be- 
came reunited  as  the  mass  of  concrete 
was  pulled  forward  into  place  and  so 
caused  little  difficulty.  If  a  .  batch 
came  too  dry,  the  end  of  a  hose  was 
inserted  in  the  pile  and  a  very  gentle 
stream  of  water  admitted.  This 
seemed  to  percolate  through  the  pile 
and  reduce  its  consistency  without 
washing  out  the  fine  material. 

The  surface  of  the  concrete  was 
struck  off  with  a  strike-board  and 
then  finished  by  means  of  long-han- 
dled wood  floats.  The  finished  sur- 
face was  nearly  as  smooth  and  free 
from  porous  places  as  a  concrete 
pavement,  although  not  quite  as  even- 
ly finished.  It  was  found  that  belting 
was  of  little  service. 


Rubber  Hose  Finish  for  Concrete 
Pavements 

Final  finish  for  concrete  pavements 
constructed  in  1922  at  Atlanta,  Ga., 
was  secured  by  means  of  rubber  hose. 
After  the  concrete  had  been  deposited 
on  the  subgrade  and  brought  to  prop- 
er contour,  it  was  rolled  with  a  stand- 
ard 6-ft.  roller  of  10-in.  diameter.  The 
final  finish  was  secured  with  a  ^-in. 
rubber  hose  considerably  longer  than 
the  width  of  the  pavement.  This  was 
dragged  over  the  surface  of  the  con- 
crete, several  trips  being  made  each 
way.  A  gritty  surface  similar  to  that 
given  by  the  belt  was  obtained,  but 
the  work  was  much  easier. 
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A  Recent  Development  in  Community  Life  Described  in  Thesis  for 
Landscape  Architecture  Department  of  the  University  of  Illinois 

By  CALVERT   S.   WINSBOROUGH, 
landscape     Architect,     Central     National  Bank  Bldg.,  St.  Louis,  Mo. 


The  automobile  tourist  camping 
ground  is  an  enterprise  which  has 
arisen  just  recently.  It  has  been 
brought  about  mainly  by  two  things: 
First,  the  rapid  perfection  of  the  au- 
tomobile, and,  second,  the  improve- 
ment of  state  and  interstate  roads. 

Not  until  recently  have  communi- 
ties realized  the  benefits  to  be  de- 
rived from  an  easily  accessible, 
healthy  and  attractive  camp  ground. 
Denver,  Colo.,  was  the  first  to  pro- 
vide a  free  tourist  camp.  Since  the 
establishment  of  its  first  camp  in 
about  1915,  the  site  has  been  moved 
three  times.  Now  it  is  located  in 
Overland  Park,  one  of  the  finest 
parks  of  the  city. 

Every  state  has  numerous  camps 
and  I  have  authentic  records  of  155 
in  California  alone.  The  majority  of 
the  camps  at  present  are  to  be  found 
in  the  Western  states.  However,  I 
predict  that  in  the  near  future,  be- 
cause of  the  acquisition  of  tracts  of 
land  by  the  Eastern  states  for  the 
purpose  of  reforestation,  and  the 
availability  of  camp  sites  through 
this  means  that  the  time  will  not  be 
long  before  camps  in  the  East  will 
be  as  numerous  as  they  are  today  in 
the   West. 

In  each  community  there  will  be 
found  some  people  who  will  consider 
a  free  camp  as  a  liability.  This  is 
an  entirely  erroneous  idea.  A  tour- 
ist camp  with  all  of  the  conveniences 
necessary  for  comfort  is  a  decided 
asset  to  the  community.  Good  busi- 
ness men  know  this  and  upon  inves- 
tigation it  will  be  found  that  all  Jhe 
material  and  equipment  necessary  to 
build  the  camp  will  be  furnished  at 
cost  if  not  donated.  Even  the  cost 
of  labor   will   be   minimized. 

During  the  five  months  of  June, 
July,  August,  September  and  October 
of  1920,  approximately  18,000  tour 
ists  stopped  at  the  auto  camp  estab- 
lished that  spring  by  the  Missoula 
Chamber  of  Commerce  at  Missoula, 
Mont.  Consensus  of  opinion  among 
authorities  is  that  tourists  spend  an 
average  of  $5  per  day  per  person. 
Therefore,  it  is  estimated  that  these 
18,000  tourists  spent    at   least  $90,000 


in  Missoula  and  vicinity  during  the 
last  touring  season.  During  August 
one  of  Missoula's  leading  bankers  es- 
timated that  travelers'  checks  to  the 
amount  of  $1,000  were  handled  daily 
in  the  business  district. 

There  are  four  fundamental  fea- 
tures of  a  good  camp.  The  correct 
analysis  and  planning  of  these  fea- 
tures determines  absolutely  the  suc- 
cess of  the  camp.  The  four  features 
that  I  will  discuss  are:  location,  size, 
development  and  supervision  and  the 
relative  features  pertaining  to  each 
of  these. 

Location  of  Camping  Site. — The  lo- 
cation of  the  camp  is  of  prime  impor- 
tance, for  a  camp  poorly  located  fails 
utterly  to  perform  its  function  by  its 
uninviting  character  or  by  its  very 
obscurity.  A  good  camp  should  bear 
a  close  relation  to  the  interstate  high- 
ways, to  the  park  system  of  the  city 
providing  it  and  to  the  main  arteries 
of  traffic  to  the  business  center.  It 
is  not  always  possible  to  place  a  camp 
at  a  focal  point  of  these  three  arter- 
ies. But  if  it  is  possible  to  so  place 
a  camp  that  it  will  be  a  nucleus  from 
which  these  highways  radiate  that 
is  the  ideal  location  so  far  as  access 
is   concerned.     . 

The  camp  should  be  placed  on  or 
near  the  inter-state  highway  because 
practically  all  of  the  visitors  will  be 
people  on  a  long  tour  and  will  nat- 
urally come  into  the  city  or  town 
on  this  highway.  By  so  placing  it  it 
will  be  easily  found  and  will  be  no- 
ticed also  by  the  tourists  who  pass 
through  the  town  during  the  day 
time,  thus  favorably  advertising  that 
community,  both  day  and  night  to  all 
who  pass  it  by. 

The  camp  should  be  closely  relat- 
ed to  the  park  and  boulevard  system. 
Many  tourists  will  want  to  do  the 
town  and  thus  homeseekers  may  be- 
come permanent  citizens  of  the  com- 
munity through  being  favorably  im- 
pressed with  the  park  features  and 
in  turn  other  "Features  of  the  town. 
This  type  of  tourist,  the  home  hunter, 
is  one  type  of  tourist  which  every 
community  should  do  its  utmost  to 
please. 
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The  ease  with  which  the  tourist 
can  get  to  the  business  district  will 
in  a  great  degree  determine  whether 
or  not  he  does  his  shopping  in  that 
community.  Bear  in  mind  that 
among  the  tourists  will  be  the  farm- 
er who  has  piled  his  family  and 
equipment  in  the  car  and  is  off  for 
a  few  weeks  to  rest  up  a  bit  and  do 
his  buying  for  the  winter.  This  form 
of  buying  is  far  more  satisfactory 
than  the  old  mail  order  house  kind. 
Last  summer  I  fell  into  conversation 
with  a  farmer  who  was  driving  a  di- 
lapidated old  Ford  and  during  the 
conversation  I  found  that  he  had 
spent  in  excess  of  $1,900  in  that  town 
during  his  stay  of  three  days.  So 
make  the  camp  easy  to  reach  from 
the  business  district,  and  vice  versa, 
and  the  increased  business  will  more 
than  pay  in  one  season  for  what  lit- 
tle additional  expeilie  may  be  in- 
curred. 

But  there  are  other  features  which 
also  determine  the  location  of  the 
camp.  The  camp  must  not  be  in  a 
too  thickly  settled  residential  dis- 
trict, for  the  appearance  of  the  "au- 
tomobile nomad"  with  his  dirty 
clothes  and  his  car,  nearly  hidden  by 
camping  paraphernalia  is  not  one 
upon  which  the  tired  business  man 
may  restfully  look. 

The  next  feature  determining  the 
location  of  the  camp  is  the  topog- 
raphy of  the  land.  First  of  all  the 
land  should  be  well  drained,  not  nec- 
essarily high,  but  if  the  land  has  a 
good  natural  drainage  the  expense  of 
artificial  drainage  will  be  saved.  If 
the  land  is  sufficiently  high  there 
will  be  many  good  views  from  every 
portion  of  it.  This  is  a  feature  not 
to  be  neglected.  The  camp  should 
preferably  be  located  in  an  area 
which  is  well  wooded  and  if  possible 
has  some  natural  body  of  water  in  it. 
These  two  features  will  give  un- 
bounded pleasure  and  comfort  to  thi 
tourists.  The  trees  will  protect  the 
campers  and  equipment  from  the  heat 
of  the  midday  sun.  The  water  with 
the  various  activities  that  may  be 
developed  such  as  canoeing,  boating, 
swimming,  and  fishing,  affords  a  fas- 
cination to  every  one  which  can  be 
attained  by  no  other  means.  These 
things  determine  the  location  of  the 
camp.  The  next  feature  is  the  size 
of  the  camp. 

Size  of  Auto  Tourist  Camping  Site. 
— The  size  of  the  camp  is  dependent 
upon  first,  the  ground  obtainable  and 
second,    the    number    of    tourists    re- 


quiring accommodations.  It  is  ob- 
vious that  if  only  a  certain  amount 
of  land  can  be  obtained  because  of 
development  around  it  that  the  size 
of  the  camp  ground  is  predetermined. 
However,  more  often  this  is  not  the 
case  for  the  ideal  site  for  a  camp  is 
not  generally  in  a  section  that  is 
built  up.  When  it  is  possible  to  ob 
tain  all  of  the  land  that  is  necessary 
a  committee  should  be  appointed  to 
take  accurate  counts  of  the  number 
of  tourists  that  pass  through  the  town 
and  who  would  use  a  camp  if  one 
were  there.  This  is  generally  han- 
dled by  the  commercial  club  or  some 
other  civic  organization.  After  the 
counts  are  made  it  is  then  merely  a 
simple  matter  of  mathematics  to  de- 
termine the  acreage  necessary.  1 
will  give  some  statistics  here  which 
will  help  in  determining  the  area  re- 
quired for  a  given  number  of  tourists. 
The  lots  to  which  each  party  is  as- 
signed should  be  rather  spacious 
thereby  lending  a  certain  feeling  of 
privateness  and  remoteness.  A  good 
size  for  a  lot  is  50  ft.  square.  How- 
ever, if  the  space  is  limited  it  will 
be  of  advantage  to  make  the  lots 
25x35  ft.  A  lot  this  size  will  be  found 
to  be  very  satisfactory  yet  there  will 
be  a  feeling  that  one  is  located  in  a 
community  camp  instead  of  the  feel 
ing  created  by  a  larger  lot  of  being 
in  an  individual  and  private  camp.  To 
some  the  community  feeling  is  one 
to  be  desired  rather  than  to  De  ob 
jected  to.  Allowing  a  practical  per 
centage  of  the  space  to  be  given  over 
to  drives,  service  buildings,  social  and 
athletic  activities  and  planting,  it  is 
possible  to  get  15  lots  50  ft.  square 
per  acre.  This  means  15  different 
parties  may  be  accommodated  per 
acre.  The  average  of  the  number  of 
individuals  in  each  party  is  about  4, 
then  60  persons  may  be  accommodat- 
ed per  acre  per  day.  That  is,  1,800 
per  month,  or  about  7,000  per  season 
per  acre.  If  the  camp  is  10  acres 
in  area  70,000  persons  may  be  accom- 
modated by  it  in  one  season.  It  has 
been  determined  by  statistics  kept  by 
towns  which  have  a  tourist  camp  that 
the  tourist  spends  on  an  average  of 
$5  per  person  per  day.  Then  a  10- 
acre  camp  with  the  size  lots  I  have 
mentioned  would  be  the  means  oi 
bringing  business  to  the  extent  of 
$350,000  each  season  to  the  commu- 
nity providing  it.  Of  course  this  figure 
is  based  upon  the  camp  being  filled 
to  its  capacity  every  day  of  the  sea 
son.      One    must    bear    in    mind    that 
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this  will  not  be  the  case  during  the 
first  year  or  so.  But  if  the  camp  is 
correctly  designed  it  will  soon  be  the 
annual  stopover  of  parties  who  have 
previously  visited  it.  It  will  not  only 
be  filled  to  its  capacity  but  its  ex- 
pansion will  become  necessary.  It  is 
always  wise  to  take  into  considera- 
tion this  question  of  future  expansion 
when  the  land  is  first  acquired.  Ob- 
tain leases  upon  the  surrounding  land 
with  the  privilege  to  buy  at  any  time. 

Some  people  have  the  mistaken 
idea  that  the  population  of  the  town 
determines  the  size  of  the  camp.  This 
is  an  entirely  fallacious  idea.  Only 
the  two  features  I  have  mentioned, 
namely,  the  ground  obtainable  and 
the  number  of  tourists,  are  instru- 
mental in  determining  the  size  of  the 
camp  required.  The  most  important 
of  these  is  the  latter;  the  number  of 
tourists  to  be  accommodated. 

Development  of  the  Camp. — The 
next  main  feature  of  the  tourist  camp 
and  without  doubt  the  most  impor- 
tant one  is  the  development  of  the 
camp.      It    is    obvious    that    a     camp 

I  which  consists  simply  of  an  isolated 
area  with  no  attractive  features  and 
comforts  is  not  going  to  attract  the 
tourist  to  it  especially,  for  there  are 
many  such  places  along  the  highway 
which  will  attract  him  even  more 
than  a  camp  of  this  sort.  There  is 
a  certain  sense  of  discovery  that  is 
realized  when  one  finds  an  especially 
attractive  little  nook,  out  away  from 
mankind  where  he  may  pitch  his  tent. 
But  even  this  pleasure  is  lost  in  an 
area  that  has  been  fenced  off  by  man 
and  then  neglected.  Upon  reaching  a 
camp  such  as  this,  one  feels  as  if  he 
is  an  undesirable,  and  that  that  com- 
munity has  looked  down  upon  him 
and  segregated  him  from  them.  This 
is  entirely  the  wrong  impression  for 
a  community  to  create  toward  itself 
and  were  it  not  for  the  backwardness 
of  the  community  it  would  realize  the 
value  of  creating  the  most  favorable 
impression  possible  in  the  mind  of 
each  individual  who  visits  it.  There 
are  many  features  which  determine  a 
well  developed  camp,  one  that  will 
;each  the  maximum   of   efficiency   in 

i  the  position  it  has  to  play.    The  first 

I  of  these  is  the  drives. 

Drives. — The  drives  should,  first  of 

I  all,  be  as  inconspicuous  as  possible, 

istill  being  efficient.     The  main  drive 

^should  lead  from  the  entrance  to  the 

main    lodge    in   front   of   which   is   a 

turn    around.     Secondary     drives     on 

each  side   of  which  are   the  camping 


lots  should  branch  oft  of  the  main 
drive.  There  should  be  an  easy  ap 
proach  from  this  secondary  drive  to 
the  lot  itself  still  -  keeping  the  lot 
above  the  level  of  the  drive.  The 
main  drive  should  be  18  ft.  wide  and 
the  secondary  drives  9  ft.  wide.  The 
drives  may  be  made  of  quite  a  variety 
of  materials.  The  most  generally 
used  material  is  cinders.  These  most 
generally  are  easily  obtainable  and  at 
little  expense.  They  are  very  pervi 
ous,  and  dispose  of  the  surface  water 
with  the  greatest  rapidity.  Their 
color  and  texture  very  easily  blend 
into  the  informality  of  the  entire  de- 
velopment. Although  cinders  are  the 
best  in  many  respects  it  may  be  more: 
advisable  in  some  communities  to  use 
some  other  material.  This  of  course 
will  be  a  specific  case  and  cannot  be 
treated  here.  However,  that  material- 
which  may  be  obtained  most  easily 
and  at  the  least  expense  will  doubt- 
less be  the  one  to  use,  provided  that 
it  is  efficient. 

The  arrangement  of  the  drives  will 
be  greatly  determined  by  the  con 
tour  of  the  land  and  it  is  impractical 
to  say  that  any  set  rule  should  be  fol- 
lowed by  each  community.  The 
drives  of  each  camp  must  be  worked 
out  for  that  specific  camp.  The  only 
suggestion  that  it  is  possible  to  giv^ 
which  will  pertain  to  all  camps  is 
that  the  drives  must  be  as  much  as 
possible  in  the  low  areas,  thereby 
making  the  lots  on  a  higher  level, 
they  must  be  well  drained  and  effi- 
eient. 

Lot  Space. — The  next  element  of 
the  camp  is  the  lot  spaces  for  camp- 
ing. These  spaces  as  I  have  men- 
tioned, must  be  on  comparatively 
high  ground.  They  must  be  spacious 
giving  some  degree  of  privacy  and 
isolation  from  the  others.  A  space 
50  ft.  square  is  a  good  size  for  a  lot. 
This  allows  room  for  the  car  and  tent 
whether  the  tent  is  attached  to  the 
car,  relying  upon  the  car  for  its  sup- 
port or  whether  it  is  separate.  It  is 
advisable  to  lay  a  wooden  floor  about 
8  in.  above  the  ground  over  which  the 
tent  may  be  pitched,  thus  assuring  a< 
dry  surface  to  sleep  upon.  It  is  not 
advisable  to  furnish  tents,  for  th#y- 
are  quite  an  expense  and  practically 
all  tourists  have  their  own  tents. 
Some  camps  have  built  shacks  the 
sides  of  which  are  of  canvas  and  may- 
be raised  or  lowered  at  will.  But  this; 
is  rather  a  needless  expense  and  does, 
not  generally  give  the  satisfaction; 
that   is   desired   from    really   camping, 
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in  a  regular  7x9  canvas  tent  which 
must  be  pitched  by  one's  self.  The 
depreciation  of  this  half  cottage  and 
half  tent  during  the  winter  is  so 
great  that  it  is  very  inadvisable  to 
construct  them.  On  the  lot  there 
should  be  made  provision  for  cooking. 
However,  as  there  is  generally  also 
a  main  kitchen  or  group  fireplaces 
this  lot  fireplace  is  nearly  always 
very  simple.  On  the  lot  there  is  pro- 
vided just  a  fireplace  fashioned  by 
laying  the  local  rocks  in  the  shape 
of  a  U.  It  is  always  an  unbounded 
pleasure  to  sit  around  the  dying  em- 
bers of  a  fire,  built  in  this  fireplace, 
late  at  night,  toasting  marshmallows 
or  wieners  and  talking  over  the  ex- 
periences of  the  past  day  or  planning 
the  activities  of  the  next  day. 

The  next  element  of  the  develop- 
ment is  the  structures  that  should  be 
built.  The  buildings  necessary  may 
generally  be  named  as  the  following: 
Entrance  gate  house,  main  lodge,  bath 
houses,   comfort  stations  and  garage. 

Entrance  Gate  House. — The  en- 
trance gate  house  is  of  course  locat- 
ed at  the  main  entrance  to  the  camp. 
It  may  be  made  of  any  material  that 
is  more  or  less  permanent.  The  ma- 
terial most  advisable  in  a  given  com- 
munity will  be  determined  by  that 
community,  the  accessibility  of  the 
material  greatly  determining  its  use, 
Some  communities  find  wood  to  be 
the  cheapest.  When  wood  is  to  be 
used,  if  possible  to  obtain,  white  pine 
will  be  found  very  satisfactory.  In 
the  event  of  wood  construction  care 
must  be  had  to  carefully  paint  all  ex- 
posed surfaces  each  season.  Some 
communities  find  it  cheaper  to  use 
stone.  When  this  is  the  case  it  is 
truly  a  blessing,"  for  the  stone  will 
last  for  an  indefinitely  long  period 
and  will  become  more  and  more  pic- 
turesque as  it  ages. 

At  the  entrance  gate  should  be  lo- 
cated a  "checker."  The  duty  of  this 
person  is  to  obtain  the  license  num- 
ber of  each  car  entering  the  camp, 
the  type  of  car  and  how  many  occu- 
pants it  has.  This  has  more  than 
infrequently  been  the  means  of  locat- 
ing stolen  cars.  After  the  checker 
has  gotten  this  data  he  issues  a  lot 
number  for  that  party  and  gives  them 
a  corresponding  key  to  the  gas  plate 
and  cupboard  which  is  to  be  used  by 
the  occupants  of  that  lot.  He  then 
gives  directions  to  the  party  to  en- 
able them  to  easily  find  their  lot.  If 
the  camp  is  large  he  gives  them  a 
printed    map    of    the    camp    showing 


the  various  lots  and  buildings  and 
what  service  each  renders.  This  map 
should  be  accompanied  with .  a  con- 
cise statement  of  the  regulations  and 
rules  of  the  camp. 

Main  Lodge. — The  next  structure  of 
importance  is  the  main  lodge.  This 
should  be  built  of  the  same  material 
that  the  entrance  gate  house  is  or 
some  material  that  is  in  keeping  with 
the  spirit  and  atmosphere  of  the 
camp.  Stone  laid  in  random  ruble 
is  a  very  satisfactory  material.  The 
lodge  should  be  centrally  located, 
generally  on  axis  with  the  main  en- 
trance drive.  The  size  of  the  lodge 
will  be  determined  by  the  number  of 
tourists  to  be  accommodated  by  the 
camp.  As  this  is  an  ever  increasing 
number  it  is  well  to  build  the  lodge 
large,  and  even  then  it  may  be  found 
necessary  later  to  build  another,  in 
another  part  of  the  camp  after  ex- 
pansion has  taken  place.  The  lodge 
should  contain  a  kitchen,  a  store 
and  cafeteria,  lounge  rooms,  dance 
hall,  recreation  rooms,  laundry,  baths, 
local  and  long  distance  telephone, 
and  first  aid  station.  Sometimes  it  is 
found  advisable  to  have  a  few  rooms 
to  accommodate  the  few  tourists  who 
come  without  tents  or  for  sickness 
or  other  reason  desire  to  occupy  a 
room.  However,  this  is  not  necessary 
for  if  such  tourists  come  they  may 
be  directed  to  a  hotel.  The  kitchen 
should  contain  gas  plates  sufficient  to 
accommodate  every  party.  There 
must  also  be  provided  cupboards,  for 
the  temporary  storage  of  the  com- 
modities they  buy  for  each  meal.  The 
gas  plates  are  so  arranged  that  a  de- 
posit of  25  ct.  is  required  each  day  to 
get  gas  enough  for  that  day's  cook- 
ing. The  revenue  from  this  source 
helps  greatly  in  the  expense  of  main- 
tenance. 

If  only  one  store  is  provided  it 
must  be  of  very  much  the  same  type 
as  the  small  town  general  store  with 
a  stock  of  goods  which  ranges  from 
cans  of  sardines  to  a  portable  tent. 
It  is  best  to  provide  two  stores,  one 
for  groceries  and  another  for  hard- 
ware and  clothing  such  as  is  needed 
by  the  camper.  The  grocery  store 
might  well  have  a  steam  counter- 
where  the  tourist  may  obtain  hot, 
home-cooked  food  to  take  to  his  tent 
and  have  a  nice  hot  meal  without  the 
inconvenience  of  cooking  it.  These 
stores  are  generally  contracted  for 
by  a  concessionaire. 

The  lodge  should  also  contain 
spacious     lounge     rooms    fitted    with 
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very  comfortable  chairs  and  daven- 
ports. There  should  be  a  large  fire- 
place in  the  lounge  rooms  around 
which  there  may  be  gatherings  of 
various   kinds    at   night. 

There  should  also  be  a  dance  hall 
where  couples  may  dance  at  speci- 
fied hours  without  charge.  This  may 
be  furnished  with  an  electric  or 
player  piano  which  may  be  ^operated 
by  one  of  the  party  and  on  specified 
evenings  a  dance  may  be  given  by 
the  camp  for  which  an  orchestra  is 
engaged.  % 

There  should  be  furnished  also  rec- 
reation rooms  where  there  will  be 
found  chess,  checkers,  cards,  domi- 
noes, ping-pong,  pool,  billiards  and 
bowling.  In  this  room  is  generally 
located  a  tobacco  counter  and  a 
smoking  room.  There  may  be  a  card 
room  for  the  ladies  where  they  can 
play  bridge  and  five  hundred  or  any 
other  game  they  may  choose. 

Free  baths  must  be  provided.  It 
is  best  to  have  the  men's  shower  on 
the  first  floor  and  the  ladies  on  the 
second  or  third.  Both  should  con- 
tain porcelain  fittings  throughout. 
Hot  and  cold  water  must  be  always 
on  tap.  This  will  also  be  necessary 
for  the  laundry  which  is  also  in  the 
basement.  Spacious  tubs  made  of 
porcelain  with  hot  and  cold  water 
always  on  hand  and  the  privilege  of 
hiring  the  laundry  done  by  wash- 
women or  doing  it  one's  self  is  a 
feature  always  appreciated  by  the 
dirty,  dust  laden  tourist.  Then  he 
may  have  his  shower  and  find  clean 
linen  ready  for  him  and  then  enjoy 
the  camp  to  the  utmost. 

It  is  sometimes  found  advisable  to 
build  the  bath  houses  apart  from  the 
main  kTdge.  When  this  is  the  case, 
care  must  be  taken  to  have  them  at- 
tractive and  easily  accessible  from 
all  parts  of  the  camp.  The  ladies' 
and  men's  bath  house  should  be  sep- 
arate^ one  from  the  other.  The  same 
is  true  of  the  comfort  stations  when 
apart  from  the  main  lodge.  These 
should  be  connected  with  the  sew- 
age system  of  the  town.  If  it  is  not 
possible  to  do  this,  they  may  be  con- 
nected into  one  system  which  emp- 
ties into  a  septic  tank  and  tben  into 
a  filter  bed  and  then  to  an  outlet 
well  outside  of  the  camp  area. 

Garage  and  Tool  House. — The  next 
structure  of  importance  is  the  garage 
and  tool  house.  This  should  be  lo- 
cated in  some  isolated  part  of  the 
camp,  yet  must  be  easily  approached 
by  the  drive.     This  may  be  operated 


by  an  experienced  mechanic  and  auto 
repair-man.  There  must  be  an  ade- 
quate supply  of  tools  and  a  very  com- 
plete accessory  station  may  also  be 
included.  It  is  advisable  also  to  have 
equipment   for    vulcanizing. 

Group  Fireplaces. — In  connection 
with  structures  it  might  be  advisable 
to  mention  group  fireplaces.  These 
are  made  of  undressed  stone  found 
in  the  locality,  held  in  place  by  wiped 
bead  cement  joints.  They  are  con- 
structed very  much  like  a  log  cabin 
fireplace.  One  of  these  may  serve 
for  a  number  of  lots  for  they  are 
made  large  enough  for  three  or  four 
parties  to  use  at  one  time.  The  wood 
to  be  used  for  these  is  furnished,  cut 
and  placed  beside  the  fireplace  daily 
by   the   camp. 

Water,  Light  and  Drainage. — The 
camp  should  be  gridironed  by  water 
pipes  which  terminate  in  a  hydrant. 
These  hydrants  should  be  numerous 
enough  so  that  the  distance  from 
any  lot  to  the  nearest  hydrant  will 
not  be  greater  than  150  ft.  Each  lot 
should  be  furnished  with  electric 
light,  with  a  switch  so  that  the  light 
of  each  lot  may  be  turned  on  or  off  at 
will  without  affecting  the  light  of 
the  other  lots. 

The  question  of  drainage  is  a  very 
important  one.  The  drainage  system 
must  carry  off  the  underground  water 
and  the  surface  water.  The  surface 
water  must  be  rapidly  carried  off  and 
the  entire  area  must  be  drained  to 
keep  it  in  a  healthy,  dry  condition. 
To  do  this  an  adequate  drainage  sys- 
tem must  be  supplied. 

Planting.  —  The  beauty,  cheerful- 
ness and  restfulness  of  the  camp 
will  be  greatly  determined  by  the 
planting.  All  of  the  planting  should 
be  of  the  informal,  naturalistic  type. 
Care  must  be  taken  to  plant  shrubs 
that  are  indigenous  to  that  locality. 
Foundation  plantings  should  be  made 
around  each  building  and  the  lot  lines 
may  well  be  marked  by  a  border  of 
shrubs.  Such  buildings  as  the  com- 
fort stations,  bath  houses  and  garage 
should  be  well  screened  from  view 
of  the  entire  camp  by  a  high,  thick 
planting. 

Supervision. — The  next  main  ele- 
ment of  a  camp  is  the  supervision  of 
it.  The  welfare  of  the  camp  gener- 
ally lies  in  the  hands  of  the  checker, 
a  superintendent  and  local  police. 
The  superintendent  has  the  charge  of 
a  number  of  caretakers  whose  duty 
it  is  to  police  the  grounds  and  keep 
them   in   shape.     A   night   watchman 
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who   is    generally    a    city    policeman  governments.     The   total   cost   of  all 

watches  the  welfare  of  the  campers  forms   of  government,   ocnservatively 

while  they  are  asleep.     It  is  advisa-  calculated,    from    the    best    available 

ble  to  place  signs  to  enable  the  camp-  data,  amounts  to  nearly  $100  per  year 

ers  to  more   easily  comply  with   the  for  each  inhabitant,  as  shown  by  the 

rules  of  the  camp.  table: 

Expense. — The    question    of    prime      Federal  ..Government $35.47 

importance  in  the  minds  of  many  is  %$*  JESSES?  !  1 ! ! .' ! ! ! ! !  i ! ! ! ! !  I !  i\H 

that    of    expense.      The     original     ex-       County  Government   6.91 

pense   will   greatly  depend   upon   the  _  .  ,                                                 ... ;; 

attitude   taken   by   the   ones   furnish-  rotal    *961g 

ing  the   building   material  and  labor.  n     .      c    K     ■    i.    D 

If  they  are  impressed  with  the  value  Cost   ot   Asphalt    Pavement  at 

to  them  of  such  a  camp,  quite  often  Ottawa,  Ont. 

the  material  will  be  donated,  and  as  Cost  data  kept  by  the  engineering 

has  already  been  pointed  out  the  cost  department  of  the  city  of  Ottawa  last 

of  labor  will  be  minimized.    What  ex-  year    on    asphalt    pavements    con- 

pense  there   is  incurred   is   generally  structed   by   day   labor   are  given   in 

stood  by  the  town  or  by  some  civic  The  Canadian  Engineer  as  follows: 

organization  such  as  the  commercial  Pavement    of    6-in.    concrete    base, 

club.     Often   by  popular  subscription  lMrin.  binder,  1^-in.  asphalt. 

among  the  merchants  enough  money  Per  so.  yd. 

may  be  raised  to  meet  the  initial  ex-      fandVatinS  and  grading   t0'H 

Pense.  Cement ' '. '. '. '. '.  *.  *. '. '. ". '. '. '. '. ! '. ! '. ! ! ! '. !  '.         .42 

The  next  expense  is  that  of  upkeep.      Concreting-,  mix  and  lay 26 

This  will  undoubtedly  be  met  by  the      f^k\i 39 

income  from  the  camp  itself.   A  small  Binder    .*.". 7.7.7.7. '.7.7.7.! !!!!!.'        !23 

charge  may  be  made  as  rental  of  the      Laying  top 09 

lot  after  it  has  been  occupied  a  cer-      HauHngbto1per  "        ol 

tain  number  of  days.     The  charge  for  Hauling  binder'  7.7.".' .'.'.'.'.'. .'.'.'.'.'        ."05 

gas  furnishes  a  goodly  revenue,  and      Coal,  wood,  gas,  stone  dust 01 

the    profits    made    from    the    various  Gutters,  labor  and  material  ...       .09 

stores  will  not  only  meet  the  expense  The    above   figures    do   not   include 

but  will  be  found  to  be  a  money  mak  overhead  interest  or  depreciation  on 

ing    investment.      On   the   whole    the  Plant  charges. 

camp  meets  all  of  its  own  expenses  Cost  data  kePt  on  resurfacing   old 

after  it  becomes  known  and  not  only  pavements  are  as  follows: 

will  it  just  meet  its  running  expense  Surface  1%-in.  binder,  1^-in.  top. 

but  will  soon  pay  for  the  original  cost  Grading                                        P1S1f&'  yd 

and  from  then  on  it  will  be  really  a  Binder    .7.7.7.7.7.7.7.!!!!!!!!!!       !07 

money  making  enterprise  which  will      Asphalt    34 

increase    from    year   to    year.    There      iSiX  amSSt U 

are  quite  a  number  of  camps  for  tour-  Hauling  binder  '.!'.!!!!!!!!!!!!!       .02 

sists  such  as,  the  camp  at  Ipswich,  S.       Hauling  asphalt 08 

Dak.,  owned  by  Geo.  I.  Perry;  Crystal  Total                                            $0~74 

Cave,  S.  Dak.,  owned  by  Louis  Storm,  

and  the  Camp  at  St.  Augustine,  Fla..  Iron    Ore    Used    in   Louisiana    Roads 

owned  by  H.  J.  Usina,  that  are  pri-  Iron    ore,    found    in    northwestern 

vately  owned  solely  for  the  purpose  Louisiana,  has  proven  of  great  value 

of  making  money.  in  road  building  in  that  state  and  in 

One  must  bear  in  mind  that  this  some  localities  it  is  stated  to  have 
discussion  has  pertained  more  or  less  effected  a  saving  of  $2,000  to  $3,000 
to  an  ideal  camp.  In  many  localities  a  mile  in  the  cost  of  construction, 
some  of  the  things  I  have  mentioned  The  ore  is  used  as  a  binder  instead 
will  be  found  impossible  or  at  least  of  sand  clay.  Iron  ore  was  first  used 
impractical.  in  De  Soto  Parish,  La.,  in  1917.  Then 
— —  a  large  deposit  was  found  northwest 

Cost  of  Government.— According  to  of  Arcadia.     Ore  from  this  deposit  is 

an  article  by  William   P.  Helm,  Jr.,  being  used  as  a  base  course  on  the 

in  The  Budget  (New  York)  for  April  new  Homer-Minden  highway,  the  Ar- 

2,  1923,  the  average  cost  of  municipal  cadia-Natchitoches  highway,  the  Rus- 

government   per   capita   in   American  ton-Arkansas  highway  and  the  Persh- 

cities  of  30,000  or  more  population  is  ing  highway.     The   state  pays  about 

almost  as  great  as  the  combined  per  10   cts.    a   yard   in   royalties   for   this 

capita  cost   of  the  federal  and   state  material. 
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Blade  Grader  Work  and  Earth  Road  Maintenance 

in  Iowa 


Methods  and  Costs  of  Constructing  and  Maintaining  Earth  Roads 

Described  in  Paper  Presented  at  Last  Annual  Convention 

of  American  Road  Builders  Association 

By  W.  H.  ROOT, 
Maintenance  Engineer,  Iowa  State  Highway  Commission. 

On  Jan.  1,  1923,  the  primary  roads  1.  Heavy     blade     work     on     roads 

of  Iowa  were  classified  as  follows:  which  have  never  been  built;  that  is, 

Miles.  widening  out  and   building  to  stand- 

Paving  i55s'o  ard    cross"section    trails    which  have 

Graded  "and  drained  ".'.'.'.'.'.  UHL1  never  really  merited  the  name  "road." 

Not  built  2,961.8  2.  Finishing  work  on  new  construc- 

tion. 

Total  6,615.3  3.  Surface      smoothing      operations 

in  other  words,  out  of  6,615  miles  supplementary  to  regular  patrol  work, 
of  primary  road,  4,723  miles  or  71  per  H<>w  Blade  Grader  Work  Is  Carried 

cent  of  the  whole  system,  are  unsur-  ?"<-£  J**9  fin   S$-?  *82S  *at 

_,  ,v  _  -  «■*    first    12-ft.    blade    machine    was 

faced.     The   Iowa   Highway   Commis-  shipped  into  the  state  of  Iowa.     Now 

sion  has  chosen  to  look  upon  its  pri-  there   are  at  least  400  of  these  ma- 

mary  road  system  as  the  backbone  of  chines    in    the    state.     In    our    early 

a   state-wide    transportation    system.  ™**l  fader  ™rk   we   erred   in   not 

,    _.        ^  .     *       ....      *.,.k    .  doing    a    thorough   enough   job.     We 

They  believe  that  the  public  is  entitled  paid    little    attention   to    getting    the 

to  a  usable  system  of  roads  whether  fences  back  to  the  line  and  clearing 

such  roads  have  been  constructed  or  the  right  of  ways.    We  merely  shaped 

not.     As  a  result  of  this   policy   the  "pf th?nroad  ast  we   found  iL  -  Fronj 

*  ^       m.  /  5   to   10  round  trips   were  made  and 

maintenance  forces   of  the  state  are  the  total  cost  per  mile  was  only  $50 

required  to  maintain  the  whole  6,615  to  $75.    Each  year,  however,  we  have 

miles  of  road,  45  per  cent  of  which  attempted  to  do  more  work  and  get 

has  not  even  been  built  to  an  estab-  a  better  r°ad;  .  wue  now  *******  *Je 

,,  .    .         ,    ..  ,     .     ...    _„  fences    and    telephone    poles    to    be 

lished  grade  line,  and  of  which  71  per  moved  fcack  to  the  highway  line  be. 

cent  is  ordinary   earth  road.     These  fore  we  start  work.    All  trees,  stumps 

figures  show,  I  believe,  that  the  Iowa  and   boulders   are   then  cleared  from 

maintenance  problem  is  an  earth  road  the  right  of  way.     This  work  alone 

, .  ,    .,  i-i.  in  some   parts   of  the   state  runs   as 

problem   and   they   explain    why    we  high   ag   $200  t0   $300  per  mile      An 

have     concentrated     on     earth     road  heavy  weed  growths  are  also  cut  and 

maintenance.  raked  up  and  burned.    After  the  right 

-.  .    _.    .      _      .       ....       ,  of  way  has  thus  been  cleared  we  are 

Classes   of    Blade    Grader   Work.— 1  ready  tQ  gtart  the  blade  work  proper 

think  that  I  can  state  without  the  The  ditch  line  is  staked  out  (18  ft. 
least  reservation  that  the  most  use-  each  side  of  the  center  line)  with 
ful  and  indispensable  tool  for  eartb  lath-  Enough  lath  are  used  so  that 
roads  is  the  heavy  blade  grader.  By  ^^S**™7*  ^  *  ^ 
this  I  mean  a  grader  with  a  blade  Each  mile  of  road  ,B  a  problem 
length  of  from  12  ft.  to  16  ft.,  built  in  itself.  An  ingenious  grader  op- 
heavy  enough  to  do  work  that  will  erator  will  save  lots  of  time  and 
require  30  to  50  drawbar  horsepower.  money  by   cutting  down  the  number 

A  bladP  jrradPr  of  thi<*  «nrt  i«  arlnntPd  of   round   trips   necessary.      High    side 

A  Dlade  grader  of  this  sort  is  adopted  bankg>  narrow  fills  off  center,  and  wet 

to  various  kinds  of  work.    The  three  ditches  are  only  a  few  of  the  things 

main  classes  of  blade  work  are:  that  make  a  first  class  blade  grader 

(279) 


994 


Roads  and  Streets  Monthly  Issue  of 


May, 


job  difficult  and  expensive.  We  much 
prefer  a  blade  grader  with  a  back 
sloper  attachment,  that  is,  an  attach- 
ment which  may  be  bolted  on  the 
end  of  the  blade  so  that  the  ditch 
bottom  and  back  slope  may  be  cut  at 
the  same  time  as  the  inside  slope.  A 
properly  designed  back  sloper  will 
cut  the  standard  ditch  and  back  slope 
when  the  main  blade  is  cutting  the 
standard  inside  slope.  The  back 
sloper  should  be  adjustable  so  that 
the  back  slope  can  be  flattened  from 
\V2  to  1,  to  2  or  2%  to  1  where  extra 
dirt  is  needed. 

Cost  of  Blade  Grader  Work. — On 
an  average  road  we  now  make  from 
10  to  15  round  trips  with  a  single 
grader.  Some  counties  still  pull  two 
12-ft.  graders  with  one  tractor  but  1 
do  not  believe  that  this  is  economical. 
Where  this  practice  prevails  one 
grader  of  necessity  must  lie  idle 
much  of  the  time  and  the  turning  is 
more  difficult.  The  average  cost  of 
our  blade  work,  including  clearing, 
is  about  $150  per  mile.  However,  we 
often  have  miles  which  run  as  high 
as  $500  or  $600  per  mile.  You  would 
be  surprised  at  the  extensive  work 
which  is  accomplished  by  some  coun- 
ties with  the  12-ft.  blade.  We  have 
built  side  hill  roads  in  hilly  counties 
where  the  material  was  mostly  loose 
rock,  and  have  had  excellent  results. 
Work  of  this  sort  when  finished  looks 
much  more  like  permanent  grading 
than  it  does  like  blade  grader  work. 
No  two  miles  of  road  require  the 
same  treatment,  and  the  cost  of  blad- 
ing, therefore,  varies  greatly.  The 
following  figures,  however,  roughly 
represent  the  cost  of  the  average 
mile: 

Per  mile. 

1  engineer,  25  hrs.,  at  75  ct $  18.75 

1  grader  operator,  25  hrs.,  at  60  ct..     15.00 

125  galons  of  gas  at  22  ct 27.50 

Oil  and  grease 3.00 

Depreciation  on  a  $6,000  investment 
figuring  a  3  year  life  of  100  work- 
ing   days    per    year — 2V2    days    at 

$20  per  day  50.00 

Estimated  repair,  2V2  days,  at  $5..  12.50 
Interest  on  investment   (5%  on  $3,- 

000),  2%  days,  at  $1.50 3.75 

Clearing  right-of-way  and  inci- 
dentals         19.50 


Total $150.00 

Finishing  Work  on  New  Construc- 
tion.— The  second  class  of  a  blade 
grader  work  as  outlined  above  is  the 
finishing  of  permanent  grading.  By 
permanent  grading,  I  mean  building 
a  road  to  an  established  grade  line 
which  is  presumably  a  permanent 
one.     In  grading  operations  in  Iowa 


most  of  the  dirt  is  moved  with  elevat 
ing  graders  and  dump  wagons.  Wf 
insist  on  a  Mormon  scraper  beii 
kept  constantly  at  work  on  the  dumi 
but  the  best  job  that  can  be  done 
this  way  is  necessarily  rough.  There 
fore,  we  require  every  grading  coi 
tractor  to  have  a  12-ft.  blade  grade: 
in  his  equipment.  This  grader 
pulled  by  a  large  engine  and  the  roac 
finished  smooth  close  behind  tht 
rough  grading.  Often  the  same  tractor 
that  pulls  the  elevator  is  used  eve 
nings  and  at  odd  times  to  smooth  up 
the  work. 

We  also  find  that  all  new  grading 
settles  unequally  after  a  few  rains.  ! 
The  shoulders  usually  become  low 
and  ragged,  the  ditches  start  to  fill, 
and  the  back  slopes  sluff.  It  then, 
becomes  necessary  to  again  blade  the 
job.  This  last  blading  is  done  by 
the  county  as  a  maintenance  meas- 
ure. The  back  sloper  is  used.  It 
fits  into  the  ditch  and  back  slope  and 
builds  the  shoulder  up  in  a  uniform 
manner.  The  result  is  a  workman- 
like job,  without  perceptible  waves, 
and  the  cost  is  only  $50  or  $75  per 
mile. 

Surface  Smoothing  Operations  with 
Blade  Grader. — The  slogan  of  the  Na- 
tional Paint  Manufacturing  Associa- 
tion, "Save  the  surface  and  you  save 
all,"  might  be  studied  to  advantage 
by  state  maintenance  departments. 
The  public  judges  a  road  by  its  sur- 
face. A  road  is  good  or  bad,  as  it  is 
smooth  and  comfortable  to  ride  over 
at  35  miles  an  hour,  or  as  it  is  rough 
and  inconvenient  to  travel  at  that 
speed.  The  user  of  the  road  cares 
little  for  clean  ditches  and  nicely 
lined  shoulders,  if  the  surface  is 
rough.  This  suggests  the  third  and 
most  appreciated  class  of  heavy  blade 
work.  We  have  the  patrol  system  of 
maintenance  in  our  state  but  on  prac- 
tically all  earth  roads  on  the  primary 
system  we  find  supplementary  mainte- 
nance with  a  heavy  machine  very 
necessary.  For  this  work  we  again 
prefer  the  heavy  12-ft.  blade  grader. 
In  a  number  of  cases  we  have  length- 
ened these  blades  to  16  ft.  or  18  ft. 
in  order  to  cover  the  road  surface  in 
one  round  trip.  Often  we  are  able  to 
pick  up  old  graders  which  have  be 
come  worn  and  loose  jointed.  These 
old  machines  can  be  bought  for  a 
song.  We  equip  them  with  extension 
blades,  put  on  heavy  springs  between 
the  frame  and  the  blade,  to  take  up 
the  play,  and  thus  obtain  an  ideal 
maintenance  machine. 
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The  most  difficult  maintenance 
problem  that  we  have  is  presented  by 
a  heavy  soil  road  with  heavy  traffic, 
say  a  dense  yellow  clay  road  carry- 
ing 1,000  vehicles  a  day  in  all  kinds 
of  weather.  It  is  obvious  that  before 
such  a  road  has  a  chance  to  dry  out 
so  that  it  can  be  dragged,  it  has  been 
hammered  down  until  it  is  about  as 
hard  as  a  concrete  pavement.  How- 
ever, the  riding  qualities  are  not  at 
all  similar  to  those  of  a  concrete 
pavement.  It  is  rough  and  rutted  and 
anything  but  a  pleasure  to  travel 
over.  It  is  also  absolutely  beyond  the 
control  of  any  light  equipped  patrol- 
man. Nothing  but  a  heavy  blade  will 
ever  put  such  a  road  back  in  satis- 
factory shape  for  travel.  This,  I  be- 
lieve, covers  the  field  of  the  heavy 
blade  grader. 

Use  of  Road  Drags. — The  road  drag 
is  also  a  widely  used  tool  in  our  state 
but  its  work  is  not  so  readily  classi- 
fied. We  have  almost  as  many  dif- 
ferent kinds  of  drags  and  maintain 
ers  as  we  have  operators.  We  have 
everything  from  2-bladed  drags  weigh- 
ing around  200  lb.  and  easily  pulled 
by  2  horses,  to  big  heavy  maintainers 
weighing  1  ton  or  more  and  pulled  by 
20  or  25-h.p.  tractors.  I  do  not  expect 
to  enter  into  a  discussion  concerning 
the  relative  value  of  these  different 
machines,  suffice  to  say  that  they 
most  all  have  their  good  points.  In 
my  opinion  the  man,  not  the  machine, 
is  the  important  factor.  I  would 
rather  have  a  live,  ingenious  man 
with  good  road  sense  equipped  with 
an  old  fashioned  split-log  King  drag 
than  a  "dumb-bell'  with  the  fanciest 
maintainer  manufactured. 

We  divide  our  earth  roads  into 
patrol  sections  of  about  10  miles  each. 
A  patrolman  is  placed  in  complete 
charge  of  each  section  and  he  is  held 
responsible  for  its  care.  He  is  usually 
equipped  with  a  patrol  grader,  a  drag, 
a  slip  scraper,  a  plow,  and  a  set  of 
small  tools.  He  also  has  access  to 
other  equipment  such  as  wheel  scrap- 
ers, mowers,  etc.  He  furnishes  one 
team  all  of  the  time  and  in  most 
cases  has  a  second  team  which  can 
be  procured  when  needed.  On  the 
heavy  soils  we  have  to  use  four 
horses  even  on  a  small  patrol  grader. 
The  patrolman's  first  duty  is  to  keep 
the  surface  of  the  road  smooth.  To 
do  this  he  must  drag  or  see  that  the 
dragging  is  done  on  his  entire  section 
as  soon  as  possible  after  each  rain. 
On  light  soils  the  dragging  can  be 
started  after  a  few  hours  of  sunshine 


following  a  rain  and  the  equipment 
may  be  either  a  light  patrol  grader 
or  a  drag.  A  patrolman  on  this  class 
of  soil  can  care  for  his  section  with 
not  to  exceed  one  extra  dragger.  On 
heavy  soils  it  takes  much  longer  for 
the  road  to  dry  out  sufficient  to  drag. 
Here  the  first  dragging  may  be  done 
by  the  patrolman  but  he  will  need  3 
or  4  extra  draggers.  Often  on  this 
class  of  work  the  first  dragging  is 
done  with  heavy  equipment. 

In  no  case  is  one  dragging  enough. 
Lighter  soils  must  be  bladed  with  the 
patrol  graders  a  second  or  third  time 
ufltil  the  surface  is  smooth.  The  first 
dragging  on  the  heavy  soils  only 
partially  breaks  up  the  clods  and  in- 
completely fills  the  ruts.  It  must  be 
immediately  followed  by  a  second  or 
a  third  smoothing  with  heavy  equip- 
ment. As  stated  before,  we  prefer  a 
12-ft.  or  16-ft.  heavy  blade  for  this 
final  polish. 

We  have  also  used  in  our  dragging 
a  large  number  of  the  surplus  war 
trucks  which  we  received  from  the 
federal  government.  A  separate  main- 
tainer is  sometimes  pulled  behind  the 
truck  but  we  have  had  the  best  re- 
sults with  a  maintainer  built  around 
the  truck. 

The  Iowa  earth  road  policies  might 
be  briefly  summarized  as  follows: 

1.  Realizing  that  we  will  have  to 
depend  upon  earth  roads  on  a  large 
part  of  our  primary  system  for  a  num- 
ber of  years  to  come,  we  believe  that 
we  are  justified  in  an  intensive 
maintenance  program  on  these 
roads  in  order  to  give  the  traveling 
public  service  while  they  wait  for  our 
construction  program  to  eliminate 
the  mud. 

2.  As  a  first  step  in  this  program 
we  have  graded  with  the  heavy  blade 
grader  practically  every  mile  of  pri- 
mary road  that  has  not  been  other- 
wise constructed. 

3.  For  finishing  grading  which  has 
been  built  with  an  elevating  grader 
and  dump  wagon,  the  12-ft.  blade 
grader  is  a  most  useful  tool. 

4.  The  heavy  blade  is  indispensable 
for  surface  smoothing,  especially  on 
heavy  soils. 

5.  Earth  roads  should  be  patroled 
and  the  patrol  sections  should  not  be 
over  10  miles  in  length. 

6.  All  patrol  and  light  drag  work 
must  be  supplemented  with  heavy 
maintenance  machines. 

Our  maintenance  ideal  is  contin- 
uous, automatic  care  and  definite,  in- 
dividual responsibility. 
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Philadelphia  Experiment  in  Asphalt  Repaying 

Modified  Binder  and  Surface  Courses  and  Roughened  Concrete  Base 

to  Prevent  Shoving 


In  August  of  the  past  year,  specifi- 
cations were  drawn  up  for  repaying 
22d  St.  from  Spruce  to  Fitzwater  Sts., 
Philadelphia,  with  sheet  asphalt  and 
granite  block,  the  latter  between  the 
railway  tracks.  In  planning  the  sheet 
asphalt  portion  of  this  work  it  was 
decided  to  incorporate  in  one  section 
of  the  work  several  details  of  con- 
struction which  were  unusual  in 
Philadelphia's  paving  practice  and 
which  taken  as  a  whole  have  prob- 
ably not  been  tried  out  previously  at 
any  other  place.  The  object  of  these 
changes  in  practice  was  to  determine, 
if  possible,  their  value  in  reducing 
the  tendency  of  asphalt  pavements 
to    shoving    and    displacement.      The 


change  the  thickness  of  the  binder 
course  was  to  be  made  2  in.  instead 
of  the  usual  1  or  1V2  in.  Third,  the 
thickness  of  the  surface  mixture  was 
reduced  to  1  in.  and  this  mixture  was 
to  contain  in  the  neighborhood  of  25 
per  cent  of  clean  trap  rock  chips. 

The  Purpose  of  the  Changes. — The 
purpose  of  these  changes  is  easily 
understood.  The  binder  and  surface 
courses  as  modified  are  intended  to 
produce  a  pavement  with  little  ten- 
dency to  slip  as  a  result  of  a  thinning 
down  of  the  surface  mixture  and  the 
thickening  and  stiffening  of  the  bind- 
er course  by  the  use  of  the  unusually 
large  aggregate.  Assuming,  however, 
that  there  will  always  be  some  tend- 


Close-Up  Showing  Courseness  of  Binder  Note  36  in  Rule. 


experiment  is  described  by  Julius  Ad- 
ler,  deputy  chief,  Bureau  of  High- 
ways of  Philadelphia,  in  the  March 
Construction  Digest,  from  which  the 
matter  following  is  taken. 

The  Changes  in  Specifications. — 
The  specifications  as  drawn  up  con- 
tained three  principal  points  of  dif 
ference  from  the  usual  standards  of 
Philadelphia.  First,  provision  was 
made  for  the  systematic  roughening 
of  the  surface  of  the  concrete  founda- 
tion by  embedding  a  sufficient  amount 
of  crushed  iy2-in.  slag  or  stone  so  as 
to  produce  a  succession  of  points  pro- 
jecting above  the  concrete  from  l1^ 
to  %  in.,  averaging  iy2  in.  to  2  in. 
apart.  Second,  the  aggregate  in  the 
binder  course  was  to  be  increased  in 
size  from  the  usual  commercial  %-in. 
material  up  to  iy2-m.  size,  well 
graded  but  with  the  larger  sizes  in 
the      majority.      Accompanying     this 


ency  for  the  pavement  as  a  whole  to 
creep  under  heavy  one-way  traffic,  the 
roughening  of  the  surface  of  the  con- 
crete is  provided  in  an  attempt  to 
provide  a  uniform  anchorage  between 
the  asphalt  and  the  base,  which  will 
at  once  arrest  any  slipping  motion  on 
the  surface  of  the  base. 

This  work  was  completed  in  Octo 
ber,  and  it  is  obviously  much  too  soon 
to  expect  to  gain  any  information  in 
regard  to  the  success  of  the  experi- 
ment. At  the  present  time  the  only 
points  to  be  brought  out  are  the  con- 
ditions noted  during  the  progress  of 
the  work  in  their  bearing  on  the  prac 
ticability  of  this  form  of  construction 
and  such  indications  as  might  be 
expected  to  throw  some  light  on  its 
probable  success. 

Roughening  the  Concrete  Surface. 
— The  most  difficult  feature  of  the 
work  was  the  roughening  of  the  con- 
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crete  surface.  On  the  eastern  shoulder 
throughout,  slag  aggregate  was  used 
in  the  concrete  and  1^-in.  crushed 
slag  was  cast  over  the  surface  within 
a  comparatively  few  minutes  after 
the  concrete  was  deposited.  Th»  em- 
bedding of  the  clean  crushed  slag  in 
the  slag  concrete  was  found  not  only 
very  difficult,  hut  deceptive  as  well, 
since  pieces  which  appeared  to  be 
thoroughly  embedded  when  the  con- 
crete was  green  and  wet  were  after- 
wards found  to  be  high  and  dry  after 
the  concrete  had  set  up.  This  condi- 
tion was  partially  overcome  by  using 
a  concrete  mixture  somewhat  wetter 
than  usual.  Even  with  this  change, 
however,  it  was  difficult  to  forecast 
from  the  appearance  of  the  surface  of 
the  green  concrete  how  well  embedded 
the  material  would  be  found  after  the 


The  Binder  Course. — in  the  laying 
of- the  special  binder  course,  consider- 
able difficulty  was  experienced  in  ar- 
riving at  a  mixture  consisting  of  just 
the  right  proportions  of  asphalt,  sand 
and  small  and  large  stone  to  give  a 
well-filled  surface  in  which,  however, 
pieces  of  1^  or  2-in.  diameter  stone 
would  predominate.  Starting  out  with 
a  binder  mixture  containing  20  per 
cent  of  sand  by  weight,  it  was  found 
necessary  to  reduce  this  proportion 
to  15  per  cent,  and  in  place  of  a  mix- 
ture of  iy2  to  %-in.  slag,  it  was  neces- 
sary to  substitute  practically  straight 
1%-in.  material  in  order  to  avoid  the 
excess  of  small  sizes,  which  produced 
on  the  street  a  surface  which  con- 
sisted of  pockets  of  small  and  largo 
stone  not  well  distributed.  The  bind- 
er   mixture    finally    determined    upon 


Surface   Finish  on  Concrete   Foundation  for  Anchoring  Asphalt  to   Base. 


water  and  mortar  on  the   surface  of 
the  concrete  had  subsided. 

In  the  portion  of  the  work  done 
under  this  specification  on  the  west 
shoulder,  the  aggregate  was  changed 
to  pebbles.  "The  substitution  of  the 
rounded  pebbles  for  the  sharp,  angu- 
lar pieces  of  slag  evidently  provided 
a  mixture  in  which  the  pieces  would 
slip  more  freely  one  over  the  other 
and  the  embedding  of  the  clean  slag 
in  the  surface  of  the  green  concrete 
was  found  much  easier  and  the  de- 
sired result,  was  secured  much  more 
uniformly  'than  on  the  first  laid 
shoulder.  Pebble  aggregate  was  used 
in  the  concrete  on  the  west  shoulder 
from  South  to  Spruce  Sts. 


was  a  good  grade  of  close  binder  with 
all  of  the  pieces  well  coated  with 
mortar  and  just  about  enough  sur- 
face voids  to  provide  a  proper  "key- 
ing" in  of  the  surface  mixture.  As 
compared  with  the  ordinary  binder 
mixture  made  up  of  %-in.  aggregate, 
the  new  mixture  was  appreciably 
harder  to  work  on  the  street,  requir- 
ing considerably  more  pressure  on 
the  rakes.  Also  with  the  increase  in 
size  and  thickness,  it  was  necessary 
to  continue  the  rolling  of  the  binder 
course  beyond  what  is  ordinarily  done 
with  the  usual  1-in.  thickness,  in 
order  to  get  full  compression.  Both 
of  these  points  indicate  the  likelihood 
of   the   completed    pavement   showing 
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increased   stiffness  and   resistance   to 
displacement. 

The  Surface  Course. — In  case  of 
the  surface  mixture,  it  was  antici- 
pated that  on  account  of  the  lateness 
of  the  season,  the  rather  small  depth 
(1  in.)  and  the  incorporation  of  the 
clean  chips,  some  little  difficulty 
would  he  experienced  in  the  way  of 
"honeycombing."  The  mixture  used 
contained  7.5  per  cent  of  bitumen,  25 
per  cent  of  stone  chips,  9  per  cent  of 
limestone  dust  and  the  remainder 
sand.  This  mixture  raked  freely  on 
the  street  and  in  the  absence  of  any 
very  windy  or  unusually  cold  weather, 
surprisingly  little  difficulty  was  found 
in  its  use  and  the  finished  surface 
shows  an  unusual  waviness  and  prac- 
tically no  "honeycombing." 


Cost    of    Small    Concrete 

Bridges  in  Clark  County, 

Kentucky 

The  following  data  on  a  concrete 
bridge  contract  carried  on  during  the 
fall  of  1921  and  the  spring  of  1922  in 
Clark  County,  Kentucky,  are  given  in 
The  Scraper  by  Hyde  B.  Forbes  of 
Brandies,  Forbes  &  Co.,  contractors. 

This  work  consisted  of  nine  bridges 
ranging  from  6-ft.  span  to  three  30-ft. 
T-beam  slabs  in  one  bridge.  The 
average  weighted  haul  of  materials 
was  4.1  miles.  Roads  were  good,  be- 
ing surface  treated  macadam  with  no 
bad  grades.  Teams  were  used  almost 
entirely  for  hauling,  mainly  because 
the  contractor  had  the  teams.  In  this 
particular  case  it  is  probable  that 
truck  haul  would  have  been  slightly 
cheaper,  but  the  difference  would 
have  been  small.  The  figures  are 
actual  costs,  taken  from  the  contrac- 
tors books,  and  no  profit  of  any  sort 
is  included.  Teams  were  figured  at 
$5  per  day  as  that  was  the  prevailing 
rate  at  the  time,  although,  as  a  mat- 
ter of  fact,  the  team  account  showed 
a  slight  loss  at  this  figure.  Labor  was 
paid  25  ct.  per  hour  and  carpenters 
50  ct.    The  costs  follow: 

CLARK   COUNTY  BRIDGE   COST. 
1921-1922. 

Item  Item    Per  yard 

amount,     total,  concrete. 


Item. 
Excavation — 

Labor     $1,540.86 

Explosives    . . 
Detours — Labor 


47.34  $1,588.20 
354.12 


$1,513 


Lumber, 

bolts    , 

Crushed 

Fencing, 

terns. 


nails, 

stone. 

lan- 

misc... 


147.41 
107.50 


48.77        657.80 


Refill— Labor    ....      456.43 

456.43 

0.431 

Cement,  1,402  bbl., 

$3.02     4,232.04 

Cleaning     and 

tieing   sacks..        12.60 
[freight,        ret'd 

sacks     37.57 

Unloading,    and 

storage    236.60 

4,018.41 

Less  sack  cred- 
its     $    500.30 

3.827 

Sand— 

692    tons,    $2,242  1,551.46 
Unloading    (1)..        17.80 

1,569.26 

1.495 

Crushed    stone, 

926  tons,   $2.50..  2,315.00 
Cravel,    336    tons, 

$2.65     895.70 

3,210.70 

3.057 

Forms — 

Lumber  &  nails  2,002.24 
Form  ties,  bolts, 
etc 117.17 

4,202.27 

Form  oil   13.25 

Less      lumber 

sold     463.72 

Form   labor    . . .  2,533.33 

4.002 

Mixing  and  plac- 
ing   labor 1,474.58 

Gasoline,      o  i  1, 

grease     27.80 

Batteries    9.35 

Mixer    repairs..        24.10 

1,535.83 

1.463 

Carborundum  finish — 

Labor    417.53 

Bricks   47.50 

465.03 

0.443 

Drains   35.50 

35.50 

0.034 

Expansion    joints.        43.91 

43.91 

0.042 

Hauling — ■ 

Team    time 2,043.76 

Truck    hire 492.46 

2,536.22 

2.416 

Hauling    men    to 
work,     gasoline, 
oil,  tires,   etc...      188.06 

188.06 

0.180 

Small    tools 202.38 

202.38 

0.193 

Moving     to       job 
and   return 243.70 

243.70 

0.232 

Use  of  machinery — 

Concrete    mixer        75.00 

1-ton   truck 150.00 

Small      derrick, 
misc 50.00 

275.00 

0.262 

Liability       insur- 
ance          412.77 

412.77 
329.05 

0.393 

Contract  bond....      329.05 

0.313 

Superintendent     .      700.00 
Superintendent, 

transportation      241.40 
Board    of    fore- 
men          292.70 

1,408.32 

Miscellaneous 
overhead    174.22 

1.341 

Total  expense,  1,050  cu. 
yd.   concrete    $23,378.84  $22,267 

Reinforcing. 

65,570  lb.  at  $2.44  per  100,  bent 
and  delivered,  f.  o.  b.  Manches- 
ter     $1,599.91 

Unloading  and  hauling 89.70 

Spacers,   ties,   saddles,   etc 122.20 

Labor,   placing    477.53 

Insurance 32.65 

Bond   53.11 

Superintendent  and  transporta- 
tion      81.15 

Miscellaneous    overhead 30.17 


Total 


0.626 
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Plant  Inspection  of  Asphaltic  Paving  Mixtures 

Duties  of  Inspector  with  Suggestions  Regarding  Procedure  as  Set 

Forth  in  Recent  Bulletin  of  Agricultural  and  Mechanical 

College  of  Texas 

By  W.  J.  EMMONS,  '"' 

Professor  of  Highway  Engineering. 


Many  asphaltic  pavements  of  the 
hot-mixed  types  have  in  the  past  been 
prepared  with  very  little,  if  any,  at- 
tempt at  supervision.  Such  a  prac- 
tice is  in  the  highest  degree  unwise 
and  fortunately  is  becoming  less  com- 
mon. The  arguments  in  favor  of  plant 
inspection  are  far  less  theoretical 
than  practical,  and  will  be  discussed 
briefly  in  the  following  paragraphs. 

Practical  Arguments  for  Plant  In- 
spection.—The  engineer  is  engaged 
to  lay  pavements  in  a  certain  city.  He 
considers  conditions,  decides  upon  the 
proper  type  to  meet  them  and  draws 
up  specifications.  These  specifications 
may  be,  and  probably  are,  modeled 
upon  others  which  have  been  widely 
used,  and  contain  broad  limits  cover- 
ing the  requirements  for  both  the 
materials  and  completed  mixture.  The 
engineer,  however,  realizes  that  these 
limits  are  wide  in  order  that  easily 
available  materials  may  be  utilized 
and  varying  local  conditions  met;  in 
other  words,  in  order  that  he  may  oe 
able  to  use  his  skill  to  the  end  that 
the  pavement  shall  be  both  adequate 
and  economical.  Without  a  represent- 
ative in  control  at  the  mixing  plant, 
the  engineer  has  no  means  of  know- 
ing that  his  mixture  is  in  accordance 
with  his  formula,  for  a  very  poor  prod- 
uct, uniformly  black,  appears  in  many 
instances  very  much  the  same  as  a 
good  one.  Time  and  traffic  will,  of 
course,  tell  the  tale,  probably  very 
much  to  the  detriment  of  the  engi- 
neer's reputation.  The  argument  is 
this:  The  engineer  exercises  his  judg- 
ment in  designing  the  mixture  and 
stakes  his  reputation  upon  its  suc- 
cess. Consequently  he  should  have 
and  make  use  of  the  right  to  oversee 
and  regulate  its  manufacture  in  order 
that  he  may  know  that  it  uniformly 
conforms  to  his  requirements. 

The  preceding  paragraph  should  not 
be  construed  to  mean  that  paving 
contractors  are  dishonest  or  even  in- 
different regarding  the  results  ob- 
tained. In  fact,  the  reverse  is  true, 
and  the  writer  has  seldom  met  one 
who  did  not.  wish  to  turn  out  a  good 
job.     Nevertheless,   it   is    directly   to 


the  contractor's  interest  to  cut  mate- 
rial costs  and  rush  through  the  work, 
and  many  of  the  details  of  plant 
routine,  deemed  important  by  the 
engineer,  appear  to  him  trivial  and 
non-essential.  Even  though  the  con- 
tractor himself  admits  the  importance 
of  such  points,  he  is  likely  to  have  in 
charge  of  the  plant  a  foreman  to 
whom  steady  operation  of  the  mach- 
inery is  of  greater  moment  than  tem- 
perature limits  and  accurate  weights 
of  materials.  It  is  admitted  that  the 
mechanical  supervision  and  direction 
of  labor  around  the  average  plant  is 
a  man  sized  job,  but  someone  must 
watch  and  control  the  process  of  mix- 
ing if  a  uniform  product  is  to  be  sent 
to  the  street.  It  is  only  logical  that 
this  person  should  be  one  whose  in- 
terest lies  in  the  direction  of  "how 
good"  rather  than  "how  much" — the 
engineer's  inspector. 

Contractors  Welcome  Presence  of 
Good  Inspector. — Contrary  to  general 
belief,  perhaps,  most  contractors  wel- 
come the  presence  of  a  good  inspec- 
tor. It  is  admitted  that  a  poor  one 
— picayunish,  narrow,  with  eyes  only 
to  find  faults  and  intelligence  limited 
by  the  inflexible  "shalls"  and  "shall 
nots"  of  the  specification  —  is  an 
abomination  and  a  trouble  breeder  for 
both  the  contractor  and  the  engineer. 
An  inspector  who  understands  the 
workings  of  the  plant,  has  a  thorough 
knowledge  of  values  and  permissible 
variations,  and  is,  above  all,  diploma- 
tic rather  than  autocratic  in  his  han- 
dling of  plant  problems,  is  of  great 
assistance  to  the  contractor,  and  in- 
cidentally gets  the  results  which  the 
engineer  desires.  Such  an  inspector 
suggests  possible  uses  of  materials, 
through  combinations,  which  a  less 
competent  man  might  reject  outright; 
he  detects  and  corrects  variations  in 
temperatures  before  they  develop  to 
extremes  and  thus  saves  both  time 
and  materials.  Above  all,  he,  rather 
than  the  centractor,  is  answerable  to 
the  engineer  for  the  product  turned 
out,  and  the  former  is  thereby  re- 
lieved of  a  considerable  portion  of  his 
responsibility. 
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Plant  Inspection  Should  Be  Substi- 
tuted for  Maintenance  Clause. — The 
maintenance  guarantee  clause  is  some- 
times advanced  as  an  argument 
against  inspection,  for  it  appears  as 
if  the  same  thing  were  being  twice 
paid  for.  It  does  seem  unfair  also  to 
regulate  a  mixture  closely  and  then 
require  the  contractor  to  guarantee 
its  life  over  a  term  of  years,  yet,  if 
the  engineer  is  experienced  and  the 
inspection  is  carried  on  in  a  com- 
petent manner,  he  is  actually  taking 
very  little  risk.  The  maintenance 
clause  should  be  abolished  and  plant 
inspection  substituted  for  the  several 
reasons  which  have  frequently  ad- 
vanced, and  which  are  as  follows: 

1.  The  public  undoubtedly  pays  for 
this  maintenance  in  the  contract  price, 
whether  any  repairs  are  needed  or 
not. 

2.  Defects  in  even  inferior  pave- 
ments may  not  snow  up  until  after 
the  relatively  short  period  of  the  con- 
tractor's liability  has  expired.  It  is, 
therefore,  not  a  safeguard  against 
poor  work. 

3.  Such  clauses  are  difficult  of  en- 
forcement, since  deterioration  result- 
ing from  lack  of  maintenance,  author- 
ized cuts  made  to  permit  subsurface 
operations,  etc.,  may  be  claimed  to 
modify  the  contractor's  liability. 

A  further  advantage  to  be  gained 
from  plant  inspection  is  the  knowl- 
edge of  the  behavior  of  materials  and 
mixtures  so  derived.  Accurate  records 
of  the  process  of  manufacture,  coupled 
with  subsequent  observations  of  the 
pavement  under  service  conditions  is 
certain  to  ultimately  supply  the  engi- 
neer with  information  upon  which  he 
may  base  more  exact  specifications 
with  greater  certainty  of  success. 

Plant  inspection,  of  course,  costs 
money  and  the  resulting  benefits  are 
not  immediately  evident.  It  is,  how- 
ever, the  only  sure  and  logical  method 
of  obtaining  what  the  engineer  speci- 
fies and  the  public  pays  for. 

General  Duties  On  Asphalt  Plant 
Inspection.  —  The  inspector's  du- 
ties may  vary  greatly  on  asphalt 
plant  inspection,  depending  upon 
the  scope  and  extent  of  the  in- 
spection which  the  engineer  de- 
sires and  also  whether  certain  test- 
ing equipment  is  available  for  his  use. 
In  its  most  simple  form  it  may  in- 
clude merely  the  regulation  of  tem- 
peratures, checking  the  weights  of 
materials  going  into  the  mixture  and 
selection  of  samples.  Complete  in- 
spection  extends  beyond   this  to   the 


performance  of  tests  and  may  include 
authority  to  make  such  variations  in 
proportions  as  are  necessitated  by 
changes  in  materials. 

In  this  discussion  it  will  be  assumed 
that  the  inspector  is  furnished  witl 
and  required  to  adhere  to  a  formul 
set  by  the  engineer  upon  the  basis 
his  preliminary  consideration  of  coi 
ditions  and  available  materials.  Othei 
wise  he  is  in  complete  control  of  plani 
operations. 

Plant  Laboratory  and  Equipment. — 
Arrangements  should  be  made  for  a 
field  laboratory  at  the  paving  plant. 
It  may  be  located  in  the  contractor's 
office  or  any  other  convenient  struc- 
ture in  which  a  work  bench  is  avail- 
able. The  room  should  be  well  lighted 
and  preferably  have  a  window  which 
commands  a  view  of  the  mixer  plat 
form  in  order  that  the  inspector  may 
be  in  constant  touch  with  operations 
there.  Tests  are  important,  but  it  is 
unwise  to  risk  turning  out  several 
underheated  or  overheated  batches 
while  a  routine  sieve  analysis  is  be- 
ing performed. 

The  apparatus  which  should  be  sup- 
plied the  inspector  is  as  follows: 

One  penetrometer,  field  size,  with 
standard  needle. 

One  set  of  balances  and  weights, 
capacity  to  not  less  than  100  grams 
and  sensitive  to  0.1  gram  for  sand 
tests. 

One  set  of  balances  and  weights, 
capacity  to  1,000  grams  for  screen 
tests  upon  stone. 

One  set  of  sand  sieves — 10,  40,  80 
and  200-mesh  sizes. 

One  set  of  stone  screens — V^-'m.,  Vz- 
in.,  %-in.,  1-in.,  1%-in.,  1%-in.  diameter 
holes  (or  those  sizes  necessitated  by 
the  maximum  size  of  aggregate  to  be 
used).  I 

Two  armored  asphalt  thermometers 
reading  to  600°  F. 

One  penetration  thermometer  read- 
ing to  212°  F. 

One  trowel. 

Twenty-four  tin  cans,  approximately 
2Y8  in.  diameter  by  1^  in.  deep  for 
penetration  tests  on  asphalt. 

One  10-qt.  bucket  for  cooling  pene- 
tration specimens. 

One  small  dipper,  or  ladle,  for 
sampling  asphalt. 

One  set  of  specifications. 

A  supply  of  report  forms. 

Duties  of  Inspector. — Supplied  with 
the  apparatus  listed  in  the  previous 
section,  the  inspector  is  equipped  to 
perform  the  following  duties: 

1.     To    test   materials    as    received 
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and  during  use  and  to  see  that  they 
are  not  mishandled  during  storage. 

2.  To  oversee  the  combination  of 
materials,  including  the  checking  of 
proportions,  accuracy  of  scales  and 
regulation  of  temperatures. 

3.  To  secure  samples  of  materials 
and  the  mixture  as  produced. 

4.  To  secure  data  regarding  the 
origin  and  cost  of  materials  and  cost 
of  plant  operation. 

5.  To  submit  daily  reports  to  the 
engineer  giving  full  information  re- 
garding the  operation  of  the  plant, 
tests  made  upon  materials  and  all 
matters  of  importance  or  interest. 

These  several  duties  will  be  dis- 
cussed in  order. 

Asphalt. — Ordinarily  the  inspector 
is  not  a  chemist,  or,  if  he  is,  he  pos- 
sesses neither  the  time  nor  the  elabo- 
rate apparatus  to  perform  the  several 
tests  which  it  is  required  that  the 
asphalt  shall  meet.  He  may,  if  re- 
quired, send  to  the  engineer  (or 
laboratory)  a  1-qt.  sample  as  soon  as 
the  car  is  steamed,  although  it  is 
common  practice  to  allow  an  approved 
brand  to  be  used,  provided  the  con- 
sistency is  correct,  without  awaiting 
the  results  of  such  tests. 

The  inspector  tests  the  shipment 
for  penetration  and  should  observe 
the  following  suggestions  in  order  that 
accurate  and  consistent  results  may 
be  obtained. 

1.  Fill  a  small  can  with  hot  asphalt 
and  set  aside  for  y2  hour  in  order 
that  it  may  cool  to  air  temperature. 
Be  sure  that  the  sample  is  free  from 
air  bubbles  and  that  no  dust  from  the 
plant  can  get  into  it. 

2.  Immerse  in  water  at  exactly 
77°  F.  for  1  hour.  (Sample  should 
never  be  rapidly  cooled  in  ice  water.) 

3.  Perform  test  with  sample  under 
water  which  is  held  accurately  at 
77°  F. 

4.  Specimens  which  have  stood  for 
more  than  3  hours  should  be  carefully 
reheated  to  about  325°  F.,  stirred  and 
re-cooled  under  the  conditions  given 
above. 

5.  Take  particular  care  that  the 
needle  is  not  allowed  to  rust  or  the 
point  to  become  dulled  by  contact 
with  a  metal  surface.  Stick  it  into  a 
cork  when  it  is  not  m  use. 

6.  Never  wipe  the  needle  with  oil 
or  gasoline  soaked  waste  between 
tests,  but  be  sure  that  it  is  clean. 

On  the  majority  of  contracts  as- 
phaltic  cement  of  the  required  pene- 
tration is  ordered  from  the  refinery 
and   it  is   comparatively  seldom   that 


shipments  are  received  which  show 
consistencies  outside  of  the  limits  set. 
It  is  usual  to  name  a  desirable  aver- 
age such  as  55  and  specify  that  varia- 
tions to  the  extent  of  4  points  either 
above  or  below  this  figure  will  be 
allowed.  The  infrequent  shipments 
whose  penetration  fall  slightly  outside 
of  these  rather  broad  limits  may  often 
be  combined  with  other  material  at 
the  plant  in  such  a  manner  as  to 
bring  the  mixture  within  the  require- 
ments. 

When  a  refined  asphalt  and  a  flux 
are  to  be  combined  into  an  asphaltic 
cement,  the  inspector  must  determine 
the  combination  required  to  yield  the 
desired  consistency.  This  is  most 
easily  accomplished  by  preparing 
three  or  four  mixtures  of  refined 
asphalt  and  flux  in  widely  different 
proportions  and  plotting  a  fluxing 
curve  based  upon  the  penetrations 
derived  from  them,  using  the  number 
of  parts  of  flux  to  100  parts  refined 
asphalt  as  ordinates  and  penetrations 
at  77°  F.  as  abscissae.  The  ordinate 
of  the  point  upon  the  curve 
corresponding  to  the  desired  penetra- 
tion will  give  the  parts  flux  to  the  100 
parts  refined  asphalt  which  it  is  nec- 
essary to  use.  A  batch  of  asphaltic 
cement  from  refined  asphalt  and  flux 
should  be  prepared  as  far  as  possible 
in  advance  of  the  time  it  will  be  re- 
quired for  use  in  order  that  it  may  be 
thoroughly  agitated  and  mixed  and 
its  penetration  checked. 

A  penetration  test  should  be  made 
daily  upon  the  asphaltic  cement  left 
over  from  the  previous  day's  opera- 
tions to  guard  agafnst  possible 
changes  in  its  consistency  due  to 
overheating  or  excessive  agitation. 
Before,  or  shortly  after,  the  plant 
starts  operation  for  the  day  is  the 
best  time  to  make  this  test. 

The  asphaltic  cement  is  kept  hot 
by  means  of  direct  fire  or  steam  and 
is  agitated  by  steam  or  air.  Too  high 
temperatures  (above  325°  F.  for  most 
asphalts)  and  violent  agitation  should 
be  guarded  against  as  both  tend  to 
reduce  the  penetration  and  may  even 
change  the  characteristics  of  the  as- 
phalt if  carried  to  extremes. 

Sand. — The  sand  supply  should  be 
watched  by  the  inspector  with  ex 
treme  care,  for  upon  its  composition 
the  success  of  the  pavement  largely 
depends.  This  statement  is  especially 
true  with  reference  to  sheet  asphalt 
and  Topeka. 

A  general  inspection  should  be 
made  and  samples  for  a  sieve  analysis 
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selected  from  all  sand  in  storage  piles 
as  soon  as  the  inspector  reaches  the 
plant.  He  should  note  the  number  of 
varieties,  their  individual  uniformity 
and  whether  each  is  piled  separately 
or  is  more  or  less  mixed  with  other 
grades.  This  latter  practice  is  par- 
ticularly bad  and  should  be  guarded 
against.  Subsequent  additions  to  the 
sand  supplies  should  be  inspected  and 
tested  as  soon  as  received  to  deter- 
mine, not  only  their  suitability,  but 
also  whether  they  may  be  stored  with 
the  present  stock  or  are  of  such  dif- 
ferent characteristics  that  they  must 
be  piled  separately. 

Samples  should  be  so  taken  that 
they  will  be  truly  representative,  and 
this  may  best  be  accomplished  while 
the  sand  is  moist,  as  segregation  of 
sizes  is  thus  avoided.  The  mixture  of 
several  handfulls,  scraped  from  the 
vertical  faces  of  holes  dug  into  the 
pile  at  a  number  of  points  constitutes 
a  convenient  method  of  sampling. 
The  large  sample  should  be  taken  to 
the  laboratory,  thoroughly  mixed  and 
reduced  to  the  proper  size  for  a  sieve 
analysis  by  the  method  known  as 
quartering.  This  method  is  as  follows: 
The  sample  is  well  mixed,  flattened 
on  a  large  sheet  of  paper  and  divided 
into  quarters  with  small  thin  board  or 
lath;  two  opposite  quarters  are  dis- 
carded and  the  remaining  two  are 
again  thoroughly  mixed,  flattened  and 
once  more  quartered;  this  process  is 
repeated  until  the  last  remaining 
quarters  are  of  the  approximate 
weight  desired.  A  100-gram  sample  is 
sufficiently  large  for  a  sieve  analysis, 
and  if  the  material  is  dry  the  test 
may  be  run  immediately.  If  the  sand 
is  moist  the  sample  obtained  by  quar- 
tering should  be  a  few  grams  over  the 
weight  in  order  that  it  shall  weigh  not 
less  than  100  grams  after  drying. 
Small  amounts  of  the  dry  material 
may  then  be  removed  with  a  slip  of 
paper  to  finally  correct  the  sample  to 
the  desired  weight. 

The  screen  test  on  sand  is  general- 
ly made,  using  the  10,  40,  80  and  200- 
mesh  sieves,  and  either  of  two  meth- 
ods may  be  employed.  In  the  first 
method  the  sieves  are  nested  with 
the  coarsest  on  top  and  a  pan  under 
the  finest.  The  dried  sample  is  poured 
on  the  top  sieve  and  rocked  back  and 
forth  on  the  bench  until  no  more  par- 
ticles will  pass  through  the  top  sieve. 
This  sieve  is  then  removed,  shaken 
vigorously  by  hand  over  a  clean  paper 
to  make  sure  that  the  separation  is 
complete  and  the  additional  particles 


passing  through  added  to  the  portio: 
of   the    sample   still   remaining   upo] 
the  second  sieve.    The  removed  sieve 
is  set  aside,  the  nest  of  three  sievei 
again  agitated  and  another  taken  ol 
for    the    finishing    shaking    by    hand. 
This  process  is  repeated  until  all  th< 
sieves  have  been  removed.     The  fra< 
tion  of  the  sample  remaining  on  eac 
sieve  and  in  the  pan  is  weighed  am 
reported  as  the  per  cent  passing  th< 
next  larger   sieve  and  retained  upon 
the  one  by  which  it  was  removed.  For 
example,   if  the  weighed   amount  re- 
tained upon  the    40-mesh  sieve  weighs 
25  grams,  and  it  had  to  pass  the  10- 
mesh  sieve  to  reach  the  40  mesh,  this 
fraction  would  be  reported  as: 
Passing  10-mesh,  retained  on  40- 
mesh   sieve    25.0% 

The  sum  of  all  of  these  weights  should 
total  100  grams. 

The  second  method  of  running  the 
screen  test  is  to  place  the  sample 
upon  the  200-mesh  sieve,  shake  by 
hand  until  no  appreciable  amount  of 
dust  comes  through,  discard  that 
which  passes,  weigh  that  retained  and 
subtract  from  the  100-gram  weight  of 
the  original  sample.  This  gives  the 
per  cent  passing  the  200-mesh  sieve. 
The  material  retained  upon  the  200- 
mesh  is  now  placed  upon  the  80-mesh 
sieve,  shaken  to  refusal,  that  part 
passing  the  sieve  discarded,  that  part 
retained  weighed  and  subtracted  from 
the  total  retained  upon  the  200-mesh 
sieve.  This  gives  the  per  cent  pass- 
ing the  80-mesh  but  retained  upon  the 
200-mesh  sieve.  This  process  is  re- 
peated until  the  coarsest  sieve  is 
reached,  and  the  amount  retained 
upon  it  is  so  reported. 

As  the  sand  in  most  mixtures  is  a 
combination  of  two  or  more  sands 
from  the  stock  piles  it  is  well  to  check 
the  uniformity  of  feeding  by  frequent, 
samples  taken  from  the  hot  sand 
storage  bin  over  the  mixer  platform. 
A  small  frying  pan,  or  a  wooden  box 
to  which  a  1-ft.  handle  has  been  nailed 
makes  a  suitable  sampler.  The 
sample  is  taken  at  the  time  a  batch 
is  being  drawn  by  passing  the  pan  or 
box  rapidly  across  and  entirely 
through  the  stream,  first  from  one 
side  and  then  from  the  other  in  order 
to  get  a  true  cross  section  of  the 
material.  As  the  first  sand  flowing 
from  the  bin  may  not  be  truly  repre- 
sentative of  the  mass,  if  is  well  to 
delay  taking  the  sample  until  a  few 
seconds  after  the  gate  is  opened. 
After  cooling,  the  sample  should  be 
quartered    to    the    usual    100-gram 
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sample  and  screened  by  one  of  the 
methods  described  above.  The  writer 
has  obtained  extremely  uniform  and 
accurate  results  upon  samples  taken 
by  this  method  despite  the  ordinary 
difficulty  of  sampling  dry  aggregate. 

Stone  Screenings. — These  are  sam- 
pled and  tested  by  the  same  general 
methods  as  outlined  for  sands.  In 
the  screen  test,  however,  sieves  of 
larger  maximum  sizes  are  used  as 
required.  To  avoid  excessive  wear 
upon  expensive  fine  mesh  sand  sieves, 
the  sample  is  divided  over  the  10-mesh 
sieve,  the  proportions  retained  and 
passing  noted,  and  separate  gradings 
run  upon  each.  The  ordinary  100-gram 
sample  is  used  for  the  finer  portion, 
but  500  grams  should  be  selected  for 
the  coarser.  By  multiplying  the  sev- 
eral component  per  cents  constituting 
each  sieve  analysis  by  the  respective 
per  cents  which  the  fine  and  coarse 
materials  bear  to  the  original  sample 
of  screenings,  it  will  be  found  that 
the  products  so  obtained  will  repre- 
sent the  per  cent  of  each  size  appear- 
ing in  the  screenings.  In  other  words, 
the  sieve  analysis  of  the  parts  finer 
and  coarser  than  the  10-mesh  sieve 
have  been  proportionately  reduced  to 
per  cent  of  the  original  sample. 

Crushed  Stone  and  Gravel. — Thes^ 
materials  as  they  appear  in  the  stor 
age  piles  and  shipments  should  be 
inspected  for  freedom  from  weathered 
or  disintegrated  particles,  coatings  of 
dirt,  and,  in  the  case  of  stone,  cubical 
shape.  A  screen  test  is  required  to 
determine   the  grading. 

It  is  somewhat  difficult  to  sample 
large  masses  of  coarse  aggregate, 
especially  if  the  sizes  composing  it 
are  somewhat  segregated.  The  best 
method  is  to  go  over  the  pile  care- 
fully, noting  the  presence  or  lack  of 
uniformity.  Then  take  a  shovelful 
from  several  different  locations  rep 
resenting  as  nearly  as  possible  the 
composition  of  the  whole.  The  sample 
so  selected  may  weigh  40  or  50  lbs. 
and  should  be  collected  in  a  large 
box  or  clean  sack.  After  the  sample 
is  quartered  down  to  4,000  or  5,000 
grams,  a  sieve  analysis  is  run  by 
either  of  the  methods  described  under 
"Sand." 

Grades  of  coarse  aggregate  differ- 
entiated upon  the  basis  of  nature  or 
test  characteristics  should  be  stored 
in  separate  stock  piles.  The  unload- 
ing of  dirty  or  otherwise  unsuitable 
aggregates  should  not  be  permitted. 

Dust. — Portland  cement  and  pulver- 
ized limestone  are  the  two  materials 


most  commonly  used  as  the  source  of 
filler.  The  one  test  which  the  inspec- 
tor is  usually  required  to  make  is  that 
for  fineness,  or  per  cent  passing  the 
200-mesh  sieve. 

The  dust  may  be  received  at  the 
plant  either  in  bulk  or  in  sacks.  In 
the  former  case  it  is  only  necessary 
for  the  inspector  to  collect  small  quan- 
tities from  a  number  of  different 
places  in  the  mass  to  secure  his  sam- 
ple. In  the  latter  case  small  amounts 
should  be  taken  from  a  dozen  or  more 
sacks.  Once  the  dust  is  obtained,  it 
should  be  thoroughly  mixed,  quartered 
down  to  50  grams  and  shaken  over 
the  200-mesh  sieve  until  virtually  no 
dust  falls  upon  a  clean  sheet  of  paper 
placed  under  it.  The  residue  retained 
by  the  sieve  is  then  weighed,  sub- 
tracted from  the  original  weight,  and 
the  number  of  grams  passing  multi- 
plied by  2  gives  the  fineness. 

The  sieving  of  dust  is  a  tedious 
process,  but  may  be  rendered  some- 
what more  rapid  by  placing  two  or 
three  coins  on  the  sieve.  The  effect 
is  to  facilitate  the  passage  of  the 
fine  particles  and,  to  some  extent, 
keep  the  meshes  from  clogging. 

Dust  which  becomes  damp  or  wet 
during  storage  forms  into  lumps  and 
balls  which  do  not  break  down  in 
process  of  mixing  and  the  material 
is  therefore  unsuitable  for  use  as  a 
filler. 

Proportioning  the  Cold  Aggregates. 
— All  plants  are  alike  in  the  crude 
methods  of  proportioning  the  cold  ag- 
gregates and  with  all  types  of  pave- 
ments the  uniformity  of  the  resulting 
mixture  depends  to  a  greater  or  less- 
er extent  upon  the  organization  of 
this  end  of  the  process.  Sometimes 
the  contractor  sinks  a  box  around  the 
foot  of  the  cold  elevator,  dumps  into 
it  alternate  wheelbarrowsful  of  the 
several  materials  and  assigns  one  la- 
borer armed  with  a  hoe  to  the  task 
of  keeping  the  elevator  full.  Such 
a  practice  seldom  produces  a  uniform 
mixture,  since  the  barrows  are  not 
loaded  with  equal  amounts  upon  each 
trip  or  the  wheelers  get  out  of  order 
and  the  mass  of  aggregate  dumped  at 
the  elevator  becomes  segregated.  The 
only  conditions  under  which  such  pro- 
portioning should  be  permitted  are 
those  in  which  each  batch  is  fed  into 
the  plant  and  delivered  to  the  mixer 
as  a  unit,  and  in  this  case  the  barrows 
should  always  be  accurately  filled  to 
a  level  of  known  volume.  The  only 
way  to  provide  for  uniform  aggregate 
at   the   mixer   is    to   pile   the   several 
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materials  separately  and  conveniently 
close  to  the  elevator  so  that  the  la- 
borers may  be  assigned  to  feed  them 
systematically  in  simple  proportions. 
Suppose  one  part  of  Sand  A,  one  part 
of  Sand  B  and  two  parts  of  stone 
screenings  are  desired.  It  would  be 
best  to  have  piles  of  the  two  sands 
upon  one  side  of  the  elevator  and  the 
stone  on  the  other.  The  laborer  as- 
signed to  the  two  sands  would  be  told 
to  feed  one  shovelful  of  Sand  A  and 
one  shovelful  of  Sand  B  while  the 
other  laborer  is  feeding  two  shovel- 
fuls of  screenings.  The  point  should 
be  noted  that  these  proportions  should 
be  expressed  in  the  simplest  possible 
terms  as  the  labor  is  generally  unin- 
telligent. Upon  the  plants  equipped, 
as  most  are,  with  screens  to  separate 
the  stone  from  the  sand,  the  exact 
ratio  in  which  the  two  are  fed  is  un- 
important except  that  it  is  necessary 
to  have  each  always  available  in  suf- 
ficient Quantities  to  permit  the  unin- 
terrupted operation  of  the  plant. 
Everything  finer  than  the  8  or  10- 
mesh  sieve  is  screened  into  the  sand 
bin,  and  hence,  when  the  stone  sup- 
ply carries  sand  sizes,  the  feeding  of 
the  two  materials  must  oe  carried  on 
in  accurate  relative  proportions. 

Proportioning  the  Hot  Aggregates. 
— The  mixing  platform  is  the  pilot 
house  of  the  asphalt  plant,  and  from 
this  vantage  point  the  inspector  is  in 
the  position  to  direct  virtually  the  en- 
tire operation. 

From  the  dryer  the  heated  aggre- 
gates are  elevated  to  screens  which 
separate  the  sizes  into  the  stone  and 
sand  bins  over  the  mixing  platform. 
The  bins  are  generally  in  the  form  of 
an  inverted  pyramid  with  gates  in  the 
bottom  which  deliver  the  respective 
aggregates  to  the  measuring  box  be- 
low, Segregation  of  sizes  in  these 
bins  is  one  of  the  difficulties  in  the 
path  of  uniform  proportioning  and 
constitutes  the  strongest  objection  to 
the  use  of  a  single  storage  bin  when 
such  stone  and  sand  mixtures  are  be- 
ing prepared.  Holes  in  the  partition 
between  two  bins  or  in  the  screens 
will  result  in  mixture  of  two  classes 
of  material  and  entirely  upset  the 
scheme  of  proportioning.  The  same 
thing  may  occur  upon  some  plants 
from  the  too  rapid  feeding  of  any  one 
cold  material,  the  result  being  that  it 
finally  fills  its  bin  and  overflows  in- 
to the  one  next  to  it.  The  composi- 
tion of  aggregate  showing  contamina- 
tion      with    others    should    never    be 


guessed  at  as  a  basis  for  the  additi 
of  bitumen,   but   the   bins  should 
emptied  and  the  trouble  corrected  b 
fore  the  mixing  is  resumed. 

The  measurement  of  aggregates 
volume  is  sometimes  attempted,  a 
while  not  as  easily  controlled 
measurements  by  weight,  uniform  r 
suits  may  be  obtained  provided  £ 
boxman  can  be  impressed  with  t 
necessity  for  accuracy.  The  aspha! 
is  always  measured  by  weight  and  th 
volumes  of  aggregate  must  also  be 
determined  which  will  correspond  to 
their  proportions  by  weight  in  the 
mixture.  This  may  be  done  by  weigh- 
ing a  cubic  foot  volume  of  each  dry 
aggregate,  obtaining  the  dimensions  of 
the  measuring  box  and  computing  the 
point  to  which  the  latter  must  be  filled 
to  hold  the  desired  weight.  A  per- 
manent and  clearly  recognizable  mark 
must  be  made  to  show  this  point  and 
the  boxman  required  to  use  a 
short  hoe  to  level  the  material  even 
with  it.  If  a  sand  and  stone  mix  is 
being  used,  the  sand  is  first  drawn 
from  the  bin,  leveled  to  its  mark,  and 
then  the  stone  is  added  to  a  second 
mark,  representing  the  sum  of  the 
required  loose  volumes.  Should  the 
stone  be  drawn  first  to  a  proper 
amount,  and  followed  by  the  sand,  the 
latter  will  filter  into  the  stone  voids 
and  completely  upset  the  proportions. 

Ordinarily  the  measuring  box  is 
mounted  upon  a  platform  scale  which 
is,  on  some  plants,  provided  with  sev- 
eral beams.  The  tare  weight  of  the 
measuring  box  is  balanced  by  the 
weight  on  one  beam.  This  balancing 
weight  should  be  provided  with  a  set 
screw  so  that  it  will  not  be  disturb- 
ed by  the  vibration  of  the  plant.  As 
many  other  beams  may  be  provided 
upon  the  scales  as  there  are  bins 
representing  sizes  of  aggregate.  The 
procedure  with  a  scale  of  this  kind 
is  to  set  on  the  first  beam  the  prop- 
er weight  representing  the  quantity 
desired  of  the  corresponding  bin  and 
draw  aggregate  from  that  bin  until  the 
scale  beam  balances;  set  out  the  prop- 
er weight  on  the  next  beam*  and  draw 
sufficient  of  that  material  to  again  bal- 
ance the  beam,  continue  the  alternate 
setting  and  drawing  until  the  several 
materials  are  contained  in  the  measur- 
ing box  and  return  all  weights,  except 
that  compensating  for  tare,  to  zero. 
Other  scales  have  but  two  beams,  one 
to  compensate  for  the  tare  weight  of 
the  measuring  box  and  the  other  for 
the  weighing  of  materials.  This  is  the 
more  common  type  upon  plants  usod 
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for  simple  mixtures  of  one  sand  and 
one   coarse   aggregate. 

The  greatest  care  should  be  taken 
to  insure  the  accuracy  of  the  scales. 
Before  work  starts  the  inspector 
should  check  them  by  means  of  test 
weights,  if  such  are  available,  or  by 
weighing  several  large  rocks  or  sacks 
of  cement  upon  scales  which  may  be 
found  in  express  depots  or  elsewhere. 
After  the  mixing  is  started  whole  loads 
should,  if  possible,'  be  frequently 
weighed  upon  platform  scales  and 
checked  back  against  the  batch 
weights  on  the  plant,  deducting,  of 
course,  the  weight,  empty,  of  the  wa- 
gon or  truck.  Care  should  be  taken 
that  aggregate  does  not  wedge  under 
the  free  platform  upon  which  the 
measuring  box  is  mounted,  and  all 
parts  of  the  weighing  apparatus 
should  be  cleaned  daily.  If  scales  get 
out  of  order,  mixing  should  be  im- 
mediately suspended  until  repairs  are 
made. 

Unless  the  boxman  is  experienced 
and  cool  headed  he  will  many  times 
overrun  his  weights.  This  may  easily 
be  a  serious  situation  and  he  must 
be  trained  to  work  carefully.  Sup- 
pose an  aggregate  mix  is  being  run 
which  is  composed  of  450  lbs.  of  stone 
and  150  lbs.  of  sand.  The  scale  is  set 
for  the  first  figure  and  the  boxman 
overruns  the  weight  by  50  lbs.  He 
quickly  adds  weights  on  the  scale 
beam  to  total  of  600  lbs.  and  draws 
sufficient  sand  to  just  balance  it.  The 
result  is  that  there  is  a  substitution 
of  50  lbs.  of  stone  for  an  equal  amount 
of  sand.  Sand  requires  approximately 
four  times  as  much  bitumen  as  does 
an  equal  weight  of  stone,  and  thus, 
if  the  mixer-man  adds  the  routine 
amount  of  asphalt,  an  excess  will  in 
this  case  be  present  and  the  batch 
will  be  rich. 

Asphalt. — The  volume  of  a  given 
weight  of  asphalt  varies  greatly  with 
changes  in  its  temperature.  This  fact 
is  sufficient  justification  for  the  re- 
quirement that  it  shall  always  be  pro- 
portioned by  weight. 

The  asphalt  bucket  is  suspended 
from  a  set  of  scales  carrying  an  extra 
beam  to  counterbalance  the  tare 
weight  and  receives  its  material  either 
by  hand  ladles  from  the  asphalt  heat- 
ing tank  or  by  a  direct  pipe  leading 
to  the  asphalt  supply. 

The  attention  of  the  inspector 
should  be  given  to  the  proportioning 
of  the  asphalt  more  or  less  constant- 
ly and  particularly  at  certain  critical 
times.    The  asphalt  bucket  is  persum- 


ably  clean  in  the  morning,  as  it  should 
have  been  drained  and  cleaned  out  at 
the  close  of  the  previous  day's  run. 
After  the  first  batch  of  asphalt  is 
drawn  and  added  to  the  aggregate  it 
will  be  found  that  a  very  appreciable 
part  of  its  bulk  remains  as  a  coating 
upon  the  inside  of  the  cold  bucket. 
Succeeding  batches  will  add  slightly 
to  the  thickness  of  the  coating  until 
the  bucket  becomes  thoroughly  heat- 
ed, following  which  time  the  asphalt 
is  gradually  released  from  the  sides 
of  the  bucket,  causing  a  slight  excess 
to  enter  each  batch.  Finally*  an  al- 
most constant  quantity  is  retained  by 
the  bucket  for  such  period  of  time  as 
the  plant  remains  in  regular  opera- 
tion and  the  asphalt  is  maintained  at 
the  same  temperature.  It  Will  be 
seen  that  in  order  to  avoid  a  defi- 
ciency of  bitumen  in  the  first  few 
batches  and  an  excess  in  succeeding 
ones,  the  tare  weight  of  the  bucket 
must  be  almost  constantly  watched 
and  adjustment  of  the  center  bal- 
ancing weight  made  as  necessary.  The 
same  situation,  to  a  lesser  degree, 
will  develop  after  any  prolonged  sus- 
pension of  operation  during  the  day's 
run. 

The  asphalt  scales  should  be  check- 
ed for  accuracy  as  was  suggested  in 
the  case  of  the  aggregate  scales,  and 
the  weights  both  compensating  for 
the  tare  weight  of  the  bucket  and  rep- 
resenting the  contents  of  the  bucket 
should  be  fitted  with  set-screws  which 
will  prevent  them  from  being  dis- 
turbed by  the  vibration  of  the  plant 
or  accidental  blows. 

Filler. — Usually  a  tight  storage  box 
on  the  mixing  platform  is  kept  filled 
with  dust  which  forms  a  rather  small 
proportion  of  the  mixture.  It  is  added 
in  an  unheated  condition  either  to  the 
aggregate  in  the  mixer  before  the 
asphalt  is  poured  in,  or  is  placed  in  the 
measuring  box  after  the  gate  is  open- 
ed and  the  aggregate  is  flowing  into 
the  mixer. 

Dust  may  be  weighed  with  the  other 
aggregates  but  is  more  likely  to  be 
blown  away  by  the  wind,  especially 
if  the  mixing  platform  is  not  enclosed. 
The  weight  of  dust  which  one  of  more 
ordinary  galvanized  iron  water 
buckets  will  hold  is  determined  and 
the  proper  number  of  bucketfuls  add- 
ed to  each  batch.  As  it  is  easy  for 
the  laborer,  to  only  partially  fill  the 
buckets  or  "forget  exactly  how  many 
are  required,  the  inspector  should 
keep  an  eye  upon  this  matter  also. 

Regulation    of   Temperatures. — Mix- 
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tures  reaching  the  street  should  be 
hot  enough  to  rake  properly  and  yet 
not  hot  enough  to  permit  the  segrega- 
tion of  materials  in  this  process  or 
give  rise  to  the  suspicion  that  the  as- 
phalt may  have  been  so  injured  at  the 
plant.  Outside  limits  for  asphaltic 
concretes  and  sheet  asphalt  should  be 
225°  F.  to  350°  F.  Lower  tempera- 
tures should  be  held  for  binder  and 
asphaltic  concretes  carrying  rather 
low  percentages  of  sand  for  the  rea- 
son that  it  is  desirable  to  have  sand 
balled  up  around  the  coarser  particles 
in  order  to  largely  eliminate  segrega- 
tion of  the  coarse  and  fine  materials 
in  the  compressed  pavement.  Under 
ordinary  summer  temperature  con- 
ditions 250°  F.  or  275°  F.  are  better 
temperature  limits  for  these  types  of 
mixtures  than  higher  ones.  Sheet 
asphalt  ordinarily  works  best  above 
275°  F.,  and  325°  F.  is  generally  high 
enough  to  permit  the  easy  raking  of 
even  those  mixtures  which  carry  high 
percentages  of  filler. 

Of  almost  equal  importance  with 
the  proper  degree  of  temperature  is 
the  uniformity  with  which  it  is  main- 
tained. All  asphalts  decrease  in  pene- 
tration when  heated,  and  the  higher 
the  temperature  the  greater  will  be 
the  extent  to  which  they  will  harden. 
If  one  batch  is  turned  out  at  350°  F. 
and  another  laid  adjacent  to  it  the 
pavement  was  mixed  at  250°  F.,  it  is 
apparent  that  the  asphalt  in  the  first 
is  harder  than  that  in  the  second. 
Some  asphalts  are  less  affected  by 
high  temperatures  than  others,  but 
as  a  general  proposition  it  may  be 
stated  that,  the  softer  of  the  two 
asphalts  prepared  from  the  same  base 
will  retain  its  life  for  the  longer 
period.  Extremely  hot  mixtures 
compress  to  a  greater  degree  than  do 
cold  ones,  and  extreme  temperature 
variations  between  batches  laid  in 
close  proximity  to  each  other  is  one 
element  which  may  result  in  a  wavy 
surface.  1 

It  is  more  difficult  to  maintain  uni- 
form temperatures  upon  a  small  plant 
than  it  is  upon  a  large  one,  but  it 
may  be  done  if  contsant  watch  is 
maintained  over  the  fires  under  the 
dryer,  the  rate  of  feeding  cold  aggre- 
gates, and  the  temperature  of  the  hot 
aggregates.  When  the  plant  is  start- 
ed in  the  morning  cold  materials  are 
fed  in  slowly,  but,  nevertheless,  the 
first  agregate  through  the  cold  eleva- 
tor, bins  and  measuring  box  may 
reach  the  mixer  at  loo  low  a  tempera- 
ture to  be  properly  mixed.     Air  tem- 


peratures are  low  at  this  time  of  tlu 
day  and  the  mixture  loses  heat  rapid- 
ly. The  first  loads  should  certainly 
not  reach  the  street  at  less  than  275' 
F.  By  pushing  the  fires  and  feedinj 
slowly  material  will  soon  com* 
through  sufficiently  hot  and  as  soon  a* 
it  does  the  rate  of  feeding  cold  mate- 
rial should  be  increased  as  otherwise 
the  temperature  will  very  likely  swinj 
to  the  other  extreme  and  necessitate 
another  delay  until  it  can  be  lowered. 
Right  here  may  be  favorable  point  to 
impress  upon  the  inspector  the  need 
of  discretion  in  the  rejection  of  mate- 
rials which  are  either  too  hot  or  too 
cold.  Aggregate,  especially  when  tho 
work  is  just  being  started,  should 
be  held  in  the  measuring  box  and 
tested  for  temperature  despite  eager- 
ness of  the  mixer  crew  and  sometimes 
the  foreman  to  rush  it  through.  Let 
the  thermometer  remain  in  the  mate- 
rial until  it  ceases  to  rise  regardless 
of  protests.  Remember  that  it  is 
easier  and  less  expensive  to  reject  ag- 
gregates before  rather  than  after  the 
bitumen  and  dust  have  been  added. 
In  the  former  case  they  may  be  drop- 
ped through  the  mixer  and  hauled 
back  to  the  cold  aggregate  elevator; 
in  the  latter  case  the  mix  is  a  total 
loss.  It  should  seldom  be  necessary 
to  reject  a  complete  batch  due  to  im- 
proper temperatures,  although  the  oc- 
casion to  do  so  frequently  arises,  due 
to  blunders  in  proportioning  on  the 
part  of  an  inexperienced  mixing  crew. 

Many  plants  are  now  equipped  with 
pyrometers,  the  points  of  which  rest 
in  the  aggregate  as  it  emerges  from 
the  dryer.  The  dial  should  be  located 
in  easy  view  of  the  inspector  and  fire- 
man. A  less  elegant,  but  at  the  same 
time  effective,  method  of  gauging  the 
temperature,  is  to  spit  into  the  ag- 
gregate as  it  lies  in  the  measuring 
box.  If  the  saliva  does  not  evaporate 
rapidly  the  aggregate  is,  of  course, 
cold;  if  a  minature  explosion  occurs 
and  it  separates  into  small  globules 
as  it  strikes,  the  aggregate  is  very 
likely  too  hot.  In  either  of  these 
cases  the  thermometer  should  be  re- 
sorted to. 

The  method  of  reducing  tempera- 
tures which  seem  to  be  gradually 
working  up  too  high,  is  to  increase  the 
rapidity  with  which  the  cold  materials 
are  fed,  and  at  the  same  time  open 
the  doors  of  one  or  more  of  the  fire 
boxes  under  the  dryers.  If  the  tem- 
peratures are  far  too  high,  the  method 
is  likely  to  prove  too  slow  and  cold 
damp  sand,  mixed  in  the  proper  pro- 
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portions,  may  in  some  types  of  plants, 
be  thrown  into  the  boot  of  the  hot 
aggregate  elevator,  thus  cooling  the 
overheated  material  as  it  comes  out 
of  the  dryer.  If  the  aggragte  as  it 
flows  into  the  measuring  box  is  found 
to  be  too  hot,  only  a  part  of  the  batch 
may  be  drawn,  and  tne  remainder  of 
the  required  weight  made  up  of  wet 
sand  from  the  storage  piles.  The 
same  situation  may  be  handled  by  al- 
lowing a  complete  batch  of  the  over- 
heated aggregate  to  pass  into  the  mix- 
er and  then  throwing  in  a  bucket  or 
two  of  water  from  a  barrel  kept  on 
the  platform  for  that  purpose.  Unless 
one  is  careful,  this  operation  is  likely 
to  result  in  a  bad  burn  from  the  cloud 
of  steam  suddenly  generated.  In 
either  case  no  asphalt  should  be  add- 
ed until  the  last  of  the  moisture  has 
disappeared,  and  it  should  be  under- 
stood that  they  are  merely  expedients 
adopted  in  emergencies  in  order  to 
avoid  holding  up  the  work  until  the 
temperature  can  be  reduced  by  the 
methods  given  at  the  beginning  of 
this    paragraph. 

Batches  of  completed  mixture  which 
are  too  cold  to  rake  or  are  above  the 
allowable  maximum  temperature  must 
be  rejected.  With  careful  supervision 
on  the  part  of  the  inspector  rejections 
due  to  unsuitable  temperatures  should 
be  of  rare  occurrence. 

The  Mixer  and  Condition  of  Mixing. 
— Thorough  and  uniform  mixing  can 
not  be  obtained  unless  the  mixer  it- 
self is  in  good  shape.  All  the  blades 
should  be  present,  and,  while  long 
enough  to  prevent  masses  of  partially 
mixed  asphalt  and  aggregate  from  ad- 
hering to  the  front  and  back  of  the 
mixer  box,  should  not  be  long  enough 
to  wedge  coarse  particles.  Broken 
blades  sometimes  occur  under  such 
conditions.  The  blades  should  be  so 
spaced  and  placed  that  the  mixture  is 
worked  from  both  ends  toward  the 
center  of  the  mixing  box  and  the 
speed  of  rotation  should  be  sufficient 
to  churn  the  mass  vigorously. 

In  mixing  a  batch,  the  aggregate 
should  be  run  into  the  mixer,  the  dust 
added,  and  the  mass  turned  for  a  few 
seconds  before  the  asphaltic  cement 
is  poured,  in  order  to  obtain  a  uniform 
distribution  of  the  filler.  The  asphal- 
tic cement  should  be  poured  in  slow- 
ly and  uniformly  over  the  full  length 
of  the  mixer.  Too  often  the  mixer 
man  carelessly  pours  the  greater  part 
of  contents  of  the  bucket  at  one  end 
with  the  result  that  a  non-uniform 
batch   results. 


The  time  of  mixing  should  be  ex- 
tended somewhat  beyond  the  instant 
at  which  the  mixture  appears  uniform- 
ly black.  Tests  upon  samples  taken 
from  various  parts  of  the  same  batch 
have  shown  considerable  variations  in 
bitumen  content.  At  proper  tempera- 
tures one  minuite  for  sheet  asphalt 
and  three-quarters  of  a  minute  for 
coarse  graded  mixtures  are  usually 
sufficient  to  produce  uniformity. 

Asphaltic  pavements  should  not  be 
laid  during  a  rain  or  upon  a  wet  base. 
As  soon  as  rain  starts  to  fall  the  in- 
spector should  direct  that  plant  oper- 
ations be  stopped.  If  the  precipita- 
tion is  very  light  he  may  allow  the 
loaded  or  partially  loaded  truck  to 
proceed  to  the  street  and  leave  its  dis- 
position to  the  discretion  of  the  in- 
spector there.  Following  light  sum- 
mer showers  it  is  frequently  possible 
to  proceed  with  the  work  as  the  warm 
base  drys  rapidly,  but  the  inspector 
should  await  advices  from  the  street 
before  permitting  the  resumption  of 
operations. 

Samples  of  Materials  and  Mixtures. 
— The  original  formula  upon  which 
the  plant  operations  are  commenced 
is  largely  based  upon  the  character- 
istics of  materials  which  have  been 
studied  by  the  engineer.  Succeeding 
shipments  may  or  may  not  be  of  the 
same  qualities,  and  changes  in  pro- 
portions may  be  necessitated.  Even 
should  the  inspector  possess  the  knowl- 
edge and  authority  to  make  such 
changes,  he  should  promptly  submit 
samples  to  the  engineer,  who  may  de- 
sire more  complete  tests  for  record. 
Samples  of  aggregates  should  be  ob- 
tained by  the  methods  outlined  earlier 
in  this  article. 

It  is  highly  desirable  for  proper 
control  that  daily  tests  be  made  upon 
the  mixture  for  bitumen  content  and 
sieve  analysis  of  the  aggregate.  The 
plant  inspector  should  gradually  col- 
lect a  sample  for  this  purpose  by  tak- 
ing a  trowelful  of  each  of  a  large  num- 
ber of  batches  at  intervals  during  the 
day.  Samples  should  be  taken  from 
batches  as  dropped  from  the  mixer 
into  the  wagon  and  care  should  be 
taken  to  avoid  segregations  of  either 
the  coarse  or  fine  particles.  This  is 
best  done  by  digging  well  into  the 
pile.  A  bucket,  provided  with  a  cover, 
is  a  good  container  for  these  samples. 
At  the  end  of  the  day's  work  the  large 
sample  is  heated,  mixed  and  quarter- 
ed to  a  convenient  size  and  forward- 
ed to  the  engineer  or  laboratory. 

Some   organizations  further  require 
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the  inspector  to  submit  for  daily  spector  to  the  satisfaction  of  all  par- 
check  the  small  can  of  asphaltic  ce-  ties  concerned  requires  a  man  who  en- 
ment  upon  which  he  runs  his  pene-  joys  laboratory  work  of  a  simple  na- 
tration  test.  If  this  is  to  be  done  the  ture,  possesses  initiative,  is  fair 
inspector  should  shake  the  water  minded,  capable  of  quick  thinking, 
from  the  holes  made  by  the  needle  and  and  willing  to  work  long  and  hard, 
allow  the  surface  of  the  sample  to  dry  Such  a  man  will  find  plant  control  ab- 
before  closing  the  can  tightly.  sorbingly  interesting,  and,  while   the 

Proper    sizes    of    samples    for    the  role  is  certainly  not  an  easy  one  to  fill 

several  materials  are  as  follows :  it  will  be  considerably  simplified  if  the 

sand,  lb 5  following  hints  are  taken  to  heart: 

SCsrcree"ngfb0r  St°ne  passing  a  ^'in'  10  1.     Be  diplomatic  and  cheerful.    An 

Coarse  aggregate,'  lb! ".!!!!'..".'.'.'.'.'.! '.  25  inspector  with  a  chip  on  his  shoulder 

Asphalt,  qt 1  has    a    hard    time    getting    what    he 

Sheet  asphalt  wearing  surface  mix-  ,Mt,fa 

ture    lb                                                        %  warns. 

Topekk  surface  mixture',  lb.  '.'.'.'.'.'.'.'.'.    1  2.     Except  to  the  mixing  crew,  whei 

Binder   or   coarse   graded    asphaltic  quick    action    is    demanded,    give    nc 

concrete,  lb 3  direct    instructions    to    the    laborers 

All    samples    submitted    should    be  Make  known  your  desires  to  the  foi 

numbered    serially  and   further   iden-  man. 

tified   by   references   to   them   in   the  3.     Do   not  discuss   plant  problei 

inspector's   daily   report.  and  difficulties  while  off  the  job. 

Inspector's    Reports.— The    engineer  twisted  version  of  your  account  maj 

must  be  kept  fully  informed  regarding  reach  the  engineer  or  contratcor  am 

the  progress  of  the  work  and   condi-  cause  embarrassment, 

tions  at  the  plant.     The  inspector  is  4.     Do    not    make    unsolicited    suj 

furnished  with  report  forms  for  this  gestions    regarding    the    operation 

purpose  and  it  is  very  necessary  that  the  plant  unless  it  is  for  the  good 

they  be  submitted  daily.    Delayed  re-  the  pavement  mixture, 

ports  are  of  comparatively  little  value  5.    Make  tests  upon  new  material 

except  as  records.    The  reports  should  promptly,    decide    carefully    whetht 

be  numbered  in  series  beginning  with  they  should  be  accepted  or  rejectee 

the    day    the    inspector    reaches    the  and  do  not  reverse  your  decision  witl 

plant  and  continue   (Sundays  exclud-  out  very  good  reason, 

ed)   until  he  is  relieved  or  the  work  6     Be  fair  and  consistent  in  your 

is  completed.     It  the  plant  is  closed  ruiings.    Remember  that  the  contrac 

down  because  of  adverse  weather  con-  tor  as  well  as  tne  engineer  has  definite 

ditions   or   repairs,   the   report   must,  rights  under  tne  contract, 

nevertheless,  be  submitted.  The  engi-  _      ~   .  ,  M  m   -   ..     „„„«„*„  •„  a.n- 

neer   wishes    to    know    conditions   Is  7-     Get  yourda^lyreports  in  daily. 

they  exist  every  day  and  the  uninter- 

rupted    series    of  reports    should   con-  Corrugating    Concrete    Pavement    for 

stitute  a  complete  history  of  the  con-  Steep  Grades 

tract 

upon  letter  size  paper.  .g  corrugated    Tnege  corrugations  are 

Keeping  Costs.— Cost  data  are  nee-  V-shaped,  %  in.  deep,  and  run  trans- 

essary  in  order  to  formulate  accurate  versely  across  the  pavement  on  5-in. 

estimates  and  the  inspector  should  coi-  centers.    They  are  formed  as  follows: 

iect   detailed    information   concerning  A  large  roiler>   t0   which    1-in.    angle 

them.     Spaces  are  provided  upon  the  irons  nave  been   fastened,  is  run  on 

report  form  and  should  be   carefully  fixed    guides    across    the    pavement, 

filled    in.      If    possible    the    costs    of  With    tnis    device    the    grooves    are 

materials,    bills    of    lading,    showing  made  accurately  parallel  and  always 

weights  of  materials,  and  the  wages  at   right   angies    to    the    direction    of 

paid  to  the  labor  should  be  obtained  traffic.     The  grooves  are  made  while 

from  the  contractor.     The  quantities  the  concrete  is  still  green  but  fairly 

of  fuel   and  lubricants  used  may  be  stjff.     Unlike  other  methods,  the  use 

obtained    from    approximate    weekly  0f  the   roller  does   not  mar  the   sur- 

consumption.  face  and  little  finishing  with  mortar 

A  few  Suggestions  to  Plant  Inspec-  is    necessary    after    the    grooves    are 

tors. — To  fill  the  position  of  plant  in-  made. 
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Highways  Place  in  National  Transportation  Plan 

Relation  Which  Various  Agencies  Should  Bear  to  Each  Other  Out- 
lined in  Paper  Presented  February  15  at  Short  Course 
in  Highway  Engineering,  University  of  Illinois 

By    C.    C.   WILLIAMS. 

Head  of   Department   of  Civil  Engineering,  University  of  Illinois. 


A  few  years  ago,  it  was  my  pleasure 
to  go  out  through  St.  Paul's  Gate  at 
Rome  and  traverse  with  frequent  stops 
the  Appian  Way,  and  to  have  the  op- 
portunity to  observe  that  admirable 
highway  running  off  to  the  southeast 
from  the  city,  which  has  been  in  con- 
tinuous use  for  about  2,000  years,  al- 
though resurfaced  of  course  many 
times  in  that  period.  Jogging  along 
behind  a  lazy  team  of  skinny  horses, 
my  thought  was  directed  first  to  the 
remarkably  good  roads  built  by  the 
Romans,  and  second  to  the  plethora 
of  oratory  that  I  have  been  compelled 
to  listen  to  at  various  times  and  oc- 
casions on  the  theme  of  Roman  roads 
as  an  argument  for  building  similar 
roads  in  our  own  day. 

This  reasoning  from  ancient  Roman 
civilization  to  modern  American  so- 
cial and  economic  conditions  is  much 
more  likely  to  lead  to  pedantry  than 
it  is  to  sound  policy,  hence  I  shall  not 
do  more  than  to  take  the  suggestion 
of  a  theme  from  the  comparison. 

Roman  Roads  About  Equal  to  Sec- 
ond Class  Illinois  Highways. — THie  fact 
that  Rome  was  a  militaristic  nation 
and  had  highways  only  for  inland 
transportation  compelled  the  construc- 
tion of  good  roads,  as  the  only  means 
of  moving  armies  and  supplies.  As 
a  matter  of  fact,  her  boasted  high- 
ways were  probably  about  equal  to  the 
second  class  highways  of  Illinois  at 
the  present  time,  although  more  sub- 
stantially constructed.  Whether  a 
peace  loving  American,  restored  to 
"splendid  isolation,"  with  an  exten- 
sive network  of  railroads  whose  ca- 
pacity incomparably  exceeds  the  Ro- 
man highways  and  with  a  possible  sys- 
tem of  magnificent  inland  waterways 
available,  should  build  large  capacity 
highways  will  certainly  have  to  be 
decided  on  the  basis  of  present  needs 
rather  than  the  argument  "because 
the  Romans  did  thus  and  so." 

However,  one  important  fact  stands 
out.  The  Roman  empire  was  an  ef- 
ficient governmental  machine,  and  so 
far  as  the  Italian  peninsula  was  con- 
cerned, was  fairly  well  knit  together. 
The  well  designed  highways  doubtless 


contributed  largely  to  this  result  be- 
cause they  constituted  a  relatively  ef- 
fective transportation  system.  High- 
ways alone  served  the  purpose  of  the 
Romans,  for  the  transportation  af- 
forded was  in  keeping  with  the  entire 
life  and  customs  of  the  time,  but  our 
civilization  is  built  around  a  high  ve- 
locity transportation,  and  low  velocity 
transportation  facilities  will  not  serve 
the  modern  purpose  adequately. 

The  agencies  entering  into  our  na- 
tional transportation,  so  far  as  carry- 
ing of  commodities  is  concerned,  are: 
(a)  externally,  the  merchant  marine 
and  (b)  internally,  the  inland  water- 
ways, the  railways  (steam  and  elec- 
tric) and  the  highways.  Whatever 
development  may  occur  in  aerial  trans- 
portation, it  will  probably  have  but 
little  bearing  on  highway  and  other 
forms  of  transportation.  The  proper 
development  of  these  agencies  of 
transportation  requires  co-ordination 
into  the  most  efficient  relationship 
rather  than  an  independent  program 
for  each. 

Limited  System  of  Inland  Water- 
ways Essential  Part  of  Transportation 
Scheme. — The  extent  to  which  inland 
waterways  may  be  economically  de- 
veloped in  America  is  a  much  mooted 
question,  and  it  is  not  the  province 
of  this  paper  to  enter  into  the  dis- 
cussion. I  may  say,  however,  that  it 
is  only  a  question  of  time,  in  my  opin- 
ion, when  Chicago  and  other  cities 
on  the  Great  Lakes  will  be  virtually 
ocean  ports  through  the  completion 
of  the  St.  Lawrence  Water  Way  and 
also  the  cities  on  the  Lower  Missis- 
sippi will  have  the  advantage  of  direct 
oceanic  shipping  by  having  lighters 
ply  directly  between  their  wharves 
and  ocean  going  vessels,  much  as  is 
done  at  Paris  on  the  Seine  and  at 
ports  on  the  Rhine.  The  Middle  West 
cannot  continue  to  be  strangled  by 
being  compelled  to  force  its  foreign 
trade  through  a  bottle  neck  at  New 
York.  I  believe,  therefore,  that  a 
limited  system  of  inland  waterways 
will  be  an  essential  part  of  our  ulti- 
mate  transportation   facilities. 

Moreover,  I  believe  that  in  the  due 
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course  of  time,  sectional  prejudice 
and  jealousness,  which  so  frequently 
obstruct  the  view  of  national  polices, 
will  give  way  to  a  recognition  of  the 
necessity  of  national  marine  shipping, 
and  that  we  shall  have  an  oceanic 
merchant  marine,  even  though  subsi- 
dizing may  be  required  for  its  success- 
ful operation.  The  prosperity  of  the 
nation  as  a  whole  is  dependent  to  so 
great  an  extent  upon  the  adequacy  and 
reliability  of  our  foreign  shipping  and 
the  prosperity  of  one  section  is  so  in- 
extricably bound  up  with  that  of  the 
nation  that  it  is  short  sightedness  for 
one  section  of  the  country  to  attempt 
to  divorce  its  economic  policies  from 
those  of  the  nation  and  have  no  inter- 
est in  a  measure  of  such  importance 
to  the  nation  as  a  merchant  marine. 

Let  it  be  assumed  then  that  these 
agencies  are  to  constiute  our  national 
transportation  machinery  and  that 
they  are  to  be  co-ordinated  according 
to  some  plan,  so  that  we  may  proceed 
under  the  title  of  this  article.  Thought 
must  be  given  to  the  relation  which 
these  agencies  should  bear  one  to  the 
other,  and  it  is  the  purpose  of  this 
discussion  briefly  to  direct  attention  to 
that   question. 

Do  the  external  transportation  fa- 
cilities have  a  bearing  on  internal 
transportation  strategy?  This  factor 
should  certainly  be  taken  into  account, 
for  our  internal  lines  of  traffic  as  well 
as  port  facilities  must  be  planned  with 
a  view  to  the  traffic  routes  of  the 
world.  Does  not  the  fact,  for  ex- 
ample, that  the  opening  of  the  Panama 
Canal  has  made  New  Orleans  the  sec- 
ond port  in  the  N.  S.  have  a  sig- 
nificance? It  does,  for  if  our  traffic  is 
to  go  in  that  direction,  our  internal 
traffic  lines  should  be  arranged  to  pro- 
vide for  shipping  accordingly.  Obvi- 
ously our  internal  transportation  lines 
must  be  arranged  in  a  measure  with  a 
view  to  the  traffic  routes  of  the 
world's  commerce  and  cannot  be  prop- 
erly fixed  with  reference  to  internal 
needs  only,  i  Therefore  it  may  be 
taken  for  granted  that  our  national 
transportation  plan  will  need  to  be  a 
comprehensive  one  and  will  include 
marine  shipping  facilities. 

Present  Extent  of  Internal  Trans- 
portation Facilities.  —  The  internal 
transportation  agencies  consist  of  the 
following: 

15,000  miles  of  inland  waterways, 
in  a  more  or  less  workable  condition, 
consisting  chiefly  of  rivers.  260,000 
miles  of  steam  railways  and  40,000 
miles  of  electric  interurban  railways, 


2,500,000  miles  of  highways,  12  per 
cent  of  which  or  300,000  miles  are 
improved  highways. 

These  agencies,  should  be  co-or- 
dinated into  a  plan  with  two  objects 
in  mind,  namely:  (1)  efficiency  in 
economical  transportation  and  (2)  fac- 
tor of  safety  against  failure  of  the 
transportation  machine.  To  achieve 
the  former,  each  agency  must  normal- 
ly perform  the  service  for  which  it 
is  best  adapted;  to  achieve  the  latter, 
the  highways  should  be  so  linked  up 
with  both  the  railways  and  the  water- 
ways that  either  of  the  latter  may 
be  cut  out  when  incapacitated  by 
strikes,  floods,  a  public  enemy,  or 
other  cause  and  still  permit  the  vital 
activities  of  the  country  to  proceed, 
although  inefficiently. 

Specifically  in  this  scheme,  what 
shall  be  the  function  of  highway 
transport? 

Obviously  all  these  agencies  consti- 
tute the  commercial  circulatory  sys- 
tem of  the  country,  the  railways  and 
waterways  being  the  arteries  and 
veins  and  the  highways  serving  prim- 
arily as  the  capillaries.  The  high- 
ways should  begin  where  the  trunk 
line  agencies  leave  off.  They  should 
cover  the  country  as  an  area  rather 
than  operating  between  certain  urban 
centers. 

At  the  same  time,  in  order  to  pro- 
vide the  necessary  transportation 
when  th,e  railways  may  be  out  of  com- 
mission, there  will  obviously  be 
needed  certain  trunk  line  highways 
between  large  industrial  and  commer- 
cial centers.  These  will  necessarily 
be  paved  with  a  surface  capable  of 
sustaining  heavy  truck  loads.  A  hard 
surface  double  track  highway,  it  may 
be  stated  in  this  connection,  increases 
the  transportation  capacity  (speed  x 
time  available  x  load  carried)  about 
ten  times  as  compared  with  an  unim- 
proved earth  road.  This  increase  in 
transportating  capacity  is  comparable 
with  the  ratio  of  increase  in  capacity 
if  a  single  track  railroad  were  changed 
to  a  six  track  line. 

Variation  of  Traffic  With  Increase  of 
Population. — All  of  these  agencies  of 
transportation  are  needed  if  we  are 
to  have  reliable  and  adequate  na- 
tional transportation.  Some  years 
ago,  I  had  occasion  to  make  some 
studies  with  reference  to  the  variation 
of  traffic  with  the  increase  in  popula- 
tion. The  data  collected  show  that 
freight  traffic  increases  with  the  3rd 
to  the  7th  power  and  passenger  traf- 
fic  with  the  cube   of  the   population. 
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In  1910  the  population  of  the  United 
States  was  about  91  million  and  at 
present  it  is  about  110  million.  The 
traffic  requirement,  therefore,  has 
more  than  doubled  in  the  past  ten 
years,  assuming  the  traffic  to  increase 
with  the  4th  or  5th  power  of  the 
population.  That  this  increase  in 
traffic  is  not  being  carried  by  the  rail- 
roads is  evident  from  a  casual  study 
of  the  increase  in  their  capacity. 
Since  1910,  the  railroad  mileage  has 
increased  9  per  cent,  the  freight  cars 
20  per  cent,  and  their  actual  traffic 
in  ton  miles  carried,  40  per  cent. 
Obviously  a  large  amount  of  trans- 
portation is  being  taken  care  of  by 
agencies  other  than  the  railroads,  the 
chief  of  which  is  the  highways.  Dur- 
ing the  war  the  railways  were  found 
to  be  inadequate  to  care  for  the  na- 
tion's transportation  and  almost  con- 
stantly now  they  are  found  to  be  de- 
ficient in  certain  respects.  The  rail- 
ways at  present  have  a  total  trans- 
portation capacity  much  below  the  na- 
tion's requirements,  and  if  the  high- 
way transport  were  not  available,  the 
public  would  be  suffering  from  clog- 
ged commerce  even  more  seriously 
than  is  the  case  now.  Therefore  we 
may  conclude  that  we  shall  need  all 
available  agencies  of  transportation. 
Indeed,  unless  the  capacity  of  our  na- 
tional transportation  system  is  in- 
creased rapidly  in  the  near  future  the 
nation's  commerce  will  be  seriously 
hampered  because  of  the  lack  of  trans- 
portation capacity. 

With  our  present  highway  transport 
facilities,  while  no  figures  are  avail- 
able as  to  the  actual  accomplishment 
of  trucks,  it  is  probably  safe  to  say 
that  the  freight  movement  by  trucks 
competitive  with  railways  is  small  as 
compared  with  the  500  billion  freight 
ton  miles  annually  carried  by  the 
railways.  The  present  contribution 
consists  of  terminal,  local  urban  and 
rural  carriage,  and  it  is  in  this  re- 
spect that  the  highways  are  contribut- 
ing so  largely  to  the  transportation 
required  by  the  country. 

The  Function  of  Highway  Trans- 
port.— In  fact,  this,  as  stated  before, 
is  the  natural  sphere  and  function  of 
highway  transport.  While  an  explicit 
statement  as  to  the  economic  length 
of  haul  for  motor  trucks  as  compared 
with  railways  is  impracticable,  yet 
even  a  casual  study  of  operating  costs 
readily  reveals  that  trucks  cannot 
compete  with  the  railways  normally 
for  very  long  hauls,  even  for  L.  C.  L. 
freight,  and  they  are  out  of  the  run- 


ning for  most  C.  L.  freight.  Roughly 
25  cents  represents  operating  costs 
per  ton  mile  by  truck  and  less  than 
1  cent  covers  operating  costs  of  haul- 
age by  rail,  and  it  does  not  require 
a  very  long  haul  "to  cause  the  greater 
haulage  cost  to  more  than  offset  the 
costs  of  handling  at  terminals.  The 
exact  distance  at  which  trucks  can 
compete  with  the  railways  will  be  de- 
termined by  balancing  the  following 
items  for  railroad  haulage,  namely: 

Cost  of  crating  and  packing:  car- 
tage to  freight  house  from  shipper's 
warehouse;  cost  of  unloading;  cost 
of  loading  to  trucks  at  destination; 
cost  of  cartage  from  freight  house  to 
the  consignee's  warehouse;  losses  due 
to  damage  and  theft,  and  cost  of  delay 
in  delivery,  against:  The  greater 
haulage  cost  by  trucks  and  the  cost  of 
additional  insurance  required  in  truck 
transportation. 

Just  what  the  answer  Is  to  this 
equation  in  any  particular  instance 
depends  obviously  upon  labor  costs, 
the  distance  of  local  haul  to  and  from 
freight  houses,  and  the  character  of 
the  cargo.  The  value  of  quick  and 
direct  delivery  makes  it  possible  to 
haul  fruit  and  other  commodities 
which  either  deteriorate  rapidly  or 
are  subject  to  a  heavy  market  demand, 
distances  far  exceeding  the  economic 
haul  when  this  factor  is  not  important. 
In  fact  this  factor  may  increase  the 
economic  haul  from  7  or  10  miles  un- 
der normal  conditions  when  the  value 
of  expeditious  delivery  is  neglected  to 
150  or  250  miles  when  the  factor  is 
maximum. 

Railway  Rates  Should  Be  Placed  On 
More  Logical  Basis. — In  order  that 
there  may  be  a  proper  adjustment 
of  function  between  railway  and  high- 
way transport  it  is  necessary  that 
railway  rates  be  placed  on  a  more 
logical  basis  than  they  are  at  present. 
Without  reviewing  the  history  of  rail- 
road rates  at  length  it  may  be  stated 
that  they  are  entirely  arbitrary  and 
in  most  cases  bear  little  relation  of 
the  cost  of  rendering  the  service.  The 
rate  structure  with  all  its  eccentrici- 
ties and  absurdities  was  cyrstallized  in 
1889  when  an  interstate  commerce  law 
was  passed  requiring  no  change  in 
rates  be  made  without  approval.  Since 
that  time  only  horizontal  increases 
or  decreases,  and  minor  adjustments 
have  occurred.  The  entire  rate  struc- 
ture shrieks  loud  for  fundamental  re- 
vision and  placing  on  a  rational  basis 
of  cost  of   service. 

A  very  large  proportion  of  the  cost 
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of  railroad  transportation  consists  of 
station  or  terminal  expenses.  Load- 
ing and  unloading,  trucking,  weighing, 
etc.,  make  up  a  startlingly  large  cost 
which  must  be  provided  for  in  freight 
rates.  Moreover,  the  real  estate  oc- 
cupied by  downtown  freight  houses  in 
large  cities  is  so  valuable  that  the 
fixed  charges  run  unduly  high.  Mr. 
E.  H.  Lee,  Chief  Engineer  of  the 
Outer  Belt  Railway  of  Chicago  states 
that  the  fixed  charges  are  more  per 
ton  on  freight  passing  through  Chi- 
cago freight  houses  than  are  the  costs 
of  handling  the  freight  through  these 
houses.  It  has  been  stated  by  good 
authority  that  the  total  terminal  cost 
per  ton  at  New  York  is  so  great  that 
the  rate  to  all  points  within  100  miles 
should  be  constant,  the  actual  haulage 
cost  being  negligible  in  comparison; 
and  that  this  terminal  charge  at  New 
York  is  as  great  as  the  haulage  charge 
to  Buffalo.  Yet  our  freight  rate  struc- 
ture practically  neglects  this  fact  of 
station  and  terminal  costs,  the  L.  C.  L. 
rate  being  irrational  and  inadequate. 

What  a  Rational  Rate  Consists  of. — , 
A  freight  rate  to  be  rational  should 
consist    of    the    following    elements: 

(1)  a  station  or  terminal  charge  plus 

(2)  a  haulage  charge  plus  (3)  insur- 
ance charge  plus  (4)  a  commercial 
differential. 

The  terminal  chaige  should  be  de- 
termined by  the  actual  cost  of  han- 
dling for  the  different  classes  of 
freight.  The  handling  element  of  this 
charge  would  depend  upon  the  space 
occupied.  The  terminal  charge  would 
also  depend  upon  the  facilities  in- 
volved, whether  a  siding,  a  crane,  an 
elevator  or  a  freight  house  with  hand 
trucking.  The  difference  in  rate  be- 
tween L.  C.  L.  and  C.  L.  freight  is 
supposed  to  provide  for  this  factor, 
but  it  does  not  do  so  adequately. 

The  haulage  charge  would  depend 
upon  the  weight  and  space  occupied 
by  the  commodity  which  would  affect 
the  proportion  of  pay  load  in  the  com- 
bined weight  of  car  and  cargo.  Fifty 
tons  of  furniture  or  automobiles  that 
would  require  four  cars  obviously 
should  bear  a  higher  haulage  rate  than 
50  tons  of  coal  all  in  one  car.  The 
haulage  charge  would  vary  directly 
with  the  distance  the  cargo  is  hauled. 

Insurance  against  damage  and  theft 
is  a  definite  and  legitimate  charge 
because  the  risk  is  a  real  and,  to  a 
certain  extent,  an  unavoidable  one. 
This  factor  also  enters  into  all  forms 
of  transportation,  and  should  be  duly 


considered  in  any  comparison  of  agen- 
cies of  transportation. 

The  commercial  differential  would 
necessarily  constitute  a  part  of  the 
rate  in  recognition  of  the  ability  of 
certain  classes  of  commodities  to  bear 
a  heavier  freight  rate  than  others. 
Practically  this  element  might  prop- 
erly include  the  third  or  insurance 
item.  It  would  be  a  percentage  of  the 
value  of  the  commodity  and  would  cor- 
respond to  the  profit  that  any  busi- 
ness received  for  handling  a  com- 
modity. 

Such  a  three-part  scheme  of  rates 
at  first  thought  would  seem  further 
to  complicate  the  rate  structure  even 
beyond  the  labyrinthian  complexities 
of  the  present.  On  the  contrary  it 
could  greatly  simplify  the  rate  struc- 
ture by  unifying  and  simplifying 
freight  classifications  and  eliminating 
special  commodity  rates. 

The  gain  to  be  derived  from  a  ra% 
tional  freight  rate  structure  would  be 
the  natural  selection  of  facilities  and 
the  operation  of  the  various  agencies 
of  transportation  in  the  spheres  to 
which  they  are  best  adapted. 

Notwithstanding  the  higher  rates 
for  short  haul  L.  C.  L.  freight  it  is 
the  business  on  which  the  railways  at 
present  make  the  least  profit  owing 
to  the  expensive  station  handling.  If 
rates  were  made  in  proportion  to  ac- 
tual cost  of  rendering  the  service,  this 
business  would  naturally  fall  to  trucks 
which  are  in  a  position  to  eliminate 
the  waste  of  labor  at  the  station  or 
terminals. 

The  logical  function  of  highway 
freight  transport,  therefore,  consists 
of  local  distribution  from  and  to  the 
railroad  and  short  hauls  of  L.  C.  L. 
freight  between  towns.  In  addition 
to  this  a  certain  amount  of  truck  line 
transportation  should  be  made  pos- 
sible over  the  highways  to  provide  for 
the  emergencies  when  the  railways 
may  be  thrown  out  of  commission  by 
strikes,  by  floods,  or  any  other  con- 
tingency. 

The  Supplementary  Funtion  of  High- 
ways.— It  is  economically  impossible 
to  construct  all  highways  to  carry 
even  moderately  heavy  loads,  and  eco- 
nomically impossible  to  construct  even 
trunk  lines  to  carry  the  loads  which 
some  would  desire  to  place  upon  them. 
In  other  words,  the  highways  cannot 
economically  be  designed  to  carry 
loads  which  might  make  possible  their 
competition  with  the  railways  for 
heavy  and  long  distance  transporta- 
tion. 
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Obviously  it  is  not  fair  to  allow  5 
per  cent  of  the  traffic  to  do  95  per 
cent  of  the  damage  to  the  roads,  for 
the  cost  of  construction  and  mainte- 
nance is  distributed  in  no  such  ratio. 
If  license  fees  are  properly  adjusted, 
unduly  heavy  loads  will  be  kept  off 
pavements  not  designed  for  them,  and 
with  such  fees  supplemented  with 
rigorously  administered  fines  for  vio- 
lating the  legal  limitations  the  entire 
control  of  the  situation  may  be  se- 
cured. 

This  aspect  of  the  question  might 
be  enlarged  upon  further  but  enough 
perhaps  has  been  said  to  indicate  the 
conclusion — a  conclusion  indeed  which 
is  not  new  but  which  has  been  pointed 
out  by  several  others — namely  that 
the  function  of  highways  transport  is 
to  supplement  the  railways  and  the 
waterways  rather  than  to  enter  into 
competition  with  them.  This  is  an 
economic  conception  and  like  most 
economic  principles,  physical  or  en- 
gineering instrumentalities  are  neces- 
sary to  make  them  effective. 

Highways  may  supplement  railways 
first  by  securing  more  adequate  local 
transportation  in  the  areas  which  have 
heretofore  been  served  by  the  rail- 
ways, namely,  the  region  extending 
5  to  10  miles  on  either  side  of  the 
railway,  and  second  they  may  bring 
transportation  service  to  the  more  re- 
mote areas  which  have  been  very  in- 
adequately served. 

The  Container  Car  as  a  Link  Be- 
tween Railway  and  Truck. — The  con- 
tainer car,  which  has  recently  come 
into  use  and  which  has  been  described 
at  various  times  in  the  engineering 
periodicals,  bids  fair  to  furnish  the 
liaison  instrumentality  for  making 
this  supplementary  co-operation  real 
to  a  great  extent.  In  this  scheme  the 
bodies  of  the  trucks  are  lifted  by 
crane  directly  from  the  truck  to  the 
car,  about  eight  or  nine  truck  bodies 
constituting  the  body  of  the  car. 
Much  of  the  expense  in  handling  is 
thus  eliminated.  The  chief  difficulty 
is  the  lack  of  corresponding  facilities 
at  small  way  stations.  However,  this 
or  some  similar  device  will  probably 
be  used  extensively  in  the  future  to 
effect  this  co-operation  which  most  stu- 
dents of  the  question  agree  is  de- 
sirable. Mr.  W.  H.  Lyford  at  a  recent 
highway  conference  at  Washington, 
made  the  statement  that  "In  Chicago, 
the  interest  charge  alone  on  real  es- 
tate at  12th  St.,  on  which  a  freight 
station  is  located  is  $2.30  per  ton  of 
freight  handled   through   the   station. 


If  the  station  were  located  at  33rd 
St.,  such  interest  charge  would  be 
about  80  cts.  per  ton.  The  amount 
of  interest  saved  by  moving  the  sta- 
tion to  33rd  St.  would  pay  the  cost 
of  well  organized  cartage  between 
33rd  St.  and  jthe  premises  of  the 
trader." 

A  few  years  ago,  while  working  on 
the  design  of  a  freight  house  for  the 
C.  M.  &  St.  P.  Ry.,  I  had  opportunity 
to  make  a  study  of  the  actual  condi- 
tions of  congestion  at  the  downtown 
freight  houses  in  Chicago  and  I  may 
safely  say  that  the  delay  in  loading 
and  unloading  at  the  platforms  costs 
the  Chicago  shippers  many  thousand 
dollars  daily.  Here,  then,  is  a  proper 
field  of  co-operation  in  large  cities. 

Collection  and  Delivery  of  Freight 
by  Railways. — The  collection  and  de- 
livery of  freight  by  the  railroads  with 
their  own  drays  or  trucks,  as  is  done 
in  England,  is  probably  not  feasible 
under  our  present  scheme  of  organ- 
ization, because  it  would  be  wasteful 
of  effort  for  every  railway  to  main- 
tain its  own  truck  or  cartage  organ- 
ization even  in  a  large  city.  The 
solution  to  this  situation  may  lie  in 
a  further  extension  of  terminal  rail- 
ways, which  will  handle  all  transpor- 
tation, both  on  rail  and  on  street, 
within  the  city,  and  turn  the  cargoes 
over  to  the  various  lines  to  transport 
to  destination,  to  be  turned  over  there 
in  turn  to  a  corresponding  terminal 
transportation  concern  for  delivery. 
In  fact  the  terminal  railway  is  so 
demonstrating  its  entire  justification 
in  large  cities  from  various  considera- 
tions that  it  promises  to  be  adopted 
in  all  large  cities.  If  terminal  rail- 
ways miss  the  opportunity  of  perform- 
ing this  store  door  delivery  service, 
the  alternative  seems  to  be  terminal 
trucking  organizations,  which  in  my 
judgment  would  be  a  less  satisfactory 
scheme. 

The  second  aspect  of  the  supple- 
mental co-operation  between  railways 
and  highways  is  an  important  one  and 
one  whose  influence  will  extend  in 
the  future;  that  is,  the  more  com- 
pletely bringing  transportation  serv- 
ice to  districts  remote  from  railways. 

Until  the  railways  were  built  the 
United  States  consisted  of  a  line  of 
commercial  states  along  the  Atlantic 
seaboard,  a  wilderness  nominally  or- 
ganized into  states  west  of  the  Alle- 
ghenies,  whose  settlements  were  lim- 
ited to  towns  along  the  rivers.  The 
advent  of  the  railways  wrought  a 
mighty  change.     Inland  cities  sprang 
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up  and  the  railroads  deliberately  de- 
veloped industrial  centers  with  a  view 
to  their  future  traffic  business.  This 
scheme  of  economic  development  was 
satisfactory  until  the  large  industrial 
and  commercial  centers  grew  so  large 
and  required  transportation  service 
beyond  the  capacity  of  the  railroads. 
The  urban  centers  of  commerce  and 
industry  that  owe  their  location  and 
size  largely  to  railroad  stategy,  are 
now  threatened  with  strangulation 
due  to  the  lack  of  transportation  ca- 
pacity on  the  part  of  the  railways. 
Will  the  advent  of  highway  transport 
effect  a  new  distribution  of  commerce 
and  industry  in  turn  a  further  scat- 
tering, corresponding  to  that  change 
which  the  railways  wrought  over  the 
distribution  based  solely  on  waterway 
transport?  Only  the  future  can  show 
just  what  the  answer  will  be,  but  it 
seems  safe  to  predict  that  extensive 
fundamental  changes  will  result  in 
this  connection.  Our  present  com- 
mercial and  industrial  distribution  and 
entire  economic  fabric  are  a  product 
or  function  of  the  railways;  the  future 
will  be  a  function  of  a  more  compre- 
hensive transportation  system,  which 
by  virtue  of  the  highways  will  be  more 
elastic  and  more  nearly  cover  the 
country  as  an  area  than  does  a  net- 
work of  railway  lines. 

Recent  Development  In  Multiple 
Axle  Trucks. — Recent  developments 
in  multiple  axle  trucks  give  promise 
of  removing  the  heavy  concentrations 
from  the  pavement  and  thus  permit 
heavy  loads  to  be  safely  carried  over 
the  pavement.  The  6-wheel  truck  is 
becoming  fairly  common  in  this  coun- 
try and  a  10-wheel  truck  was  recently 
tried  out  in  London.  In  this  respect, 
the  development  by  extending  the 
length  along  the  track  is  entirely 
analogous  to  the  development  of  the 
steam  locomotive  from  one  pair  of 
drivers  to  8  or  10  pairs. 

Passenger  transport  in  cities  by  mo- 
tor vehicles  perhaps  should  be  men- 
tioned in  this  connection.  Here  again 
proper  co-ordination  and  co-operation 
instead  of  competition  will  yield  the 
best  service  as  well  as  the  largest 
net  returns  to  all  concerned.  Many 
cities  where  no  electric  railways  have 
been  established  are  using  motor 
busses  as  local  transportation  with 
satisfaction.  Several  large  cities, 
notably  Providence,  Newark,  N.  J., 
Baltimore,  Washington,  Rockford,  111., 
and  Tulsa,  Oklahoma,  have  established 
a  co-operation  between  bus  lines  and 
electric    railways    for    covering    out- 


lying  districts.      The    fact   that    pra< 
tically  all  electric  street  railways 
the  country  are  in  financial  difficulties 
varying    from    non-payment    of    divi 
dends   to   receivership,    leads   one 
question   whether   the    surface   stre< 
car    line    for   local    transportation 
short  haul   in   large  cities  is  not  ai 
obsolescent  instrumentality.    Observe 
tion  in  London  and  Paris  as  well  as 
New  York  seems  to  indicate  the  street 
railway's  proper  function  to  be  cross 
town    transportation.      If    street 
lines  are  to  be  limited  practically  t< 
cross-town    transportation    and    local 
transportation  in  heavy  traffic  areas 
auto-bus    transport    may    be    countec 
on  to   provide  for  local  traffic  undei 
ordinary     conditions     and     to     afforc 
transportation   for   outlying   districts 
Superior  service  in  transportation  ah 
can  be  furnished  for  high  class 
dence  districts  where  street  car  lines 
are  not  satisfactory  for  one  reason  oi 
another. 

Principles  for  Co-Ordinating  Trans- 
portation Agencies. — Summarizing,  I 
would  say  that  the  agencies  of  trans- 
portation should  be  co-ordinated  into 
a  unified  and  comprehensive  plan,  as 
a  basis  of  which  two  principles  seem 
apparent:  (1)  the  highways  should 
supplement  rather  than  compete  with 
the  railways  and  waterways  and  by 
logical  adjustment  of  transportation 
rates  and  of  taxes,  each  agency  should 
be  brought  to  operate  and  (2)  the 
highways  should  be  so  linked  up  with 
industrial  and  commercial  centers  and 
marine  ports  that  either  the  railways 
or  the  waterways  might  be  out  of 
commission  by  strikes  or  other  cause 
and  yet  the  vital  activities  of  the 
country  proceed,  even  though  ineffi- 
ciently. How  this  supervision  of 
transportation  planning  is  to  be  ac- 
complished is  another  question.  Trans- 
portation as  a  factor  in  national  life 
is  on  a  parity  with  Commerce,  Agri- 
culture or  Labor  and  these  phases  of 
our  economic  life  are  represented  by 
departments  in  the  President's  Cabi- 
net. Other  countries  have  placed  min- 
istries of  transport  even  ahead  of 
some  of  these.  Possibly  a  feasible 
solution  is  to  place  the  Bureau  of 
Public  Roads,  the  Interstate  Com- 
merce Commission,  the  U.  S.  National 
Waterways  Commission,  the  U.  S. 
Shipping  Board  and  other  related 
bodies  into  one  Department  headed 
by  a  secretary  of  transportation  in 
the  Cabinet.  Whatever  device  may 
be  the  best  for  effecting  the  de- 
sired   arrangement    it    is    eminently 


(300) 


1923 


Engineering  and  Contracting 


1015 


desirable  that  there  be  a  plan  which 
will  be  comprehensive  and  unified, 
and  adequate  to  provide  for  the  trans- 
portation requirements  of  the  nation 
with  the  maximum  degree  of  relia- 
bility, efficiency  and  economy. 


Regional  Planning 

A  Paper  Presented  Jan.  19  at  Annual 

Meeting    of   American    Society    of 

Civil    Engineers 

By  NELSON  P.  LEWIS, 

Consulting-    Engineer,    Director,    Physical 
Survey  Plan  of  New  York. 

Early  attempts  at  city  planning 
were  very  limited  in  scope,  having 
been  confined  almost  entirely  to 
projects  for  civic  centers,  many  of 
which  were  ambitious,  but  few,  if  any, 
were  ever  completed.  Subsequently, 
plans  were  made  for  particular  and 
restricted  areas  of  cities,  most  of 
them  having  been  for  new  suburban 
Teal  estate  developments.  In  very 
few  cases,  even  yet,  have  plans  been 
made  for  the  more  orderly  develop- 
ment of  towns  or  cities  as  a  whole, 
including  an  effort  to  correct  some  of 
the  obvious  mistakes  due  to  the  hap- 
hazard growth  of  the  older  built-up 
portions,  as  well  as  those  where  devel-' 
opment  could  still  be  directed  along 
more  rational  lines,  with  better  adap- 
tation to  topography. 

Plans  for  Control  of  Development 
Without  City  Limits. — Most  of  these 
plans  have  been  the  results  of  efforts 
of  groups  of  private  citizens,  or  of 
civic  or  commercial  organizations, 
and,  lacking  formal  adoption  by  com- 
petent municipal  authorities,  they 
have  not  been  translated  into  official 
and  binding  plans.  Many  planning 
commissions  and  boards  have  been 
created,  some  to  be  starved  by  inade- 
quate appropriations,  some  to  be 
abolished  by  the  local  authorities 
which  created  them.  Others  are  func- 
tioning and  rendering  valuable  serv- 
ice, especially  in  controlling  the  char- 
acter of  new  developments,  both  with- 
in and  without  the  city  limits.  Em- 
phasis should  be  placed  on  the  words, 
"without  the  city  limits,"  as  indicat- 
ing a  new  and  growing  realization,  in 
many  instances  taking  the  form  of 
statutes,  of  the  fact  that  it  is  useless 
to  talk  about  correcting  defects  in  the 
existing  city  if  this  same  lack  of  intel- 
ligent planning  is  allowed  to  proceed 
in  the  territory  which  will  soon  be- 
come part  of  the  city.     Many  cities, 


in  their  special  charters,  or  by  gen- 
eral city  law,  have  been  given  the 
power  to  control  the  subdivision  of 
property  not  only  within  but  for  some 
miles  beyond  their  corporate  limits. 

Even  the  most  intelligent  planning 
has  been  predicated  on  ithe  idea  that 
the  city  is  to  extend  outward  and  ever 
outward,  that  it  will  continue  to  ab- 
sorb one  suburb  after  another,  or  if  it 
cannot  annex  and  assimilate  them, 
that  it  will  spread  over  the  unoccu- 
pied land  between  it  and  them.  The 
result  of  the  decennial  enumeration  is 
awaited  with  eagerness  and  if  it  does 
not  meet  the  expectations  and  gratify 
the  ambition  of  the  town  for  bigness, 
a  recount  is  demanded.  The  unbroken 
expansion,  although  jealously  main- 
taining the  old  centers,  results  in  the 
most  serious  difficulties  in  supplying 
transit  .within  the  city  and  in  accom- 
modating those  whose  occupation  re- 
quires them  daily  to  enter  and  leave 
the  business  district.  The  transit 
system  is  likely,  as  in  New  York  City, 
to  be  developed  in  such  a  manner  as 
to  aggravate  these  conditions  still 
further,  so  that  the  concentration  of 
population  in  all  large  cities  is  becom- 
ing a  serious  menace,  and  the  problem 
is  fast  becoming  one  of  decentraliza- 
tion. 

Advantages  of  What  Regional  Plan- 
ning Is. — How  are  the  cities  trying  to 
cure  the  conditions  resulting  from  the 
unwholesomely  rapid  growth  of  the 
past  few  decades,  a  growth  for  which 
they  were  not  prepared  and  which  has 
brought  with  it  great  congestion  in 
housing  and  traffic,  so  that  in  the 
homes,  especially  those  of  the  poor, 
conditions  are  unfavorable  to  health 
and  morals,  and  the  use  of  the  streets 
involves  serious  risk  of  physical 
injury?  Scarcely  a  week  passes  with- 
out some  new  proposal  for  relieving 
not  only  existing  congestion  but  also 
for  meeting  that  which  will  come  with 
further  increase  in  numbers,  accom- 
panied, doubtless,  by  further  develop- 
ment of  nervous  excitability  and  fur- 
ther decline  in  health  and  morals. 
New  streets,  over  or  beneath  those 
existing,  or  even  cut  through  inten- 
sively built  blocks  at  enormous  cost, 
are  proposed  to  care  for  existing  and 
coming  traffic.  New  rapid  transit 
lines  are  urged,  located  so  as  to  bring 
more  and  more  people  to  existing  cen- 
ters of  finance,  business,  and  amuse- 
ment. These  proposed  changes  are 
doubtless  necessary  to  meet  or  to 
cure  existing  conditions,  but  the  argu- 
ments   in    their   favor   nearly   always 
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refer,  with  more  or  less  pride,  to  the 
increase  in  population,  in  business, 
and  in  wealth,  which  future  years  will 
bring.  There  is  almost  always  an 
unconcealed  conviction  of  the  glory  of 
mere  bigness.  There  is  seldom  a 
suggestion  of  the  need  of  trying  to 
prevent  the  further  development  of 
conditions  which  render  the  problems 
still  more  difficult  of  solution.  Larger 
areas  must  be  studied  and  instead  of 
beginning  with  present  centers  and 
providing  for  expansion  outward,  ab- 
sorbing one  after  another  of  outlying 
towns  and  villages,  it  is  time  to  begin 
at  the  outer  edges  of  a  great  metro- 
politan district,  to  study  existing  com- 
munities and  strive  to  encourage  the 
development  of  their  centers,  to 
create  new  social,  commercial,  and  in- 
dustrial centers,  and  strive  to  protect 
what  is  worth  saving  from  being 
drawn  into  the  vortex  at  the  big  cen- 
ter and  absorbed  bodily  by  it,  with  no 
line  of  demarcation  and  with  no  bar- 
rier to  the  steady  outward  movement 
of  population. 

What  the  English  Are  Doing  in  Re- 
gional Planning. — This  is  what  the 
speaker  has  in  mind  when  he  refers 
to  regional  planning.  The  idea  is  not 
new.  Under  quite  a  different  name, 
the  need  of  such  planning  was  em- 
phasized by  Ebenezer  Howard  at  the 
close  of  the  Nineteenth  Century,  espe- 
cially in  his  book  on  "Garden  Cities  of 
Tomorrow."  This  was  soon  followed 
by  the  establishment  of  the  first  "gar- 
den city"  at  Letchworth,  England, 
about  30  miles  from  London.  The  idea 
appealed  strongly  to  the  English  peo- 
ple, who  have  created  a  number  of 
new  municipal  units  which,  although 
within  a  metropolitan  territory,  are 
designed  to  be  largely  self-contained, 
not  having  one  industry,  but  a  variety 
of  different  industrial  establishments 
which  tends  to  insure  against  the  se- 
rious situation  likely  to  develop  in  a 
single-industry  town  as  the  result  of 
a  bad  depression  or  the  cessation  of 
activity  in  its  particular  industry.  The 
avowal  of  such  a  purpose  may  cause 
protest,  the  kind  of  protest  voiced  by 
certain  municipal  officers  or  by  local 
boosters  already  referred  to,  who  pro- 
test the  results  of  the  federal  census. 

The  establishment  of  such  new, 
self-contained  centers,  however,  will 
fail  of  its  purpose  unless  they  are  pro- 
tected not  only  against  their  own 
over-growth  but  also  against  the  en- 
croachment of  other  similar  centers 
or  of  the  great  city  of  which  they  may 
be  satellites.  The  British  garden  cities 


have  insured  themselves  against  sucl 
a  fate  by  acquiring  rings  or  zones  oi 
wooded    or    agricultural    land    which, 
owned  by  the  town,  can  be  made  rev- 
enue-producing  by   scientific   forestry 
or  through  leasing  or  can  be  devotee 
to     public     recreation.     The     Britisl 
Town   Planning  Act,  applying  to   th( 
entire  kingdom  and  administered   bj 
one  central  authority,  affords  an  ex- 
cellent medium  through  which  such 
policy   can   be    carried   out   by   thos< 
towns    that   wish   to    adopt    it,    evei 
though  there   is  a  noisy  minority   ii 
opposition. 

Another  conspicuous  feature  an< 
advantage  of  regional  planning  is  the 
opportunity  that  it  offers  to  co-ordi- 
nate principal  highways  or  traffic 
routes  so  that  communication  with  th* 
big  center  and  between  the  subordi- 
nate centers  may  be  direct  and  of 
ample  capacity.  In  developing  such  a 
comprehensive  system,  the  time  has 
come  when  account  must  be  taken  of 
the  extraordinary  development  of  the 
transportation  of  goods  and  passen- 
gers on  public  highways,  by  means  of 
motor  trucks  and  motor  stages.  This 
development  will  force  the  provision 
of  separate  routes,  or,  at  least,  of 
separate  roadways,  for  vehicles  of 
this  kind. 

The  idea  of  regional  or  metropoli- 
tan planning  has  been  very  slow  in 
developing  notwithstanding  the  object 
lessons  which  have  been  afforded  by 
other  municipal  undertakings  in  which 
co-operative  action  proved  to  be  nec- 
essary. Perhaps  this  is  nowhere  more 
forcibly  illustrated  than  in  the  metro- 
politan district  of  Boston,.  Mass., 
where,  years  ago,  what  are  now  near- 
ly two  score  cities  and  towns,  found 
it  necessary  to  create  metropolitan 
commissions  for  the  development  of 
their  water  supply,  their  main  drain- 
age, and  their  park  systems.  In  the 
case  of  planning  for  more  orderly 
growth,  however,  more  convenient 
means  of  communication  between  dif- 
ferent parts  of  the  district,  and  for 
some  means  of  controlling  the  use  of 
private  property  which  will  be  fair  to 
each  municipal  unit,  no  machinery 
has  yet  been  devised. 

Regional  Planning  in  United  States. 
— In  New  York  state,  Buffalo,  the 
Tonawandas,  Niagara  Falls,  and  other 
nearby  towns  are  trying  to  work  out 
a  regional  plan  for  the  Niagara  Fron- 
tier District,  which  will  involve  even 
international  problems,  as  the  plans 
must  necessarily  include  connections 
with  the  Canadian  side  of  the  Niagara 
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River.  A  Los  Angeles  County  Region- 
al Planning  Conference  has  been  or- 
ganized through  which  it  is  hoped 
that  the  group  of  towns  in  the  Los 
Angeles  District  and  the  territory  ly- 
ing between  them  may  be  considered 
as  a  whole.  At  the  fourth  meeting  of 
the  conference,  held  on  Sept.  16,  1922, 
what  were  designated  as  specifications 
for  a  regional  plan  were  agreed  on,  in 
which  some  of  the  fundamentals  of 
such  a  plan  are  tersely  expressed. 
Among  other  things,  emphasis  was 
placed  on  the  need  of  locating  regional 
highways  which  would  by-pass  con- 
gested business  centers  so  that 
through  travel  should  not  be  sub- 
jected to  the  congestion  of  local  busi- 
ness, nor  should  a  large  volume  of 
through  travel  add  to  local  business 
congestion;  there  should  be  a  mini- 
mum of  cross  streets  along  main 
traffic  arteries,  long  blocks  along  prin- 
cipal thoroughfares  being  encouraged; 
local  roads  should  not  cross  parkways 
and  boulevards  at  grade,  if  this  could 
be  avoided;  population  centers  and 
sub-centers  should  be  connected  so  as 
to  permit  rapid  movement  of  passen- 
gers and  freight  between  them;  rail 
road  grade  crossings  should  be  elimi- 
nated as  rapidly  as  economic  condi- 
tions permit,  etc. 

The  Plan  of  New  York  and  Its  Envi- 
rons.— By  far  the  most  comprehensive 
project  for  regional  planning  which 
has  yet  been  undertaken  is  "The  Plan 
of  New  York  and  Its  Environs,"  in 
which  it  is  proposed  to  include  an 
area  of  no  less  than  5,500  sq.  miles, 
located  in  three  states,  with  a  popu- 
lation of  approximately  9,000,000,  ac 
cording  to  the  census  of  1920.  It  will 
include,  in  addition  to  the  present 
city  of  New  York,  with  its  five  coun- 
ties, five  additional  counties  and  parts 
of  two  others  in  New  York  state,  eight 
counties  and  part  of  a  ninth  in  New 
Jersey,  and  a  part  of  one  large  county 
in  Connecticut.  The  special  difficulty 
and  the  delicacy  of  the  problem  are 
largely  due  to  the  fact  that  there  are 
within  the  area  under  consideration 
nearly  400  different  political  units- 
states,  counties,  cities,  towns,  villages, 
boroughs,  and  townships.  No  one 
municipal  corporation  could  under- 
take the  prepartaion  of  a  plan  for 
such  an  extensive  area  without  arous- 
ing jealousies  and  the  suspicion  of 
imperialistic  designs  on  its  smaller 
neighbors.  It  follows  that  a  project 
of  this  magnitude  can  be  undertaken 
only  by  an  institution  or  a  group  of 
individuals  which  has  no  official  con- 


nection with  any  of  the  political  units 
which  would  be  affected.  The  trustees 
of  the  Russell  Sage  Foundation,  which 
was  established  for  the  express  pur- 
pose of  "the  improvement  of  social 
and  living  conditions,"  concluded  that 
one  of  the  most  effective  ways  in 
which  this  object  could  be  promoted 
would  be  through  the  preparation  of  a 
comprehensive  plan  for  the  future 
development  of  the  district  of  which 
New  York  City  is  the  center.  A 
committee  on  plan  of  New  York  and 
its  environs  was  appointed  under  the 
chairmanship  of  Mr.  Charles  D.  Nor- 
ton. At  a  meeting  held  in  the  Engi- 
neering Societies  building,  at  which 
the  first  announcement  of  this  plan 
was  made,  the  justification  for  ignor- 
ing political  boundaries  in  such  a 
study  was  admirably  stated  by  Mr. 
Elihu  Root,  one  of  the  speakers,  as 
follows : 

"A  city  is  a  growth.  It  is  not  the 
result  of  political  decree  or  control. 
You  may  draw  all  the  lines  you  please 
between  counties  and  states,  a  city  is 
a  growth  responding  to  forces  not  at 
all  political,  quite  disregarding  politi- 
cal lines.  It  is  a  growth  like  that  of 
a  crystal  responding  to  forces  inher- 
ent in  the  atoms  that  make  it  up." 

How  the  Work  of  the  Convention 
was  Organized. — There  is  probably  no 
precedent  for  the  manner  in  which 
the  work  of  this  committee  was  or- 
ganized under  four  separate  divi- 
sions: 

(1)  The  physical  survey,  which  first 
undertakes  to  visualize  the  problem, 
mapping  existing  topographical  condi- 
tions, showing  all  transportation  facili- 
ties, public  utilities  already  developed, 
the  density  and  distribution  of  popula- 
tion, provisions  for  recreation  and 
all  local  schemes  of  improvement  in 
progress,  or  contemplated. 

(2)  The  economic  and  industrial 
survey,  analyzing  the  fundamental 
reasons  for  the  existence  of  this  great 
center  of  industry  and  commerce,  and 
with  an  inquiry  into  the  economic  and 
occupational  activities  creating  pop- 
ulous districts  and  following  popula- 
tion. 

(3)  A  legal  survey,  including  the 
study  of  existing  laws  in  the  several 
states  or  their  subdivisions,  which 
control  or  affect  a  plan  for  the  area. 

(4)  A  survey  of  social  and  living 
conditions,  which  would  bring  out 
clearly  those  factors  having  a  direct 
bearing  on  human  values  and  making 
for  health  and  satisfactory  surround- 
ings. 
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Studies  of  Past  and  Probable  Fu- 
ture Population. — The  great  concen- 
tration of  population  about  New  York 
City  may  be  a  source  of  pride  to  those 
who  like  to  think  and  talk  of  it  as  the 
largest  city  in  the  world,  but  it  in- 
volves many  serious  physical,  eco- 
nomic, and  social  problems.  In  study 
ing  the  past  and  probable  future  popu- 
lation, the  total  area  has  been  divided 
into  three  districts:  (1)  designated  as 
the  Urban  District  and  consisting  of 
the  present  city  of  New  York,  with 
Hudson  County  and  the  city  of  New- 
ark, in  New  Jersey,  having  an  area 
of  about  360  sq.  miles  and  a  popula- 
tion of  6,700,000;  (2)  the  Suburban 
District,  including  all  of  Nassau  and 
Westchester  Counties  in  New  York 
state,  all  of  Union  County,  Essex 
County  (outside  of  Newark),  and  parts 
of  Passaic  and  Bergen  Counties,  in 
New  Jersey,  and  the  eastern  part  of 
Fairfield  County,  Connecticut,  having 
a  combined  area  of  about  1,170  sq. 
miles  and  a  population  of  1,360,000; 
and  (3)  the  remainder  of  the  total 
area,  comprising  about  3,970  sq.  miles, 
which  is  called  the  Rural  District, 
with  a  population  of  940,000. 

The  increases  in  population  during 
the  census  periods  since  1850  have 
been  plotted  for  each  of  these  districts 
and  the  curves  projected  forward  to 
the  end  of  the  Twentieth  Century. 
From  them,  it  appears  that  at  the 
close  of  the  Twentieth  Century  the 
Urban  District  will  contain  20,000,000 
people,  the  Suburban  District  13,000.- 
000,  and  the  Rural  District  4,000,000. 
The  total  population  for  the  entire 
area  will  reach  20,000,000  in  1960  and 
37,000,000  in  2000.  It  is  interesting  to 
note  that  the  last  named  total  is  equal 
to  that  of  the  present  combined  popu- 
lation of  all  the  Atlantic  seaboard 
states  from  Maine  to  North  Carolina, 
inclusive.  If  these  forecasts  should 
be  verified,  the  average  density  of 
population  in  the  urban  and  suburban 
districts  combined  would  be  equal  to 
the  present  density  in  the  Department 
of  the  Seine,  but  it  makes  a  great  dif- 
ference whether  such  density  extends 
over  an  area  of  1,530  sq.  miles  or  over 
a  restricted  area  of  185  sq.  miles, 
which  is  that  of  the  department  in 
which  the  city  of  Paris  is  located.  The 
speaker  hopes  that  these  estimates 
will  prove  to  be  incorrect,  but  they 
appear  to  have  been  confirmed,  at 
least  for  the  next  two  decades,  by 
estimates  of  future  population  of  the 
present  city  of  New  York  made  by  the 
New  York  Telephone  Co.,  the  careful 


forecasts  of  which  heretofore  have 
been  found  to  be  quite  accurate.  The 
company's  estimate  for  1930  is  slight 
ly  less  than  that  shown  by  the  curves 
referred  to,  and  that  for  1940  is  slight- 
ly greater.  Although  the  uneven  dis- 
tribution of  population  in  the  large 
area  is  striking,  the  same  holds  true, 
to  a  remarkable  degree,  in  the  present 
city  of  New  York.  The  New  York 
census  committee  has  called  attention 
to  the  fact  that  22.6  per  cent  of  the 
city's  population  lives  on  1.6  per  cent 
of  its  area  and  that  68.8  per  cent  lives 
on  10  per  cent  of  its  area. 

General  Scope  of  New  York  Investi- 
gation.— The  purpose  of  this  paper  is 
simply  to  emphasize  the  need  of  re- 
gional planning.  It  would  be  impos- 
sible, within  reasonable  limits  of  time 
and  space,  to  describe  the  studies 
thus  far  made  and  those  proposed  in 
connection  with  the  physical  survey 
with  which  the  speaker  is  more  par 
ticularly  concerned,  to  say  nothing  of 
the  other  divisions  of  the  work.  The 
general  scope  of  the  investigations, 
and  the  manner  in  which  the  results 
are  portrayed,  will  be  indicated  by  the 
following  brief  list  of  the  maps  and 
plans  completed  and  in  progress: 

I. — Five  maps  of  the  entire  area,  on 
a  scale  of  1  mile  =  1  in.,  showing  (a) 
general  topographic  features;  (b)  ar- 
terial highways,  existing  and  pro- 
posed; c)  present  and  suggested  parks 
and  parkways;  (d)  railroads  serving 
the  district;  and  (e)  sources  of  water 
supply  and  methods  of  sewage  dis- 
posal. These  maps  are  supplemented 
by  twelve  sectional  maps,  on  the  same 
scale,  showing  the  principal  highways, 
parks,  and  other  open  spaces.     '• 

II. — A  series  of  maps  and  charts  in- 
dicating the  distribution  and  the  rela- 
tive densities  of  population  through- 
out the  entire  area,  with  forecasts  to 
the  end  of  the  Twentieth  Century. 
These  maps  and  charts  indicate  how 
unevenly  the  population  is  distributed, 
even  within  the  central  area. 

III. — Maps  showing  the  principal 
improved  roads;  the  trunk-line  high 
ways,  as  located,  and  reduced  to  a 
theoretical  diagram;  the  proposed 
motor-truck  routes  and  the  possible 
stages  in  their  development  from  or 
in  connection  with  existing  roads;  the 
traffic  density  on  present  highways, 
the  result  of  counts,  showing  to  scale 
the  maximum  number  of  vehicles  per 
hour. 

IV. — Transportation,  including  city 
transit:  The  trunk-line  railroads  serv- 
ing the  district:  the  passenger  service, 
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as  indicated  by  the  number  of  trains 
daily;  the  time  zones  at  intervals  of 
15  min.  from  New  York  terminals; 
the  commuting  zones  for  5-cent  dif- 
ferences in  one-way  trips  at  commut- 
ing rates,  based  on  300  round  trips 
per  year;  and  the  transit  system  of 
New  York  City  and  contiguous  terri- 
tory, showing  subway  and  elevated 
lines,  surface  railroads,  and  bus  lines. 

V. — Park  and  recreation  facilities: 
The  existing  public  parks  and  sug- 
gested additions;  the  lakes  and  res- 
ervoirs which  under  proper  sanitary 
control  could  be  made  available  for 
recreation;  the  canals  and  waterways 
which  could  serve  the  same  purpose; 
the  wooded  areas  available  for  wild 
parks  or  forest  reserves;  the  areas 
suitable  for  public  camping  grounds; 
diagrams  showing  park  areas  in  rela- 
tion to  total  areas  and  to  population; 
and  maps  showing  areas  held  private- 
ly as  golf  and  country  clubs  in  com- 
parison with  those  free  to  the  public. 

VI. — Port  and  industrial  develop- 
ment plans  showing  existing  facilities 
and  projects  under  consideration; 
areas  zoned  for  industrial  use;  maps 
showing,  for  each  county,  the  number 
of  power  plants  and  their  average 
capacity. 

VII. — Map  showing  incorporated 
places,  mapped  and  zoned  areas,  indi- 
cating the  extent  to  which  the  zoning 
idea  has  spread. 

VIII. — Maps  showing  pollution  of 
harbor  waters  in  the  central  area  and 
the  location  of  sewer  outlets  and  of 
sewage  disposal  plants. 

IX. — A  series  of  plants  and  sketches 
showing  possible  methods  of  traffic 
relief  and  additional  traffic  facilities 
in  the  most  congested  areas. 

X. — A  series  of  aerial  maps  and  of 
oblique  aeroplane  views  which  por- 
tray existing  conditions  and  are  an 
invaluable  aid  in  regional  planning 
work. 

The  Purpose  of  Regional  Planning. 
— An  attempt  has  already  been  made 
to  indicate  the  purpose  of  regional 
planning,  especially  where  there  are 
great  centers  of  population.  This  pur- 
pose may  be  briefly  summarized  as 
follows:  To  counteract  the  tendency 
to  excessive  concentration  of  popula- 
tion and  industrial  activity  in  certain 
spots;  to  simplify  the  problem  of 
transit  between  different  parts  of  the 
area;  to  bring  facilities  for  receiving 
and  shipipng  goods  to  all  parts  of  the 
region;  to  establish  a  method  of  con- 


trolling the  use  of  private  property, 
consistently  and  equitably  applied 
through  the  entire  district,  by  the 
adoption  of  what  might  be  called  re- 
gional zoning;  to  locate  places  of  pub- 
lic recreation  so  that  they  will  be 
within  easy  reach  of  all;  to  relieve 
present  congestion,  which  has  been 
aptly  described  as  "the  crowding  of 
streets  by  traffic,  the  crowding  of  lots 
by  structures,  and  the  crowding  of 
rooms  by  people."  If  those  results 
can  be  attained,  it  seems  reasonable 
to  predict  that  general  health  will  be 
improved,  a  spirit  of  neighborliness 
will  be  promoted,  the  nervous  strain 
due  to  tiresome  journeys  to  work  ana 
back,  under  conditions  often  indecent, 
will  be  abated,  children  and  adults 
will  acquire  that  wholesome  zest  com 
ing  from  closer  contact  with  nature, 
political  dangers  of  revolutionary  tem- 
per and  mass  action  will  be  lessened, 
and  much  of  the  present  economic 
waste  will  be  avoided. 


Gasoline  Taxes  in  16  States  Net 

$10,000,000 

According  to  a  compilation  of  tax 
returns  by  National  Petroleum  News, 
automobile  users  in  1922  paid  into 
public  treasuries  more  than  $10,000,- 
000  in  excise  taxes  on  motor  fuel  pur- 
chased in  16  states.  The  survey  cov- 
ered all  but  two  of  the  states  that 
had  such  taxes  in  force  last  year. 
Arkansas  and  South  Dakota  have 
failed  so  far  to  give  the  amount  of 
gasoline  taxes  collected  there.  On 
the  same  basis  of  this  compilation 
each  car  owner  in  the  16  states  paid 
approximately  $4  in  1922  into  the 
state  or  county  treasuries  through 
gasoline  taxes.  The  figures  reveal 
that  the  average  amount  of  gasoline 
used  was  394  gal.  a  car  a  year,  for 
trucks  and  passenger  cars  both.  This 
was  obtained  by  dividing  the  number 
of  gallons  on  which  taxes  were  col- 
lected by  the  mean  number  of  cars 
registered  in  14  states  as  of  Jan.  1 
and  Dec.  31,  last  year.  The  mean 
number  is  considered  a  fair  figure, 
because  the  total  number  of  automo- 
bile registrations  during  the  year  was 
more  than  the  total  number  of  cars 
actually  in  operation  throughout  the 
year,  as  many  cars  are  not  registered 
until  after  the  first  quarter  of  the 
year.  Mississippi  and  Maryland  were 
omitted  from  the  computation  of  av- 
erage gallonage  because  gasoline 
taxes  were  not  in  force  in  those 
states  throughout  the  year. 
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Minor  Roads  in  National 
Forests 


Two  classes  of  roads  are  being  con- 
structed in  the  national  forests  in 
the  United  States  —  high  standard 
highways  such  as  interstate  and  in- 
trastate roads  through  the  forests, 
and  trails  and  forest  development 
roads.  The  last  mentioned  are  con- 
structed to  serve  isolated  blocks  of 
valuable  timber,  primarily  for  fire 
protection  purposes. 

Under  the  federal  act  of  1921  an 
appropriation  of  $15,000,000  was  pro- 
vided for  forest  roads.  Of  this  amount 
$5,500,000  is  being  spent  on  the  trails 
and  forest  development  roads  and 
$9,500,000  on  the  high  standard  roads. 

In  general  the  high  standard  forest 
highways  are  constructed  under  the 
direct  supervision  of  the  Bureau  of 
Public  Roads,  after  the  roads  have 
been  selected  by  the  joint  action  of 
the  state  highway  department,  the 
Bureau  and  the  Forest  Service.  These 
roads  are  usually  .  in  the  trunk  road 
class  and  the  cost  of  some  of  these 
roads  runs  as  high  as  $60,000  per 
mile. 

In  general,  the  low  standard  devel- 
opment roads  are  selected  and  built 
by  and  under  the  direct  supervision 
of  the  Forest  Service.  The  cost  of  these 
roads  is  usually  between  $600  and 
$2,000  per  mile  and  they  are  usually 
either  9  ft.  or  12  ft.  overall  width, 
including  ditch  or  sidehill  sections.  A 
9-ft.  road  in  the  majority  of  cases  will 
satisfy  the  actual  Forest  Service 
needs.  However,  when  heavy  travel 
is  anticipated,  and  in  some  cases 
where  several  ranches  are  located  on 
the  road,  a  12-ft.  road  is  constructed. 
These  roads,  however,  are  supplied 
with  about  5  turnouts  per  mile,  or, 
where  possible,  intervisible  turnouts. 
Although  these  roads  only  cost  usual- 
ly between  $600  and  $2,000  per  mile, 
they  are  located  on  a  permanent 
grade  not  exceeding  7  per  cent,  and 
also  are  provided  with  adequate  drain- 
age. The  idea  is  that  if  travel  in- 
creases the  road  can  be  widened  out, 
and  the  money  expended  on  these 
narrow  roads  will  not  have  been  lost, 
and  also  that  if  the  road  is  properly 
constructed  on  an  easy  grade  it  can 
be  cheaply  maintained  after  comple- 
tion, i 

The  location  survey  crew  consists 
of  one  surveyor  and  chainman.  The 
crew  runs  about  one  mile  of  line  per 
day,  using  an  Abney  level,  compass 
and   chain.     The   surveys   cost   about 
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$25  to  $50  per  mile,  depending  on 
topography  of  the  country.  The  sur- 
veyor measures  the  per  cent  of  side 
slope  on  uniform  slopes  and  when 
rough  country  is  encountered,  he 
takes  cross-sections  in  order  that  the 
yardage  involved  in  drifting  endways 
can  be  estimated.  A  rough  set  of 
plans  and  estimates  is  made  up  cost- 
ing about  $10  per  mile.  Slope  stakes 
are  usually  set  on  the  upper  slope. 
Greater  refinements  in  surveying 
methods  and  more  elaborate  plans 
are  not  justified  in  connection  witl 
these  small  roads.  The  surveyors  do 
this  location  work  as  a  matter  of 
routine  forest  work,  and  they  also  co 
ordinate  it  with  surveying  in  the 
forests. 

The  construction  superintendents 
are  usually  rangers  who  have  had  ex- 
perience or  understand  road  construc- 
tion. They  are  also  part  of  the  regu- 
lar forest  organization.  Many  of  the 
projects  are  far  back  in  the  hills  in 
extremely  isolated  territory.  The  con- 
struction job  is  not  so  much  a  techni- 
cal one,  but  is  frequently  a  manage- 
ment job  involving  the  serious  ques- 
tion of  keeping  the  camp  supplied 
with  men,  teams  and  supplies.  The 
rangers  are  usually  in  the  best  posi- 
tion to  know  the  ranchers  living  in 
the  country,  and  to  know  who  have 
teams  available  for  the  work  and  also 
what  kind  of  teams.  He  usually 
knows  how  many  men  can  be  ob- 
tained from  the  local  region  and 
knows  beforehand  who  are  good  work- 
ers and  who  are  not.  He  also  knows 
how  much  supplies  should  cost  and 
frequently  saves  the  government  large 
amounts  in  purchasing  where  an  out- 
side man,  unfamiliar  with  local  condi- 
tions, would  have  to  pay  exorbitant 
prices.  The  size  of  the  crew  is  usual- 
ly from  15  to  30  men  and  from  3  to 
8  teams. 

We  are  indebted  to  an  article  by 
Fred  D.  Mendenhall,  district  engineer, 
U.  S.  F.  S.,  in  The  Engineers'  Bulletin 
for  the  above  information. 


March  Prices  on  Farm  Crops. — Ac- 
cording to  the  Survey  of  Current  Busi- 
ness prepared  in  the  U.  S.  Bureau  of 
Census,  the  relative  average  price  in 
March  to  farmers  of  the  10  leading 
crops,  was  134,  as  compared  with  130 
for  February  and  112  a  year  ago.  The 
relative  average  price  to  farmers  of 
live  stock,  at  106,  compares  with  107 
for  the  previous  month  and  117  for 
March,  1922. 
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Some  of  the  Problems  Which  Demand  Engineering  Solution  Outlined 

in  Paper  Presented  Jan.  19  at  Annual  Meeting  of 

American  Society  of  Civil  Engineers. 

By  GEORGE  H.  NORTON, 

City  Engineer  and  Chairman  Planning  Commission,  Buffalo,  N.  Y. 

It  has  long  been  accepted  that  the 
engineer  is  essential  to  the  planning 
of  certain  phases  of  community  devel- 
opment. For  sewerage,  drainage,  and 
water  supply,  his  services  have  been 
indispensable,  even  from  the  earliest 
developments.  As  a  surveyor  he  has 
had  influence,  at  times,  in  the  laying 
of  the  general  plan  of  highways, 
which  has  directed  the  future  develop- 
ment of  a  city  street  system.  His 
position  has  been  essentially  that  of 
a  hired  man  assigned  for  specific  pur- 
poses, with  little  differentiation  be- 
tween his  highest  professional  skill 
and  his  ability  as  a  surveyor. 

The  Original  Plans  of  Cities. — The 
Government  surveyed  areas,  the  rec- 
tangular system  has  imposed  endur- 
ing hardships  on  many  cities,  amelio- 
rated, in  some  fortunate  circum- 
stances, by  the  imposition  of  diagonals 
where  topographic  conditions  had  in- 
duced the  aborigines  to  establish  rea- 
sonable trails,  later  followed  by  the 
pack  train  and  the  pioneer  wagon, 
until  they  were  so  well  established  as 
highways  as  to  maintain  their  integ- 
rity. In  some  of  the  older  eastern 
cities,  devoid  of  dominating  topo- 
graphic conditions,  too  often  this 
casual  development,  through  trail  and 
road  to  street,  has  been  without  con- 
trol by  features  warranting  the  de- 
vious street  plan  for  a  modern  city. 
However,  there  are  excellent  exam- 
ples of  sound  judgment  and  foresight 
in  the  original  plans  of  some  cities. 
Perhaps,  today,  there  is  not  a  proper 
appreciation  of  the  skill  and  courage 
of  those  who  more  than  a  century  ago 
went  into  the  practical  wilderness  and 
prepared  the  ground  plans  of  cities, 
which  have  reasonably  sufficed  until 
such  cities  have  grown  in  size  far  be- 
yond that  of  any  city  existing  on  the 
American  continent  at  the  time  of  the 
original  platting. 

If  there  had  been  adequate  means 
for  the  dissemination  of  engineering 
knowledge,  the  broad  ideals  of  the 
Washington  plan  might  have  been  ex- 
tended beyond  the  moderated  applica- 
tion to  Buffalo,  N.  Y.  This  influence 
probably  came  to  Joseph  Ellicott  who 


was  in  charge  of  the  Buffalo  improve- 
ment, through  his  brother  who  was 
engaged  with  Pierre  L'Enfant  in  plan- 
ning the  city  of  Washington.  As  has 
been  stated,  this  failure  in  dissemina- 
tion of  advanced  planning  was  due  to 
the  lack  of  engineering  publications 
and  of  that  personal  contact  so  valu- 
able in  this  and  other  similar  so- 
cieties. 

Engineers  Must  Meet  Modern  Plan- 
ning Problem. — Having  in  mind  this 
unfortunate  past  condition,  it  is  en- 
cumbent upon  the  profession  to  re- 
view the  situation  and  meet  the 
modern  planning  problem  as  it  has 
met  others. 

Large  numbers  of  the  older  genera- 
tion of  engineers  have  been  associated 
at  some  time,  and  in  some  way,  with 
railroad  location,  construction,  or  sub- 
sequent operation.  They  developed  a 
high  engineering  conception  of  the 
problems  involved  and  created  stand- 
ards which  may  guide.  Much  of  this 
development  came  after,  or  perhaps 
more  properly,  was  the  larger  element 
in  creating  literature  and  associations 
for  the  dissemination  and  discussion 
of  the  problems  involved.  When  these, 
or  other  engineers  have  entered  mu- 
nicipal service,  their  immediate  and 
pressing  duties  have  been  the  pro- 
viding of  sewerage,  drainage,  water 
supply,  and  pavements  suitable  for 
the  existing  areas  and,  perhaps,  to 
look  forward  to  the  provision  of  such 
for  adjacent  territory.  Assistance  is 
seldom  provided  beyond  that  neces- 
sary to  meet  pressing  demands,  and 
more  seldom  is  it  realized  that  the 
field  of  the  engineer  should  be  wider. 
The  growing  sentiment  of  a  few  dec- 
ades ago,  that  American  cities  as  mu- 
nicipal machines  were  not  at  par  with 
other  American  achievements,  led  the 
ever-present  reformers  to  demand 
changes  in  organization  and  adminis- 
tration. After  having  run  the  gamut 
of  charters  and  methods  to  find  that 
they  do  not  change  human  nature, 
there  has  been  a  sudden  awakening  to 
the  fact  that  municipal  structure? 
have  simply  grown  from  the  demands 
of  commerce,  industry,  and  transpor- 
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tation  along  lines  dictated  by  the  es- 
pecial needs  or  convenience  of  each 
and  without  thought  of  the  m'utual  re- 
lations between  them.  They  have 
grown  under  the  stimulus  of  varied 
business  impulses,  not  always  har- 
monious in  needs,  and  without  defi- 
nite plan  or  guidance.  This  realiza- 
tion apparently  came  first,  not  to  the 
engineer,  but  rather  to  the  artist  and 
the  architect  who  sensed  the  lack  of 
harmonious  development  and  the  un- 
necessary clash  and  ugliness  of  many 
elements.  Hence,  it  was  only  natural 
that  the  earlier  movements  in  city 
planning  were  along  the  line  of  the 
"City  Beautiful." 

Most  Necessary  Things  for  Well  Or- 
dered City. — The  general  awakening 
has  disclosed  the  most  necessary 
things  for  a  well  ordered  city  to  be 
definite  knowledge  of  its  actual  physi- 
cal condition  and  a  definite  plan  for 
its  future  development.  The  ills  of 
the  municipal  body  lie  in  its  deformed 
and  unguided  growth  rather  than  in 
its  charter  or  ordinances,  and  its  beau- 
tification  should  be  in  ordered  ar- 
rangement and  growth  more  than  m 
surface  embellishments.  These  funda- 
mentals are  fairly  well  accepted  to- 
day, but  the  details  of  development 
are   without    accepted    standards. 

The  complex  problems  of  arrange- 
ment and  co-ordination  of  the  varied 
and  often  conflicting  interests  are  so 
great  as  to  demand  the  united  wisdom 
of  those  versed  in  all  their  phases. 
There  has  been  developed,  therefore, 
the  usual  form  of  planning  commis- 
sions composed  of  representative  citi- 
zens whose  united  intelligence  should 
cover  the  wide  field,  and  to  their  as- 
sistance has  been  brought  available 
engineering  or  other  professional  ad- 
vice. Where  such  technical  advisers 
have  not  been  over-shadowed  by  the 
so-called  practical  element,  scope  for 
excellent  results  has  been  given,  the 
balance  of  judgment  of  those  repre- 
senting the  complicated  interests 
formulating  a  policy  which  would  give 
reasonable  results  when  technically 
applied. 

The  Engineer  as  Dominating  Factor 
in  Development  of  Plan. — The  alter- 
native method  of  approach  in  making 
the  engineer  the  dominating  factor  in 
the  development  of  a  plan  with  the 
representatives  of  varied  interests  act- 
ing as  advisers  has  had  less  general 
application.  Results  alone  can  deter 
mine  the  relative  advantages  and 
much  will  depend  on  the  wisdom  and 
judgment  of  the  engineer.      He  must 
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have  the  support  of  the  profession  no 
only  in  sympathy,  but  more  in  the  de- 
velopment of  standards  of  this  com- 
paratively new  field.  This  can  be 
done  only  through  discussion  in  engi- 
neering bodies  and  dissemination 
through  the  technical  press. 

Although  the  formulation  of  a  deli 
nite  plan  for  the  guidance  and  orderly 
development  of  a  city  may  have  the 
highest  talent  and  devotion  in  its 
preparation,  such  a  plan  will  avail  bin 
little,  unless  it  can  be  established. 

The  successful  engineer  has  had  his 
experience  in  presenting  plans  to  the 
chief  executive.  Usually,  the  plans 
have  been  authorized  by  the  directors 
who  feel  assured  of  the  backing  of 
the  stockholders.  The  only  questions 
for  consideration  are  the  fitness  of 
the  plan  and  the  financial  elements. 
In  a  city  plan,  however,  there  is  the 
element  of  broad  practical  politics, 
not  of  the  partisan  kind,  but  in  the 
truest  sense.  Municipal  governments 
are  most  highly  representative.  The 
elected  representatives  in  whom  the 
ultimate  authority  lies  may  be  ever 
so  broad-minded  and  ready  to  assist 
in  the  development  of  a  plan,  but  they 
cannot  carry  out  any  comprehensive 
one  unless  it  is  the  will  of  a  decided 
majority    of   their    constituency. 

The  Threefold  Problem  of  the  Engi- 
neer.— The  problem  before  the  engi- 
neer entrusted  with  any  planning  proj- 
ect is,  therefore,  threefold:  To  pre- 
pare a  plan  which  has  features  such 
as  to  appeal  to  the  sound  judgment 
of  a  large  part  of  the  citizens;  to  co- 
operate with  the  ever-present  public- 
spirited  citizens  who  are  ready  to  as- 
sist in  laying  the  matter  fully  before 
the  whole  electorate  in  such  a  man- 
ner as  to  win  their  approval;  and  with 
such  public  approval,  to  go  before  the 
constituted  authorities  with  the  plan 
and  a  reasonable  program  of  execu- 
tion that  the  legislative  and  executive 
authorities  may  adopt  and  place  un- 
der execution  the  most  essential  fea- 
tures. With  the  plan  thus  estab- 
lished in  the  minds  of  the  people, 
there  should  be  no  reasonable  fear 
that  it,  as  a  whole,  will  perish.  Any 
live  city  has  enough  citizens  of  public 
spirit  and  foresight  to  see  that  the 
matter  is  brought  to  successive  ad- 
ministrations, with  pubb*  approval  as- 
sured. 

It  is  feared  that  some  worthy  plans 
made  possible  by  the  endeavor  of  the 
few,  without  general  public  accept- 
ance, through  publicity,  may  fail  of 
achieving    the    early    results     which 
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their  intrinsic  merit  really  warrants. 
Having  in  mind  the  essentials  to  the 
success  of  any  city  plan,  the  engineer 
interested  in  such  is  brought  squarely 
to  face  the  modern  conception  of  his 
profession.  He  must  realize  that  his 
function  is  not  merely  that  of  the 
trained  investigator  and  establisher 
of  fundamental  facts,  but  rather  that 
it  has  the  wider  limits  of  the  human 
element.  Assured  in  his  own  conclu- 
sions, he  must  be  able  to  lay  the  rea- 
sons for  such  before  the  public  in  a 
manner  to  show  their  soundness  and 
be  able  and  willing  to  meet  all  ob- 
jections with  the  convincing  facts  at 
his  disposal. 

Many  Phases  Adapted  to  Engineer- 
ing Analysis.— The  phases  of  city  plan- 
ning particularly  adapted  to  engineer- 
ing analysis  are  many.  The  first  step 
in  any  general  plan  may  be  designated 
as  reconnaissance,  or  the  broad  sur- 
vey of  the  resources  and  probable  line 
of  development  of  the  city  and  its 
environs.  Such  a  survey  is  necessary 
to  the  formulation  of  any  comprehen- 
sive plan.  The  whole  range  of  tran 
sit  and  transportation  facilities,  ter- 
minals, harbor  development,  and 
many  other  such  questions  will  in- 
trude themselves  into  any  broad  study, 
and,  even  if  not  directly  included  in 
the  designation,  must  be  given  weight. 

Today,  the  most  pressing  demand 
for  immediate  consideration  is  apt  to 
be  for  improvement  of  streets  and  the 
street  plan  to  accommodate  the  traffic 
of  motor  vehicles.  The  civil  engineers 
of  a  previous  generation  developed  the 
lines  of  transportation  by  the  con- 
struction of  railroads  along  carefully 
surveyed  routes.  Today,  although  1,- 
000,000  freight  cars  may  be  loaded 
each  week  to  pass  over  these  lines, 
10,000,000  motor  vehicles  are  daily 
passing  over  streets  and  roads  that 
were  mostly  laid  out  and  determined 
before  the  construction  of  an  automo- 
bile. There  has  been  developed  an 
entirely  new  mode  of  conveyance  fit- 
ted for  travel  on  highways  which  were 
laid  out  for  other  vehicles.  The  flex- 
ibility and  adaptability  of  these  mod- 
ern vehicles  is  such  that  they  may 
use  the  rural  highways  and  many 
urban  streets  if  only  a  reasonably 
hard  and  smooth  surface  is  provided. 
Such  a  condition  has  forced  on  tho 
whole  country-  a  road-building  and 
paving  industry** and  has  developed 
new  engineering  standards  in  paving 
design.  Except  in  the  territory  ad- 
jacent to  large  cities  and  on  main  con 
necting     thoroughfares,   the   roadway 


wide  enough  for  vehicles  to  pass  safe- 
ly provides  accommodation  for  its 
traffic.  Within  the  cities  and  on  their 
converging  highways,  however,  the 
newly  developed  transportation  has 
been  imposed  on  a  street  plan  not  de- 
signed for  such  purpose  and  bounded 
and  limited  by  costly  land  and  im- 
provements which  make  difficult  any 
material  alterations.  This  condition 
now  imposes  on  the  engineer  the  more 
serious  problem,  not  to  design  a  thor- 
oughfare system  for  specific  needs, 
but  to  adapt  the  existing  facilities  to 
present  demands  so  as  to  require  a 
minimum  of  expansive  changes. 

It  is  not  intended  to  enter  into  a 
discussion  of  the  problems  of  street 
design,  but  rather  to  outline  a  few 
of  them  as  typical  of  the  engineering 
phases  of  city  planning.  No  standard, 
as  yet,  may  be  considered  established 
and  cannot  be  until  it  is  perfected 
through  experience  and  analysis. 

Widening  Main  Thoroughfares  vs. 
Providing  Parallels. — Most  direct 
thoroughfares  in  cities  have  been  oc- 
cupied by  surface  traction  lines  with 
consequent  business  development. 
The  location  is  such  as  to  invite  mo- 
tor traffic  with  consequent  congestion. 
Although  surface  traction  cars  inter- 
fere with  the  easy  operation  of  thou- 
sands of  motor  cars,  the  latter  delay 
thousands  of  passengers  on  the  for- 
mer. Diversion  of  traffic  from  such 
streets  may  be  considered  detrimen- 
tal to  the  developed  business  inter- 
ests. The  cost  of  widening  by  land 
acquisition  would  generally  be  exces- 
sive. 

Should  these  thoroughfares  be 
widened  or  should  parallels  be  devel- 
oped to  divide  traffic? 

Will  such  diversion  injure  adjacent 
business  or  endanger  residence  prop- 
erty on  the  parallels? 

If  such  parallels  for  vehicular  traffic 
are  provided,  should  they  preferably 
be  immediately  adjacent  to  developed 
main  traveled  streets  or  should  they 
be  intermediate  between  such? 

Intersecting  Streets. — Many  cities 
have  abolished  at  large  expense  rail- 
road crossings  at  grade.  Today,  at 
intersections  of  heavy-traffic  streets, 
more  accidents  occur  and  more  de- 
lays to  traffic. 

Are  we  to  look  forward  to  grade 
separation  at  such  important  points? 

Where  we  continue  to  operate  at 
grade,  must  ave  continue  the  alternate 
"stop-and-go"  system  or  can  the  ro- 
tary, continuous  system  be  developed 
with  reasonable  land  acquisition? 


(309) 


1024 

Can  the  rotary  continuous  plan  be 
adopted  in  preference  to  the  reser- 
voir system  for  holding  the  waiting 
vehicles? 

In  design  of  a  rotary  intersection 
requiring  a  material  slowing  down  of 
traffic,  can  safety  elements  be  intro- 
duced by  the  modification  of  grades 
or  vertical  irregularities? 

Must  separate  provision  be  made 
for  passage  of  long  fire  apparatus? 

Vehicles  and  the  Pedestrian. — 
What  relative  weights  should  be  given 
pedestrian  traffic  and  vehicular 
traffic  when  in  conflict? 

What  is  the  effect  on  pedestrian 
traffic  of  long-radius  intersection  cor- 
ners? 

Is  there  a  practical  limit  to  the 
widths  of  pavements  due  to  difficulty 
of  maintaining  parallel  traffic  lines 
and   danger  to  pedestrians? 

Are  two  parallel  roadways  prefer- 
able to  single  one  of  their  combined 
width? 

Diagonals. — Are  diagonals  as  essen- 
tial to  motor-vehicle  traffic  as  they 
were  formerly  thought  to  be  for  mixed 
traffic? 

Are  not  the  complicated  diagonal 
crossings  often  as  much  of  a  detri- 
ment to  traffic  as  the  longer  routes 
of  a  rectangular  system? 

Do  the  advantages  of  radiating  di- 
agonals outweigh  their  tendency  to 
traffic   concentration?  * 

These  random  problems  arising  in 
one  phase  of  city  planning  are  herein 
noted  as  illustrative  of  the  character 
of  those  details  which  demand  engi- 
neering solution.  Today,  engineers 
are  becoming  alive  to  them  and  will 
solve  them  as  they  have  solved 
others. 

When  the  engineer  is  brought  face 
to  face  with  city  planning,  he  must 
not  only  be  able  to  master  the  tech- 
nical details,  as  he  has  in  other  lines, 
but  he  must  realize  in  the  broader 
way  that  he  serves,  not  a  definite  ex- 
ecutive, but  a  complex  public.  H« 
must  have  the  wider  vision  clearly 
before  himself  and,  with  it,  the  cour- 
age and  ability  to  impress  these  vis- 
ions on  the  minds  of  the  public.  The 
line  of  reasoning  with  which  he 
reaches  conclusions  must  be  so  clear 
that  it  appeals  to  the  average  citizen. 
No  plan  may  stand  this  test  unless 
it  is  based  on  sound  engineering  funda- 
mentals. No  plan  can  come  to  execu- 
tion unless  it  is  understood  and  ap- 
preciated by  the  public.     No  plan  can 
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die  which  has   been  accepted   by   the 
citizens  as  sound  and  practicable. 

The  engineer  who  enters  on  city 
planning  must  realize  that  his  work 
is  not  confined  to  office  detail,  but  that 
he  must  enter  that  broader  field  of 
the  man  among  men.  No  other  field 
today  offers  a  fairer  range  for  the 
highest  development  of  engineering 
perspective  or  the  formulation  of  new 
standards,  and  certainly  none  prom- 
sises  a  fuller  opportunity  for  the  engi- 
neer to  take  his  place  as  a  leader  of 
public  thought,  qualified  to  guide  the 
development  of  those  greatest  institu- 
tions, the  cities. 


Adjustable     Measuring     Hopper 
for  Sand  and  Gravel  Bins 

An  adjustable  hopper  for  the  ac- 
curate measurement  of  sand,  gravel 
and  other  coarse  materials  delivered 
from  bins  has  been  placed  on  the  mar- 
ket   by    the    Butler    Equipment    Co., 


Butler    Type    B    Adjustable    Measuring 
Hopper. 

Waukesha,  Wis.  The  device  is  of 
heavy  all-steel  construction.  The  hop- 
pers are  3/16-in.  steel  plate,  electric 
arc  welded,  and  the  frames  are  6-in. 
channels.  A  patented  shut-off  gate 
prevents  jamming  and  allows  easy 
closing.  The  discharge  is  quickly  ad- 
justed (30  seconds)  from  V2  yd.  to  1 
cu.  yd.,  or  for  any  volume  between 
10  and  28  cu.  ft.  by  means  of  windlass 
and  ratchet.  The  hopper  has  a  grad- 
uated scale  and  pointer  for  makine, 
adjustments.  An  indicator  shows 
when  the  hopper  is  full.  The  bottom 
section  is  suspended  on  %-in.  cable. 
For  contractors  not  desiring  quick  ad 
justment,  the  bottom  section  is  sus- 
pended on  threaded  rods.  The  head- 
room required  for  1  cu.  yd.  only  %  in. 
The  hopper  is  operated  by  one  man. 
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Patrol     Methods     of     Road 
Maintenance  in  Cana- 
dian County 

System  of  Bruce  County,  Ontario,  De- 
scribed   in    Paper   Presented    Feb. 
26   at   9th   Annual   Conference 
of    County    and    Township 
Road    Superintendents 
and    Engineers    of 
Ontario 

By  G.  E.  STEPHENSON. 

County  Engineer,  Bruce  County,  Ontario. 

Practically  all  the  county  roads  run 
through  rolling  clay  country  with  the 
exception  of  the  north  where  there  is 
a  good  deal  of  swamp  and  rock.  For- 
tunately where  roads  have  to  be  built 
through  swamps  there  is  plenty  of 
stone  nearby  so  that  a  rubble  base 
can  be  put  in.  The  whole  county  is 
blessed  with  an  abundance  of  gravel, 
the  haul  seldom  exceeding  3  miles,  so 
that  the  gravel  road  is  the  only  type 
of  road  in  the  county  except  in  towns 
and  villages. 

How  Extensive  Maintenance  or  Con- 
struction Is  Carried  Out. — To  carry 
out  extensive  maintenance  or  con- 
struction work,  foremen  are  employed 
for  the  whole  season  and  permanent 
men  to  operate  trucks,  crushers,  large 
graders,  concrete  mixers  and  other 
heavy  types  of  machinery.  An  assis- 
tant superintendent  or  general  fore- 
man who  has  had  considerable  expe- 
rience in  construction  work  and  the  re- 
pair of  machinery  and  who  is  respon- 
sible to  the  superintendent,  is  in 
charge  of  these  permanent  gangs.  He 
is  furnished  with  a  y2-ton  truck  and 
can  stay  a  day  or  two  on  a  job  at  his 
own  discretion  to  help  move  machin- 
ery, make  field  repairs  and  get  the 
job  going,  etc.  He  spends  all  of  his 
time  personally  on  one  of  these  jobs 
unless  other  work  is  temporarily  de- 
tailed to  him  and  it  is  his  duty  to  see 
that  these  jobs  are  run  efficiently  and 
the  machinery  kept  in  good  repair. 
In  short,  the  relation  between  assis- 
tant superintendent  and  superintend- 
ent is  the  same  as  between  contractor 
and  engineer  with  the  exception  that 
all   reports   and  pay   sheets  are   sent 

;  direct  to  the  latter's  office.  Large 
expenditures  for  equipment  and  fuel 

\  are  made  through  that  office  and  if 
any  costs  are  excessive,  this  matter  is 
brought  to  his  attention  and  steps 
taken   to   remedy   them.      These   per- 


manent foremen  and  men  are  directly 
responsible  to  the  assistant  superin- 
tendent and  any  instructions  affecting 
them  must  go  through  him. 

Length  of  Patrol  Sections. — The 
whole  county  road  system  is  divided 
into  sections  of  5  or  6  miles  in  length, 
depending,  of  course,  on  local  condi- 
tions and  on  each  of  these  sections  a 
patrolman  is  appointed  by  the  super- 
intendent. These  men  are  responsi- 
ble to  the  superintendent  only  and  the 
assistant  superintendent  does  not  in 
any  way  interfere  with  them  except 
when  his  gang  is  on  their  section. 
Before  making  the  appointment  of  an 
applicant  as  patrolman,  the  superin- 
tendent usually  asks  for  a  recommen- 
dation from  two  or  three  of  the  local 
reeves  or  other  responsible  persons 
as  no  end  of  trouble  can  be  caused  by 
appointing  an  unsatisfactory  man. 

Five  or  six  miles  can  usually  be 
dragged  in  half  a  day  and  is  about  all 
the  average  man  can  attend  to  when 
devoting  part  time  to  work.  Giving 
one  man  the  maintenance  of  20  to  40 
miles  has  been  tried  but  has  not 
"worked  out  very  satisfactorily.  This 
necessitated  his  having  a  car;  he 
usually  did  nothing  but  supervise  the 
work  and  it  generally  caused  a  good 
deal  of  dissatisfaction  among  the  pu- 
lic  as  they  thought  he  was  doing 
work  which  should  be  done  by  the  su- 
perintendent.   . 

Each  patrolman  is  supplied  with  a 
drag  or  one  team  grader,  or  both,  and 
a  gravel  screen  when  necessary,  for 
which  he  is  held  responsible.  The 
patrolmen  are  usually  farmers  and 
have  their  own  teams,  wagons,  etc., 
so  that  they  require  very  little  equip- 
ment and  no  small  tools  are  supplied 
except  under  special  cirucumstances. 
They  attend  to  all  minor  repairs  and 
dragging  on  their  own  initiative  and 
send  in  pay  sheets  and  reports  at  re- 
quired intervals  and  are  paid  5  ct. 
per  hour  more  than  labor  which  they 
may  hire.  A  standard  wage  is  set 
for  labor  and  teams  for  the  whole 
county. 

Duties  of  Patrolmen. — In  the  spring 
the  superintendent  visits  each  patrol- 
man and  indicates  to  him  as  closely 
as  possible  what  work  will  be  required 
of  him  during  the  season  in  addition 
to  small  repairs  and  dragging.  This 
is  usually  confined  to  gravelling  or 
other  work  which  can  be  done  by  the 
patrolman  as  economically  as  by  a 
permanent  gang.  The  superintendent 
may  also   make   frequent   calls  when 
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extensive  work  is  proceeding  and  if 
in  going  over  the  roads  he  notices  any 
case  of  neglect,  he  makes  a  note  of 
it  and  informs  the  patrolman  by  let- 
ter or  telephone  if  he  is  unable  to  call 
on  him  personally. 

A  monthly  report  is  sent  to  the  su- 
perintendent's office  in  all  cases,  but 
in  order  to  keep  in  close  touch  with 
expenditure  where  extensive  work  is 
being  done,  reports  are  sent  in  at 
shorter  intervals,  weekly  if  $200  is 
spent  within  the  week  and  fornightly 
if  $200  is  spent  during  that  period,  so 
that  in  no  case  can  a  patrolman  spend 
much  over  $200  without  having  the 
cost  of  his  work  checked. 

Reports. — On  the  face  of  the  reports 
is  shown  the  date  and  the  number  of 
hours  each  day  which  every  man 
works,  and  each  man's  wages  are  dis- 
tributed under  such  items  as  hauling, 
grading,  handling  and  spreading 
gravel,  dragging,  etc.  On  the  back  of 
the  report  he  reports  the  number  of 
yards  of  gravel  hauled,  average  dis- 
tance hauled,  total  cost  of  handling, 
etc.,  so  that  we  can  get  the  cost  per 
yard-mile  for  hauling  and  the  cost 
per  yard  for  loading  and  spreading. 
All  work  is  reported  in  such  a  way 
that  the  unit  cost  of  any  class  of  work 
can  be  obtained.  Each  report  is  sum- 
marized and  the  summary  put  into  a 
cost  book,  separate  spaces  being  al- 
lowed to  each  patrolman  and  to  each 
heavy  piece  of  machinery.  With  this, 
costs  can  be  compared  and  at  a  glance 
the  cost  of  any  piece  of  work,  both 
total  and  unit,  the  efficiency  of  any  pa- 
trolman, amount  of  work  done  by  any 
expensive  machine,  cost  of  fuel,  re- 
pairs, etc.,  can  be  obtained. 

From  the  reports  sent  in  by  the 
patrolman  a  distribution  sheet  is  pre- 
pared. This  is  signed  by  the 
chairman  of  the  highways  com- 
mittee and  the  road  superintendent, 
and  along  with  the  reports  is 
sent  to  the  treasurer's  office  for 
payment.  Checks  are  made  out  for 
each  man  and  they  are  sent  to  the  pa- 
trolman for  distribution  along  with 
the  original  report  or  time  sheet.  Each 
man  signs  his  name  on  the  report  on 
receiving  his  check  and  when  all  the 
checks  are  delivered  it  is  returned  to 
the  treasurer  as  a  receipt  which  is 
filed  with  the  corresponding  distribu- 
tion sheet.  The  advantage  of  return- 
ing the  original  report  with  the  check 
is  that  if  any  dispute  arises  concern- 
ing the  time  it  can  be  checked  over 
at  the  time  so  as  to  show  corrections, 
etc. 


:■■ 


Most  of  the  patrolmen  have  had  no 
experience  in  construction  work  or  in 
building  roads  according  to  present 
day  methods  and  standards  so  that 
they  require  a  good  deal  of  informa- 
tion as  to  how  to  fill  in  reports,  the 
best  way  to  handle  the  different  class- 
es of  work,  what  they  are  supposed 
to  do  on  their  own  responsibility,  etc. 
With  such  a  large  number  of  patrol- 
men it  is  difficult  to  give  this  infor- 
mation verbally  and  if  done  so,  they 
might  forget  it.  With  this  in  mind, 
each  patrolman  is  sent  when  required, 
a  standard  letter  and  is  also  supplied 
with  a  book  of  instructions. 


New  Motor  Pick-Up  Street 
Sweeper 

A  new  motor  pick-up  street  sweep- 
er has  been  brought  out  by  the 
Foamite-Childs  Corporation,  Utica,  N. 
Y.  Among  the  noteworthy  features 
claimed  for  this  machine  are  the  fol- 
lowing: An  automatic  gutter  broom 
that  works  in  and  out  with  the  curb 
line,  independently  of  the  driver. 

Large  rear  broom  so  designed  that 


"Childs"    Motor    Pick-Up   Sweeper. 

wear  automatically  shortens  distance 
between  broom  and  conveyor. 

Broom  stops  when  shear  pins  break, 
making  it  impossible  to  foul  the  con- 
veyor. 

A  non-clogging  type  of  conveyor  of 
larger  carrying  capacity.  No  choking 
on   heavy  sweepings. 

Conveyor  has  a  removable  bottom 
easily   replaced. 

A  straight-side  hopper,  without 
shelves  or  bridges  to  hold  back  the 
sweepings  when  dump  is  operated. 

Only  six  drive  chains  on  the  entire 
machine,  including  the  conveyor. 

Sweeper  will  operate  while  ma- 
chine stands  still. 

Working    speed,     nine     miles    per 
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hour.  The  sweeper  is  the  four-wheel 
type  and  has  the  Reo  Speedwagon 
power  plant  with  right-hand  drive 
and  self-starter.  It  is  strictly  a  one- 
man  machine  with  all  levers  so  ar- 
ranged that  the  operator  has  com- 
plete and  convenient  control  without 
leaving  his  seat. 


Willite:  The  "Copper  Treat- 
ed" Asphalt  Pavement 

One  of  the  most  modern  types  of 
pavement  that  has  recently  found  its 
way  into  the  paving  world  is  the  "cop- 
per-treated" asphalt  pavement,  Wil- 
lite. While  it  is  somewhat  new  to  the 
general  public  it  has  been  so  tried 
and  tested  during  the  past  eight 
years  that  it  is  no  longer  an  experi- 
ment. 

The  Willite  process  of  tempering 
asphalt  with  copper  sulphate  was  dis- 
covered by  Harry  Parson  Willis,  for- 
mer chief  engineer  of  the  Highway 
Department  of  the  State  of  New  York. 
He  set  out  to  produce  a  type  of  pave- 
ment which  could  be  built  from  the 
commercial  asphalt  most  adjacent  to 
the  location  of  the  project  and  which 
would  contain  as  near  as  possible  the 
properties  which  had  made  the  Fifth 
Ave.  pavement  in  New  York  City  so 
practical  for  modern  traffic.  The  Wil- 
lite process  of  tempering  asphaltic 
mixtures  is  the  result  of  his  discov- 
eries. While  this  process  designates 
the  addition  of  any  metallic  salts  to 
temper  the  asphaltic  mixture  yet  it 
was  discovered  that  the  best  results 
were  obtained  by  the  addition  of  cop- 
per sulphate.  According  to  Dr.  Henry 
C.  Kayser  of  the  Industrial  Testing 
Laboratory,  Los  Angeles,  Calif.,  the 
addition  of  a  copper  salt  to  colloids 
in  residual  asphalt  greatly  alters  the 
physical  properties  of  the  colloids 
therein,  giving  them  greater  resist- 
ance to  water,  an  increased  tough- 
ness, greater  resistance  to  load  when 
admixed  with  mineral  aggregates, 
and  longer  life. 

The  first  road  paved  under  the  Wil- 
lis method  was  2  miles  long  at  How- 
ard Beach,  Long  Island,  in  1915.  This 
pavement  was  laid  on  a  sand  sub- 
grade.  Since  then  over  2,000,000  sq. 
yd.  of  the  pavement  have  been  con- 
structed. One  of  the  best  known  in- 
stallations of  Willite  pavement  is  on 
the  Nigger  Slough  section  of  Los  An- 
geles County  Harbor  Blvd.  in  Los  An- 
geles County,  Calif.  This  5-in.  pave- 
ment laid  on  earth  subgrade  is  stated 


to  have  carried  over  10,000,000  tons 
of  traffic  in  a  period  of  3  years  with 
a  maintenance  cost  of  $15  per  mile 
for  this  period.  Another  installa- 
tion is  on  the  California  state  high- 
way from  the  Yuma  desert.  At  the 
Good  Roads  Show  at  Chicago  last 
January  the  exhibit  of  the  American 
Willite  Co.  included  a  sample  of  Wil- 


1'/2-in.    Top    Course    of    Willite    on    Worn 

Concrete  on  Ridge  Route  of  California 

State    Highway    System. 

lite  from  this  road.  This  sample  con- 
sisted of  a  3-in.  Willite  base  and  a  2- 
in.  Willite  wearing  course.  This  sam- 
ple showed  a  very  fine  mix  owing  to 
the  fact  that  90  per  cent  of  the  en- 
tire aggregates  used  in  the  mix  were 
taken  right  off  the  desert  with  a 
fresno  scraper.  This  pavement  laid 
in  1920  in  a  location  where  the  tem- 
perature reaches  130°  F.  showed  no 
ill  effect  of  the  heat. 

Willite  pavements  are  laid  without 
a  binder  course  on  concrete,  brick, 
macadam,  or  any  substantial  base. 
They  have  been  used  as  a  resurface 
at  Kingston,  N.  Y„  on  worn  brick,  at 
Columbus  Park,  Chicago,  on  mac- 
adam, and  by  the  State  Highway  De- 
parements  of  New  York  and  Califor- 
na,  on  worn  concrete. 


Motor  Vehicle  Output  in  March. — 
The  output  of  motor  cars  was  318,- 
424  passenger  cars  and  34,593  trucks, 
compared  with  the  previous  maximum 
of  June,  1922*  when  production  of  pas- 
senger cars  amounted  to  263,027  and 
trucks  25,984. 
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New  10-Ton  Convertible  Crawler 
Crane 

A  new  steam-operated  convertible 
10-ton  crawler  crane  has  been  placed 
on  the  market  by  the  McMyler-Inter- 
state  Co.,  Cleveland,  O.  In  addition 
to  handling  various  bucket  and  line 
work  the  crane  may  be  readily  con- 
verted in  the  field  to  a  %  yd.  steam 
shovel.  An  attachment  for  driving 
piles  also  is  available.  The  travel 
base  and  the  turntable  of  the  crane 
are  heavy  box-section  steel  castings 
All  of  the  gears  above  the  turntable 
are  cut  steel.  The  turntable  rollers 
and  their  shafts  are  one-piece  hard- 
ened steel  forgings.  All  bearings 
have  large,  renewable  bronze  bush- 
ings. The  frictions  are  all  oversize 
assuring  flexibility  of  control  and  long 
wearing  qualities.  In  designing  this 
crane  full  appreciation  has  been  given 


McMyler- Interstate,  10-Ton  Crawler 
Crane. 


to  the  desirability  of  having  all  parts 
of  the  mechanism  readily  accessible 
for  adjustments  and  repairs.  Practi- 
cally every  part  of  the  crane  subject 
to  wear  may  be  taken  down  by  re- 
moving a  set  of  bearing  caps.  The 
frictions  may  be  relined  without  dis- 
turbing any  of  the  mechanism.  The 
few  adjustments  on  the  crane  are 
within  easy  reach  of  the  operator. 
The  crawlers  are  of  patented  design 
and  embody  features  which  give  a 
uniform  drive  over  the  entire  face 
of  the  crawler  treads,  giving  great 
stability  while  traveling  and  eliminat- 
ing possibility  of  tooth  breakage  or 
of  the  treads  jumping  the  sprocket 
wheels.  The  crawler  treads  form  a 
continuous  steel  track  for  the  eight 
hardened  steel  rollers.  An  adjust- 
ment  screw   is   provided   to   take  up 


any  slack  which  may  develop  in  the 
treads. 

Statement    of    the    Ownership,     Manage- 
ment,  Circulation,    Etc.,    Required    by 
the  Act  of  Congress  of  August 
24,   1912, 
of   Roads  and    Streets,   monthly   issue   of 
Engineering    and    Contracting,    published 
monthly  at  Chicago,  111.  (9  S.  Clinton  St.), 
for  April  1,   1923. 

State  of  Illinois,  County  of  Cook,  ss.— 
Before  me,  a  notary  public  in  and  for  the 
state  and  county  aforesaid,  personally 
appeared  Halbert  P.  Gillette,  who,  hav- 
ing been  duly  sworn  according  to  law. 
deposes  and  says  that  he  is  the  editor  of 
the  Roads  and  Streets,  monthly  issue  of 
Engineering  and  Contracting,  and  that 
the  following  is,  to  the  best  of  his  knowl- 
edge and  belief,  a  true  statement  of  the 
ownership,  management  (and  if  a  daily 
paper,  the  circulation),  etc.,  of  the  afore- 
said publication  for  the  date  shown  in 
the  above  caption,  required  by  the  Act  of 
August  24,  1912,  embodied  in  section  443, 
Postal  Laws  and  Regulations,  printed  on 
the  reverse   of  this   form,   to- wit: 

1.  That  the  names  and  addresses  of  the 
publisher,  editor,  managing  editor  and 
business  manager  are: 

Publisher— Halbert  P.  Gillette,  9  S. 
Clinton  St.,   Chicago,   111. 

Editor— Halbert  P.  Gillette,  9  S.  Clin- 
ton St.,   Chicago,  111. 

Managing  Editor — Halbert  P.  Gillette,  9 
S.    Clinton    St.,    Chicago,    111. 

Business  Manager — Lewis  S.  Louer,  9  S. 
Clinton  St.,  Chicago,  111. 

2.  That  the  owners  are:  (Give  names 
and  addresses  of  individual  owners,  or,  if 
a  corporation,  give  its  name  and  the 
names  and  addresses  of  stockholders 
owning  or  holding  1  per  cent  or  more  of 
the  total  amount  of  stock.) — Halbert  P. 
Gillette,  9  S.  Clinton  St.,  Chicago,  111.; 
Lewis  S.  Louer,  9  S.  Clinton  St.,  Chi- 
cago, 111.;  R.  E.  Brown,  507  Fifth  Ave., 
New  York  City. 

3.  That  the  known  bondholders,  mort- 
gagees and  other  security  holders  owning 
or  holding  1  per  cent  or  more  of  total 
amount  of  bonds,  mortgages  or  other  se- 
curities are:  (If  there  are  none,  so  state.) 
— None. 

4.  That  the  two  paragraphs  next  above, 
giving  the  names  of  the  owners,  stock- 
holders and  security  holders,  if  any,  con- 
tain not  only  the  list  of  stockholders  and 
security  holders  as  they  appear  upon  the 
books  of  the  company  but  also,  in  cases 
where  the  stockholder  or  security  holder 
appears  upon  the  books  of  the  company 
as  trustee  or  in  any  other  fiduciary  re- 
lation, the  name  of  the  person  or  corpor- 
ation for  whom  such  trustee  is  acting,  is 
given;  also  that  the  said  two  paragraphs 
contain  statements  embracing  affiant's 
full  knowledge  and  belief  as  to  the  cir- 
cumstances and  conditions  under  which 
stockholders  and  security  holders  who  do 
not  appear  upon  the  books  of  the  com- 
pany as  trustees,  hold  stock  and  securi- 
ties in  a  capacity  other  than  that  of  a 
bona  fide  owner;  and  this  affiant  has  no 
reason  to  believe  that  any  other  person, 
association  or  corporation  has  any  inter- 
est direct  or  indirect  in  the  p.-  id  stock, 
bonds  or  other  securities  than  as  so 
stated  by  him.  -1 

H.   P.   GILLETTE, 

Editor. 
Sworn  to  and  subscribed  before  me  this 
11th  day  of  April,  1923.  _    „  ^ 

(Seal.)  KITTIE   C.   WOULFE. 

(My  commission  expires  Feb.  9,  1923.) 
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Hydrant  Rentals 

Few  waterworks  receive  adequate 
compensation  for  hydrant  rentals.  The 
value  of  fire  protection  to  a  city  ex- 
ceeds the  capitalized  difference  be- 
tween the  annual  fire  insurance  pre- 
miums of  a  city  without  and  a  city 
with  fire  protection.  Hydrant  rentals 
never  amount  to  more  than  a  small 
fraction  of  this  value,  nor  do  we  con- 
tend that  they  should  even  approxi- 
mate thereto.  But  equity  does  de- 
mand that  the  property  protected  by 
fire  hydrants  should  pay  the  full  cost 
of  rendering  such  protection.  The 
question  then  arises  as  to  the  method 
of  estimating  that  cost. 

There  are  extremists  who  contend 
that  fire  protection  should  be  re- 
garded as  a.  by-product  of  a  water 
works.  If  thus  regarded,  hydrant 
rentals  would  be  based  on  the  addi- 
tional cost  of  supplying  fire  protection 
by  the  installation  of  larger  pipes, 
pumps  and  hydrants.    We  have  never 


heard  a  sound  economic  defense  oif 
this  by-product  theory  as  applied  to 
fire  protection.  A  by-product  theory 
of  pricing  goods  or  services  is  eco- 
nomically tenable  only  where  the 
purchaser  has  an  alternative  that  is 
so  cheap  as  to  force  the  seller  to 
adopt  the  by-product  theory.  Thus, 
if  a  customer  can  use  cheap  billboard 
and  newspaper  advertising,  an  elec- 
tric company  may  be  forced  to  sell 
him  current  as  a  by-product,  and  at  a 
very  low  price,  to  induce  him  to  ad- 
vertise by  means  of  electric  signs. 

We  have  yet  to  hear  of  a  better  al- 
ternative than  water  for  fire  protec- 
tion on  a  large  scale.  If  no  better  al- 
ternative exists,  the  owners  of  insur- 
able property  have  no  economic  jus- 
tification for  demanding  that  hydrant 
rentals  be  made  so  low  as  only  to 
cover  the  additional  cost  of  furnishing 
fire  protection.  What  they  are  en- 
titled to  demand — and  no  more — is  a 
prorating  of  the  total  cost  of  the  ex- 
isting water  system,  as  between  fire 
and  other  -uses,  in  proportion  to  the 
costs  of  two  separate  "systems,  one  de- 
signed for  fire  service  exclusively  and 
the  other  designed  for  domestic  and 
industrial  service  exclusively. 
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1-4  n  w       Ralfimnrp      Can  It  is  an  amazing  commentary  on  the 

J?             onJrT    a                ii  low  averaSe  of  general  wisdom   that 

Earn    20%    Annually  chlorination  of  water  is  not  the  uni- 

j                           .  versa!    practice,      As    a    waterworks 

On  an  Investment  man,  what  are  you  doing  to  sell  this 

in    M^f^f c  health  insurance  policy  to  people  not 

ill    lvieicrfc  already      protected      by      chlorinated 

Cities  can  borrow  money  at  5   per  water? 

cent  or  less.     They  could  frequently 

invest  borrowed  money  so  as  to  earn  A     Water     Works     Income    and 

several-l'oid  what  they  pay  for  its  use.  p„Aci    __  j    j  _„„    a  „««„.,«. 

Thus,   in   our  April    issue,   Mr.   A.   E.  ™      ,  i,    *Pd    fL?8f  f  Accoun*  f  A 

Walden     showed     that     the     city     of  f™  Jf^V™^ 

Baltimore  could  effect  so  great  an  an-  £ZJLiii«   nfP ?!  ^Lill    ™f  f 

nual  saving  by  metering  all  water  con-  5?™??,^                                 wS 

,    ~  ~ .,,    .n^U    4.u~   ~„4.i-Z,    ~~~+    «*    +1,^  shows  the  excellent  manner  in  which 

SES&rKSrSs  sysfwrsr  swas 

inis  is  equivalent  to  earning  zu  per  city  are  summarized;  the  details  of  the 
cent  annually  on  the  investment,  for  yarious  itemg  are    ,;      in  other  tableg 
"a  penny  saved  is  a  penny  earned."  in  the  report 
What  is  true  of  Baltimore  is  true  of  Operating  Revenues, 
hundreds   01  other  Cities.      But  public  Earnings  from  sales  of 
ignorance    and    apathy    stand    in    the  water  to  private  con- 
way  of  rapid  progress  in  the  metering  TjsTab\tVments7  *  re:?493'7°2-89 

of  water  users.  funds,  etc 764.74 

It  is  the  duty  of  city  enginers  and      _      ,        .  ,        : — —$492,988.15 

waterworks  superintendents  to  edu-  EaiXgmun°ic1pant|:  ° 
cate  the  public  by  repeated  statement  Earnings  based  on  prescribed 
of  such  facts  as  those  presented  by  rates  * °r  ^ter  supplied 
n/r  ttt  T-a  t.  £  at,  tt(  t  were  $71,027.34 — but  no  pay- 
Mr.    Walden    before    the    Engineers'  ments  were  made  therefor, 

Club  Of  Baltimore.  as  per  city  ordinance 

It  would   bp  wpII   if   everv  bill    spnt  Water     used     by     Municipality 

it  would   De  wen  11   every   Din   sent  Water  Works  and  included  in 

to  a  waterworks    customer   were   ac-         its  operating  expenses  234.60 

companied  by  a  leaflet  giving  reasons  .  ,       

why  all  customers  should  be  metered.  Tot%  °Pera.t.ing.  re.venues.  .(^a."$493,222.75 

Operating   Expenses. 

A  Penny  a  Person  In-  SoPuerncse01.su.ppIy..ex:$  78,424.oo 

A           •         ■  Transmission   expense.       8,200.22 

SlireS     AgainSt  Distributing   expense..     75,890.06 

m         l       •  l  Commercial*   expense..     22,451.44 

I  vnhnifl  General   expense    31,410.21 

*  y  F*w***  Undistributed  expense.       9,327.88 

If  you  were  an  insurance  agent  and 

were    selling    a   health    policy    whose  Depreciation       reserve 

premium  was  a  penny  a  year,  do  you         charge 99,364.20 

doubt  that  you  would  find  it  easy  to  operating   ex- 

get  every  person  in  your  city  to  sign  penses    7 $325,068.01 

an   application?     Is  there  anyone   so  

ignorant  that  he   would   not   eagerly  No0n^pa»Sfi„Pgr0?ncome  '  (sundry1 1M'"4-74 

seize  the  opportunity  to  protect  him-  saies  and  credits,  not  water).     22,654.89 

selif  from  an  attack  of  typhoid  at  the  onn  go 

price  of  a  postage  stamp  annually  ?  Gross  income   • ■ ,* •  •  $190'809-63 

Well,  the  treatment  of  water  with  ^tere^rtSdJdTebr^S'r.^^lSB.lS 

liquid  chlorine  (one  drop  in  two  bar-  

rels  of  water)   offers  just  this  sort  of  Net   income    (carried   to    sur-         ^  50 

health  insurance  whenever  the  water  p  us)  

is  not  excessively  muddy.  New    Dam   of  San    Francisco   to   Be 

You  may  have  had  no  epidemic  of  Named     After     City     Engineer. — The 

typhoid  in  your  city  for  years,  even  Board    of    Supervisors    of    San    Fran- 

though  the  water  is  not  chlorinated,  cisco,  Calif.,  has  passed  a  resolution 

but    that    fact    forms    no    argument  providing  that  the  great  Hetch  Hetchy 

against  chlorination.     As  well   argue  dam  of  the  city  water  project  be  here- 

that  you  need  no  fire  protection   be-  after    designated    as    the    "O'Shaugh- 

cause   your  house   has   never   caught  nessy  dam,"  in  honor  of  its  builder, 

fire.  City  Engineer  M.   M.   O'Shaughnessy. 
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Water    Works    and    Sewer    Contracts    Awarded 
During  the  Last  40  Months 


The     accompanying     tables     show:  works  and  sewer  contracts;  third,  that 

First,  that  the  waterworks  and  sewer  each  year  shows  a  gain  over  its  prede- 

.       ,  ,    ,  ,     .       ..     .     .  r,„lf  cessor    in    the    volume   of   contracts 

contracts  awarded  during  the  last  half  awarded  in  this  «hydraulic  fieid." 

of  each  year  exceed  in  volume  those  The  volume  of  irrigation  and  drain- 
awarded  during  the  first  half;  second, .  age  contracts  will  surprise  any  one 
that  there  is  not  a  month  in  the  year  who  has  not  followed  closely  statistics 
without  a  very  large  volume  of  water-  of  this  sort. 

WATERWORKS  CONTRACTS  EXCEEDING  $25,000  IN  SIZE. 

1920.  1921.  1922.  1923. 

January $1,144,000  $      519,000  $1,727,000  $4,720,000 

February     2  172,000  2,927,000  652,000  2,730,000 

March  2.213,000  2,028,000  1,093,000  15,149,000 

April    2,719,000  3,342,000  2,673,000           

May    1,382,000  4,944,000  3,568,000           

June    1.461,000  3,495,000  5,124,000           

July    3,793,000  3,106,000  811,000          

August    775,000  2,404,000  4,494,000           

September    743,000  1,487,000  3,906,000          

October    11,169,000  900,000  7,686,000          

November    2,151,000  4,698,000  2,161,000          

December    1,051,000  10,752,000  1,835,000          


Total     $30,773,000        $40,602,000  $35,730,000          

Note. — About  100  per  cent  must  be  added  to  the  annual  totals  to  give  the  grand 
total  of  contracts  awarded  in  the  United  States. 

A  great  deal  of  waterworks  construction  is  done  by  directly  hired  labor  and  is 
not  included  above. 

Waterworks  buildings  are  not  included  above. 

SEWER    CONTRACTS    EXCEEDING    $25,000  IN    SIZE. 

1920.                   1921.  1922.  1923. 

January    $1,864,000        $3,147,000  $2,267,000  $3,322,000 

February     623,000            2,445,000  2,462,000  2,131,000 

March   1,283,000             2,862,000  3,796,000  4,477,000 

April    4,124,000             3,817,000  2,794,000           

May    2,315,000            2,162,000  5,722,000          

June    2,349,000            3,802,000  5,158,000          

July    3,163,000             3,986,000  1,869,000           

August    2.437,000             3,988,000  3,450,000           

September    2,319,000            5,064,000  3,340,000          

October    8,052,000            2,829,000  4,996,000          

November    .•         4,572,000            2,733,000  5,349,000          

December .         2,967,000            2,549,000  2,381,000          


Total     $36,068,000        $39,384,000        $43,584,000  

Note. — About  100  per  cent  must  be  added  to  the  annual  totals  to  give  the  grand 
total  of  contracts  awarded  in  the  United  States. 

A  considerable  amount  of  sewer  construction  is  done  by  directly  hired  labor,  which 
is  not  included  in  the  above  totals. 

IRRIGATION,   DRAINAGE  AND  EXCAVATION    CONTRACT    EXCEEDING    $25,000. 


January    

February    

March 

April   

1920. 

$  1,542,000 

787,000 

3,151,000 

416,000 

1921. 
$  1,266,000 

306,000 
1,626,000 

580,000 
2,632,000 
1,240,000 

609,000 

89,000 

9,025,000 

373,000 

726,000 

707,000 

1922. 
$  2,091,000 

419,000 

608,000 
1,736,000 

776,000 
2,628,000 
1,498,000 
6,920,000 

876,000 
2,390,000 
1,741,000 

864,000 

1923. 
$      548,000 
365,000 
28,993,000 

May    

404,000 

June    

605,000 

1,942,000 

4,179,000 

859,000 

1,086,000 

772,000 

'. 477,000 

July    

August    

September    

Ootober    

November    

December   

Total    $16,220,000        $19,179,000        $22,547,000 

added 
id  Stai 
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Note. — About  100  per  cent  must  be  added  to  the  annual  totals  to  give  the  grand 
total  of  contracts  awarded  in  the  United  States, 
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How    Water    System    of 

Manila  Was  Put  On 

Paying  Basis 

To  the  Editor:  I  read  the  article, 
"Economic  Aspect  of  Waterworks 
Management,"  by  Mr.  V.  Bernard 
Siems,  which  appeared  in  the  water- 
works monthly  issue  of  Engineering 
and  Contracting  on  pp.  89,  etc.,  of  Jan- 
uary, 1923,  with  a  great  deal  of  in- 
terest. 

The  author  is  unquestionably  right 
in  all  his  contentions,  particularly  as 
.to  the  reasons  why  water  departments 
;show  annual  deficits. 

The  writer  has  been  connected  in 
^various  capacities  with  the  Manila 
water  supply  and  sewerage  system 
for  19  years,  as  superintendent  and 
chief  engineer  of  water  supply  and 
sewers,  city  engineer,  and  now  as 
manager  of  the  metropolitan  water 
•district.  Naturally  a  great  deal  of  my 
time  was  taken  up  with  the  economic 
aspect  of  the  water  supply  and  sewers 
;as  it  was  desirable  to  put  both  serv- 
ices on  a  paying  basis. 

As  in  many  other  cities  there  was 
a  considerable  deficit  in  the  opera- 
tion of  the  water  supply  and  sewers, 
which  was  paid  from  the  general  tax 
levy  without  the  residents  being 
aware  of  same,  and  it  took  many 
years  and  a  considerable  amount  of 
work  to  remedy  the  situation. 

1st. — An  ordinance  was  passed  that 
all  services  should  be  metered,  so  that 
Manila  belongs  to  the  class  of  cities 
that  are  100  per  cent  metered.  This 
gave  us  a  clue  as  to  the  amount  of 
so-called  free  water  distributed. 

2nd. — In  1906  the  municipal  board 
finally  passed  a  resolution  that  all 
city  buildings  should  pay  for  the 
water  supplied  them,  but  still  leaving 
many  unpaid  services,  such  as  street 
sprinkling,  fire  protection,  many  char- 
itable and  religious  institutions,  and 
insular  government  services.  How- 
ever, a  start  was  made  in  the  right 
direction. 

3rd. — Upon  the  completion  of  the 
sanitary  sewers  in  1909,  an  ordinance 
was  prepared  whereby  all  sanitary 
sewer  services  were  to  be  paid  for  at  a 
uniform  rate,  with  no  exception  to  any 
one,  according  to  the  amount  of  water 
consumed  as  per  the  meter  registra- 
tion, provision  being  made  that  wher- 
ever part  of  the  water  used  does  not 
go  into  the  sanitary  sewer,  a  separate 
meter  could  be  installed  and  no  sewer 


1  e  c  te  d    upon    such 

e  metropolitan  water 
nized  by  act  of  the 
ig  it  a  separate  and 


rates  were  c  o  1 1  e  c  te  d  upon  such 
amounts  of  water. 

4th.— In  1918  the 
district  was  organized 
legislature  making 

independent  unit,  under  its  own  board 
of  directors.  Section  9  of  this  act  pro- 
vides that  the  district  shall  charge 
and  collect  a  uniform  rate  for  all  serv- 
ices rendered,  whether  to  any  person, 
corporation,  firm,  governmental  body, 
municipal  entity,  religious  or  chari- 
table institutions. 

The  district  was  organized  on  July 
1,  1919,  and  the  results  thus  far  are 
all  that  could  be  expected.  Prior  to 
1919  there  was  always  an  annual  def- 
icit varying  from  $125,000  to  $250,000, 
while  the  years  1920,  1921,  and  1922 
showed  considerable  annual  surplus, 
without  resorting  to  any  increase  in 
the  rates  for  either  water  or  sewer 
service,  the  surplus  for  the  last  3 
years  is  over  $500,000. 

I  venture  to  say  that  what  proved 
true  in  Manila  is  likely  to  prove  true 
in  other  cities. 

A.  GIDEON,  Manager, 
Metropolitan  Water  District. 
Manila,  P.  I. 


Under  Pressure  on  Dams 

To  the  Editor:  Kindy  permit  me 
space  to  repy  to  Mr.  E.  Wegmann's 
statements  in  your  issue  of  April  11. 
It  is  not  for  the  purpose  of  having 
the  last  word  that  I  ask  this  privilege, 
but  for  the  purpose  of  clearing  up  a 
matter  of  vital  importance  in  design 
which  Mr.  Wegmann's  letter  simply 
serves  to  becloud. 

Whenever  it  is  suggested  that  dams 
should  be  built  to  resist  under  pres- 
sure, someone  raises  a  cry  about  the 
extreme  cost  of  designing  on  this 
basis.  The  stability  of  a  dam  is  not  a 
matter  of  private  knowledge.  By  an 
exceedingly  simple  process  the  stabil- 
ity of  a  gravity  dam  against  overturn- 
ing can  be  shown  to  be  taken  care  of 
if,  in  a  triangular  section,  the  base  is 
84  hundredths  of  the  height.  This  is 
very  far  from  the  absurd  proportions 
that  Mr.  Wegmann's  letter  makes  it 
appear  are  necessary  if  a  dam  be  de- 
signed against  under  pressure. 

The  demonstration  is  as  follows: 
Given  a  gravity  dam  with  a  cross  sec- 
tion ABC,  assume  masonry  to  weigh 
150  lb.  per  cubic  foot,  and  water  to 
weigh  62.5  lb.  per  cubic  foot.  The 
forces  against  1  ft.  of  this  dam  are 
the  triangle  of  pressure  A  B  G  on  the 
wetted   surface   and   the   rectangle 
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B  F  E  C  of  under  pressure  on  the  base. 
The  masonry,  ABC,  has  a  moment 
about  D  equal  to  the  weight  of  a  tri- 
angle 1  ft.  thick  with  the  lever  arm  V3 
of  b.    Stability  is  attained  if  the  move- 


ment of  the  overturning  forces  about 

D    is    equal   to    that   of    the    masonry 

about  the  same  point.  The  equation  is 

bh        b  h2       h  b 

150  —  X  —  —  62.5  —  X h  62.5  hb  X- 

2         3  2        3  6 

The  solution  of  this  gives  b  =±  .84  h. 

Hence  if  the  base  of  a  triangular 
dam  is  84  hundredths  of  the  height, 
the  dam  will  be  completely  stable,  so 
far  as  overturning  is  concerned, 
against  full  under  pressure  over  the 
entire  base. 

This  is  far  from  the  claim  of  Mr. 
Wegmann  that  the  width  of  the  New 
Croton  dam  for  a  depth  of  water  of 
250  ft.  would  have  been  400  ft.,  if 
under  pressure  had  been  considered. 

Mr.  Wegmann  says  that  the  Quaker 
Bridge  dam,  which  was  designed 
after  elaborate  studies  and  calcula- 
tions for  a  depth  of  water  of  258  ft., 
has  a  top  width  of  18  ft.  and  a  width 
of  216  ft.  at  the  base.  Eighty-four 
hundredths  of  258  ft.  is  216.7  ft,  and 
this  dam  is  not  triangular  but  has  a 
top  width  of  18  ft.,  which  adds  stabil- 
ity. And  Mr.  Wegmann  says  that  th-3 
New  Croton  dam  was  designed  entire- 
ly on  the  basis  of  the  Quaker  Bridge 
dam,  and  under  pressure  was  neg- 
lected. 

This  is  what  I  meant  when  I  said 
that  it  is  not  the  idea  in  the  designer's 
mind  that  determines  the  stability  of 
a  dam  but  the  proportions  of  the  dam. 
These  dams  are  stable  against  under 
pressure. 

If  Mr.  Wegmann,  to  make  the  dam 
designed  for  under  pressure  appear  to 
require  so  great  width  of  base,  as- 
sumes reduced  specific  gravity  of  the 
masonry,  this  is  an  error,  for  it  is  the 
under  pressure  on  the  bottom  of  a 
submerged  block  that  reduces  its  ap- 


parent weight,  and  this  would  be 
doubling  up  on  the  effect  of  the  under 
pressure.  The  designer  who  made 
this  error,  and  to  whom  Mr.  Weg- 
mann refers,  was  simply  mistaken, 
but  his  error  has  no  bearing  on  proper 
and  rational  consideration  of  under 
pressure. 

EDWARD  GODFREY. 
Pittsburgh,   Pa. 


Political    vs.    Non  -  Political 
Water  Works  Man- 
agement 

By  r.  e.  McDonnell, 

Of  Burns   &   McDonnell   Engineering  Co., 
Kansas  City,   Mo. 

There  is  nothing  about  the  opera- 
tion or  management  of  a  water  works 
plant  that  justifies  any  less  degree  of 
business  sense  or  judgment  than 
would  be  demanded  of  the  highest 
type  of  business  institution. 

Ownership  by  City  No  Excuse. — Be- 
cause the  water  plant  is  owned  by  the 
city  and  you  and  I  are  stockholders 
is  no  xecuse  for  ignoring  the  policy, 
rules  and  regulations  that  apply  to 
any  other  business  institution.  Why 
should  political  conditions  be  applied 
to  selling  a  commodity  like  water 
when  we  know  they  cannot  be  applied 
to  selling  coal,  bread,  butter  or  any 
other  commodity. 

How  long  would  our  leading  mer- 
chants, bankers,  or  manufacturers 
stay  in  business  if  they  said  to  their 
heads  of  departments,  "Your  ability  is 
a  secondary  consideration,  but  you 
must  put  on  our  payrolls  loyal  demo- 
crats or  republicans,  put  on  our 
friends  who  helped  at  election  day, 
put  on  men  who  are  good  ward  work- 
ers, men  who  can  poll  a  precinct"? 
Such  a  policy  if  applied  to  any  busi- 
ness except  city  business  would  cause 
bankruptcy  in  30   days. 

Why  doesn't  it  cause  bankruptcy  of 
a  city?  Because  you  and  I  and  the 
other  stockholders  are  called  upon  by 
increasing  taxes  to  take  care  of  in- 
creasing deficits. 

Paying  Penalty.— We  are  paying  the 
penalty  for  the  curse  of  partisan  poli- 
tics in  city  affairs.  What  a  price  we 
are  paying  because  of  our  classifying 
ourselves  as  democrats  and  republi- 
cans. 

This  damnable  burden  of  partisan- 
ship hangs  like  a  stone  about  the 
neck  of  many  cities.  It  is  a  blight 
more  deadly  than  an  epidemic  for  if 
it  were  an  epidemic,  steps  would  im- 
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mediately  be  taken  to  remedy  the 
cause. 

Health  Importance. — Community 
health  is  the  city  government's  great- 
est responsibility,  and  it  must  be  pro- 
tected from  petty  politics.  The  purity 
of  a  water  supply  is  always  an  index 
as  to  the  health  of  a  community.  The 
doctor  bills,  nurse  bills,  hospital  bills, 
and  drug  bills  you  pay  out  are  a  -loss 
to  you  and  your  families,  all  more 
than  necessary  because  politics  can- 
not give  the  best  of  skill  for  handling 
those  water  and  health  problems. 

Water  above  all  other  things  is  the 
one  problem  having  the  greatest  bear- 
ing upon  the  health,  safety  and  pros- 
perity of  its  citizens.  Sixty-five  per 
cent  of  all  typhoid  is  attributed  to  im- 
pure water. 

Instead  of  water  improvements  pre- 
ceding the  growth  of  a  city  they  have 
often  lagged  behind  the  general 
growth  and  as  a  result  cities  will  fre- 
quently face  serious  water  shortage 
and  many  breakdowns  before  new 
works  can  be  built. 

Why  Political  Board  Can't  Do  as 
Well. — It  may  be  asked  why  a  poli- 
tical board  cannot  do  the  things  that 
ought  to  be  done.  There  are  many 
reasons: 

First — The  water  board  changes 
with  every  administration  and  these 
frequent  changes  prevent  any  per- 
manent program  from  being  adopted. 
It  substitutes  a  haphazard  policy  that 
pleases  the  powers-that-be. 

Second — An  engineer  ever  so  effi- 
cient and  familiar  with  the  operation 
of  the  plant  is  frequently  displaced  to 
make  room  for  a  friend  of  the  mayor's, 
or  board  or  political  boss,  and  the 
public  suffers  by  such  changes. 

Third — Even  if  the  political  board 
are  the  highest  type  of  men,  they  owe 
their  appointment  to  the  mayor,  and 
he  owes  his  election  to  the  bosses  and 
therefore  politics  and  not  ability  gov- 
ern their  appointments. 

Fourth — Political  jobs  where  the 
tenure  of  office  depends  upon  the 
vicissitudes  of  political  line  do  not 
attract  the  high  class  technical  men 
required  for  water  works  construction 
and  operation. 

Fifth — Salaries  commensurate  with 
the  work  and  responsibility  of  tech- 
nically trained  men  cannot  be  paid  by 
political  boards,  for  fear  of  criticism — 
for  example,  the  politicians  of  San 
Francisco  have  been  wailing  for  three 
years  because  the  chief  engineer  of 
the  water  department  is  paid  $15,000 
per   year,   a   salary   higher  than   the 


mayor.  At  Omaha,  a  city  where  the 
water  department  has  for  ten  years 
been  out  of  politics,  the  manager  is 
paid  $10,000  per  year  and  is  worth 
many  times  that  to  the  city. 

Sixth — Regardless  of  the  board's  in- 
tentions and  those  of  the  mayor,  they 
cannot  ignore  the  organization  who 
placed  them  there.  That  is  their  nat- 
ural duty. 

Water  Works  Plant  Value.  — A 
water  works  plant  for  any  city  is 
valued  at  about  the  same  or  higher 
value  than  any  of  its  largest  indus- 
trial enterprises.  This  calls  for  a  big 
broad-gauged  program,  not  for  two  or 
three  years,  the  life  of  a  political 
board,  but  for  a  lifetime. 

Imagine  any  other  business  of  equal 
importance  in  a  city  that  would  think 
of  handling  its  affairs  by  men  selected 
every  two  years  and  because  they  are 
right  politically.  The  water  question, 
because  of  its  relation  to  the  health 
of  the  community  and  financial  magni- 
tude demands  the  biggest  brains  avail- 
able and  until  we  do  the  job  commen- 
surate with  its  importance,  some 
cities  will  continue  to  be  the  laughing 
stock  of  other  progressive  communi- 
ties. 

Public  Apathy. — Frequently  business 
and  professional  men  show  a  lack  of 
human  intelligence  when  it  comes  to 
being  led  by  blind  partisanship  in  city 
affairs.  We  go  wild  every  two  years 
and  follow  madly  anything  with  a 
party  label.  As  long  as  we  continue 
we  should  not  complain  at  paying  the 
price  in  deficits,  in  tax  increases,  in 
delayed  improvements,  in  high  death 
rates. 

Ask  yourself  this  question:  Are  you 
doing  your  home  town  justice  by  ac- 
quiescing? 

The  future  growth,  prosperity  and 
welfare  of  many  a  city  hangs  in  the 
balance  while  our  apathy  prevents  us 
from  being  good  citizens. 

Ask  Yourself— Are  you  doing  your 
share? 


Large  Irrigation  Project  to  Be 
Started  in  Mexico.— Construction  will 
be  started  soon,  according  to  press 
dispatches,  on  a  large  irrigation  de- 
velopment in  Mexico.  It  is  stated  that 
President  Alvaro  Obregon  has  author- 
ized the  expenditure  of  20,000,000 
pesos  ($10,000,000),  in  building  a  dam 
across  the  Yaqui  River  and  the  con- 
struction of  a  system  of  irrigation 
canals  and  ditches.  More  than  1,200,000 
acres  of  land  are  to  be  reclaimed  by 
the  proposed  irrigation  system. 
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Data  on  Operation  and  Experiments  on  Carbonation  with  C02  Gas 
Given  in  1922  Report  of  Division  of  Water 

By  CHARLES  P.  HOOVER, 

Chemist  in  Charge  Water  Softening  and  Purification  Works. 


During  the  fourteen  years  that  the 
water  softening  and  purification  works 
of  Columbus,  0.,  has  been  in  opera- 
tion, 10.7  lbs.  of  lime  per  million  gal- 
lons of  water  has  been  required  to 
reduce  the  hardness  one  part  per  mil- 
lion; and  11.5  lb.  of  soda-ash  per 
million  gallons  has  been  required  for 
each  part  per  million  of  hardness 
reduced.  Of  this  11.5  lb.  of  soda-ash 
applied,  2.3  lb.  has  been  neutralized 
by  alum  added  for  coagulation  pur- 
poses, leaving  9.2  lb.  as  against  a 
theoretical    9.1    lb.   actually    required. 

Costs  of  operating  and  maintaining 
the  plant  since  1909  have  varied  from 
$14.58  to  $37.32  and  averaged  $22.91 
per   million    gallons.      The   chemicals 


at  low  temperatures.  As  the  tempera- 
ture lowers,  more  and  more  soluble 
and  colloidal  is  the  precipitate  formed. 

Results  at  Columbus  from  12,000 
determinations  during  the  past  eleven 
years  indicate  that  the  period  of  re- 
action between  the  softening  chem- 
icals and  the  calcium  and  magnesium 
salts  is  short.  Ninety  per  cent  of 
the  reaction  accomplished  takes  place 
in  the  mixing  tanks,  3  per  cent  in  the 
15  hours  through  the  settling  basins, 
and  7  per  cent  in  passing  through 
the   filters. 

Hardness  of  the  Water. — The  aver- 
age hardness  of  the  river  water  is  275 
parts  per  million,  of  the  water  en- 
tering   the    settling   basin,    119    parts 
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Diagram  Showing   Layout  of  Experimental  Carbonator  Plant  at  Water  Softening  and 
Purification  Works,  Columbus. 


included  in  these  figures  carried  from 
$8.90  to  $30.78  and  averaged  $16.38 
per  million  gallons. 

Temperature  is  Factor  in  Softening 
Operations. — Recent  studies  have  dis- 
closed that  temperature  is  a  far 
greater  factor  than  time  in  completing 
the  chemical  reactions.  The  effect 
of  temperature  is  more  pronounced 
in  water  having  a  hardness  of  more 
than  400  parts  per  million  than  in 
water  having  a  hardness  of  less  than 
300  parts  per  million.  At  higher  tem- 
peratures less  calcium  and  magnesium 
remain  in  solution  than  at  lower  tem- 
peratures. At  high  temperatures  the 
reaction  between  the  lime  and  the 
soda-ash  and  the  calcium  and  mag- 
nesium salts  results  in  a  more  crystal- 
line and  less  soluble  precipitate  than 


per  million,  at  the  outlet  of  the  set- 
tling basins,  113  parts  per  million, 
and.  of  the  filtered  water  101  parts 
per  million.  These  figures  are  rather 
startling,  because  they  indicate  that 
large  settling  basins  are  not  so  nec- 
essary for  water  softening  as  has  al- 
ways been  supposed.  The  results  in- 
dicate that  the  colloidal  precipitates 
crystallize  in  passing  through  the  set- 
tling basins  and  are  thus  removed, 
but  that  it  is  not  the  place  where 
chemical  reactions  take  place.  The 
filters  are  more  effective  in  removing 
colloids  than  the  settling  basins,  and 
in  addition  to  removing  seven  per 
cent  of  the  hardness,  I  believe,  would 
also  have  removed  the  three  per  cent 
lost  in  the  settling  basins. 
As    temperature    is    a    factor    over 
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which  no  control  is  possible  in  a  large 
plant  it  is  essential  to  take  advantage 
of  such  factors  as  can  be  controlled. 
The  Practice  at  Columbus. — At  this 
plant  all  of  the  chemicals  required 
to  soften  the  water  are  added  to  a 
portion  of  the  water,  approximately 
25  per  cent,  and  this  supply  is  sub- 
sequently mixed  with  the  75  per  cent 
undosed  portion.  This  overtreatment 
gives  the  effect  of  mass  action,  re- 
sulting in  quick  formation  of  large 
floes   and   crystalline   precipitates. 

After  mixing  the  undosed  portion 
with  the  dosed  portion,  the  mixture 
is  made  to  pass  slowly  through  baf- 
fled mixing  tanks.  The  large  floes, 
already  formed,  serve  as  a  nucleus 
upon  which  the  newly  forming  precipi- 
tates can  build,  and  as  the  water  rolls 
over  and  under  the  baffles,  the  floe 
seems  to  grow  in  size,  much  the  same 
as  rolling  up  a  snowball.  By  the  time 
the  water  reaches  the  settling  basins, 
it  is  so  well  coagulated  that  sedimen- 
tation takes  place  almost  instanta- 
neously. The  suspended  matter  in  well 
softened  water  should  settle  one  inch 
per  minute,  but  I  have  not  been  able 
to  duplicate  plant  results  in  this  re- 
spect in  bottle  experiments  unless 
excess  treatment  was  used. 

Another  factor  that  tends  to  im- 
prove coagulation  is  the  addition  of 
aluminum  sulphate  applied  to  the  raw 
water,  or  at  the  same  point  that  the 
lme  and  soda-ash  are  added.  When 
this  plant  was  built,  provision  was 
made  for  applying  coagulant  at  the  en- 
trance to  each  or  any  set  of  basins,  at 
the  outlet  of  the  last  set  of  settling 
basins,  or  in  the  softened  water  chan- 
nel on  the  way  to  the  filters.  The 
process  of  adding  the  coagulant  to 
the  water  in  the  settling  basins  was 
soon  changed  and  better  results  were 
obtained  by  adding  most  of  the  coagu- 
lant to  the  raw  water  as  it  entered  the 
plant,  and  a  small  additional  dose  to 
the  settled  water  before  it  was  ap- 
plied to  the  filters.  The  small  amount 
added  to  the  water  before  it  was  ap- 
plied to  the  filters  was  for  the  purpose 
of  precipitating  a  secondary  turbidity 
of  fine  calcium  carbonate  that  devel- 
oped in  the  settling  basins.  This 
practise  was  soon  given  up  and  all  of 
the  alum  was  added,  and  is  now  being 
added,  to  the  raw  water  as  it  enters 
the  plant.  The  lime,  soda-ash  and 
alum  are  added  at  practically  the 
same  point. 

Experiments    on    Carbonation    with 
C02    Gas. — Experiments    on    carbona- 
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tion  with  CO,  gas  have  been  studied 
in  an  experimental  way  during  the 
past  year.  The  first  experimental 
plant  consisted  of  CO,,  gas  in  cylin- 
ders, applied  to  the  water  by  means 
of  a  chlorinator.  A  sketch  of  the  sec- 
ond plant  is  shown.  It  consists  of  a 
burner  for  burning  coke,  a  blower, 
sucking  the  gases  from  the  burning 
coke  and  forcing  them  into  an  ab- 
sorber. The  C02  gas  enters  at  the 
bottom  and  the  water  is  fed  in  at  the 
top.  The  water  drops  onto  a  disk 
which  revolves  at  the  rate  of  1800 
revolutions  per  minute,  and  the  gas, 
meeting  this  film  of  water  is  absorbed. 
The  carbonated  water,  discharging 
from  the  absorber,  during  a  few  of  our 
tests,  contained  as  high  as  600  to  700 
parts  per  million  of  CO,  gas.  This 
process  consists  in  highly"  carbonating 
a  portion  of  the  water  and  feeding  the 
highly  carbonated  portion  into  the  bal- 
ance of  the  supply. 

Another  carbonator  on  the  market, 
used  by  the  soft-drink  bottling  plants, 
when  operated  at  30  lb.  pressure,  pro- 
duces an  effluent  showing  24  lb.  of  CO, 
in  500  gal.  Theoretically  one  of  these" 
carbonators  would  produce  enough 
CO,  to  carbonate  2,000,000  gal.  of 
water.  The  cost,  including  a  2  H.  P. 
motor,  is  about  $900.  One  of  these 
will  be  tried  out  this  coming  summer. 
Theoretically  171  lb.  of  CO,  gas 
would  be  required  to  carbonate  one 
million  gallons  of  Columbus  softened 
water.  At  the  water  softening  plant 
at  Defiance,  however,  450  lb.  of  CO, 
gas  are  prepared  from  143  lb.  of  cokej 
for  each  million  gallons  of  water  treat- 
ed. On  this  basis  one  carbonator 
would  absorb  enough  gas  for  only  one 
million  gallons  of  water. 

Total  hardness  is  ordinarily  ob- 
tained by  adding  the  temporary  hard- 
ness (alkalinity)  to  the  permanent 
hardness  (incrustants)  (as  determined 
by  the  soda-reagent  method,  given  in 
Standard  Methods  of  Water  Analysis). 
In  order  to  find  out  whether  or  not 
this  method  of  determining  the  total 
hardness  was  accurate,  the  results  ob- 
tained by  calculating  the  hardness 
from  calcium  and  magnesium,  deter- 
mined volumetrically,  were  checked 
with  it.  Comparative  results  are 
shown  in  the  following  table: 

River  Filtered 
TT     ,  „  water,    water. 

Hardness,  alkalinity  +  in- 
crustants, obtained  by  the 

soda-reagent  method    254  96 

Hardness,  calculated  from 
calcium  and  magnesium 
both  determined  volumet- 
rically      257  97 
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Graphic  Scheme  for  Studying  Water  alkalinity,  there  is  no  magnesium  car- 
Softening  Reactions. — If  excess  soda-  Donate,  and  the  excess  of  calcium  may 
reagent,  amounting  to  50  per  cent  be  calculated  to  sulphates  first,  then 
more  than  is  required  to  neutralize  to  chlorides  and  nitrates  until  ex- 
the  incrustants,  is  used,  and  if,  in  the  hausted,  and  the  magnesium  is  corn- 
case  of  the  softened  water,  it  does  not  bined  with  the  remaining  acid  radicals 
contain  excess  lime  or  excess  soda-  until  exhausted.  Any  remaining  chlor- 
ash,  then  the  method  is  accurate  for  ides,  nitrates  or  sulphates  may  be  cal- 
routine  purposes,  but  not  as  adequate  culated  to  sodium  and  potassium  salts. 

for  studying  water  softening  reactions 

as  a  graphic  scheme  recently  ex-  Water  Consumption  at  Army  Can- 
plained  to  me  by  Mr.  W.  D.  Collins,  tonments 
Chief  of  the  Quality  of  Water  Division  The  followi  ^formation  on  the 
of  the  United  States  Geological  Sur-  water  consumptlon  at  the  army  camps 
yey.  The  scheme  consists  in  dividing  in  tM  cmmt  duri  h  /  ,  £ 
the  parts  per  million  of  each  radical  stracted  from  a  *  presented  Feb. 
shown  m  the  analysis  by  the  combin-  ±  before  the  Western  Societ  of  E  j. 
ing  weight  of  such  radical.  There-  neers  b  Dab  R  M 
suit  gives  an  arbitrary  figure,  which,  The  arm  g  were  desi  d  for 
for  the  purpose  of  plotting,  may  be  a  ita  consumption  of  55  gaL 
called  inches,  or  spaces  on  section  per  d  Thig  wag  baged  on  an  aUow. 
paper.     The  combining  weight  of  any  ance  of  50  gal   per  man  and  15  gal  per 

^ .„.,„„.,  animal,  the  ratio   of  number   of  men 

!m mi nun in nun i iiiiiiiiJBBEBBBBS  to   number  of  animals  being  three  to 

one.     With  the  camps  fully  occupied, 

rMnhlMi    Banr.acan*^inn   „f   c«*+aM;««  the  records  showed  that  only  two  of 

Graphical    Representation    of    Softening  ,,                        ..,__,                 *  ,. 

Reactions.  them  exceeded  5o  gal.  per  capita  per 

■■■■-■  ■   -                                 .  day  the  remaining  14  being  somewhat 

element   is   obtained    by   dividing   the  below  that  mark      Thig  allowance  in_ 

atomic  weight  by  the  valence.  eluded,  of  course,  all  leakage  in  mains, 

How   Combined   Weights   Are   Com-  services      and     fixtures;      water     for 

puted.— Following  is  an  example  show-  sprinkling    purposes,    water   for   laun- 

ing  how  combining  weights  or  equiva-  dries    and    other   industrial    purposes, 

lents  of  elements  and  compounds  de-  and  for  an  0f  the  uses  of  the  hospitals 

termined  in  water  analysis  are   com-  and  0f  everything  else  in  the  camps. 

Puted:  The  per  capita   allowance  at  the  na- 

COMBINED  WEIGHTS  COMPUTED.  tional    guard    camps,    where    latrines 

Combining  were   used   instead    of   water    closets, 

.rSo"u»a.     weirt?.Vale„ce.equ!^le0„rt.  *"    «<%    30    «a!" , and    th«se    cam*>s 

Calcium    40            2            20  when  fully  occupied  required  no  more 

Magnesium    24             2             12  than  this  amount  on  the  average. 

Sodium     23  1  23  

HCO.,*    61                1                61  •                           .                         .... 

Sulphates    (SO*).     96              2              48  Irrigation  Wells  in  Salinas  Valley, 

Chlorine   35              *              35  California 

*HCO*  is   obtained  from   the  alkalinity  Records  of  wells  used  for  irrigation 

by   multiplying   by    1.22.      (See    Standard  {     Salinas  Valley,  Calif.,  and  a  map  of 

Methods  of  Water  Analysis,  page  38.)  ':            '            "      r'      ,,       ;        ,.          /,,„ 

c           .,_          Axic-  the  valley  showing  the  location  of  the 

Anllys^,eofFTiorURivEerPwateCre^  ^H^SbS^iSS^SSR 

Sffic^oT^^ logical6  Surveytf^ 

SaagcnueSum •:::::  U       i  S  =  ti  ^terior0PQePoartfient^at  s^n  FHancif^ 

Alkalinity    200x1.22    -    61    =    4.2  (Room  328  Custom  House),  and  m  the 

Sulphates   (SO.t).  168             -=-    48    =    3.5  office     of     Thomas     Mayhew,     County 

The     hypothetical     combination     is  Agent  for  Monterey  County,  259  Main 

based    on    the    theory   that    the   total  St.,  Salinas,  Calif.,  where  they  may  be 

alkalinity  should  first  be  calculated  to  consulted    by    any    one    interested    in 

calcium.    If  the  carbonates  exceed  the  them.     The  table  gives  the  depth,  di- 

necessary  amount  of  calcium,  the  rest  ameter,  and  yield  of  about  200  wells 

of  the  alkalinity  may  be  calculated  to  and  pumping  plants  in  the  valley  and 

magnesium    carbonate,    and   then    sill-  other  data  regarding  them.    The  map 

phates,  chlorides,  etc.,  combined  with  shows  the  parts  of  the  valley  in  which 

magnesium,  until  the  latter  is  exhaust-  the   conditions    are   favorable   for   ob- 

ed.     But,  if  the   calcium  exceeds  the  taining  wells  suitable  for  use  in  irri- 

amount  necessary  to  take  care  of  the  gation. 
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Pump  House  and  Intake  Pipe  Line  Construction 

Methods  Employed  at  Three  Rivers,  Que.,  for  Water  Supply  System 
for  New  Paper   Mills 


Interesting  construction  features  in- 
volved in  securing  a  water  supply  for 
the  new  plant  of  the  St.  Lawrence 
Paper  Mills,  Ltd.,  at  Three  Rivers, 
Que.,  are  given  in  a  recent  issue 
of  The  Contract  Record,  from  which 
the  matter  following  is  abstracted: 

Among  the  necessary  things  in  mak- 
ing a  paper  mill  is  an  adequate  water 
supply.  For  a  mill  the  size  of  the  St. 
Lawrence  Paper  Mills,  with  a  capac- 
ity of  150  tons  of  newsprint  daily,  a 
water  supply  of  good,  clean,  pure 
water  equal  to  that  of  a  town  of  a 
population  of  100,000  is  required,  with- 
out making  any  allowances  for  future 
operations.  The  mill  is  situated  on 
the  bank  of  the  St.  Lawrence  River 
about  iy2  miles  west  of  the  centre  of 
the  town  of  Three  Rivers,  and  natural- 
ly takes  its  water  supply  from  the  St. 
Lawrence  River. 

The  construction  necessary  for  at- 
taining this  adequate  water  supply 
consisted  of  an  intake  pier  and  piping 
and  pump  house.  In  order  to  insure 
this  water  supply  for  all  periods  in 
the  year  a  gravity  supply  was  decided 
upon.  Owing  to  the  contours  of  the 
river  bed,  it  was  necessary  to  lay  665 
ft.  of  intake  pipe  36  in.  diameter  be- 
low water  level  during  the  time  of 
construction.  This  pipe  is  made  in 
12  ft.  lengths  and  flanged  joints  were 
used,  two  ball  and  socket  joints  be- 
ing installed  in  the  line  to  allow  for 
unequal  sinkage  or  deflection  in  the 
piping.  This  pipe  connected  the  in- 
take pier  and  pump  house  sump  to- 
gether. 

The  pump  house  and  intake  pier 
were  constructed  by  the  Foundation 
Co.  of  Montreal,  under  contract  with 
the  owners,  and  the  designs  were  pre- 
pared and  the  general  construction 
work  supervised  by  the  Engineering 
Department  of  the  St.  Lawrence  Paper 
Mills,  Ltd. 

The  Intake  Pier. — The  intake  pier 
consisted  of  a  timber  crib  made  of 
12x12  fir,  rock  filled,  capped  from  the 
low  water  level  to  its  top  elevation 
with  concrete.  The  pier  is  48  ft.  long 
by  36  ft.  wide  in  the  body,  and  is 
properly  protected  against  ice  with 
the  usual  sharp  nose.  The  crib  itself, 
which  is  about  16  ft.  high,  was  built 
on  the  shore,  launched  and  floated  to 


its  existing  position  against  guide 
piles.  In  addition  to  that  through  the 
various  pockets  inside  the  crib,  a  con- 
siderable number  of  piles  were  driven 
to  insure  its  location.  These  piles  ex- 
tended up  into  the  concrete  cap.  The 
concrete  was  all  poured  in  the  dry, 
an  open  form  being  built  on  shore  and 
floated  out  over  the  pier  and  sunk  on 
it,  then  being  pumped  dry  previous  to 
the  pouring  of  concrete.  About  450 
yds.  were  poured  in  this  manner. 

The  Intake  Pipe  and  Pump  House. — 
The  intake  pipe  was  laid  length  by 
length  in  a  trench  excavated  partially 
by  river  dredge  and  partially  by  dip- 
per and  derrick.  Some  15,000  cu. 
yds.  of  excavation  was  necessary. 

The  pump  house  is  box  and  dia- 
phragm form  of  construction,  wholly 
of  concrete,  consisting  of  a  sump 
50  ft.  long  and  6  ft.  wide  and  a  pump 
well  50  ft.  long  and  20  ft.  wide.  No 
water  proofing  was  used  in  the 
concrete  mixture  which  was  made  of 
carefully  graded  aggregate  and  Port- 
land cement  only.  No  leaks  whatever 
developed  in  spite  of  the  fact  that  the 
bottom  of  the  pump  pit  has  been  un- 
der a  head  of  20  ft.  to  25  ft.  of  water 
since  construction,  the  only  seepage 
having  taken  place  at  a  few  of  the 
construction  joints  which  were  not 
water-proofed  until  after  the  general 
construction  of  the  pit. 

The  pump  house  and  intake  pipe 
and  pier  were  of  special  interest  on 
account  of  the  unusual  soil  conditions 
and  the  means  adopted  to  overcome 
the  difficulties.  The  sub-soil  around 
Three  Rivers  is  composed  mainly  of 
very  fine  sandy  loam.  The  ground 
water  level  is  very  near  the  surface 
and  this  sandy  loam  is  saturated  with 
water  to  the  point  where  the  whole 
mixture  is  in  an  extremely  easy  flow- 
ing state. 

Method  of  Handling  Boiling  Sand  in 
Constructing  Pump  House. — The  con- 
tractors drove  6  in.  x  12  in.  fir,  tongue 
and  groove,  sheet  piling  on  a  line  well 
outside  the  walls  of  the  pump  house 
so  that  if  this  piling  did  not  complete- 
ly resist  the  pressure  an  additional 
ring  of  sheet  piling  could  be  driven 
inside  and  thus  enable  them  to  carry 
on.  It  so  happened  that  their  fears 
were  realized  and  though  the  outside 
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piling  was  not  greatly  displaced  the 
mixture  boiled  in  and  up  from  the 
bottom.  They  then  drove  the  inner 
ring  of  sheet  piling  using  the  same 
material,  and  the  same  methods,  but 
driving  considerably  deeper  to  try  and 
find  solid  footing.  The  boiling  up 
from  the  bottom  still  continued  and 
it  was  necessary  to  flood  the  excava- 
tion with  water  to  act  against  it  while 
they  were  excavating  to  the  proper 
level.  The  fact  is  that  they  were 
obliged  to  excavate  about  3  feet  be- 
low the  sub-basement  level  and  place 
a  thick  mat  of  concrete,  covering  the 
entire  area  inside  the  inner  ring  of 
sheeting.  This  was  placed  under  a 
25  ft.  head  of  water  and  was  the  only 


Method  of  Laying  the  Intake  Pipe 
Line. — It  is  interesting  in  this  connec- 
tion to  describe  the  methods  used  for 
laying  the  36  in.  diameter  intake  pipe 
from  the  intake  pier  to  the  pump 
house.  The  river  bed  from  shore  line 
to  intake  pier  sloped  gradually  until  a 
depth  of  about  20  ft.  is  attained  at  the 
intake  pier,  650  ft.  from  the  shore. 
Having  decided  on  a  gravity  flow  into 
the  power  house  it  was  necessary  to 
at  least  keep  the  pipe  on  an  even  keel 
to  assure  a  continuous  water  supply  at 
all  times.  This  meant  that  the  pipe 
would  have  to  be  raised  above  the 
river  bed  for  a  part  of  the  way  near 
the  pier  and  then  in  due  course  it 
would  meet  the  river  bed  and  from 
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Details  of  Intake  Pipe   Line  at  New  Pipe     Mill,  Three   Rivers,   Mich. 


way  to  effectively  stop  the  bubbling  of 
the  sand.  When  this  sub-floor  or  mat 
had  thoroughly  set  the  excavation  was 
pumped  dry  and  the  remaining  work 
quickly  finished.  There  were  times 
during  the  work  when  it  appeared  that 
they  might  have  to  abandon  their  plan 
for  some  other,  but  perseverance  won 
the  day.  A  regular  steam  pile  driver 
was  used  for  the  greater  part  of  the 
driving,  after  it  was  found  that  the 
smaller  type  of  hammer  was  not  suit- 
able. As  the  excavation  was  carried 
down  additional  whaling  pieces  and 
braces  were  placed  in  position  to 
guide  the  sheet  piling  and  hold  it  in 
place.  This  bracing  became  stronger 
and  occurred  at  shorter  intervals,  as 
the  bottom  of  the  hole  was  carried 
down,  to  offer  the  necessary  resist- 
ance to  the  static  head  exerted  on  the 
outside  of  the  sheeting. 


this  point  on  would  be  below  natural 
river  bed. 

That  part  of  the  pipe  which  comes 
above  the  river  bed  elevation  is  sup- 
ported in  cradles  which  are  in  turn 
supported  on  piles.  Also  a  consider- 
able length  which  comes  below  river 
bed  is  supported  in  the  same  way,  the 
piles  having  been  driven  and  the 
cradles  attached  after  a  trench  had 
been  excavated  in  the  soft  sand  of  the 
river  bed.  For  the  last  short  distance, 
say  150  ft.  nearest  to  the  power  house, 
the  pipe  was  laid  without  the  use  of 
piles  or  cradles.  In  this  case  4  in.  by 
12  in.  fir  tongue  and  grooved  sheeting 
was  driven  on  both  sides  forming  a 
steep  sided  trench  in  which  the  pipe 
was  laid.  Light  bracing  was  placed 
between  the  lines  of  sheeting  to  take 
care  of  the  difference  in  head  when 
the  sand  was  taken  out  of  the  trench. 
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This  trench  was  always  flooded  up  to 
the  wall  of  the  pump  house. 

The  equipment  used  on  all  of  this 
work  consisted  of  a  pile  driver  with  a 
special  circular  saw  arranged  so  that 
cut  off  of  the  pile  could  be  made  at 
any  point  under  water;  a  river  dredge 
to  dredge  out  the  outer  section  of 
trench;  and  a  clam  shell  bucket 
mounted  on  a  barge  to  excavate  in  the 
narrow  trench  formed  by  the  parallel 
lines  of  sheeting.  All  underwater 
work,  such  as  fastening  cradles  to  the 
piles,  connecting  up  the  pipe  lengths, 
etc.,  was  done  by  a  diver  who  main- 
tained an  average  speed  of  3  lengths, 
36  ft.  per  day  once  the  work  was  well 
under  way. 

The  accompanying  cuts  show  the 
method  of  making  cradles  and  attach- 
ing them  to  the  pile  bents.  That  part 
of  the  pipe  which  comes  in  the  trench, 
about  400  ft.,  was  covered  with  earth 
again  when  the  work  was  finished. 


Water  Accounts  at  Columbus,  O. 

Accounts  with  consumers  for  water 
service  are  kept  in  consecutive  nu- 
merical order;  that  is,  when  water  is 
turned  on  at  the  street  box  or  valve 
and  an  account  is  opened,  it  is  given 
the  next  numerical  number. 

At  the  close  of  the  year  these  ac- 
counts numbered  45,104.  But  all  these 
accounts  are  not  active;  that  is,  some 
services  have  been  abandoned  or  have 
been  replaced  by  larger  or  more  con- 
venient services.  When  possible,  such 
services  are  cut  off  at  the  main  and 
that  number  is  then  assigned  to  some 
new  service,  thus  keeping  the  num- 
bers in  use  as  much  as  possible,  there- 
by saving  stationery  and  filing  space. 

Of  the  45,104  numbered  services,  42,- 
470  are  considered  active,  and  while 
some  of  them  may  be  off  temporarily, 
they  are  still  considered  active  until 
entirely  abandoned.  Of  the  42,470  ac- 
tive services,  42,018  are. metered  and 
452  are  on  the  flat  rate  basis.  These 
services  also  include  municipal  and 
charity  accounts.  Of  the  active  serv- 
ices, 41,309  accounts  are  for  metered 
revenue  producing  services  and  161 
flat  rate  fire  protection  revenue  produc- 
ing services.  The  metered  services  are 
divided  into  38,655  accounts  collected 
semi-annually,  and  2,654  accounts  col- 
lected monthly. 

The  average  amount  received  for 
water  from  these  41,309  metered  serv- 
ices was  $21.83  per  service.  The  av- 
erage cost  per  service  based  on  cost 
of  operation  and  interest  and  sinking 


fund  charges,  Was  $21.56.  Of  the  41,- 
309  metered  accounts  36,160  or  85.7 
per  cent  of  the  total  number,  paid  less 
than  this  amount  per  annum;  10,825, 
or  26  per  cent,  paid  the  minimum  rate 
of  $4.80  per  annum,  and  produce  but 
5.1  per  cent  of  the  total  revenue;  21,- 
222  accounts,  or  51  per  cent,  showed 
payments  of  $7.20  per  annum,  and  the 
revenue  received  from  them  amounted 
to  12.2  per  cent  of  the  total.  On  the 
other  hand,  six  accounts  showed  pay 
ments  amounting  to  14.1  per  cent  of 
the  total  revenue  received  for  metered 
water.  There  were  66  accounts  pay- 
ing more  than  $1,000  per  annum,  the 
aggregate  of  which  amounted  to  29 
per  cent  of  the  total  receipts,  while 
1,630,  or  4  per  cent  of  the  total  num- 
ber of  accounts,  showed  payments 
amounting  to  50  per  cent  of  the  total 
revenue  for  metered  water. — From  the 
1922  Report  of  the  Division  of  Water 
of  Columbus,  O. 


Jetty     Construction     on     Fraser 
River  Bar,  British  Columbia 

The  single  reaction  jetty,  now  in 
process  of  construction  on  the  Fraser 
River  bar,  British  Columbia,  which; 
was  designed  to  be  4.87  miles  long,, 
has  only  two-thirds  of  its  length  com- 
pleted but  is  reported  to  have  already 
deepened  the  channel  over  the  bar 
from  16  ft.  to  30  ft.,  and  ships  of  that 
draft  are  freely  passing  in  and  out. 

The  original  estimate  for  the  cost 
of  this  jetty,  as  computed  by  Mr.  Le 
Baron,  who  designed  the  plans  of  im- 
provement, was  $1,016,863,  and  but  lit- 
tle over  $600,000  has  been  expended, 
with  the  foregoing  gratifying  result, 
and  New  Westminster  is  expecting  a 
record  boom,  as  three  of  the  great  in- 
tercontinental railways,  have  already 
brought  their  tracks  to  the  river. 

The  improvement  of  this  river  was 
planned  and  reported  on  for  the  New 
Westminster  Board  of  Trade,  by  J. 
Francis  Le  Baron,  Consulting  Engi- 
neer of  Essex,  Mass.,  in  1908,  and 
work  was  commenced  four  years  after, 
and  continued,  intermittently,  up  to 
the  present  year,  with  the  exception, 
of  an  interregnum  of  four  years  dur- 
ing the  war. 


Water  Department  of  Columbus,  O., 
Motorized. — All  construction,  mainte- 
nance and  service  crews  of  the  Divi- 
sion of  Water  of  the  city  of  Columbus, 
O.,  are  now  using  motor  equipment. 
The  use  of  horse-drawn  vehicles  was 
continued  during  1922. 
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Public  Health  and  Water  Consumption 

Requirements   for   Health  and  Cleanliness   Outlined   in   Paper    Pre- 
sented March  21  Before  Engineers'  Club  of  Baltimore,  Md. 

By  ABEL  WOLMAN, 

Chief  Engineer,  Maryland  State  Department  of  Health. 

man  engine  has  varying  requirements 
for  water,  one  of  the  constituents  of 
its  driving  power.  But  the  maximum 
requirement  of  biologic  man  for  water 
is  ridiculously  low  in  comparison  with 
the  figures  for  water  consumption 
with  which  we  are  familiar. 

The  "subsistence  demand"  of  man, 
if  we  may  so  term  his  metabolic  water 
requirement,  is  one  of  the  rational  re- 
quirements of  man.  It  is  rarely  over 
X%  gal.  a  day  and  is  frequently  less. 
The  British  troops  of  General  Allenby 
in  their  forced  marches  against  the 
Turks  used  as  low  as  1  pint  of  water 
per  man  per  day.  It  is  hardly  wise 
to  assume  such  a  minimum  rate,  even 
though  experience  may  indicate  no 
harmful  results.  We  are  safe,  however, 
in  accepting  the  figure  of  iy2  gal.  per 
man  per  day  as  a  rational  value  for 
"subsistence  demand." 

The  Sanitary  Demand. — The  mod- 
ern individual  has  another  demand 
which  is  quite  as  worthy  of  fulfillment 
as  his  "subsistence  demand,"  namely, 
a  "sanitary  demand."  As  modern  san- 
itation developed,  man's  use  for  water 
increased,  as  it  should.  Such  legiti- 
mate increases,  however,  were  fre- 
quently perniciously  employed  to  ex- 
cuse illegitimate  and  wasteful  in- 
creases in  consumption  which  oc- 
curred simultaneously  therewith.  The 
"sanitary  demand"  of  the  individual 
is  that  covering  the  usage  for  bath- 
ing facilities,  washing  of  clothes,  toi- 
let equipment  and  minor  necessary 
household  uses.  Measurements  have 
been  made  from  time  to  time  in  large 
communities  of  the  total  water  used 
for  above  purposes  in  typical  areas. 
It  is  commonly  found  that  this  figure 
for  "sanitary  demand"  varies  between 
10  and  20  gal.  per  person  per  day. 

The  sum  of  the  "subsistence"  and 
"sanitary"  demands  ranges  from  15  to 
25  gal.,  therefore,  per  day  for  the  do- 
mestic consumer.  If  we  pursue  the 
usual  custom  of  engineers,  we  may  ex- 
tend this  figure  to  include  a  factor  of 
safety,  giving  a  "maxium  rational 
water  requirement"  of  30  gal.  per  per- 
son per  day  in  domestic  service.  We 
take  no  account  in  this  evaluation,  of 
course,  of  commercial  or  public  usage 


It  sounds  comparatively  easy  to 
ask  how  much  water  does  an  individ- 
ual need,  but  it  is  not  always  so  easy 
to  answer.  The  figures  usually  quot- 
ed in  the  statistics  marshalled  in  any 
argument  for  or  against  water  meters 
mean  little  except  as  average  indices 
of  current  usage.  They  represent 
"use,"  not  "need,"  or  "desirability." 
Current  values  for  per  capita  con- 
sumption may  sometimes  be  lower 
than  that  inherent  in  necessity  or  de- 
sirability, and  frequently  higher.  It 
is  only  rarely  that  the  figures  are 
synonymous. 

Distinction  Between  "Use"  and  "De- 
mand."— Why  should  such  discrepan- 
cies between  "use"  and  "demand"  oc- 
cur? Obviously,  use  of  water  is  a 
function  of  the  absence  or  existence 
of  artificial  restrictions,  while  demand 
is  a  function  of  the  natural  require- 
ments of  biologic  life  or  of  sanitation. 
The  amount  of  water  a  person  uses 
in  a  community  is  rarely  as  low  as  his 
requirements  for  physiological  func- 
tioning and  for  proper  sanitation.  His 
consumption  is  more  often  deter- 
mined by  purely  artificial  measures, 
such  as  whether  the  water  supply  is 
metered  or  not,  whether  it  is  gravity 
supplied  or  pumped,  by  local  preju- 
dices, by  previous  history,  by  abun- 
dance or  lack  of  supply,  than  by  real 
demand.  In  other  words,  man's  usage 
of  water  in  a  modern  community  is 
guided  by  whether  he  pays  for  it  or 
not,  by  his  public  conscience,  by  cus- 
tom and  other  external  contingencies. 
These  distinctions  are  emphasized 
here  because  in  them  lies  the  origin 
of  the  confusion  which  arises  when 
we  speak  of  man's  water  require- 
ments  and   his   health. 

The  Subsistence  Demand. — Man  has 
certain  minimum  requirements  for 
water  in  order  to  continue  to  func- 
tion. The  human  mechanism  demands 
water  for  its  proper  functioning,  just 
as  an  automobile  engine  demands 
gasoline.  The  ton-miles  per  gallon  of 
gas  differ  with  different  engines,  at 
different  temperatures,  at  different 
speeds,  etc.    In  the  same  way,  the  hu- 
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TABLE  I.— DATA  ON  WATER  CON- 
SUMPTION—METROPOLITAN BOARD 
OP  WATER  SUPPLY  AND  SEWER- 
AGE, NEW  SOUTH  WALES,  AUS- 
TRALIA. 

Average  per 
capita  con- 
sumption, 
M       ,     ,       gallons(U.S.) 
Population        (for  all 
.«Xear'  supplied,      purposes). 

1911     731,180  49.8 

1912     776,065  50.4 

1913     830,560  52.8 

1914     878,790  49.0 

1915     917,990  51.5 

1916     968,215  50.0 

1917     993,000  49.9 

1918     1,021,540  53.5 

1919     1,060,230  54.4 

1920     1,109,430  52.5 

1921     1,146,370  53.3 


of  water,  for  these  should  not  be  con- 
fused with  the  individual's  personal 
use.  They  represent  an  added  neces- 
sity, but  they  should  be  separately 
tabulated  as  remote  in  their  effect 
upon  the  public  health. 

The  Maxium  Rational  Requirement. 
— Is  this  "maximum  rational  require- 
ment" of  30  gal.  per  capita  per  day, 
for  domestic  purposes,  a  hypothetical 
desideratum  or  a  practical  accom- 
plishment? In  other  words,  should 
calculation  supersede  experience  in  de- 
termining the  allotment  of  water  to 
consumers?  Fortunately  abundant 
evidence  is  at  hand  to  confirm  the 
conclusion  that  many  communities 
have  used  quantities  of  water  for 
many  years  which  agree,  within  rea- 
sonable limits,  with  the  rational  indi- 
vidual demand  above  indicated.  It 
would  be  useless  to  quote  such  figures 
at  length  here,  but  I  shall  take  the 
liberty  of  referring  to  a  few  examples 
to  satisfy  our  audience  that  the  "ra- 
tional demand"  set  up  by  the  writer 
is  not  irrational. 

It  has  been  common  knowledge  for 
decades  that  American  cities  are  no- 
toriously wasteful  of  water  in  com- 
parison with  foreign  communities.  It 
is  also  as  well  known  among  persons 
familiar  with  mortality  statistics  that 
in  many  of  these  foreign  areas  the 
death  rates  from  water-borne  and 
other  diseases  have  been  lower  than 
in  American  cities.  It  is  only  in  re- 
cent years,  for  example,  that  the  ty- 
phoid fever  death  rate  in  Baltimore 
has  approached  within  range  of  the 
low  rate  for  this  disease  which  Lon- 
don has  had  for  decades.  And  yet  the 
daily  per  capita  consumption  of  water 
in  London  is  less  than  50  gal.,  while 
the  average  for  the  principal  towns  in 
Great  Britain  is  only  42  gal. 
A  survey  of  American  mortality  sta- 


tistics does  not  indicate  any  correla- 
tion of  frequency  of  incidence  of  dis- 
ease with  varying  amounts  of  water 
consumed  or  with  whether  a  commu- 
nity is  metered  or  not.  The  correla- 
tion of  water  and  disease,  in  the  bulk 
of  cases,  lies  in  the  factor  of  quality 
and  not  of  quantity  of  water  con- 
sumed, for,  in  most  instances,  in  this 
country,  water  consumption  is  well 
above  the  rational  requirement  and 
usually  above  50  gal.,  which  we  may 
designate  the  "maximum  reasonable 
use."  Beyond  50,  however,  the  irra- 
tional use  of  water  for  the  domestic 
consumer  begins,  for  in  this  upper 
zone  lie  the  demands  upon  a  system 
made  by  waste  and  leakage.  The  re- 
sponsibility for  waste  and  leakage,  as 
has  been  already  pointed  out  by  other 
speakers,  rests  with  both  individual 
and  municipality.  It  is  in  this  region 
that  curtailment  may  well  be  made 
without  damage  to  health. 

Maximum  Reasonable  Use. — The  es- 
tablishment of  a  "maximum  reason- 
able use"  of  50  gal.  per  day  for  the 
domestic  consumer  has  additional  sup- 
port in  the  facts  which  may  be  gained 
from  the  experience  of  American  cit- 
ies which  have  adopted  water  meters. 
As  their  per  capita  consumption  de- 
creased, the  typhoid  and  total  death 
rates  fell.  It  would  certainly  be  rash 
to  assume  that  the  two  phenomena 
had  anything  to  do  with  each  other. 
Yet,  it  is  probably  as  accurate  to  state 
that  reduction  in  water  use  decreases 
the  death  rate  as  increase  in  water 
use  decreases  the  death  rate,  for  both 
conclusions  are  by  no  means  obvious 
or  necessary.  Reduction  in  water  use 
may  increase  the  death  rate,  if  such 
use  were  reduced  below  the  rational 
demand  to  the  region  of  "subsistence 
demand,"  because  then  interference 
with  the  communal  and  individual 
equipment  for  sanitation  results.     To 


TABLE  II.— PER  CAPITA  CONSUMP- 
TION ALLOWANCES  FOR  VARIOUS 
CLASSES  OF  COMMUNITIES  SERVED 
BY  APULIAN  AQUEDUCT  SYSTEM, 
SOUTHERN  ITALY. 
U.  S.  gals. 

per  cap..  Communities 

per  day.  (population). 

32.8    Bari,    Lecca 

Foggia.Barletta, 

Toranto 
Gravity  supply 

22.2    More  than  20,000 

19.2    10,000-20,000 

16.9    5,000-10,000 

15.6    5,000  or  less 

Pumped  supply 

15.6    10,000  or  more 

14.4 5,000-10,000 

12.7    5,000  or  less 

Population  to  be  served,  3,000,000. 
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say,  however,  that  reduction  of  the 
individual's  use  from  100  to  50  gal. 
per  day  implies  higher  mortality  is 
equivalent  to  saying  that  the  substi- 
tution of  a  good  washer  for  a  poor  one 
on  the  tap  at  the  kitchen  sink  will 
cause  a  greater  frequency  of  disease. 
In  either  case  we  are  merely  curtail- 
ing an  irrational  usage  of  water,  with- 
out interfering  with  a  rational  de- 
mand. 

Irrational  Wasteful  Use. — My  pur- 
pose has  been  to  point  out  that  the 
requirements  of  the  human  mechan- 
ism for  water  for  continuance  of  life 
and  for  proper  environmental  sani- 
tation are  relatively  low.  In  only  few 
instances  do  such  requirements  con- 
trol the  actual  per  capita  consump- 
tion in  a  community.  It  would  be  a 
better  statement  of  our  case  if  we 
were  to  revise  the  usual  argument  for 
unlicensed  water  use,  namely,  that 
"cleanliness"  may  be  reduced  by  cur- 
tailment, to  the  more  accurate  phase, 
that  "water  consumption"  represents 
not  only  a  demand  for  cleanliness  but  a 
wasteful  usage.  Nor  is  this  irrational, 
wasteful  use  always  restricted  to  the 
consumer,  for  in  some  communities 
the  water,  fire  and  street  cleaning  de- 
partments also  invoke  the  "cleanli- 
ness" argument  to  explain  away  their 
human  frailties.  It  should  be  em- 
phasized that  a  leaky  main  or  a  fire- 
plug left  open  wThile  the  moody  street 
cleaner  discusses  at  length  the  dan- 
gers of  civilization  with  the  innocent 
bystander,  bring  us  no  closer  to  the 
path  of  cleanliness,  yet  this  quantity 
of  wasted  water  appears  later  in  the 
innocent  role  of  defender  of  health 
and  welfare.  We  should  be  wary  of 
the  false  good  of  cleanliness,  "waste," 
while  we  protect  the  real  one,  "ra- 
tional usage." 

I  have  not  attempted  to  burden  this 
paper  with  tabulations  to  support  my 
brief,  but  there  are  appended  hereto 
several  typical  exhibits. 

Maximum  Reasonable  Use:  50  Gal. 
Per  Capita. — In  closing,  I  may  sum- 
marize by  saying  that  I  consider  the 
"subsistence  demand"  to  amount  to 
1%  gal.  per  person  per  day;  the  addi- 
tional "sanitary  demand,"  from  10  to 
20  gal.  per  day;  the  "rational  water 
requirement,"  15  to  25  gal.  with  a 
maximum  of  30  gal.;  the  "maximum 
reasonable  use,"  50  gal.  These  values 
should  be  compared  with  an  average 
present  use,  which  includes  irrational 
waste  and  uncontrolled  leakage,  com- 
mercial and  municipal  use,  of  142  gal. 
in  Baltimore  city. 


1922  Report  of  the  Ohio  Confer- 
ence on  Water  Purification 

The  Ohio  State  Health  Department. 
Columbus,  O.,  is  preparing  to  publish 
in  full  the  proceedings  of  the  1922 
Ohio  Conference  on  Water  Purifica- 
tion held  at  Columbus  last  November. 
The  report  proper  will  comprise  some 
28  pages  of  printed  discussion  on 
topics  assigned  to  filter  plant  oper- 
ators in  Ohio  during  1921  and  1922. 
The  discussions  are  supplemented 
with  original  papers  prepared  by  the 
several  operators  upon  the  special 
subjects  assigned  in  water  purifica- 
tion and  water  softening  practice. 
There  are  eighteen  original  papers, 
which  together  with  the  report  matter, 
comprise  a  total  of  some  150  pages. 

Very  complete  studies  are  involved 
in  the  papers  presented  to  this  con- 
ference. Among  these  papers  are  in- 
cluded contributions  upon  the  sub- 
jects of  hydrogen-ion  concentration 
determination  and  significance,  and 
the  loading  of  filter  plants,  by  J.  W. 
Ellms,  Cleveland;  the  recent  trend 
of  water  softening  in  municipal  prac- 
tice is  discussed  by  C.  P.  Hoover, 
Columbus;  limitations  of  water  treat- 
ment processes  are  discussed  from 
the  standpoint  of  five  years'  expe- 
rience at  the  Cincinnati  plant  by  Clar- 
ence Bahlman;  good  filter  sand  for 
Ohio  conditions  is  discussed  by  J.  S. 
Gettrust,  Akron,  and  others;  employ- 
ment of  double  coagulation  in  regular 
operating  practice  is  described  by  F. 
E.  Sheehan,  Portsmouth;  and  use  of 
carbon  dioxide  for  correcting  mono- 
carbonate  alkalinity  of  water  softened 
by  the  lime  soda-ash  cold  process  is 
described  by  H.  T.  Campion,  Defiance. 
Iron  removal  practice  is  related  in  a 
special  paper  prepared  by  A.  E.  Kim- 
berly,  consulting  engineer  of  Colum- 
bus. 

The  report  is  now  in  press  and  will 
be  available  for  distribution  early  in 
May.  The  data  presented  and  the 
conclusions  given  are  representative 
of  some  62  cities  and  villages  having 
water  purification  plants  in  the  state 
of  Ohio  and  the  statements  recorded 
therein  are  of  great  significance  in 
the  field  of  water  purification.  Design- 
ing engineers,  filtration  plant  super- 
intendents and  operators,  and  munici- 
pal officials  charged  with  the  adminis- 
tration of  water  works  should  find  in 
this  report  valuable  information  on 
water  treatment  practice. 
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Rubble  Mound  Breakwater  on  Mattress 
Foundation 

Construction  Now  Being  Carried  on  at  Toronto,  Ont.,  by  the  Canadian 
Department  of  Public  Works 


With  a  view  to  preventing  settle- 
ment as  a  result  of  scouring  a  rubble 
mound  breakwater  at  Toronto  Island, 
near  Toronto,  Ont.,  is  being  construct- 
ed on  a  mattress  foundation.  Mat- 
tresses have  been  used  frequently  in 
bank  protection  works  but  this  is  pos- 
sibly the  first  time  they  have  been 
used  in  a  structure  of  any  magnitude 
on  the  great  lakes  as  a  foundation 
for  a  breakwater.  The  Toronto  Island 
work  is  described  by  John  M.  Wilson, 
District  Engineer,  Public  Works  of 
Canada,  in  a  recent  issue  of  the  Cana- 


pact  than  is  possible  with  summer 
cutting. 

The  mattresses  were  launched  with 
the  aid  of  a  dredge.  In  all,  seventeen 
of  these  large  mattresses  were 
launched,  towed  out  into  the  lake  and 
sunk  into  position  without  loss  or  ac- 
cident to  any  of  them.  They  floated 
with  about  one-half  of  their  thickness 
out  of  water  and  were  not  launched 
unless  the  weather  looked  favorable 
for  placing  them  in  the  breakwater 
the  same  day. 

When  towed  into  position,  the  sink- 


Transverae    Section    of    3rcrtw»ttr     on    iVIaHress    

Fig.    1. — Transverse  Section    of    Breakwater  on    Mattress. 


dian  Engineer,  from  which  the  notes 
following  are  taken: 

Construction  of  Mattresses. — The 
mattresses  were  constructed  inside 
Toronto  harbor  on  a  sloping  section  of 
shore.  The  grillage  work  of  poles 
was.  laid  out  on  oiled  skids  near  to 
the  water's  edge  and  the  fascines 
placed  and  wired  in  alternate  layers 
until  the  required  3  ft.  of  thickness 
was  obtained.  The  fascines  or  brush 
bundles  were  cut  and  tied  in  the 
neighborhood  of  Holland  Landing, 
Ont.,  and  shipped  to  Toronto  on  cars 
ready  to  be  placed  in  the  work.  A 
point  that  might  be  mentioned  here  is 
the  fact  that  fascines  made  during  the 
winter  cost  more  than  those  made  dur- 
ing the  summer,  on  account  of  their 
extra  weight  and  consequent  freight 
charges.  There  being  no  leaves  on 
the  bushes  in  the  winter,  the  bundles 
could  be  made  tighter  and  more  com- 


ing was  a  comparatively  simple  mat- 
ter. The  mats  were  kept  in  line  by 
means  of  a  series  of  piles  previously 
driven  and  when  loaded  with  about 
200  tons  of  one-man  stone  evenly  dis- 
tributed they  settled  into  position  on 
the  bed  of  the  lake. 

Estimated  Quantities  and  Costs. — 
The  following  is  a  list  of  the  estimated 
quantities  of  the  various  materials 
entering  into  the  construction  and  the 
contract  rates  quoted  by  the  success- 
ful tenderer.  The  final  cost  will  vary 
slightly  from  the  estimate  due  to  the 
changes  that  have  taken  place  in  the 
depth  of  water  since  the  original  sur- 
vey was  made. 

Description  of                       Unit  of  Rate 

work.            Quantity. measure,  per  unit. 

(1)  Mattress     ...102,000       Sq.ft.  $0.47 

(2)  One  man  stone    5,000         Ton  4.70 

(3)  Rubble   stone  32,600         Ton  4.00 


The  following  abstract  of  the  speci- 
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fications  will  give  a  general  idea  of 
the  work: 

General  Description  of  Contract 
Work. — The  work  consists  of  a  rubble 
mound  stone  breakwater  built  upon  a 
series  of  mattresses  100  ft.  long  by 
60  ft.  wide,  consisting  of  three  layers 
of  brushwood  fascines  secured  by  wire 
between  pole  frameworks  and  covered 
with  a  layer  of  one-man  stone  for  sink- 
ing purposes.  The  length  of  the  work 
shall  be  1,700  ft.,  and  the  breakwater 
shall  be  built  up  to  a  height  of  7  ft. 
above  datum,  having  a  width  on  top 
of  10  ft.,  the  width  of  the  base  vary- 
ing according  to  the  depth  of  water 
below  zero  of  gauge. 

Framework  or  Mattress.  —  The 
brushwood  fascines   shall   be  secured 


and  tip  shall  lap  not  less  than  18  ins. 
and  they  shall  be  bound  securely  to- 
gether with  wire.  At  each  crossing  of 
longitudinal  and  transverse  poles, 
there  shall  be  a  double  seizure  of  No. 
9  gauge  wire  tightly  bound  to  main- 
tain the  framework  rigid. 

After  the  bottom  framework  has 
been  completed,  a  double  bonding  of 
No.  9  gauge  wire  in  lengths  of  12  ft. 
shall  be  tightly  wound  at  each  inter- 
section of  longitudinal  and  transverse 
poles  on  the  sides  and  ends  of  the 
framework  and  at  every  alternate  in- 
tersection for  the  balance  of  the 
framework,  the  ends  of  these  wires 
being  left  upright  to  form  vertical 
binders  through  the  fascines  to  the 
top  framework  of  the  mattress,  where 


1 — *-~J 

i              n               i 

H 

—  ■  B- 

! 

1 

•'"■■ a  — - 

_ 

car 

31-1 

] 

of    Framework    for   BfmhwQod 


• 

i _— , 

— ,.— , 

4 

Si     "        i 

i —i 

S ■ — t 

r— i 

r1 

1  ■¥ 


Plan  of  Framework  and  Side  View  of  Mattress. 


between  frameworks  made  of  ballast 
poles  of  from  15  to  35  ft.  in  length. 
These  frameworks  shall  be  100  ft. 
long  and  60  ft.  wide,  the  poles  being 
spaced  5  ft.  centre  to  centre  along  the 
width  and  length  of  the  framework. 
These  poles  shall  have  not  less  than 
6-in.  butts  and  4-in.  tips;  the  poles 
running  longitudinally  shall  break 
joint  not  less  than  10  ft.;  similarly  the 
poles  running  transversely,  ie.,  across 
the  60-ft.  width  shall  break  joint  not 
less  than  10  ft.  Poles  running  longitudi- 
nally shall  not  be  jointed  at  any  point 
where  a  joint  occurs  in  the  poles  run- 
ning transversely.     At  all  joints,  butt 


they  shall  be  bound  to   the  poles  at 
their  corresponding  intersection. 

Mattress. — The  mattresses  shall  be 
built  in  sections  of  100  ft.  in  length 
and  60  ft.  in  width.  They  shall  con- 
sist of  brushwood  fascines  12  in. 
diameter,  secured  between  frame- 
works of  timber  poles  outlined  above, 
the  top  and  bottom  layer  of  fascines 
running  transversely  and  the  middle 
layer  longitudinally;  In  building  up  a 
mattress,  the  top  an.d  bottom  frame- 
work shall  be  secured  together  by  wire 
lashings  of  No.  9  gauge  wire  every 
5  ft.  around  the  edge  of  the  frame 
work,  and  every  alternate  10  ft.  where 
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the  poles  cross  in  the  interior  of  the  the  pump  shaft  at  the  lower  end,  a 

framework,    the    latter    wire,    which  ball  thrust  bearing  has  been  provided, 

passes  up  between  the  fascines  hav-  This    bearing    supplants    the    lignum 

ing   been  secured   in   position  on  the  vitae   plug  heretofore   used.     After  a 

bottom   framework  before   laying  the  six  months'  test  it  has  been  found  that 

fascines  on  it.  the  ball  bearing  greatly  increases  the 

Fascines. — The   materials    used    for  life   of  the   lower   bearings   and   also 

making  the  facines   shall  be  of  suit-  makes  the  pump  operate  more  freely 

able  pliable  green  brushwood  or  sap-  and     effectively.     This    improvement 

lings  and  dead  or  brittle  material  will  can  be  installed  in  those  pumps  now 

not  be  allowed.     The  facines  shall  be  in  the  hands  of  users. 

approximately  12  in.  in  diameter  when  

made  and  shall  be  bound  every  three 

feet  with  two  laps  of  No.  14  gauge  Cost  of  Supplying  Water  at 

wire.    They  shall  be  made  and  placed  Columbus,  O. 

in  the  framework  in  lengths  so  as  not  The  following  cost  data  for  1922  are 

to  have  more  than  two  joints  in  each  ,        .         ^,                 ,     . 

layer  over  one  5-ft.  square  panel.    The  (aken  from  tne  recently  issued  annual 

fascines   shall  be   compressed   in   the  report  of  C.  B.  Hoover,   Superintend- 

making  to  the  satisfaction  of  the  en-  ent   of  Waterworks   of    Columbus,    O. 

gineer    and    the    brushwood    laid    in  The  data  are  based  on  the  total 

lengths  to  form  a  good  uniform  bond.  .«        ,.       „„.„ 

Rubble    Mound    Stone.-The    break-  a^e  to  the  city-7,747  million  gallons: 

water  shall  be  built  up  of  stones  rang-  sub-divisions              ^Uons^^lTfl!00 

ing  from  3  to  8  tons  and  a  sufficient  interest  ^and  "annuities  .  .1m6/10      C$0.3460 

quantity   of    smaller    stones,    %    to    x/%  Purifying  and   softening.     30.50          0.2285' 

tons  each  shall  be  provided  to  fill  any      !S^ujion    ?H£         ?/!?!? 

.,  _,,         ,  w      ,  ,•  ..     ,J        Pumping    18.45  0.1385 

voids.      The    larger    stones    shall    be      office    5.74         0.0430 

utilized  both  on  the  north  and  south      Supply    .'  — '.'..'.'.'.      3J9         olo239 

sides  to  form  the  toe  of  the  slope  for  Trust^fund^to  "staking      °'34         °'0026 

the  whole  length  of  the  breakv/ater.         fund    0.12         0.0009 

Each  stone  throughout  the  work  shall         n       „  ,  —      

be  carefully  placed  in  such  a  position         Grand  totals   *130-94       *0-9821 

as  to  leave  as  few  and  as  small  voids  Included  in  the  total  expenditures 
as  possible,  and  form  a  bond  with  the  from  which  the  above  unit  costs  were 
adjacent  stones.  Stones  will  not  be  computed  is  the  sum  of  $79,302.85 
allowed  to  rest  one  above  the  other  _.  ,  ,  .  M 
without  forming  a  bond,  and  as  far  as  wnich  was  expended  for  permanent 
possible  they  will  on  the  outer  surface  construction,  and  with  this  amount  de- 
be  built  in  tilted  at  an  angle  at  right  ducted,  the  total  unit  costs  would  be 
angles  to  the  outer  slopes  of  the  as  f0nows: 
breakwater.       The     stones     shall     be 

placed  so  as  to  form  an  approximate  Per  i™1"0*  gallons  $12°-™ 

slope  of  1%  to  1  on  the  south  or  lake  Per  1'000  cu'  ft #•  ■•      °-905 

side  of  the  breakwater,  and  a  slope  of  The  average  selling  price  of  water 
one  to  one  on  the  inner  or  shore  side.  is  $160  per  million  gallons,  or  $1.20 
The  breakwater  shall  be  built  up  to  a  Per  1,000  cu.  ft.  From  a  financial  view- 
height  of  7  ft.  above  zero  of  gauge  and  Point  the  cost  of  the  water  should  be 
shall  be  10  ft.  across  the  top  as  shown  based  on  the  portion  of  the  total 
in  Fig.  1.  The  stones  shal  be  of  hard  pumpage  to  the  city  which  is  revenue 
and  durable  quality,  free  from  shakes,  producing.  This  percentage  is  ap- 
seams  or  other  defects  likely  to  im-  proximately  75  and  the  revised  cost 
pair  the  integrity  of  the  blocks  under  would  be  $130.94  divided  by  0.75  or 
action  of  waves  and  weather.  The  $174.60,  or  omitting  the  expenditures 
least  dimension  of  any  block  shall  not  for  construction,  it  would  be  $120.70 
be  less  than  one-quarter  of  the  largest  divided  by  0.75  or  $160.93. 
dimension.  No  thin  strata  shale  or  Tne  apparent  substantial  loss  in  the 
slab  rock  will  be  accepted.  first  instance    is    counterbalanced  by 

the      miscellaneous      receipts      from 

sources  other  than  water  rents,   and 

Improvement   in    Evinrude    Pump  in   the  second   instance   the   cost   and 

The    Evinrude    Motor    Co.,    Milwau-  selling  price  are  approximately  equal 

kee,    Wis.,    announces    a    recent    im-  and  the  miscellaneous  receipts  would 

provement  in   the  bearing   equipment  constitute  a  reasonable  surplus  on  the 

of  its  centrifugal  pump.     To  support  year's  business. 
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Methods  and  Cost  of  Construction  at  Winchester,  Ky.,  as  Given  in 

Paper   Presented   January   9   Before   New   England 

Water  Works  Association 

By  WILLIAM  WHEELER, 

Consulting  Engineer,  Boston,   Mass. 


The  Winchester  Water  Works  Co. 
owns  and  operates  the  plant  which 
supplies  Winchester,  Ky.,  and  its  vi- 
cinity. The  water  is  filtered  by  the 
rapid  or  American  system,  and 
pumped  by  two  compound  Duplex 
pumping  engines  of  lm.g.d.  capacity 
(for  alternate  service)  through  a  cast- 
iron  force  main  (originally  10-in.)  to 
the  grid  of  distribution  mains,  and 
thence  through  it  by  10-in.  and  12-in. 
mains  to  a  wrought-iron  standpipe,  75 
ft.  high,  having  its  base  at  about  ele- 
vation 1,033  ft.  above  tide  water,  and 
275  ft.  above  the  clear  water  basin 
at  the  pumping  station,  making  an 
ordinary  pumping  lift  of  about  120 
lb.,  plus  friction  in  the  mains;  and 
25  to  35  lb.  more  during  pumping  for 
fire  service. 

Acute  shortages  of  water  supply 
from  the  creek  and  reservoirs  occur- 
ring in  the  autumns  of  the  dry  years 
1913,  1918  and  1921,  determined  the 
necessity  of  getting  a  supplementary 
supply  from  the  river,  preferably  at 
a  point  about  4.30  miles  farther  south- 
west of  the  present  station,  near  Gov- 
ernment Dam  and  Lock  No.  10;  and 
with  the  ultimate  purpose  of  estab- 
lishing there,  permanent  works  ade- 
quate for  supplying  all  future  require 
ments  of  the  city  and  its  vicinity.  The 
primary  steps  adopted  for  immediate 
action  were: 

First.  To  take  up  the  10-in.  pipe  of 
the  original  force-main — a  half-mile  of 
which  had  been  paralleled  with  12-in. 
in  1906,  and  replace  it  with  12-in.  pipe. 
This  work  was  done  in  six  stages  or 
construction  sections.  Starting  at  the 
lower  end  of  the  work,  at  the  point  to 
which  12-in.  pipe  had  been  laid  in 
1906,  10-in.  spiral  rivetted  steel  pipe 
was  used  for  by-pass  lines  where  nec- 
essary, connected  through  suitable 
fittings  with  the  12-in.  substituted 
pipe  and  the  old  10-in.  pipe  to  be 
taken  up,  whereby  the  supply  was 
maintained  while  the  successive  sec- 
tions of  old  and  new  pipe  were  pro- 
gressively taken  out  and  replaced. 

The  spiral-rivetted  pipe  and  fittings 
were  furnished  by  the  American 
Spiral  Rivetted  Pipe  Works.    Most  of 


the  work  was  done  between  Aug.  1 
and  Dec.  31,  1921,  and  it  was  substan- 
tially finished  in  May,  1922.  This  main 
is  referred  to  as  "Force-main  No.  1." 

Second.  The  next  step  was  the  in- 
stallation of  a  force-main  of  cast-iron 
pipe  from  the  Kentucky  River  to  the 
supplying  works  at  the  pumping  sta- 
tion. For  this  purpose  the  10-in.  pipe 
taken  up  from  the  original  force-main 
to  the  city,  was  used  as  far  as  it  would 
go  toward  the  river;  and  from  thence 
to  a  tentative  site  for  temporary  or 
emergency  connection  with  the  river, 
12-in.  pipe  was  used,  save  for  about 
515  ft.  of  spiral  rivetted  steel  pipe 
used  as  a  temporary  space  filler,  mak- 
ing a  total  length  of  22,210  ft. 

It  will  be  understood  that  this  com- 
bination of  kinds  and  sizes  was  re- 
quired to  meet  immediate  emergency 
needs,  and  with  the  intent  to  either 
replace  or  duplicate  the  10-in.  with 
mains  of  larger  size,  as  future  need 
and  conditions  may  require.  The  work 
on  this  main  continued  from  May  23 
to  Dec.  5,  1922;  and  it  will  be  referred 
to  as  "Force-main  No.  2."  Under  pres- 
ent conditions  it  will  be  used  to  fur- 
nish emergency  supply  to  supplement 
that  from  Howard  Creek;  and  will  op- 
erate under  a  maximum  head  of  about 
400  ft.  static,  plus  friction  head.  Un- 
der direct  pumping  from  the  river  to 
the  city  distribution  system,  with  a 
standpipe  full — should  such  service 
ever  be  required — the  maximum  would 
reach  about  523  ft.  static,  plus  fric- 
tion. Such  use,  however,  is  not  likely 
to  occur  under  the  most  effective  and 
economic  plan  for  design  and  opera- 
tion of  permanent  works. 

After  completion,  this  line  was  test- 
ed under  a  maximum  head  of  225  lb., 
or  523  ft.  static,  at  its  lowest  point; 
and  about  105  lb.  or  243  ft.  at  its  high 
points. 

The  work  was  done  under  the  gen- 
eral supervison  of  C.  F.  Attersall,  su- 
perintendent of  the  works,  co-operat- 
ing with  ,J.  M.  Cashman,  having  im- 
mediate charge  of  the  field  work. 

The  joints  were  made  with  neat 
Portland  cement,  moistened  and 
mixed    with   water   in   the   ratio   of   1 
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lb.  of  water  to  13.5  lb.  of  cement.  The 
average  weight  of  cement  used  per 
joint,  including  waste  and  loss,  was: 

For  12-in.  joints,  8.3  lb.  per  joint. 

For  10-in.  joints,  6.9  lb.  per  joint. 

The  percentage  of  water  to  cement 
was  7.4. 

Mixing.— The  cement  was  mixed  in 
batches  of  the  unit  quantities,  with 
water  in  the  ratio  above  stated,  in  a 
galvanized  iron  pail,  and  thoroughly 
stirred  by  trowel  and  by  hand,  using 
rubber  gloves  to  protect  the  mixer's 
hands  while  kneading  it  and  breaking 
up  the  small  lumps  of  cement  in  the 
process.  It  was  then  carried  by  the 
mixer  and  dumped  into  a  pail  of  the 
same  sort,  one  for  each  cement  calk- 
er,  of  whom  there  were  usually  three 
in  a  gang. 

Adjusting  and  Making  the  Joints. — 
Meanwhile  the  pipes  have  been 
aligned  and  adjusted  at  the  joints, 
yarned  with  dry  jute  packing,  and 
thoroughly  calked  in  the  usual  man- 
ner by  the  yarn  calker,  so  as  to  leave 
2y2  in.  or  more  for  the  depth  of  the 
cement  joint.  Then  a  cement  joint 
maker  and  calker  spreads  across  the 
trench  under  the  joint,  a  piece  of  rub- 
ber or  oilcloth,  about  2  ft.  wide  by 
3  ft.  long,  to  catch  any  cement  that 
may  drop  in  making  the  joint,  and 
places  his  pail  of  mixed  cement  on 
the  spigot  end  of  the  pipe  before  him, 
as  he  straddles  the  socket  end  of  the 
connecting  pipe;  and  with  rubber 
gloves  on,  he  fills  the  joint  with  ce- 
ment as  full  as  he  can  by  hand  and 
with  the  calking  iron,  rams  it  into  the 
joint  as  hard  as  he  can  without  using 
the  hammer.  This  operation  by  hand 
is  repeated  four  to  six  times,  the 
hammer  being  used,  however,  after 
each  filling  of  the  joint  except  the 
first,  the  cement  being  thereby  calked 
and  driven  under  the  blows  of  a  3^- 
lb.  hammer  as  thoroughly  as  in  calk 
ing  a  lead  joint,  until  little  or  no  im- 
pression is  made  upon  the  face  of  the 
joint. 

As  soon  as  the  joint  is  finished,  the 
calker  removes  any  dirt  or  foreign 
matter  that  may  have  fallen  upon  the 
cloth,  dumps  into  his  pail  any  cement 
dropped  upon  it  while  making  the 
joint,   and  moves  on  to  his  next  one. 

The  average  time  of  so  making 
either  a  10-in.  or  a  12-in.  joint  was 
about  25  minutes,  including  moving 
from  one  joint  to  another.  The  time 
used  in  making  10-in.  joints  was  in- 
creased somewhat  because  of  the 
greater  variation  in  depths  and  thick- 


nesses of  the  joint  space,  than  of  th<> 
12-in.  pipe. 

Covering  the  Joint  to  Retain  Moist- 
ure While  Setting. — After  the  calker 
passes  on  from  a  calked  joint  to  his 
next  one,  the  mixer  fills  the  trench 
with  earth  sufficiently  to  cover  the 
calked  joint  to  a  minimum  depth  of 
about  6  to  8  in.,  in  order  to  retain 
the  moisture  in  the  cement  while  it  is 
setting. 

The  Gang  of  Joint  Makers. — In  mak- 
ing up  the  joints  it  was  found  most 
effective  to  use  a  gang  of  five  men. 
as  follows: 

(a)  One  man  to  do  all  the  mixing 
of  cement;  pass  and  distribute  it  to 
the  cement  calkers;  and  to  cover  the 
joint  with  earth  (to  retain  moisture) 
immediately  after  it  has  been  calked. 

The  mixer  was  paid  at  the  rate  of 
25  ct.  per  hour. 

(b)  One  man  to  align  and  center 
the  pipe  at  its  joints,  and  yarn  them; 
and,  if  time  allows,  then  to  help  out 
the  three  cement  joint  makers  and 
calkers. 

The  yarner  was  paid  2iy2  ct.  per 
hour. 

(c)  Three  men,  working  solely  at 
making  and  calking  the  cement  joints 
during  such  times  as  joint  making 
was  going  on.  When  not  employed  in 
joint  making  these  men  were  used  on 
other  work  to  the  best  advantage,  ac- 
cording to  their  fitness  and  capacity 
therein,  such  as  trenching,  rock  work, 
pipe  laying,  back  filling,  etc. 

Cement  joint  makers  and  calkers 
were  paid  27 y2   ct.  per  hour. 

Such  a  gang  of  five  men  was  under 
the  direction  and  oversight  of  a  fore- 
man, having  general  charge  of  the 
work  on  the  pipe  line;  and  foremen 
were  paid  35  ct.  per  hour. 

Calking  Irons,  Special. — The  tool 
end  of  the  blades  of  the  calking  irons 
are  abcut  4%  in.  long  and  1%  in. 
wide,  with  transverse  sections  con- 
forming to  the  outside  of  the  pipe  on 
which  they  are  to  be  used.  These 
were  provided  in  four  different  thick- 
nesses, of  about  %  in.,  %  in.,  V2  in. 
and  %  in.,  respectively,  for  use  ac- 
cording to  the  range  of  thickness  o*' 
the  annular  joint  spaces.  The  calk- 
ing end  of  the  blade  should  be  well 
squared,  so  as  to  maintain  its  full 
end-face  area  for  effective  bearing  on 
the  joint. 

Cost  of  Materials. — In  making  up 
the  cost  of  the  joints,  the  labor  costs 
are  computed  at  the  wage  rates  above 
stated,  and   3   per   cent  added  for  lia- 
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bility    insurance.      The    unit    costs    of  the  face  of  these  joints  being  moist 

materials  and  supplies  used,  delivered  with   a   white    frothy   exudation.      On 

at  the  trench,  were:  rubbing  one's  finger  over  these  joints, 

Cement  at  57  ct.  per  bag,  net.  the  exudation  disappeared  and  did  not 

Tute  yarn  at  6%  ct.  per  pound.  show  up  again,  although  the  joint  re- 

t,   v.v.          i~  ^    „+    o    +«+qi    r.nct    nf  mained  moist  for  as  long  as  12  hours, 

the  work,  or  use  elsewhere.  rg  Qn  ^     gurface 

Calking  tools,  special  work,  at  1  ct.  Qf  recently.laid  ycement  work. 

per  joint.  The  other  sections  of  f0rce-main  No. 

Cost  of  Joints.- -The  cost  per  joint  1    were  tegted  in  the  game  way>  and 

for   labor    and   materials    was    as   fol-  ghowed  substantially  the  same  condi- 

lows:                                      fN     .     (Qld)  tions  at  the  joints.    The  several  tests 

Labor.                                      12  in.      10  in.  were  made  under  minimum  pressures 

Foreman   $0.05      $0.05  ranging  from  zero  to  125  lb.  and  max- 

Yarner    03         .03  imum  pressures  from  65  to  160  lb.  per 

Calker  ".'.'.'.'.'.'.'.'.'.'/.'.'.'.'.'.'.'.'.    '.12         !l2  square    inch.      The    elapsed    time    be- 

Liability  insurance,  3% 01         .01  tween  making  the  last  joint  of  each 

"  .  .  .  .   „                        TT77     -7T7:  section  and  first  turning  on  the  water 

Materials $            $  for  testing   it   ranged   from   20   hours 

Tarn   $0,023    $0,019  to  40  hours,  and  averaged  29.3  hours. 

Cement .070       .060  Tnp  last  joints  of  the  several  sections 

§?eS£  SS&  tools'  '.'••.: '.    !010       .'SlO  were  finished  in  the  following  months, 

respectively,    namely:     section     1     in 

Total  materials  .......... $0.12      $0.10  October,  section  2  in  November,  sec- 
Total  labor  and  materials. .  .$0.43      $0.41  Uong  3  and  4  ^  December,  1921;   and 

Method    of    Measuring    Joint    Leak-  sections  5  and  6  in  May,  1922. 
age. — Each  section  of  force-main  No.  The  weighted  average  leakage  per 
1   was   plugged   at   both    ends   before  f00t  of  joint,  in  all  tests  of  the  sec- 
turning  the  water  into  it.    A  %-in.  tap  tions    of    force-main    No.    1 — omitting 
was  then  made  into  the  adjacent  end  the  tests  in  which  some  leakage  oc- 
of  the  section  previously  laid  and  al-  curred  elsewhere  than  at  the  joints — 
ready    under    pressure;    and    another  was  at  the  rate  of  0.50  gal.  per  day. 
%-in.  tap  into  the  section  to  be  test-  as  registered  by  the  meter, 
ed,  and  these  taps  were  joined  through  Force-main  No.  2,  laid  in  1922,  was 
a   %-in.  connecting  pipe,  on  which  a  tested  only  in  small  part  by  sections. 
%-in.    Trident     meter   was    installed.  in  0ne  of  the  sections  there  was  leak- 
After  the  reading   of  the  meter  was  age  by  a  cracked  pipe,  and  in  others 
recorded,   the    water   was    turned    on  at     gate-valve     stuffing-boxes.      These 
and  the  section  of  pipe  to  be  tested  were    repaired    and     the     force-main 
was  filled.     When  the  meter  stopped,  completed  late  in  November;    and  in 
showing      the      pipe      line      to      be  December,     16     days    after    the     last 
full,  the   meter  was   again  read — the  joints    were   made,   the    entire   force- 
difference   between   these   two    meter  main,   22,210   ft.   in   length,  was   sub- 
readings    showing    how    much    water  jected  to  test.    This  length  comprised 
was  used  for  filling  the  section.    The  2,898  ft.  of  12-in.,  and  18,797  ft.  of  10- 
section  under  test  was  then  kept  un-  m>  cast-iron  pipe,  having  2,115  joints, 
der    pressure    from    5.5    hours    as    a  an(j  515  ft.  of  10-in.  spiral-rivetted  gal- 
minimum,  up  to  50.5  hours,  depending  vanized   pipe,  having    18    joints  with 
upon  the  time  that  could  be  allowed  rubber  gaskets — used  as  a  temporary 
therefor  before  putting  the  particular  space  filler.    This  test  continued  117.5 
section   under   test   into    service.      At  hours,  under  pressure  of  about  105  lb. 
the  end  of  that  time  another  reading  per  square  inch  along  its  higher  levels, 
was  taken,  whereby  the  leakage  dur-  an(j  225  lb.  at  its  lower  levels.     The 
ing  the  test  was  determined.     While  weighted  average  leakage  for  all  the 
I   the  test  was   going  on,   the  engineer  joints  as  registered  by  the  meter,  was 
and  his  assistants  removed  the  earth  at  the  rate  of  0.38  gal.   per  day   per 
from   the   joints    and   inspected    them  f00t   of   cement   joint — upon    the     as 
for  any  visible  evidence  of  leakage.  sumption  that  no  leakage  occurred  al^ 
Out   of   the    196   joints   in    the   first  the  joints  of  the  spiral-rivetted  pipe- 
section  tested,  seven  showed  efflores-  which  assumption,  however,   was  not 
cence  shortly  after  the  main  was  full,  strictly  true. 
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An  Improved  Pitometer 

By  F.  W.  GREVE. 

Associate    Professor    of    Hydraulic    Engi- 
neering Purdue  University. 

A  very  simple,  reliable  and  accurate 
instrument  for  measuring  the  velocity 
of  fluids  is  the  rather  comparatively 
recent  development  of  the  Pitot  tube 
known  as  the  pitometer.  The  pito- 
meter comprises  essentially  a  pair  of 
tubes,  housed  in  a  sheath  or  casing, 
adapted  for  immersion  in  a  fluid  the 
velocity  of  which  is  to  be  measured. 
The  submerged  open  end  of  each 
tube  is  called  an  orifice.    One  orifice  is 


fa  j 


Fig.    1. — Improved    Pitometer. 

made  to  point  upstream  and  the  other 
in  the  opposite  direction  by  bending  a 
short  section  of  each  tube  through  an 
angle  of  90  degrees.  The  other  ends 
of  the  tubes  are  usually  connected  to 
the  opposite  sides  of  a  differential 
gage,  and  theoretically,  the  velocity  of 
of  the  fluid  flow  will  be  equal  to  the 
square  root  of  2gh,  where  g  is  the 
attraction  due  to  gravity  and  h  is  the 
reading  on  the  differential  gage  ex- 
pressed in  feet  of  water.  Unfortu- 
nately, the  instrument  does  not  register 
as  suggested  by  theory  because  of 
turbulent  flow  for  which  reason  the 
gate  does  not  indicate  the  true  velocity 
head.  The  ratio  of  the  actual  to  the 
theoretical  velocity  is  known  as  the 
coefficient,  C,  and  the  instrument 
should  be  so  designed  as  to  cause  C 
to  be  substantially  constant  in  which 
case    the   actual    velocity   will    always 


be  determined  by  multiplying  the  the 
retical  value  by  the  coefficient. 

The   velocity  of  fluid  flow  whethei 
in  open  or  closed  channels  will  varjj1 
at  different  points  in  the   fluid  crof 
section.    This  variation  in  the  velocil 
is  responsible  for  the  principal  diss 
vantage    inherent    in    both   the     Pitc 
tube  and  the  type  of  pitometer  in  use; 
to  date.    This  disadvantage  lies  in  the 
fact  that    it^  is    necessary   to   take   al 
number  of  readings  across  a  fluid  inl 
a  given  plane  in  order  to  compute  the] 
mean  velocity  in  that  plane,  the  differ-] 
ential  gage  indicating  only  the  velocit] 
head  at  one  point  for  each  setting 
the  instrument.    After  a  traverse  hi 
once  been  made  for  a  given  pipe,  it 
possible    to    take    readings    with    tl 
center  line  of  the  orifices  set  at  th< 
center   of  the  pipe,   the   ratio  of  the 
velocity    at   this    point    to    the    mean 
velocity  having  been  first  determined 
by  means  of  a  traverse.    Considerable 
time  and  skill  are  required  to  adjust 
the  instrument  for  predetermined  po- 
sitions.    A  small  error  in  locating  the 
orifice   centers   may   lead   to   a   large 
discrepancy  in  the  computed  results. 
Furthermore,  the  measurement  of  vel- 
ocity with  the  consequent  determina- 
tion of  the  amount  of  flow  becomes  a, 
somewhat  protracted  process  when  it 
is  necessary  to  take  separate  readings 
at  varying  points  throughout  the  depth 
of  flow. 

Several  years  ago  the  writer  de- 
signed, built  and  tested  the  improved 
pitometer  shown  in  Fig.  1  with  the 
object  of  providing  an  instrument 
adapted  to  integrate  automatically 
the  varying  velocities  at  different 
points  in  the  fluid  flow  and  to  thus 
show  the  mean  velocity  with  but  one 
setting  of  the  pitometer  and  with  one 
reading  of  the  differential  gage.  Fig. 
1  is  a  view  partially  in  section  show- 
ing the  improved  pitometer  and  the 
associated  differential  gage  arranged 
for  measuring  pipe  flow.  There  are 
several  essential  differences  between 
this  type  of  pitometer  and  prior  de- 
vices designed  to  accomplish  the  same 
purpose.  In  the  first  place,  the  two 
tubes  are  made  straight  throughout 
their  entire  length  and  the  immersed 
ends  are  closed.  Secondly,  the  pres- 
sure is  transmitted  from  the  fluid  to 
the  tubes  through  two  series  of  holes 
or  through  two  slots,  the  center  lines 
of  the  openings  being  in  a  plane  paral- 
lel to  the  line  of  flow.  The  design  and 
manipulation  of  the  improved  pitorne 
ter  may  be  best  illustrated  by  refer 
ence  to  Fig.  1. 
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TABLE  I.— EXPERIMENTAL.  DATA  FOR    COMPUTING  THE  COEFFICIENT  C. 


True  diameter  of  pipe = 

..  6-5/64  in. 

T^ST 

TIME 

DISCHARGE 

ACTUAL 

D IFF. GAGE 

THEOR . 

C 

NO. 

VELOCITY 

Ft.  of 

VELOCITY 

Sec. 

Lb. 

Ft/Sec. 

Water 

Ft/Sec. 

1 

152.2 

8235 

4.34 

0.467 

5.43 

0.792 

2 

HI  .8 

7525 

4.23 

0.431 

5.27 

0.803 

3 

143.0 

8785 

4.73 

0.547 

5.93 

0.793 

4 

143.6 

10175 

5.45 

0.720 

6.81 

0.801 

5 

213.6 

16905 

6.16 

0.924 

7.71 

0.799 

'5 

129.6 

12390 

7.*1 

1  .401 

9.50 

0.801 

7 

•  1*9.8 

17475 

3.20 

1.637 

10.26 

0.799 

0 

152.3 

17000 

8.87 

1.867 

10.95 

0.810 

9 

117.8 

14050 

9.51 

2.183 

11.85 

0.302 

10 

149.6 

13570 

9.39 

2.393 

12.42 

0.796 

11 

104. 0 

24015 

10.4 

2.582 

12.83 

0.307 

12 

214.4 

29670 

11.0 

2.911 

13.68 

0.805 

The  improved  pitometer  8  is  insert- 
ed through  an  opening  in  the  pipe  9 
which  pipe  has  a  fluid  10  flowing 
therein,  the  direction  of  flow  being 
indicated  by  the  arrow.  A  bushing 
and  stuffing  box  11  retain  the  pito- 
meter in  place  and  prevent  leakage 
of  the  fluid  from  the  pipe.  The  two 
pitometer  tubes  12  and  16  are  closed 
on  the  immersed  ends,  the  other  ends 
being  connected  through  the  tubes  13 
and  17  to  the  legs  14  and  18  of  the 
differential  gage  15.  The  tubes  12 
and  16*  are  enclosed  in  a  sheath  19 
which  retains  the  tubes  in  parallel  re- 
lation. Each  tube  is  perforated  with 
a  series  of  holes  as  22  and  23  which 
perforations  register  with  similar  ones 
in  the  sheath,  the  latter  being  indicat- 
ed at  20  and  21.  In  an  alternate  form 
of  construction,  each  series  of  holes 
is  replaced  by  a  slot. 

The  pressure  in  the  upstream  tube 
12,  the  openings  in  which  are  directed 
toward  the  flow,  being  greater  than 
that  in  the  downstream  tube,  causes 
the  recording  mean  on  the  differential 
gage  to  be  displaced  somewhat  as 
shown  in  the  figure.  Obviously,  the 
amount  of  displacement  depends  upon 
the  velocity  of  flow  in  the  pipe  9.  By 
means  of  the  spaced  openings  or  of 
the  slots  in  the  tubes  of  the  instru- 
ment, the  effect  transmitted  to  the 
differential  gage  is  the  integration  of 
the  effect  throughout  the  entire  height 
of  the  flowing  fluid. 

The  device  as  shown  has  undergone 
tests  under  varying  conditions  and 
the  coefficient  C  has  been  found  to 
have  a  constant  value  of  0.80.  Some 
of  the  experimental  data  used  in  com- 
puting the  value  of  C  are  shown  in 
Table  I.  While  the  preceding  descrip- 
tion relates  to  the  use  of  the  improved 


pitometer  in  connection  with  the  flow 
in  pipes,  it  may  likewise  be  used  to 
measure  the  flow  in  open  channels. 
An  application  has  been  made  for  a 
patent  on  this  instrument. 


Some  Costs  of  Lead  Substi- 
tutes in  Pipe  Joints 

Abstract,  of    Paper    Presented    Jan.    9 
at  Annual   Meeting   of   New  Eng- 
land Water  Works  Association 

By  VERNON  F.  WEST, 
Of  George  F.  "West  &  Son,  Portland,  Me. 

In  1919  the  writer  began  to  investi- 
gate the  feasibility  of  using  lead  sub- 
stitutes for  joint  material  to  see  if 
some  substantial  saving  could  not  be 
realized  in  the  cost  of  new  extensions 
without  jeopardizing  the  character  of 
the  work.  We  commenced  by  making 
up  joints  in  the  pipe  yard  with  va- 
rious lead  substitutes  and  submitting 
them  to  various  tests.  In  1920  and 
1921  we  used  both  lead  and  lead  sub- 
stitutes on  the  new  work,  reserving 
the  lead  substitutes  for  the  outlying 
sections  where  we  could  leave  our 
ditches  open  and  watch  the  results  of 
the  use  of  these  substitutes. 

Amount  of  Joint  Material  Required. 
— In  all  cases  we  found  a  material 
saving  in  costs  over  the  use  of  lead 
for  joints,  but  found  that  we  did  use 
more  of  the  lead  substitutes  than 
claimed  normal  by  the  manufacturer. 
After  three  years'  use  of  it  in  pipe  lay- 
ing up  to  16  in.,  we  find  that  joint 
material  used  will  closely  conform  to 
the  following  table: 
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JOINT  MATERIAL  REQUIRED. 

Lead  substitutes,  lb. 
Size,  Mfg'rs 

in.  Lead,  lb.      schedule.  Actual. 

6     10.25  2.75  2.85 

8     13.25  3.50  3.50 

10     16.00  4.25  7.10 

12     19.00  5.00  8.00 

16     30.00  8.00  10.50 

We  have  found  this  to  be  the  actual 
result  in  the  field,  and  is  further  con- 
firmed by  carefully  prepared  joints  in 
the  shop. 

Cost  of  Joints. — This  past  year  in 
Maine  and  in  work  with  which  I  was 
connected,  over  62,000  ft.  of  cast-iron 
pipe  was  laid  where  lead  substitute 
for  joint  material  was  used.  At  two 
places  we  kept  accurate  account  of 
the  work  performed  by  the  joint 
crew  so  as  to  form  somfe  definite  com- 
parison of  our  cost  with  lead  joints. 
This  we  did  by  having  one  man  on 
the  lead  furnace  keep  a  tally  book  of 
the  joints  made  daily  and  the  hours 
joint  crew  worked.  This  was  care- 
fully checked  by  the  foreman  on  the 
job  as  to  its  accuracy  and  then  turned 
over  to  the  superintendent.  From  that 
data,  using  a  typical  crew  to  perform 
the  same  amount  of  work  with  lead 
as  joint  material,  at  rates  of  wages 
actually  paid  by  us  in  1922,  I  have 
estimated  the  cost  of  the  work  mak- 
ing lead  joints  in  place  of  the  lead 
substitute  joints   actually   made. 

16-IN.    CAST    IRON    PIPE. 

(1)  Leadite  crew.  Daily  cost. 

1  Furnace  man   $  3.60 

2  Yarners  at  $4.00   8.00 

1  Joint  man    4.00 

339.1  lb.  leadite  at  $0.10   33.91 

Total  daily  cost  of  joint  crew  and 
leadite    $49.51 

(2)  Lead  crew.  Daily  cost. 

1  Furnace  man    $  3.60 

2  Yarners  at  $4.00   8.00 

1  Joint  man    4.00 

2  Calkers  at   $5.00    10.00 

2  Bell  hole  diggers  at  $3.60   7.20 

969  lb.  lead  at  $0.07  67.83 

Total  daily  cost  of  joint  crew  and 

lead     $100.63 

Total    number    joints    ran    including 

gates,   hydrants  and  specials   1,552 

Total  days  work,  9  hours,  performed      48 
Average  joints  ran  per  day 32.3- 

Difference  per  day  between  (1)  and  (2) 
is  $51.12  saving  in  favor  of  using  a  lead 
substitute.  Taking  the  whole  number  of 
days  joint  crew  worked  on  this  line,  or 
48  days,  we  have  a  total  saving  of 
$1,807.20. 

While  the   statement   of   lead   costs 


are  estimates,  they  are  based  on  the 
writer's  experience  doing  similar  work 
with  lead  as  joint  material  in  19fl 
and  1921. 

12- IN.   CAST   IRON    PIPE. 

(1)  Leadite  crew.  Daily  cost. 

1  Furnace   man    $  3.60 

1  Yarner    4.00 

1  Joint   man    4.00 

350.4  lb.  leadite  at  $0.10   35.04 

Total  daily  cost  $46.64 

(2)  Lead  crew.  Daily  cost. 

1  Furnace  man    $  3.60 

1  Yarner    4.00 

1  Calker    •. 5.00 

1  Bell  hole  digger   3.60 

832.2  lb.  lead  at  $0.07    58.9 

Total  daily  cost    $74.45 

Total  number  of  joints  ran  including 

gates,  hydrants  and  specials   789 

Total  days  work,  9  hours,  performed      18 
Average  joints  ran  per  day   43.8   I 

Difference  a  day  between  (1)  and  (2)  is 
$27.8.1  saving  in  favor  of  using  a  lead  sub-   • 
stitute.       Taking    the    whole    number    of 
days   joint   crew  worked   on   this   line,   or 
18  days,   we  have  a  saving  of  $447.50. 
10-IN.  CAST  IRON  PIPE. 

(1)  Leadite  crew.  Daily  cost. 

1  Furnace  man    $  3.60    1 

1  Yarner    4.00    I 

1  Joint  man    : 4.00 

319.5  lb.  leadite  at  $0.10   31.95 

Total  daily  cost   $43.55 

(2)  Lead  crew.  Daily  cost. 

1  Furnace  man    $  3.60 

1  Yarner    4.00 

1  Joint  man    4.00 

1  Calker    5.00 

1  Bell  hole  digger   3.60 

720  lb.   lead  at  $0.07   50.40 

Total  daily  cost    $70.60 

Average  work  performed  per  day. 45  joints 

Average  daily  difference  between  (1) 
and  (2)  is  $27.05  saving  in  favor  of  using 
a  lead  substitute. 

8-IN.  AND  10-IN.   CAST  IRON  PIPE. 
Daily  cost. 

(1)  Leadite  crew.  8  in.         6  in. 

1  Furnace   man    $  3.60       $  3.60 

1  Yarner    4.00  4.00 

1  Joint   man 4.00  4.00 

Leadite    at   $0.10: 

8-in.    175  lb 17.50 

6-in.    142.5    lb 14.25 

Total  daily  cost   $29.10  $25.85 

Daily  cost. 

(2)  Lead  crew.                   8  in.  6  in. 

1  Furnace   man    $  3.60  $  3.60 

1  Yarner    4.00  4.00 

1  Joint   man    4.00  4.00 

1  Calker     5.00  5.00 

1  Bell   hole   digger    3.60  3.60 

Leadite  at   $0.07: 

8-in.    662.5    lb 46.38 

6-in.    512.5    lb 35.88 

Total  daily  cost   $66.58       $56.08 

Average  joints  ran  per  day   50 

Difference  a  day  between   (1)  and  (2)  is 

respectively  $37.48  and  $30.73  in  an   8-in. 

and  6-in.   joint,   saving  by  use  of  a  lead 

substitute. 


SUMMARY. 
Relative  cost  of  lead  and  leadite  joints. 
Average 

joints  Cost  per  day, 

Size,  made  per  Crew  and  material.  Cost  per  joint, 

in.  day.  Lead.  Leadite.  Lead  Leadite. 

6     50  $56.08  $25.85  $1,121  $0,517 

8     50  66.58  29.10  1.331  .582 

10     45  70.60  43.55  1.57  .968 

12     43.8  74.45  46.64  1.70  1.064 

16     ' 32.3  100.63  49.51  3.116  1.532 
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Saving 

per 

joint. 

$0,604 

.749 

.602 

.636 

1.584 
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Present  Status  of  Sanitary  Engineering 

The  Field  of  the  Sanitary  Engineer  Outlined  in  Address  Jan.  16  Before 

Sanitary  Engineering  Division  of  American 

Society   of   Civil  Engineers 

• By  HARRISON  P.  EDDY, 

Of  Metcalf  &  Eddy,   Consulting  Engineers,    Boston,    Mass. 

The  field  occupied  today  by  the  san- 
itary engineer  is  so  broad  that  it  is 
not  easy  to  frame  a  definition  of  sani- 
tary engineering  which  is  sufficiently 
comprehensive  to  include  all  of  his 
activities. 

"Civil  engineering  is  the  art  of  eco- 
nomic construction;  that  is,  the  art 
of  making  structures  for  the  public 
use  at  the  minimum  cost  for  installa- 
tion and  operation,"  according  to  Mer- 
riman.  From  this  basic  statement  he 
derives  the  following  definition:  "San- 
itary engineering  is  that  branch  of 
civil  engineering  which  is  concerned 
with  the  constructions  for  promoting 
the  health  of  the  community." 

But  this  definition  is  not  sufficiently 
comprehensive  to  include  many  en- 
gineering works  which  are  popularly 
conceived  as  coming  within  the  field 
of  sanitary  engineering.  Thus,  an  im- 
portant function  of  municipal  water- 
works is  that  of  furnishing  adequate 
fire  protection,  which  can  be  classed 
as  a  health  measure  only  by  courtesy. 
Again,  the  treatment  of  industrial 
wastes,  in  some  cases,  is  required 
merely  to  secure  the  acceptable  ap- 
pearance of  streams,  upon  the  theory 
that  the  public  is  entitled  to  enjoy 
the  rivers  in  substantially  their  nat- 
ural condition. 

Whatever  may  have  been  the  early 
conception  of  the  scope  of  sanitary 
engineering,  its  field  in  recent  years 
has  been  greatly  broadened.  It  is 
now  common  to  link  together  in  mat- 
ters coming  under  the  jurisdiction  of 
health  boards  and  departments,  not 
only  the  health  and  comfort  of  the 
public,  but  also  its  sensibilities.  The 
sanitary  engineer  is  about  as  fre- 
quently called  upon  for  assistance  in 
measures  affecting  public  comfort  and 
sentiment  as  in  those  relating  direct- 
ly to  the  public  health.  Many  al- 
leged nuisances,  formerly  believed  to 
be  detrimental  to  health,  are  now 
recognized  to  be  merely  inimical  to 
comfort. 

The  advance  in  industrial  sanita- 
tion has  introduced  many  problems 
of  an  engineering  nature.     The  man- 


ufacturer consults  the  sanitary  en- 
gineer relative  to  the  volume  and  the 
quality  of  the  supply  of  water  avail- 
able for  his  use,  the  practicability  of 
discharging  the  liquid  wastes  into  the 
neighboring  river  or  lake,  or  the  type 
and  cost  of  treatment  plant  which 
will  be  capable  of  rendering  his 
wastes  suitable  for  such  discharge. 
Similar  advice  may  be  sought  regard- 
ing offensive  gases  which  may  escape 
from  the  factory,  for  the  manufac- 
turer is  becoming  more  and  more 
jealous  of  the  esteem  in  which  his 
neighbors  hold  him.  Upon  the  advice 
of  the  sanitary  engineer  may  depend 
the  decision  of  the  manufacturer  to 
go  forward  with  a  contemplated  proj 
ect  or  to  abandon  it  for  one  more  fa- 
vorably situated. 

A  large  proportion  of  the  problems 
with  which  the  sanitary  engineer  is 
dealing  today  may  be  included  in  five 
principal  divisions: 

Water  supply  and  purification; 

Sewerage,  drainage,  and  the  dispo- 
sal of  sewage  and  industrial  wastes: 

Refuse  collection  and  disposal; 

Eradication  of  the  mosquito  and 
other  vermin  which  may  carry  infec- 
tion ;   and 

Air  supply  and  purification. 

Water  Supply  and  Purification. — 
The  securing  and  distributing  of  an 
adequate  supply  of  pure  water  is  one 
of  the  oldest  problems  of  sanitary  en- 
gineering. It.  has  received  more 
scientific  investigation,  followed  by 
careful  engineering  operation,  than 
any  of  the  other  problems  of  this 
branch  of  engineering.  Records  of 
snch  investigations  and  operation 
have  afforded  a  vast  supply  of  data 
available    for    study    and    comparison. 

At  the  time  when  the  first  mu- 
nicipal water  supplies  were  estab- 
lished in  this  country  there  was  little 
difficulty  in  securing  pure  water.  The 
municipalities  were  small  and  the 
volume  of  water  required  was  very 
moderate.  The  neighboring  country 
was  but  sparsely  populated,  and  there 
was  little  danger  of  contamination. 
Later,  as  the  catchment  areas  became 
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more  generally  populated,  the  possi- 
bility and  in  some  cases  the  proba- 
bility or  certainty,  of .  contamination 
was  recognized.  Supplies  which  had 
been  of  satisfactory  quality  had  to 
be  abandoned  for  others  more  remote. 

Some  cities  adopted  the  policy  of 
acquiring  land  on  the  margin  of  the 
reservoirs  and  along  the  streams 
which  fed  them,  thus  preventing  the 
establishment  of  a  resident  popula- 
tion. This  was  followed  by  police 
measures,  such  as  prohibition  of 
bathing  and  fishing  in  the  waters,  of 
boating,  and  cutting  ice  upon  the 
reservoirs.  Sanitary  inspection  fol- 
lowed; and  where  the  reservoir  feed- 
ers flowed  through  populous  districts, 
the  water  which  they  carried  was  fil- 
tered before  its  discharge  into  the 
reservoirs. 

Coincident  with  these  improve- 
ments, there  were  valuable  scientific 
investigations  which  afforded  much 
knowledge  in  support  of  the  measures 
of  protection  previously  taken,  and  a 
basis  for  further  progress  of  this  kind. 

The  contamination  of  some  readily 
accessible  waters  and  the  great  diffi- 
culty of  securing  safe,  acceptable  sup- 
plies in  some  parts  of  this  country 
led  to  the  investigation  and  installa- 
tion of  water  filters,  first  of  the  slow 
sand  type  and  later  of  the  rapid  or 
mechanical   type. 

While  the  adoption  of  filtration  may 
fairly  be  said  to  have  been  founded 
upon  the  need  of  a  water  which  would 
not  endanger  the  public  health,  a  very 
important  consideration  has  been  im- 
provement in  the  appearance  of  the 
water.  This  is  particularly  true  in 
those  portions  of  the  country  where 
the  water  is  naturally  turbid,  muddy, 
or  highly  colored. 

Practice  in  filter  design  and  opera- 
tion became  comparatively  well  stand- 
ardized and  the  great  accomplish- 
ments of  the  filters,  both  as  a  means 
of  protecting  the  public  health  and 
of  providing  an  acceptable  water  from 
a  very  unattractive  raw  supply,  were 
well  demonstrated.  Yet  it  was  rec- 
ognized that  filters  were  not  100  per 
cent  efficient.  There  were  lapses,  ir- 
regularities in  character  of  output. 

The  next  step  was  that  of  disin- 
fection of  the  water,  generally  with 
chlorine,  ozone,  and  the  ultra-violet 
ray  being  utilized  in  some  of  the  small 
installations. 

Like  filtration,  sterilization  has  had 
a  very  important  influence  upon  the 
problem  of  providing  a  safe  water 
supply.     In  many  of  the  smaller  com- 


< 


munities,  and  in  some  large  cities,  it 
has  been  the  sole  safeguard  between 
a  contaminated  supply  and  the  con- 
sumers. Other  communities  have 
adopted  the  more  dependable  and 
safer  course  of  adding  this  treatment 
to  that  of  filtration,  thus  affording 
very  valuable  factor  of  safety. 

The    efficiency    of    disinfection    has 
proved  to  be  such  that  there  has  been 
a  tendency  to  substitute  it,  in  cases 
where  the  water  is  reasonably  satis- 
factory   in    appearance,   for   filtration 
or   for  combined  filtration  and  disin-  | 
fection.      Some    have    advocated    the  I  \si 
use  of  filters  of  moderate   efficiency,  II 
with  a  view  to  depending  upon  disin-  II 
fection     as      the      major      protection 
against  pathogenic  bacteria.    To  what 
extent,  other  than  to  meet  an  emer- 
gency,  these  policies  are  justified  is 
a  matter  upon  which  there  is  differ- 
ence of  opinion.     This  is  one  of  the 
important    problems    before    the    pro- 
fession at  the  present  time. 

While  the  present  status  of  the  art 
of   water   protection   and    purification 
is  such  that  a  large  measure  of  pro- 
tection   against    typhoid    may   be    as-      < 
sured,  there  still  are  irregularities  in 
efficiency  which  even  in  well-operated 
works  are  occasion  for  concern.  There 
is  also  the   human  element,  which  is 
evident  in  several  ways,  such  as  in- 
sufficient   appropriations    for    proper 
operation,   absence   of   moral   support   | 
from  higher  officials,  unskilled  super-    ; 
vision,    and    the    lapses    common    to    j 
operating  employes.  Such  deficiencies,    j 
in  case  the  treatment  is  by  disinfec-    j 
tion  alone,  may  immediately  result  in 
serving     a     dangerous    water.     Even 
with   the    best    management    a    very 
brief  lapse  due  to  the  human  element 
may  jeopardize  the  health  of  a  great 
community. 

Notwithstanding       the       creditable 
present  status  of  the  art  of  supplying 
a  safe  and  attractive  water,  there  are 
many  unsolved  problems.     While  the 
prevalence  of  water-borne  typhoid  ha 
been   a   criterion   for   many   years,   i 
there  reasonable  assurance  that  othe 
diseases   are  not  transmitted   by  wa 
ters  now  assumed  to  be  safe? 

Will  not  more  refined  methods  of 
investigation  and  further  knowledge 
disclose  dangers  of  which  little  is 
thought  at  present?  Under  what  con- 
ditions and  to  what  extent  does  the 
alum  introduced  into  the  water  pass 
through  the  filters?  What  are  the 
causes  of  corrosion  of  metals  and  how 
may  they  best  be  conteracted?   What 
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will  be  the  effect  of  the  hydrogen  ion 
control  of  purification  plants? 

This  list  might  be  greatly  amplified. 
Every  new  discovery  opens  up  a  field 
for  research. 

Sewerage,  Drainage,  and  the  Dis- 
posal of  Sewage  and  Industrial 
Wastes. — Sewers  have  become  so 
common  in  American  cities  that  it  is 
not  always  recognized  that  they  are 
very  important  sanitary  works.  It  is 
only  necessary,  however,  to  recall  the 
history  of  sewerage  in  England  at 
the  time  when  cesspools  drained  into 
basements  of  buildings,  or  to  contem- 
plate the  modern  theory  of  transmis- 
sion of  germs  by  the  housefly,  to  ap- 
preciate that,  as  a  health  measure, 
sewerage  facilities  are  probably  onlj 
secondary  in  importance  to  water- 
works. 

Those  engineers  who  have  had  to 
do  chiefly  with  separate  sewers  some- 
times fail  to  realize  that  drainage,  as 
well  as  sewerage,  is  an  important 
sanitary  measure.  Except  in  so  far 
as  it  is  a  means  of  mosquito  eradica- 
tion, however,  there  appears  to  be 
no  known  direct  connection  of  a  spe- 
cific disease  with  the  lack  of  drain 
age  facilities.  Notwithstanding  this 
fact,  there  can  be  little  doubt  that 
lack  of  good  drainage  is  deleterious 
to  the  public  health.  Persons  who 
live  in  localities  which  are  poorly 
drained  are  often  forced  to  walk 
through  mud  and  water  and  to  live 
in  damp  quarters.  Undoubtedly  such 
exposure  has  an  unfavorable  effect 
upon  health,  even  though  not  directly 
responsible  for  illness. 

The  early  sewers  were  intended 
only  as  a  means  of  carrying  away 
storm  water,  but  they  were  later  used 
to  carry  sewage  also.  It  was  natural, 
therefore,  that  subsequent  designs 
provided  for  carrying  both  storm  wa- 
ter and  sewage  in  the  same  conduits. 
Still  later,  separate  sewers  were  pro- 
posed and  built  to  a  limited  extent. 
Their  real  or  apparent  advantages 
have  been  considered  to  be  so  great 
as  to  lead  to  a  change  from  the  uni- 
versal practice  of  constructing  com- 
bined  sewers. 

It  is  an  interesting  fact  that  human 
thought  moves  to  extremes,  like  a 
pendulum.  At  first  sentiment  was 
strongly  in  favor  of  combined  sewers; 
later  it  swung  to  the  other  extreme, 
favoring  separate  sewers  and  tending 
to  discourage  the  construction  of  com- 
bined sewers.  But  improper  use  of 
separate  sewers  and  a  restudy  of  the 
economics   of   the   two   systems    indi- 


cate that  the  time  may  be  approach- 
ing when  the  pendulum  will  swing 
in  the  other  direction.  The  selection 
of  the  proper  system  in  any  case  is 
one  of  the  important  duties  of  the 
sanitary  engineer. 

Much  progress  in  the  design  of  com- 
bined sewers  and  storm  water  drains 
is  indicated  by  the  change  from  the 
old  empirical  formulas  to  the  rational 
method.  But  more  dependable  data 
are  required  to  make  the  use  of  this 
method  entirely  satisfactory.  While 
rainfall  data  have  .been  greatly  mul- 
tiplied and  improved  during  the  last 
25  years,  very  little  is  known  as  to 
the  distribution  of  intense  precipita- 
tion over  such  districts  as  are  ordi- 
narily considered  in  sewer  design; 
little  attention  is  paid  to  the  design 
of  inlets  and  catch  basins  upon  which 
the  flow  within  the  sewers  so  largely 
depends;  and  there  is  a  serious 
paucity  of  information  relative  to  the 
time  of  flow  over  the  surface  of  the 
ground  to  sewer  inlets. 

One  of  the  most  uncertain  problems 
in  connection  with  the  use  of  the  Kut- 
ter  formula  for  computing  the  dis- 
charge of  pipes  and  conduits  which 
are  to  carry  sewage  is  the  value  to 
be  ascribed  to  the  co-efficient  "n." 
Conditions  within  sewers  vary  so 
greatly  that  extreme  accuracy  in  this 
respect  is  not  to  be  hoped  for,  and  it 
is  doubtful  to  what  extent  the  de- 
termination of  "n"  by  measurement 
will  be  helpful.  It  would  be  a  source 
of  satisfaction  to  engineers,  however, 
and  would  doubtless  aid  in  the  exer- 
cise of  judgment,  if  some  really  good 
measurements  of  flow  in  sewers  car- 
rying sewage   could   be  made. 

In  the  field  of  sewage  disposal  much 
experimental  work  has  been  done. 
Here  again  there  are  so  many  varia- 
bles, and  their  range  of  variation  is 
so  great,  that  conclusions  should  be 
reached  with  the  greatest  care. 

The  art  of  sewage  treatment  has 
advanced  to  such  an  extent  that  it 
can  be  stated  with  assurance  that 
ordinary  municipal  sewage  can  be 
treated  successfully  to  almost  any  re- 
quired extent.  The  more  or  less  pop- 
ular impression  that  the  art  is  in  the 
experimental  stage  and  that,  there- 
fore, the  construction  of  treatment 
plants  may  well  be  postponed,  and 
that  little  progress  has  thus  far  been 
made,  is  erroneous.  Sanitary  engi- 
neers should  take  advantage  of  every 
opportunity  to  counteract  this  impres- 
sion. The  accomplishments  in  this 
field     have     been     great,    and     much 
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credit  is  due  to  the  investigators  and 
practicing  engineers  through  whose 
efforts  the  advance  has  been  made. 

With  the  advent  of  each  new  proc- 
ess there  is  a  popular  inclination  to 
look  upon  it  as  a  substitute  for  those 
processes  which  have  gone  before. 
Experience  has  shown,  however,  that 
in  general,  each  problem  presents  its 
own  peculiar  conditions,  and  that 
there  is  a  field  of  usefulness  for  every 
process  which  has  proved  to  be  of 
practical  merit. 

The  most  vital  difficulty  in  the  field 
of  sewage  disposal  lies  in  securing  ef- 
ficient operation.  As  a  rule,  sewage 
is  not  treated  for  the  benefit  of  the 
citizens  producing  it,  but  to  protect 
those  living  in  neighboring  communi- 
ties, who  are  neither  citizens  nor  tax- 
payers of  the  city  in  question.  It  is 
unpopular  to  appropriate  funds  which 
are  to  be  expended  for  the  benefit 
of  those  living  outside  the  commu- 
nity, The  value  of  operation  records 
and  analytical  tests  is  not  often  ap- 
preciated by  city  officials  and  too  sel- 
dom by  engineers. 

The  treatment  of  industrial  wastes 
in  many  respects  resembles  that  of 
municipal  sewage.  Most  of  the  proc- 
esses applicable  to  the  latter  are  use- 
ful in  the  former.  Many  industrial 
wastes  problems,  however,  are  much 
more  complicated  and  difficult  than 
the  ordinary  sewage  disposal  prob- 
lem. 

This  is  a  comparatively  new  field 
of  activity  for  the  sanitary  engineer, 
and  the  opportunity  for  research  and 
accumulation  of  knowledge  is  very 
great. 

Refuse  Collection  and  Disposal. — 
The  accumulation  of  all  kinds  of  ref- 
use in  the  streets  is  a  menace  to  the 
public  health.  Such  refuse  may  con- 
tain pathogenic  organisms  which, 
when  blown  into  the  air  and  inhaled, 
may  cause  infection.  Street  clean- 
ing, therefore,  is  properly  classed  as 
a  branch  of  sanitary  engineering,  al- 
though having  to  do  more  largely 
with  operation  than  with  the  construc- 
tion of  works.  The  change  from  horse- 
drawn  to  motor-driven  vehicles  and 
the  enormous  increase  in  such  traffic, 
with  the  resultant  increase  in  the  use 
of  smooth  pavements,  has  greatly 
modified  the  problem  of  street  clean- 
ing. 

The  practice  of  periodically  sweep- 
ing streets  and  gutters  and  of  sprin- 
kling and  sweeping  the  pavements  has 
been  replaced  in  a  measure  by  street 
flushing,    which    is    by   far    the    most 


sanitary  of  these  processes.  By  this: 
means  paved  streets  can  be  el< 
thoroughly  and  generally  kept  in  good; 
sanitary  condition.  Street  flushi 
however,  involves  a  number  of  sei 
ous  problems,  some  of  which  are  de 
pendent  upon  the  manner  in  which 
the  water  is  applied.  Where  it  is  dis- 
charged under  high  pressure  and  im- 
pinges directly  upon  the  surface  Jj 
the  pavement,  it  may  have,  under 
some  conditions,  a  disintegrating  el 
feet.  Some  engineers  object  to  the 
use  of  water  under  any  conditions, 
upon  the  theory  that,  directly  or  indi- 
rectly, it  is  injurious  to  the  pavement. 

In  some  cases  street  flushing  is  ob- 
jectionable because  of  the  material 
washed  into  catch-basins  and  sewers. 
The  quantity  of  such  matter  also  in- 
creases the  burden  upon  treatment 
plants. 

Some  have  advocated  a  combina- 
tion of  sprinkling,  sweeping,  and  pick- 
up, with  flushing;  and  much  thought 
has  been  given  to  vacuum  cleaning, 
which,  perhaps,  comes  the  nearest  to 
being  a  theoretically  ideal  method  of 
street  cleaning. 

The  connection  between  the  collec- 
tion and  disposal  of  rubbish  and  the 
public  health  is  possibly  not  as  clear 
as  in  the  case  of  street  cleaning. 
There  can  be  no  doubt,  however,  that 
regular  and  frequent  collection  of 
rubbish  aids  the  householder  in  the 
maintenance  of  sanitary  conditio] 
about  his  premises. 

By  far  the  most  difficult  branch 
the    refuse    collection     and    disposs 
problem  is  that  pertaining  to  garbage 
This   is  primarily  because  of  the  u 
stable  character  of  the  organic  mi 
ter   of   which  it  is   chiefly   compose" 
which    becomes    offensive   if   not    dis- 
posed   of   promptly.     Difficulties   have" 
been  overcome,  in  a  measure,  at  least 
in   many   cities,   by  providing   moder- 
ately frequent  collections  and  by  im- 
proved   facilities    for    transportation. 
Yet  the  systems  and  equipment  used 
in  many  places  are  far  from  the  ideal. 

In  the  matter  of  disposal,  marked 
advance  has  been  made  within  the 
last  25  years.  The  principles  of  engi- 
neering science  have  supplanted  in  a 
measure  the  rule-of-thumb  methods  of 
a  generation  ago.  It  is  possible  to- 
day to  prescribe  the  essential  require- 
ments for  the  successful  disposal  of 
garbage  in  a  sanitary  manner,  wheth- 
er this  be  done  by  burial,  incineration, 
reduction,  or  feeding  to  hogs. 

The  most  difficult  engineering  prob- 
lem, and  one  which  is  connected  with 
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practically  all  methods  of  garbage  dis- 
posal, has  been  the  control  of  objec- 
tionable odors  to  such  an  extent  as 
to  prevent  complaint.  The  control  of 
dust  about  incinerators  and  of  flies 
and  rats  about  garbage  fills  and  hog 
ranches  have  also  proved  to  be  impor- 
tant problems. 

Garbage  disposal,  like  the  disposal 
of  sewage,  suffers  from  lack  of  inter- 
est on  the  part  of  citizens  and  offi- 
cials. Liberal  appropriations  are  not 
generally  forthcoming,  either  for  con- 
struction or  for  operation.  Garbage 
collection  and  disposal  involves  op- 
erating expenses  which  must  be  de- 
frayed directly  from  the  tax  receipts. 
To  this  fact  may  be  attributed  much 
of  the  difficulty  in  the  solution  of  this 
problem. 

This  field  offers  great  opportunity 
for  scientific  research  as  well  as  for 
the  creation  of  a  public  attitude  which 
will  require  that  ample  funds  be  pro- 
vided for  the  successful  accomplish- 
ment of  the  object. 

Eradication  of  the  Mosquito  and 
Other  Vermin  Which  May  Carry  In- 
fection.— It  has  been  held  for  many 
years  that  disease  may  be  transmitted 
by  means  of  insects  and  other  ver- 
min. Positive  proof,  however,  is  of 
comparatively  recent  date,  as  in  the 
noteworthy  case  of  the  transmission 
of  yellow  fever  by  the  mosquito, 
proved  by  Dr.  Jesse  W.  Lazear,  act- 
ing assistant  surgeon,  United  States 
Army,  who  suffered  himself  to  be  bit- 
ten by  an  infected  mosquito  for  the 
purpose  of  demonstrating  his  theory. 
No  greater  sacrifice  for  sanitary 
science  can  be  made  by  any  one  than 
was  made  by  Dr.  Lazear.  The  eradi- 
cation of  yellow  fever  and  malaria 
from  Habana  by  the  late  Major  Gen- 
eral Gorgas  was  an  achievement 
which  demonstrated  the  value  of  the 
application  of  sanitary  science  to  the 
benefit  of  man;  so,  too,  his  achieve- 
ment at  Panama,  an  even  more  spec- 
tacular example. 

Since  these  demonstrations  were 
made  there  have  been  many  others  of 
similar  nature.  It  is  stated  that  dur- 
ing the  World  War  2,000,000  Ameri- 
can soldiers  stationed  in  various  can- 
tonments in  the  malarious  sections  of 
the  South  were  so  effectively  protect- 
ed against  malaria  by  sanitary  engi- 
neering works  that  not  over  40  cases 
of  malaria  occurred  among  the 
troops. 

There  is  need,  however,  for  further 
research' in  this   field.    Cases  are  re- 


ported where  large  drainage  projects 
have  actually  increased,  rather  than 
decreased,  the  prevalence  of  malaria. 
Many  engineering  structures,  like  rail- 
roads and  improved  highways,  have 
been  built  in  a  manner  to  create 
breeding  places  for  mosquitoes. 

Another  important  branch  in  this 
field,  occupied  by  sanitary  engineers, 
is  rat  proofing,  which  is  being  devel- 
oped in  some  seaports  by  the  con- 
struction of  types  of  buildings  which 
avoid  refuges  for  rats  and  prevent 
their  entrance  into  warehouses  and 
other  places  where  food  is  stored. 

Air  Supply  and  Purification. — The 
need  of  a  supply  of  pure  air  has  been 
recognized  for  more  than  two  cen- 
turies. Many  problems  relating  to 
air  supply  lie  properly  in  the  field  of 
the  architect,  the  physicist,  or  the 
heating  and  ventilating  engineer.  The 
sanitary  engineer,  however,  is  being 
called  upon  more  and  more  frequently 
to  solve  problems  of  air  supply,  par- 
ticularly those  relating  to  its  quality. 
Many  of  these  appear  to  affect  the 
public  comfort  rather  than  the  public 
health. 

The  suppression  and  control  of  ob- 
jectionable odors  has  assumed  con- 
siderable importance  in  connection 
with  sanitary  engineering  structures 
such  as  garbage  and  refuse  disposal 
plants,  sewers,  catch  basins,  and  sew- 
age treatment  plants.  In  fact,  the 
principal  object  of  many  sewage  treat- 
ment plants  has  been  to  prevent  the 
objectionable  odors  which  have  ema- 
nated from  polluted  streams.  Similar 
problems  arise  in  many  industrial 
plants,  such  as  abattoirs,  rendering 
works,  fertilizer  factories,  and  oil  re- 
fineries. These  problems  naturally 
fall  within  the  field  of  the  sanitary 
engineer. 

From  the  assertions  of  three-quar- 
ters of  a  century  ago,  that  sewer  gas 
was  a  deadly  miasma  laden  with  ele- 
ments of  almost  every  disease  known, 
and  the  statement  made  by  Charles 
Murchison  that  typhoid  fever  was 
"produced  by  emanations  from  decay- 
ing organic  matter,"  the  accumulation 
of  knowledge  has  led  to  the  present 
conception  that  "the  chance  of  direct 
bacterial  infection  through  the  air  of 
drains  and  sewers  is  so  slight  as  to 
be  practically  negligible.  .  .  ."  The 
former  theory,  however,  erroneous  as 
it  may  have  been,  was  not  without  its 
beneficial  effects,  for  it  undoubtedly 
resulted  in  the  making  of  many  san- 
itary improvements. 
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While  present  knowledge  indicates 
that  sewer  air  is  comparatively  free 
from  pathogenic  organisms  and  poi- 
sonous gases,  it  is  important  that  fa- 
miliarity shall  not  breed  contempt,  for 
danger  may  lurk  in  the  air  within 
sewers.  Under  some  conditions  prod- 
ucts of  putrefaction,  like  methane  and 
carbon  dioxide,  may  prevail  to  such 
an  extent  that  the  air  will  not  sup- 
port respiration.  Hydrogen  sulphide 
may  be  present  in  large  volume,  as  at 
the  Los  Angeles  siphon;  illuminating 
gas  may  occasionally  be  encountered; 
and,  with  the  advent  of  the  modern 
garage,  gasoline  has  become  an  al- 
most constant  menace  in  the  sewers 
of  large  cities.  Odors  from  foul  de- 
posits, septic  sewage,  and  industrial 
wastes  may  escape  from  sewers 
through  defective  plumbing,  manholes, 
and  gutter  inlets.  Remedies  for 
many  such  conditions  are  known,  but 
there  are  unsolved  general  and  local 
problems  which  will  make  their  de- 
mands upon  the  ingenuity  of  the  san- 
itary engineer  of  the  future. 

Objectionable  odors  about  sewage 
treatment  plants  have  been  the  cause 
of  complaint  and  some  litigation. 
Present  knowledge  enables  the  sani- 
tary engineer  to  accomplish  much  to- 
ward their  elimination  or  control.  The 
work  of  Dr.  W.  W.  Horrocks  indicates 
that  where  sewage  falls  vertically  the 
neighboring  air  may  contain  the  colon 
bacillus  and  various  streptococci.  He 
also  found  that  if  such  an  easily  rec- 
ognized organism  as  B.  prodigiosus 
be  introduced  into  sewage  it  may  be 
recovered  from  the  sewer  air,  into 
which  he  assumed  that  it  had  entered 
by  the  bursting  of  bubbles  of  gas  ris- 
ing through  the  sewage,  from  splash- 
ing of  falling  sewage,  or  from  the  dry 
ing  of  the  sewage  left  on  the  walls  of 
sewers  when  the  depth  of  flow  de- 
creased. The  results  of  such  tests 
lead  to  interesting  speculations  re- 
garding the  bacterial  flora  of  the  at- 
mosphere in  the  neighborhood  of  some 
of  the  modern  sewage-treatment 
plants,  such  as  fine  screens,  septic 
tanks,  trickling  filters  and  aeration 
tanks  of  activated-sludge  plants. 

Probably  offensive  odors  from  gar- 
bage, both  during  collection  and  dis- 
posal, have  caused  more  general  com- 
plaint than  those  from  sewage-treat- 
ment plants  or  industrial  plants.  Dust- 
laden  air  has  also  been  a  serious  an- 
noyance in  some  cases.  Similar  com- 
plaints of  odor  and  dust  from  many  in- 
dustries have  become  common,  have 
demanded    recognition    by    state    and 


municipal  officials,  and  have  been  lh«r 
subject  of  legal  action. 

The  treatment  of  air  has  become  as 
common  as  the  treatment  of  water 
and  sewage.  Air  is  humidified  and 
its  temperature  is  regulated  to  make 
it  more  agreeable  and  perhaps  more 
healthful  to  the  consumer.  It  is 
washed  and  subjected  to  intense  heat 
to  remove  dust,  soluble  gases,  and 
odors.  For  the  same  reason  it  is 
treated  with  oxidizing  agents,  like 
chlorine  and  sulphurous  acid,  and  it 
may  be  treated  with  deodorants  like 
phenol,  creosote  oil,  and  pine  tar  oil; 
for,  in  a  mixture  of  odors,  if  one  be 
much  stronger  than  the  others,  it  will 
completely  mask  the  weaker  ones. 
This  last  method  is  particularly 
worthy  of  further  investigation. 


Effect  of   Filtration   on  Typhoid 
Death  Rate  at  Columbus,  O. 

The  following  table  from  the  1922 
report  of  C.  B.  Hoover,  Superintend- 
ent of  Waterworks  of  Columbus,  O  , 
shows  the  effect  of  filtration  of  the 
city  water  supply  on  typhoid  fever 
cases  and  deaths: 

Typhoid  Fever. 

Ratio 

Pop-       Number  of    per  100,000 pop. 


Year. 

ulation.Cases.Deaths.( 

Dases.D 

eaths. 

1901  . 

.  153,000 

142 

47 

93 

31 

1902  . 

.  155,000 

146 

49 

94 

32 

L903  . 

.  157,000 

220 

28 

140 

18 

1904  . 

.  160,000 

1,837 

196 

1,150 

122 

1905  . 

.  163,000 

916 

109 

560 

67 

1906  . 

.  166,000 

256 

52 

154 

31 

1907  . 

.  169,000 

373 

57 

220 

34 

1908  . 

.  173,000 

1,565 

170 

.  900 

98 

1,296,000 

5,455 

708 

420 

54.5 

1909  . 

.  177,000 

203 

30 

115 

17 

1910 

.  181,000 

156 

30 

86 

17 

1911  . 

.  185,000 

150 

26 

81 

14 

1912 

.  189,000 

272 

39 

144 

21 

1913 

.  194,000 

191 

38 

98 

20 

1914  . 

.  200,000 

108 

27 

54 

14 

1915 

.  205,000 

164 

28 

80 

14 

1916 

.  211,000 

184 

29 

87 

14 

1917 

.  217,000 

90 

17 

42 

8 

1918 

.  222,000 

41 

20 

18 

9 

1919 

.  230,000 

50 

7 

22 

3 

1920 

.  237,000 

33 

6 

14 

2.5 

1921 

.  244,000 

82 

10 

33 

4.0 

1922 

.  253,000 

23 

3 

9 

1.2 

2,949,000     1,747        310 


59 


10.5 


The  years  from  1901  to  1908,  inclu- 
sive, constitute  the  period  before  fil- 
tration of  the  water  supply,  and  the 
years  from  1909  to  date  constitute  the 
period  after  filtration.  An  inspection 
of  this  table  will  show  that  the  total 
number  of  cases  of  typhoid  for  the 
last  14  years  is  less  than  the  total 
cases  for  the  year  1904,  before  filtra- 
tion of  the  water  supply.  The  year  1922 
was  a  record  one  with  respect  to  the 
number  of  typhoid  cases  and  deaths. 
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Velocities  of  Flow  in  Dredge 
Pipe  Lines 

Method  of  Measuring  That  Gives  Re- 
sults  That  Can   Be   Used  in  Con- 
trolling   Dredge    Performance 
Described     in     The     Mili- 
tary Engineer 

By  H.  D.  G.  BAXTER, 

U.    S.    Junior   Engineer. 

A  method  of  measuring  velocities  of 
flow  in  dredge  pipe-lines  that  is  ap- 
plicable to  both  clear  flowing  water 
and  water  conveying  material  was  em- 
ployed by  the  writer  when  conducting 
tests  of  the  United  States  dredges, 
Multnomah  and  Wahkiakum,  now  op- 
erating in  the  Willamette  and  Colum- 
bia Rivers  below  Portland,  Oregon. 
It  was  devised  by  Professor  Graff  of 
the  Oregon  Agricultural  College,  who 
developed  and  employed  it,  during  the 
spring  of  1920,  to  measure  velocities 
of  flow  in  pipe-lines  of  the  Port  of 
Portland  dredges  then  operating  in 
the  Willamette  River. 

Professor  Graff's  method  consists  of 
noting  the  time  required  for  salt  to 
pass  through  the  pipe-line.  The  salt, 
in  the  form  of  solution,  is  let  into  the 
pipe-line  at  a  convenient  point  on  the 
vacuum  side  of  the  pump  and  is  de- 
tected when  it  appears  at  the  dis- 
charge end  of  the  pipe-line,  by  means 
of  a  device  named  a  "saline  electrical 
detector." 

The  detector  consists  of  the  termin- 
als— two  copper  wires  approximately 
%-in.  in  diameter,  insulated  one  from 
the  other — on  a  wooden  handle,  a 
sensitive  milli-ammeter  and  two  dry 
cells,  all  connected  in  series. 

In  use,  the  terminals  of  the  detec- 
tor are  inserted  in  the  jet  at  the  dis- 
charge end  of  the  pipe-line.  The  water 
completes  the  circuit  and  current 
flows  through  the  system,  causing  a 
definite  deflection  of  the  ammeter 
needle,  which  then  remains  stationary 
until  the  salt  solution  reaches  the  ter- 
minals, when  its  deflection  is  instantly 
and  greatly  increased  due  to  the 
greater  conductivity  of  the  salt  solu- 
tion. Care  should  be  exercised  not  to 
touch  the  bare  ends  of  the  terminals 
against  metal  as  the  full  strength  of 
the  current  might  flow  into  the  amme- 
ter and  ruin  it. 

In  the  tests  of  the  Multnomah  and 
Wahkiakum,  the  salt  solution,  about 
four  gallons  to  a  charge,  was  let  into 
the  pipe-line  on  the  vacuum  side  at  a 


point  near  the  pump,  by  means  of  a 
quick  opening  1^-in.  valve.  The  valve 
was  located  in  a  l^-in.  pipe  that  had 
one  end  in  the  solution  and  the  other 
end  tapped  into  the  dredge  pipe-line. 
The  vacuum  existing  in  the  pipe-line 
naturally  caused  the  solution  to  rush 
in  when  the  valve  was  opened.  The 
strength  of  the  solution  was  25  lbs.  of 
salt  to  a  barrel  of  water.  The  charge 
passed  into  the  pipe-line  in  from  two 
to  three  seconds,  the  time  required 
varying  with  the  intensity  of  the  vac- 
uum in  the  pipe-line. 

Two  operators  were  employed  to 
measure  velocities,  one  with  a  stop 
watch  to  time  the  solution,  was  sta- 
tioned at  the  valve  and  let  in  the  solu- 
tion, the  other  with  a  flag  was  sta- 
tioned at  the  ammeter  of  the  detector 
and  gave  notice  when  the  solution  ap- 


IX» QUICK    OPINING  VAlVt 
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vacuum  sioe  0>  PUMP 


Apparatus  for  Injecting  Salt  Solution. 

peared.  Two  readings  were  taken  to 
each  velocity  determination,  one  be- 
ing a  check  on  the  other.  These 
checked  each  other  closely,  differing 
with  long  pipe-line  from  1,400  to  1,900 
ft.  long,  by  not  more  than  one  second 
and  with  short  pipe-lines  by  not  more 
than  one-half  second.  Many  readings 
checked. 

It  is  thought  the  method  described 
could  be  employed  when  dredging  in 
salt  water  by  letting  fresh  water  into 
the  pipe-line.  In  this  case  the  needle 
of  the  ammeter  would  drop  when  the 
fresh  water  reached  the  terminals. 

Knowing  pipe-line  velocity,  dis- 
charge pressure,  and  amount  of  vacu- 
um, the  water  horsepower  can  be  read- 
ily determined.  From  indicator  cards 
indicated  horsepower  developed  by 
the  engines  is  recorded.  Pump  horse- 
power is  taken  as  92  per  cent  of  the 
indicated  horsepower.  Efficiency  is 
found  by  dividing  the  water  horse- 
power by  the  pump  horsepower. 
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li    is  not  only  interesting  to  deter-  A  n      $87  000  000       Irrigation 

mine  I.H.P.,  W.H.P.  and  efficiency  at  A  n      *£'>«uu>uy»       irrigation 
regular    intervals,    but    also    valuable  "roject  in   India 

from   an   operating  and    experimental  

standpoint.  For  instance,  if  efficiencies  Government      Reported      to      Have 
are    holding    up    well,    a    runner    may  Agreed  to  Finance  Sukkur  Bar- 

properly  be  kept  in  commission  longer  rage  Scheme  for  Irrigating 

than    its    appearance    alone,    due    to  7  500  000   Acres 

wear,  would  ordinarily  justify. 

Anyone  desiring  to  measure  dredge  New  interest  in  the  Sukkur  Barrage 

pipe-line    flow    velocity    will    find    the  project   is   evoked    by   the   recent  an 

method  described  most  satisfactory.  It  nouncement   by   the    finance    member 

is  simple,   practical,   inexpensive    can  of  the  Bomb       Council  th  t  „th     Goy. 
be  readily  applied  m  the  field  and  will  .  T    ,.    , 

give  results  that  can  be  used  to  con-  eminent  of  India  has  agreed  to  provide 

trol  dredge  performance.  The  District  the    necessary    finances,"    states    Wil- 

Engineer,    in    charge    of    the    Second  Ham  A.  Althoff,  assistant  chief  of  the 

Portland,    Oregon,   District    is  having  industrial    machinery   division   of   the 

velocities  of  flow  in  the  pipe-lines  of  TT     0     ~  .      -_  • 

the  dredges  Multnomah  and  Wahkia-  ?.    S.    Department    of    Commerce    in 

kum  measured  by  this  method,  at  reg-  Commerce  Reports 
ular  intervals,  so  that  their  perform-         cS}}ch  a  1move  takes  tne  Pr°Ject  out 

ance  may  be  compared.     The  results  °*the  ?ealm  ot  mdefinite  possibilities 

obtained    are    interesting,    highly    in-  where  lt  nas  remained  for  years  and 

structive,   furnish   valuable    data,   and  pi\ts  lt  on  a  plane  where  constructive 

assist  materially  in  placing  responsi-  act!°n  m*7  h%  expected  promptly,  thus 

bility  for  an  output  differing  from  the  makinS    it    of    immediate    concern    to 

normal  manufacturers  of  equipment  and  mate- 

rials  required  for  such  undertakings. 

The    Sukkur    barrage    and    canal 

Cost  of  Construction  48-in.  Water  project,  according  to  plans  sanctioned 

my*   •        .   ^j         d   j£     j    jlm  by   the   Secretary  of   State  for  India, 

iviam  at  mew  Bedford,  Mass.  consists  of  a  masonry  structure  across 

In   the   1922   report    of    the    Water  the  river  Indus  at  a  point  about  three 

Board  of  New  Bedford,  Mass.,  Stephen  miles  below  the  Lansdown  bridge  at 

H.    Taylor,    Superintendent    of   Water  Sukkur,  Sind,  India,  with  a  system  of 

Works,  gives  the  following  data  on  a  canals    taking    off    above    it    on    each 

48-in.    (Class   "B"   "C"   "D",   N.   B  W.  bank  of  the   river.     The   barage  will 

W.  A.)  main  line  in  1921-1922:  have  the  form  of  a  double  bridge.  The 

Pipe  at  $46.50  per  ton,  18,813  ft.  down-stream     bridge,     4,725     ft.     long, 

Specials  at  $130.00  per  ton.  will    provide    a    roadway    for    traffic 

o-~~  ««*  c.™„4oic  ««ioi!0nQfin4Pfi7E?'?  across  the  river.  The  up-stream  bridge, 

Pipe  and  specials    $326,096.04     $17.33  .  ,  tt  ,     .,  *    „       ...   ,        ° 

Gates,       hydrants      and  termed  the  "gate  bridge,'    will  be  em- 
checks    12,975.46         .69  ployed    solely    for   operating   the   bar- 

*Toolse  and  gaSket  "  "  28'677'80  *l'If  rage  gates-  Its  length  will  be  4,925  ft. 
Labor  (se'e'suD- division)  8l,'oi4.'o9  4^31  including  the  land  span  and  terminal 
Fuel,  oil  and  grease,  etc.  6,737.07  .36  towers.  There  will  be  66  spans  in  the 
noting  engineering-:  ill??.'?!  .06  barrage  having  a  clear  opening  of  60 
Replacing  road  surface..  8,649.33  .46  ft.  each,  arranged  so  that  the  open- 
Miscellaneous  expense:  ings  can  be  closed  when  required  by 
TrSeSh/trPinUneg  iron  gates  18%   ft.   high      The   gates 

accident,  etc 5,272.72         ,28  will  be  operated   so  as  to  insure  the 

- — —  water  in  the  river  at  the  barrage  be- 

$481,275.94     $25.58  ing   maintaiined   at   a   level   Of    194.5    ft. 

♦Includes    new    tools    purchased    which  above  the  mean  sea  level  at  Karachi, 

are  still  in  good  condition  to  the  value  of  This  level  will   give   a  reading  of  ap- 

$18,940.05,  or  about  $1.00  per  ft.  proximately    10.5    ft.    on    the    Sukkur 

Labor  may  be  divided  as  follows:  gauge.      Sluices    will    be    provided    at 

Excavating, laying. back-     T°™'  either    end    of    the    barrage;    the    left 

filling  and  grading   ...  $71,492.83      $3.80  bank    group    will    have    7    spans    and 

Unloading  and  distribut-  a  the  right  bank  group  will  have  5  spans. 

T<3£  pipe l'5?448         !08  These  will  be  separated  from  the  cen- 

Watchman"'.'.'.'.'.'.".!'.'.'..'.        '414.41         .02  tral  portion  of  the  barrage  by  means 

Preliminary  work   625.85 ^04  of  dividing  walls.     As  it  had  been  as- 

$81,014.09  $4.31  certained  that  there  is  no  through 
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traffic    at   Sukkur   of   boats   plying   on  Items    in    Sukkur    Barrage    Work. — 

the  river  from  the  places  above  and  Some    principal    items    of    interest  in 

below    the   site   the   project   does  not  the  Sukkur  barrage  work  follow: 

provide  for  a  ship  lock.  Loose  stone  pitching,  cu.  ft 15,540,000 

The  waterway  provided  by  the  bar-       Ordinary  masonry,   cu.  ft 13,000,000 

rg(rp    nnptiinirc!    allows    fnr    n    rrmYimmn         Cut  Stone  masonry,   CU.   ft 1,000,000 

rage  openings  allows  lor  a  maximum  Excavation  by  dredger,  cu.  ft.. .  .52,600,000 

flood    of   1,500,000    cu.    ft.    per   second  wet     excavation     by     hand     in 

passing  Sukkur  as  against  the  record  foundation,  cu.  ft 5,000,000 

observed   discharge  of   949,000   cu.  ft.  E cu%.W.T. . . . ." . .  f^.^.   .bankS.' 10,400,000 

per  second,  which  occured  on  Aug.  1,  Concrete  blocks,  cu.'  ft. '.'.'..'.'.'.'/. '.  2!35o',000 

1914.     The  barrage  is  expected  to  be  Steel  sheet  piling— 

kept  open  during  the   "abkalani,"   or  Peto£sanen!'   527'000   sq;n'  or      10  500 

flood  months,  June  to   September,  in-  Temporary,   566,000   sq.   ft.,    or 

elusive,  in  each  year.  ,.      tons    •  •  •.•  •  • 10,000 

\TtTu~L   +».«   j;„l„„„n  #„n„  v^i^r  +v,r,  lron  works  in  barrage  gates,  tons          5,600 

When  the  discharge  falls  below  the  Iron   works    in   reguiator   gates, 

quantity    needed    for    irrigation    pur-         tons    1,400 

poses,  the  barrage  gates  will  be  closed  Lifting  machinery  and  rollers  for 

until   the  river  rises -to  the  level  re-  Lift™gma?hinery  andVollers  for  ' 

quired  to  supply  the  canals.  regulator  gates   

Rolled   steel   sections,    plain,    and 

The     Canals. — Of    the    seven    new  worked  into  trusses,  etc.,  tons.         1,300 

canals  that  will  take  off  immediately  ^^JLP0^^/^1,^'   hp--;{/         2'600 

....                   ,,                     ,,              *  Railways  for  construction   work, 

above  the  barrage  there  are  three  on  broad-gauge,  miles   40 

the   right   bank  and  four  on   the   left.  Railways  for  construction  work, 

The  bed  levels  and  full  supply  levels  2  ft-  gauge,  miles   10 

of  all  these  proposed  canals  have  been  Fle| ledgers 

designed    so   as   to   insure   their   com-  5  steamers 

manding  the  maximum  areas  possible  6  Motor  boats 

in  the  tracts  served  by  them.     Natur-  85  Barges  and  pontoons 

al  valleys  and  drainage  lines  have  of  ^Electric  derrick  cranes 

course  been  taken  into  consideration  24  Hand  cranes 

and  in  all  cases  these  lines  are  to  be  j>  Electr-ic  loco,  cranes 

left  unobstructed.     Drainage   lines  of  p^pf6^  SrTc  motors*1?"1! .             40 

the  right  bank  system  of  canals  will       Pile  drivers   34 

eventually  tail  into  the  great  Munchar  Mr    A    A    Mugto  Qf  Karachi  is  tne 

Lake  and  thence  into  the  Indus.     The  executive  engineer  of  the  public  works 

present  cultivation  in  the  area  to  be  department  in   charge   of  the  Sukkur 

served  by  the  proposed  canals  is  2,035  -  project.     Drawings  and  specifications 

G36  acres.     The  anticipated  estimated  are  in  the  India  office  in  London  and 

cultivation  in  the  30th  year  after  the  probably  also  in  the  office  of  the  Gov- 

eompletion  of  the  scheme  is  5,308,408  ernor  Qf  Bombay  in  India 

acres.     The  land  area  affected  by  the  

flow  is  approximately  7,500,000  acres. 

The    cost    of    the    Sukkur    barrage  Cost   of  Brick   Sewer   in   1869 

project  is  estimated  at  approximately  The   following   data   0n   sewer   con- 

$87,500,000;  it  is  anticipated  that  con-  strUction   at    Chicago    were   given    by 

struction   will   be   commenced    at   the  Ge0rge  C.  D.  Lenth  in  a  paper  pres- 

rate  of  approximately  $10,000,000  per  ented     Feb      x     before    the     Western 

year.                                    .         •  Society  of  Engineers: 

Comparison   with    Similar   Propects.  A  5_ft   brick  sewer  was  constructed 

—A    comparison    of   the    Sukkur   bar-  in  lg69  m  wet>  running  quicksand,  20- 

rage    with    some    other    undertakings  ft  cut>  at  a  cost  of  $5  68  per  foot>  witQ 

that  are  more   familiar  will  assist  in  a  bagin  labor  rate  of  15  to  17  ct    per 

obtaining  a  clearer  idea  of  the  mag-  hour     Today  with  the  cost  of  brick  at 

Bitnde  of  the  project.  $13  per  1000)  and  cement  at  $2.50  per 

ofdanf  barrel,  the  materials  alone  would  cost 

Crest     Max.     struc-  $4.38  per  foot,  and  the  cost  of  instal- 

length,  height,   ture,  lation,   exclusive    of   excavation,    pay- 

Sukkur  Barrage   . . .  A%         65  *l?566!o6o  ing  masons  $1.87%  per  hour,  and  labor 

Assuan  Dam,  Egypt.6,398       147    1,203,000  from   90   ct.   to  $1.25   per  hour,  would 

Roosevelt  Dam,  Ariz.1,125       280       342,000  be   $3   per  foot.     The  excavation,  in- 

Arrowrock  Dam,  Ida.1,100        349        585,000  nu,Zntr    a>,aotiTiP-    nnd    hrn^inp-     wnnld 

Elephant  Butte,  N.M.l, 155       306       (505,000  eluding   sheeting   and    Dracmg,    would 

Shoshone  Dam,  Wyo.    200        328          78,000  cost    $8   per  foot,  making  a   total   cost 

— — — ,    ,      oor  nnn            .      „        ..          .  of  $17.38  per  foot,  without  contractor's 

includes   385,000  cu.  yd.  of  earth  work  *          .* 

in  guide  banks.  profit,  etc. 
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Gasoline  Operated  Auxiliary 
Pumps 

Extract    From    Paper    Presented    Feb. 

23    Before    Canadian    Section, 

American  Water  Works 

Association 

By  S.  L.  FEAR, 

Hydro-Electric    Commission    of    Ontario. 

The  gasoline  engine  connected  to 
a  centrifugal  pump  has  gained  a  very 
respectful  and  necessary  place  in 
water  works  because  of  characteris- 
tics quite  new  and  foreign  to  the  old 
class  of  reciprocating  steam  pumps. 
Some  of  the  features  are  quick  start- 
ing, no  stand-by  expense,  suitability 
of  engine  and  pump  to  each  other  for 
direct  connection,  and  low  mainte- 
nance  cost  of  pumps. 

The  centrifugal  pump  is,  so  far  as 
parts  go,  simplicity  itself,  and  as  the 
manufacturers  have  now  become  more 
familiar  with  "the  nature  of  the 
beast,"  it  can  be  applied  to  almost 
any  set  condition  that  may  exist — 
high  head,  low  head,  large  or  small 
discharge,  or  any  combination  of 
these. 

In  the  low-lift  pump  we  have  the 
broad  impeller  with  small  diameter, 
a  pump  which  discharges  a  large 
volume  of  water  but  only  lifts  it  a 
relatively  low  height. 

In  the  medium  and  high-lift  pumps 
the  impeller  is  quite  narrow  and  its 
diameter  relatively  great.  Because 
of  the  water  entering  on  both  sides 
of  the  impeller  (double  suction  im- 
peller), the  thrust  endways  is  prac- 
tically balanced.  Thrust  collars  at 
the  outside  ends  of  the  bearings  en- 
sure the  correct  position  of  the  im- 
peller. 

In  High-life  multi-stage  pumps,  two 
or  more  impellers,  each  with  an  out- 
side casing,  are  arranged  along  a 
central  shaft.  This  pump  is  practical- 
ly a  number  of  single-stage,  single- 
suction  pumps  in  series.  The  water 
passing  in  one  direction  produces  a 
thrust  in  that  direction.  This  end 
thrust  is  balanced  by  either  an  out- 
side thrust  bearing  or  an  outside 
balancing  device.  The  water  pressure 
building  up  in  the  balancing  cham- 
ber exerts  a  pressure  on  the  balancing 
disc  in  the  direction  opposite  to  the 
water  thrust.  When  these  two  thrusts 
balance,  the  shaft  and  impellers  take 


up  a  position  so  that  the  balancing 
disc  floats  just  free  of  its  seat. 

Other  points  of  interest  include  the 
seating  and  oiling  of  the  bearings, 
spherical  seats  being  a  step  ahead 
and   ring  oiling  being  usual  practice. 

The  use  of  labyrinth  rings  or  a 
lengthening  of  the  passage  between 
impeller  discharge  and  suction,  very 
materially  decreases  the  water  loss 
between  stages. 

The  modern  gasoline  engine  as  a 
machine  is  a  marvel  in  simplicity  and 
complication.  While  it  performs  only 
practically  three  simple  operations — 
the  gasification  of  a  liquid,  the  com- 
pression of  that  gas,  and  the  burn- 
ing of  same,  yet  one  is  amazed  that 
material  can  stand  up  to  the  terrific 
punishment  inflicted,  and  the  number 
of  parts  that  produce  harmonious 
bedlam. 

The  engine  usually  applied  to  the 
centrifugal  pump  is  of  the  standard 
four-cycle  type.  It  operates  at  an 
average  speed  of  1200  r.p.m.  At  this 
speed  air  enters  the  inlet  side  at  a 
speed  of  around  100  miles  per  hour, 
and  the  exhaust  gas  escapes  at  around 
75  miles  per  hour.  The  pistons  are 
reversed  2400  times  per  mitute  and 
between  reversals  attain  a  speed  of  22 
miles  per  hour. 

The  material  entering  into  the  con- 
struction of  moving  parts  must  be  the 
best  and  the  bearing  fits  must  be  right 
if  no  knocking  is  to  occur.  The  rods, 
crank  and  pistons  must  all  be  well 
balanced. 

In  the  carburetor,  either  jets  or 
Venturi  tubes  can  be  designed  to  give 
a  straight  line  curve  for  ratio  of  gas 
to  air,  or  a  suitable  mixture  at  all 
speeds  and  loads. 

After  the  gas  has  entered  the  cyl- 
inders, it  must  be  exploded.  The 
high-tension  magneto  with  battery  and 
coil  provides  the  most  efficient  and  re- 
liable means  for  producing  the  spark 
at  the  plugs. 

The  lubrication  of  the  motor  is 
most  important.  The  proper  oil  is 
that  which  will  reach  the  top  of  the 
cylinder  in  sufficient  quantities  and 
pass  into  the  head  in  a  minimum 
quantity.  The  viscosity  of  the  oil 
used  should  therefore  change  with 
the  aging  of  the   motor. 

Good  care  should  be  taken  of  the 
motor.  The  crank  case  oil  should  be 
cleaned  and  filtered  periodically.  Reg- 
ular inspection  and  adjustment  should 
be  made  of  magneto  breaker  points, 
coil  points,  spark  plugs  and  all  elec- 
trical equipment. 
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Dangers  to  Sanitary  Quality  of  Water  Supply 

Minor  Hazards  of  Contamination  Outlined  in  Paper  Presented  Sept. 

14  at  Annual  Meeting  of  New  England  Water 

Works  Association 

By  E.  SHERMAN  CHASE, 
Of  Metcalf  &  Eddy,  Consulting  Engineers,  Boston,  Mass. 


Major  dangers  to  the  sanitary  qual- 
ity of  public  water  supplies  are,  in 
general,  well  known  to  engineers, 
sanitarians  and  water  works  officials 
and  the  necessity  for  adequate  pro- 
tection against  such  dangers  is  thor- 
oughly appreciated.  On  the  other 
hand,  many  of  the  minor  dangers  are 
less  well  recognized  and  the  extent  to 
which  precautionary  measures  should 
be  taken  to  guard  against  some  of 
these  is  still  a  matter  regarding  which 
opinions  are  not  unanimous. 

For  convenience  and  clearness,  the 
hazards  will  be  discussed  under  three 
classes,  namely,  hazards  to  surface 
supplies,  to  ground  water  supplies, 
and  to  supplies  in  distribution  sys- 
tems. 

Dangers  to  Surface  Water  Supplies. 
—The  direct  discharge  of  sewage  into 
bodies  of  water  from  which  public 
water  supplies  are  taken  is,  of  course, 
the  best  recognized  danger.  Of  late 
years,  the  most  universal  adoption  of 
purification  of  supplies  taken  from 
sources  receiving  direct  and  continu- 
ous sewage  pollution  has  resulted  in  a 
marked  reduction  in  typhoid  fever 
death  rate  in  those  municipalities  hav- 
ing such  supplies.  The  effect  of  purifi- 
cation of  badly  polluted  supplies  at 
Lawrence,  Cincinnati,  Philadelphia, 
Pittsburgh  and  many  other  cities  is 
well  known. 

This  direct  discharge  of  sewage 
into  sources  of  water  supply  consti- 
tutes  the  greatest  danger  to  public 
water  supplies  but  this  fact  if*  so  well 
known  that  there  is  no  need  of  dwell- 
ing upon  it  at  greater  length. 

Danger  From  Indirect  Pollution. — 
The  danger  from  the  indirect  and  less 
obvious  source  of  pollution,  although 
relatively  less  serious  than  from  di- 
rect contamination,  is  nevertheless 
very  real  and  examples  of  indirect 
pollution  are  not  lacking.  Very  few 
watersheds  are  entirely  free  from 
human  habitations.  Wherever  there 
are  outbreaks  of  typhoid  and  other 
intestinal  disorders  due  to  habitations 
there  is  also  the  possibility  of  typhoid 


or  dysentery  and  the  accompanying 
danger  of  the  germs  of  these  diseases 
reaching  the  watercourse  draining  the 
areas  upon  which  the  habitations  are 
located.  The  disastrous  epidemic  at 
Plymouth,  Pa.,  is  well  known.  Two 
examples  of  outbreaks  of  intestinal 
disease  resulting  from  the  infection 
of  unpurified  water  supplies  from  rela- 
tively small  and  sparsely  settled 
drainage  areas  have  come  under  my 
own  observation. 

Washingtonville,  a  small  village  of 
about  600  inhabitants  in  eastern  New 
York,  obtains  its  water  supply  by  im- 
pounding the  waters  of  a  small  stream 
in  a  5  m.g.  reservoir.  The  watershed 
tributary  to  the  reservoir  consists  of 
about  three  square  miles  of  farm  land 
upon  which  there  were,  at  the  time  of 
which  I  speak,  but  ten  occupied 
houses,  with  a  total  resident  popula- 
tion of  about  50,  or  13  per  square 
mile. 

On  Feb.  12,  1918,  there  came  a 
sudden  thaw  and  heavy  run-off  in  the 
brook  which  was  followed  by  a  con- 
siderable number  of  cases  of  acute 
dysentery  in  the  village,  most  of  the 
cases  occurring  between  Feb.  14  and 
17.  About  30  cases  came  to  the  at- 
tention of  the  local  health  authorities 
but  there  were  undoubtedly  many 
more. 

A  small  but  interesting  outbreak 
of  typhoid  occurred  in  Westfield,  N. 
Y.,  in  the  late  summer  of  1915.  The 
water  supply  of  Westfield  is  derived 
from  a  surface  stream  and  at  that 
time  no  purification  was  provided. 
The  watershed  has  an  area  of  23 
square  miles  and  a  population  of  about 
27  ner  square  mile.  Opportunities  for 
pollution  are  numerous  from  railroad 
tracku,  highways,  farms,  privies,  etc. 
The  outbreak  consisted  of  about  a 
dozen  cases  of  typhoid  in  a  population 
of  about  3,500;  a  relatively  mild  epi- 
demic. The  investigation  narrowed 
down  to  the  probable  cause  to  the  pub- 
lic water  supply,  and  later  disclosed 
the  fact  that  a  single  case  of  typhoid 
had  occurred  upon  a  farm  five  or  six 
miles  from  the  intake  in  a  house  and 
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a  low  hundred  feet  from  the  bank  of 
the  main  stream. 

These  examples  indicate  how  dis- 
ease germs  from  a  single  case  of  ill- 
ness may  reach  public  water  supplies. 
In  the  two  cases  cited,  the  indirect 
manner  in  which  the  germs  reached 
the  supplies  and  the  dilution  by  heavy 
run-off  evidently  brought  about  con- 
siderable attenuation  of  the  infection, 
otherwise  outbreaks  of  more  serious 
proportion  would  have  undoubtedly 
occurred. 

Boating,  Bathing,  Fishing  and  Ice 
Cutting. — The  potential  danger  of  con- 
tamination as  the  result  of  boating, 
bathing  and  fishing  upon  bodies  of 
water  serving  as  water  supplies  is, 
of  course,  well  recognized,  although 
actual  examples  of  epidemics  result- 
ing from  infection  as  the  consequence 
of  such  practices  are  difficult  to  cite. 
This  is  to  be  expected  owing  to  the 
usually  transitory  nature  of  such  con- 
tamination. 

The  danger  of  contamination  by 
men  engaged  in  ice  cutting  upon  water 
supply  reservoirs  and  ponds  is  also 
a  hazard,  the  ill  effect  of  which  it  is 
difficult  to  prove  by  actual  examples. 
In  1917  there  occurred  an  outbreak 
of  typhoid  fever  in  the  city  of  Hills- 
dale, Mich.,  which  was  attributed  to 
an  infection  of  the  city  water  supply 
by  a  crew  of  men  engaged  in  ice  cut- 
ting upon  the  lake  from  which  the 
supply  was  obtained.  In  addition  to 
the  danger  of  contamination  by  the 
men  harvesting  the  ice,  there  is  also 
the  danger  from  the  men  removing 
the  ice  from  the  ice  houses  in  summer. 

The  infection  of  water  supplies  by 
travelers  upon  highways  and  upon 
railroads  is  also  a  danger  of  which 
definite  examples  are  impossible  to 
prove. 

Menace  of  Labor  Camps. — Labor 
camps,  unless  most  careful  sanitary 
oversight  Is  maintained,  also  consti- 
tute a  menace  to.water  supplies  when 
located  on  watersheds.  Two  serious 
outbreaks  of  typhoid  occurred  some 
years  ago  in  New  York  state  which 
may  have  been  due  to  infection  by 
laborers  in  camps  upon  watersheds. 
The  best  known  of  these  outbreaks 
is  the  one  at  Ithaca.  During  the  first 
three  months  of  1903  there  occurred 
among  the  13,000  inhabitants  and  3,000 
students  at  Cornell  University  some 
1,350  cases  of  typhoid  and  82  deaths. 
At  that  time  the  city  supply  was  fur- 
nished by  a  water  company  and  was 


derived  from  two  different  stream* 
Six  Mile  Creek  and  Buttermilk  Creek. 
The  exact  source  of  the  infection 
was  not  definitely  fixed.  On  Six  Mile 
Creek  there  was  a  gang  of  Italian  la- 
borers engaged  in  the  construction  of 
a  new  reservoir  and  an  infection  of 
the  stream  by  some  unrecognized  case 
of  typhoid  among  these  men  was  con- 
sidered as  a  possible  source  of  the 
epidemic.  On  the  other  hand,  the 
watershed  of  the  stream  was  46  square 
miles  in  area,  with  a  resident  popu- 
lation of  over  2,000  and  many  sources 
of  pollution  existed.  During  the  latter 
part  of  December,  1902,  there  occurred 
heavy  rains  and  a  thaw  which  evident- 
ly resulted  in  infectious  material  be- 
ing washed  into  the  stream  and  being 
carried  rapidly  to  the  water  works 
intake.  It  also  happened  at  about  the 
same  time  that  excessive  pumping 
had  been  carried  on  for  the  few  days 
preceding  Christmas,  1902,  thus  bring- 
ing infected  water  into  the  mains 
when  there  was  less  detention  than 
usual  in  the  reservoir. 

Short  Circuiting. — A  condition  with 
respect  to  pollution  and  possible  in- 
fection, in  the  case  of  the  smaller 
lakes  and  large  reservoirs,  consists  of 
nullification  of  the  beneficial  effects 
of  storage  by  the  rapid  transportation 
of  polluting  material  from  relatively 
remote  points  to  the  immediate  vicin- 
ity of  intakes  by  currents  set  up  by 
various  causes.  An  example  of  such 
short  circuiting  occurred  at  Troy,  N. 
Y.,  water  works.  Troy  obtains  its 
principal  water  supply  from  the  Tom- 
hannock  reservoir,  an  impounding  res- 
ervoir of  12  billion  gallons  capacity 
and  one  into  which  the  tributary 
streams  enter  at  such  points  as  to 
give  ample  opportunity  for  storage 
under  ordinary  conditions.  In  the  win- 
ter of  1918,  when  the  reservoir  was 
covered  with  ice,  there  occurred  a 
heavy  rain  and  thaw  followed  by  an 
extremely  heavy  run-off.  The  waters 
from  one  of  the  streams  tributary  to 
the  reservoir  flowed  over  the  surface 
of  the  ice  and  reached  the  vicinity  of 
the  intake  in  a  very  short  time  and 
turbid  water  was  drawn  from  taps  in 
the  city,  an  unusual  occurrence.  For- 
tunately no  outbreak  of  disease  fol- 
lowed. This  instance  illustrated  the 
fact  that  it  is  impossible  to  predict 
that  storage  and  sedimentation  in  a 
large  reservoir  will  at  all  times  be 
ample  to  insure  the  safety  of  the  sup- 
ply. 
Although  interconnected  with  other 
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hazards,  the  possible  existence  of  ty- 
phoid carriers  upon  watersheds  is  a 
factor  worth  considering.  Examples 
of  outbreaks  of  typhoid  definitely 
traced  to  carriers  upon  watersheds 
are  lacking  so  far  as  I  have  been  able 
to  learn. 

Improper  Operation  of  Purification 
Plants. — The  installation  of  water 
purification  works  does  not  constitute 
an  absolute  safeguard  against  possible 
infection  unless  continuity  of  efficient 
operation  is  maintained.  Accidents  of 
one  kind  or  another  occasionally  occur 
which  result  in  unpurified  water  being 
delivered   to   the   consumer.     One   of 


of  chlorination  alone,  danger  exists 
from  the  possibility  of  equipment  get- 
ting out  of  order  and  unchlorinated 
water  being  discharged  into  the  mains. 
To  minimize  such  a  possibility  it  is 
advisable  to  provide  duplicate  equip- 
ment. 

Accidents  to  Intakes. — In  cases 
where  water  supplies  are  taken  from 
large  rivers  or  lakes  receiving  sewage 
pollution  but  where  the  pollution  ex- 
tends in  comparatively  restricted 
threads  of  the  stream  or  in  limited 
portions  of  the  lake  there  occurs  the 
hazard  resulting  from  leaky  intake 
pipes   should   such  intake  pipes   pass 


Site    of    House    in    Which    Typhoid    Patient    Lived,    Stated    to     Be    Source    of    Famous 
Plymouth,    Pa.,    Typhoid    Epidemic. 


the  most  striking  accidents  to  a  filter 
plant  occurred  to  the  Albany  plant  in 
1913  when  as  a  result  of  the  highest 
recorded  flood  in  the  Hudson,  the 
filtration  plant  was  inundated  for  a 
period  of  something  over  a  day  and 
raw  Hudson  river  water  pumped  into 
the  mains.  The  filter  plant  was  flooded 
early  in  the  morning  of  March  28, 
and  was  out  of  service  until  about 
noon  March  29,  or  about  30  hours. 
When  it  was  apparent  that  the  filter 
was  to  be  flooded,  warnings  against 
the  use  of  unboiled  water  were  issued 
through  the  press,  but  such  warnings 
are  futile  and  were  evidently  pretty 
generally  disregarded.  At  the  end  of 
about  two  weeks  cases  of  typhoid  be- 
gan to  be  reported,  and  in  all  there 
occurred  between  170  and  200  cases. 
In  the  case  of  purification  consisting 


through  the  polluted  portion  of  the 
body  of  water  forming  the  source  of 
supply. 

A  rather  striking  example  of  serious 
results  following  an  accident  to  an 
intake  line  is  shown  by  the  experience 
of  the  city  of  Tonawanda,  N.  Y.,  in 
1919.  This  city  obtains  its  water  sup- 
ply from  the  Niagara  river,  at  that 
time  with  no  purification,  although 
located  downstream  from  the  city  of 
Buffalo,  which  discharges  raw  sewage 
into  the  river.  The  intake  of  the  To- 
nawanda water  works  was  'located 
about  1,800  ft.  from  the  American 
shore  and  in  the  thread  of  the  stream 
which  was  relatively  unpolluted,  al- 
though by  no  means  satisfactory  for  a 
public  supply  without  treatment. 

In  the  summer  of  1919  dredging 
operations  in  the  Niagara  channel  ne- 
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cessitated  the  lowering  of  the  intake 
pipe  of  the  Tonawanda  water  works 
a  few  feet  and  occasion  was  then 
taken  to  lay  an  entirely  new  and 
larger  pipe  of  wooden  stave  construc- 
tion and  with  a  course  somewhat  dif- 
ferent than  the  course  of  the  old  line. 
At  one  point  the  courses  crossed,  and 
it  was  necessary  to  cut  the  old  pipe 
somewhat  nearer  the  American  shore 
and  consequently  nearer  the  more 
grossly  polluted  waters.  When  the 
pipe  was  cut  the  water  supply  for 
Tonawanda  was,  of  course,  taken 
through  the  break  rather  than  at  the 
intake  crib.  The  cutting  of  the  pipe 
occurred  some  time  during  the  last 
two  weeks  in  June.  Between  July  5 
and  Oct.  4  there  occurred  some  26 
cases  of  typhoid  in  Tonawanda.  The 
outbreak  of  typhoid  was  preceded  by 
an  outbreak  of  severe  intestinal  dis- 
order. 

Although  previously  advised  to  at 
least  chlorinate  the  supply,  it  was  not 
until  Aug.  11,  with  the  epidemic  in 
full  swing,  that  chlorination  was  re- 
sorted to.  Following  the  adoption  of 
chlorination  the  outbreak  quickly  sub- 
sided. The  new  intake  line  was  put 
into  service  on  Aug.  23,  and  on  Oct. 
4  it  was  discovered  that  a  leak,  due 
to  a  faulty  joint,  was  permitting  gross- 
ly polluted  water  from  near  the  shore 
line  to  enter  the  intake.  After  this 
was  corrected  a  second  serious  leak 
was  discovered  on  Oct.  9.  During  the 
existence  of  these  leaks  the  water 
was  being  chlorinated  and  no  increase 
in  typhoid  prevalence  followed  the  ad- 
mission of  the  very  serious  contami- 
nated water  into  the  mains.  The  water 
was  so  badly  polluted  that  when  the 
pumps  were  cleaned  basket  loads  of 
offal  were  removed. 

Water  Purification  Chemicals. — A 
danger  which  must  always  be  borne 
in  mind  in  connection  with  water  puri- 
fication plants  using  any  chemical  is 
the  possibility  of  supplies  of  the 
chemicals  becoming  exhausted  before 
new  supplies  are  available.  This  was 
a  condition  which  was  very  acute  dur- 
ing the  war  when  freight  movements 
and  deliveries  were  very  uncertain. 
Furthermore  this  is  a  condition  which 
is  liable  to  be  met  with  at  any  time 
of  freight  embargoes. 

A  somewhat  similar  hazard  to  that 
referred  to  above  is  that  of  using 
chemicals  deficient  in  strength.  This 
is  more  liable  to  occur  with  hypo- 
chlorite of  lime  than  with  other  chemi- 
cals used  in  water  purification,  due  to 


its  tendency  to  deteriorate  on   stand- 
ing. 

Filter  Plant  By-Passes. — Frequently 
by-passes  are  provided  which  permit 
the  discharge  of  untreated  water  di- 
rectly into  the  mains.  For  example, 
Geneva,  N.  Y.,  obtains  its  water  sup- 
ply from  Seneca  Lake,  about  2V2  miles 
south  of  the  point  where  the  sewage 
of  the  city  is  discharged.  Ordinarily 
the  sewage  flows  out  of  the  lake  away 
from  the  intake,  but  under  certain 
conditions  of  wind  and  lake  currents 
it  undoubtedly  reaches  the  vicinity  of 
the  water  works  intake.  Purification 
by  means  of  a  slow  sand  filter  plant 
has  been  provided,  but  during  the 
latter  part  of  1917  it  became  necessary 
to  by-pass  a  small  amount  of  raw 
water  around  the  filter  on  account  of 
the  inability  of  the  filters  to  handle 
the  entire  water  consumption  of  the 
city.  Furthermore,  when  one  of  the 
filter  units  was  out  of  service  for 
cleaning,  the  amount  of  water  by- 
passed became  relatively  large  for 
several  hours.  This  by-passing  of  raw 
water  resulted  in  some  15  cases  of 
typhoid  occurring  in  the  city  which 
had  become  practically  free  from  the 
disease  after  the  installation  of  the 
filter  plant. 

Ground  Water  Supplies. — There  is 
some  justification  for  the  belief  that 
ground  waters  are  safer  from  a  sani- 
tary viewpoint  than  unpurified  sur- 
face supplies  due  to  the  natural  proc- 
esses of  purification  to  which  ground 
waters  have  been  subjected.  On  the 
other  hand,  it  is  impossible  to  deter- 
mine just  what  is  taking  place  in  the 
ground,  and  it  is  also  impossible  to 
control  the  natural  processes  of  purifi- 
cation as  in  the  case  of  artificial 
methods. 

The  safety  of  ground  water  supplies 
depends  upon  the  remoteness  of  poten- 
tial sources  of  contamination,  the 
manner  of  development  of  the  sup- 
plies, the  character  of  material  pene- 
trated, direction  of  ground  water  flow 
with  respect  to  the  location  of  sources 
of  pollution,  adequacy  of  casing  or 
curb  to  exclude  surface  waters,  and 
freedom  from  chance  pollution  by  pol- 
luted flood  water. 

As  a  general  thing  it  is  inadvisable 
to  sink  or  dig  wells  in  a  thickly  popu- 
lated district,  due  to  the  numerous 
opportunities  for  general  pollution  to 
the  subsoil  by  leaky  sewers,  cess- 
pools, privies,  etc.  It  is  not  often 
that  a  public  supply  will  be  thus 
located,   although    many    private    and 
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semi-public  wells  will  be  located  in 
the  center  of  thickly  settled  com- 
munities. 

Channels  in  Strata. — The  character 
of  the  strata  penetrated  has  an  im- 
portant bearing  upon  the  quality  of 
water  obtained.  In  fine  sand  or  homo- 
geneous gravel  the  natural  purifica- 
tion affected  is  reasonably  sure  of 
being  complete.  On  the  other  hand, 
where  wells  are  in  limestone  or  fis- 
sured rock,  direct  drainage  channels 
are  likely  to  occur  through  which 
practically  unpurified  water  may  enter 
the  well.  The  historic  case  of  Lucerne, 
Switzerland,  where  a  typhoid  epidemic 
resulted  from  the  infected  waters  of 
a  brook  flowing  some  distance  through 


a  population  of  about  4,000,  derived 
its  public  water  supply  from  two  sets 
of  wells,  one  set  being  located  out- 
side the  village  limits  and  away  from 
possible  sources  of  pollution,  and  the 
other  set  being  located  in  the  village 
and  surrounded  at  greater  or  less  dis- 
tances by  numerous  houses. 

The  wells  within  the  village  are  the 
ones  with  which  we  are  concerned. 
These  wells  were  driven  wells  with 
iron  casings  extending  to  depths  of 
89  to  100  ft.  through  loam  and  shale 
rock.  Analyses  of  the  water  from  the 
wells  indicated  pollution  of  the  ground 
water  tributary  to  them,  and  at  times 
active  contamination  by  organisms  of 
fecal   origin.      In   the    latter    part    of 
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rock  fissures  to  the  public  spring 
is  an  example  of  the  passage  of  infec- 
tion through  underground  rock  chan- 
nels. 

In  the  case  of  wells  there  is  the 
possibility  of  leakage  of  polluted  sur- 
face water  down  the  outside  of  the 
casings  of  tubular  wells  or  of  leakage 
through  holes  or  cracks  in  the  curbs 
of  dug  wells. 

Proximity  of  Leaky  Sewers. — The 
location  of  sewers  in  the  vicinity  of 
sources  of  ground  water  supplies  also 
constitute  a  potentially  serious  men- 
ace to  the  safety  of  the  supplies  due 
to  the  danger  of  leakage  from  joints 
or  to  overflow  whereby  sewage  may 
escape  into  the  tributary  ground 
water. 

The  village  of  Walden,  N.  Y.,  with 


1913  there  occurred  an  outbreak  of 
about  50  cases  of  typhoid  fever.  An 
investigation  indicated  an  infection  of 
the  public  water  supply  as  the  prob- 
able cause  of  the  epidemic.  It  ap- 
pears that  shortly  before  the  outbreak 
there  had  been  a  heavy  rainfall  at 
which  time  a  sewer  in  a  street  about 
200  ft.  distant  and  at  a  higher  eleva- 
tion than  the  wells,  had  become 
clogged  and  sewage  from  it  had  back- 
ed up  through  manholes  and  vent 
pipes  on  house  laterals  and  had  flowed 
over  the  surface  and  into  the  ground 
in  the  general  direction  of  the  wells. 
It  was  also  found  that  just  prior  to 
the  overflowing  of  the  sewer  a  woman 
who  was  convalescing  with  typhoid 
fever  had  moved  into  a  house  tribu- 
tary to  the  sewer  line  and  just  above 
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the  point  where  the  overflow  occurred. 
At  the  time  the  overflow  took  place 
the  woman  was  suffering  from  a  re- 
lapse and  was  undoubtedly  contribut- 
ing typhoid  germs  to  the  sewage 
which  flowed  outside  the  wells.  The 
chain  of  evidence  proves  pretty  con- 
clusively that  typhoid  laden  sewage 
was  drawn  through  rock  channels  into 
the  wells  with  the  unfortunate  sequel 
of  a  typhoid  epidemic. 

Connection  With  Polluted  Surface 
Water. — Occasionally  there  exists 
physical  connection  between  a  pure 
ground  water  supply  and  a  polluted 
surface  supply  which  under  certain 
conditions  resulted  in  contamination 
of  the  ground  water  supply.  An  ex- 
ample of  such  a  connection  which 
existed  for  many  years  without  caus- 
ing any  trouble  and  had  been  lost 
track  of  as  city  administration 
changed,  occurred  in  Schenectady,  N. 
Y.  The  water  supply  of  Schenectady 
is  obtained  from  three  large  dug  wells 
located  on  a  flat  piece  of  land  near 
the  mouth  of  the  bank  of  the  Mohawk 
river.  These  wells  are  about  400  ft. 
from  the  river  and  about  40  ft.  deep. 
Ordinarily  the  water  level  in  the  wells 
stands  below  that  in  the  river,  but  it 
is  not  probable  that  the  supply  is 
unfiltered  river  water.  The  sanitary 
quality  of  the  water  is  excellent  and 
it  had  been  considered  one  of  the 
safest  in  the  state  of  New  York. 

In  March,  1920,  there  occurred  high 
water  in  the  river  and  about  the  same 
time  a  slight  turbidity  was  noticed 
in  the  city  water,  a  supply  which  had 
been  invariably  clear  and  colorless. 
Shortly  after  the  appearance  of  turbid 
water  in  the  mains  an  outbreak  of 
gastro-enteritis  broke  out  followed  by 
some  53  cases  of  typhoid  of  which 
three  were  fatal. 

Investigation  disclosed  the  fact  that 
there  were  two  24-in.  suction  pipes 
wThich  had  originally  extended  through 
well  No.  1,  thence  through  two  parallel 
pipe  galleries  to  a  manhole  about  30 
ft.  north  of  the  well  whence  they  con- 
tinued underground  to  the  river.  The 
pipes  had  been  removed  from  the  gal- 
leries and  the  holes  through  the  walls 
of  the  wells  sealed  with  concrete.  The 
bottoms  of  the  galleries  were  not 
paved  and  consisted  of  porous  gravel. 
The  walls  of  the  wells  were  of  ma- 
sonry with  open  joints.  The  pipes 
from  the  manhole  to  the  river  had  not 
been  removed.  Upon  inspection  of  this 
manhole  it  was  found  that  only  one 
of  the  pipes  was  sealed  and  that  the 


other  had  presumably  clear  passage 
to  the  river.  Furthermore  it  was  clear 
that  the  galleries  had  been  flooded 
with  river  water  and  that  this  river 
water  had  entered  the  wall  through 
holes  in  the  porous  gravel  constitut- 
ing the  bottom  of  the  galleries  and 
through  the  joints  in  the  masonry 
wall  of  the  well.  As  soon  as  the  con- 
ditions were  discovered  the  pipes  to 
the  river  were  sealed  with  cast  iron 
flanges  with  tight  gaskets,  two  sec- 
tions of  the  pipe  between  the  man- 
hole and  the  river  were  removed  and 
the  four  ends  thus  exposed  sealed 
with  cast  iron  flanges  and  tight  gas- 
kets and  the  trench  backfilled  with 
impervious  material. 

Not  only  is  it  essential  to  deliver 
a  pure  and  wholesome  water  to  the 
distribution  system,  but  it  is  as  im- 
portant to  make  sure  that  no  oppor- 
tunity exists  for  contamination  to 
reach  the  supply  in  the  distribution 
system  itself.  From  the  time  a  sup- 
ply of  safe  character  enters  the  dis- 
tribution system  it  should  not  be  ex- 
posed to  accidental  or  deliberate  con- 
tamination in  accessible  reservoirs  or 
to  the  introduction  of  impure  water 
through  cross  connections  between  the 
water  works  mains  and  industrial  sys- 
tems with  supplies  from  polluted 
sources. 

Pollution  From  Cross  Connections. 
— Numerous  instances  are  on  record 
where  typhoid  outbreaks  have  resulted 
from  polluted  water  entering  the 
public  distribution  system  through 
cross  connections  with  industrial  or 
fire  protection  supplies.  The  Lowell 
outbreak  of  1903  is  well  known. 

Another  instance  of  infection  through 
a  cross  connection  took  place  some 
years  ago  in  Rochester,  N.  Y.  A  lift 
bridge  over  a  canal  was  so  constructed 
as  to  be  operated  by  either  one  or 
two  supplies  of  water.  One  of  the 
supplies  was  the  regular  supply  of 
the  city,  used  for  domestic  and  other 
purposes,  while  the  other  supply  was 
an  entirely  separate  supply,  used  only 
for  fire  protection,  and  obtained  by 
pumping  directly  from  the  polluted 
Genesee  river.  The  two  systems  were 
never  intended  to  be  turned  into  the 
operating  house  for  the  bridge  at  the 
same  time  and  the  street  gate  on  the 
one  system  was  supposed  to  be  shut 
when  not  in  use,  but  as  additional 
precaution  check  valves  on  each  sys- 
tem were  installed. 

Between  inspections  a  zealous  but 
ignorant    canal    employe    obtained    a 
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gate  wrench,  closed  the .  open  street 
gates  and  then  removed  the  checks  or 
flaps  from  the  check  valves,  after 
which  he  opened  both  street  gates. 
Tlie  result  was  that  contaminated 
river  water  entered  the  domestic  sup- 
ply and  an  outbreak  of  typhoid  fol- 
lowed. 

It  would  be  possible  to  recount  case 
after  case  of  similar  infection  through 
cross  connections  as  those  cited  above. 
Double  check  valves  in  accessible 
manholes  with  provision  for  testing 
and  inspection  have  been  urged  as  a 
means  for  providing  the  fire  protec- 
tion desired  by  the  Underwriters'  As- 
sociation, and  at  the  same  time  secur- 


supply  systems,  one  of  safe  and  whole- 
some quality  of  drinking  and  general 
household  use,  and  the  other  impure 
and  for  fire  protection  and  industrial 
use  have  been  suggested.  In  the  case 
of  individual  mills  such  dual  supplies 
are  actually  in  use  in  many  instances. 
This  is  a  practice  not  without  danger 
due  to  the  impossibility  of  completely 
preventing  the  use  of  impure  water 
for  drinking  when  readily  accessible. 
Accessibility  of  Distribution  Res- 
ervoir.— There  is  one  more  hazard 
connected  with  distribution  systems 
which  is  not  unknown  here  in  Massa- 
chusetts, and  while  probably  not  one 
to  grow  extremely  alarmed  about,  is 


Highway    in    Massachusetts    in    Close    Proximity  to   Water   Supply   Pond. 


ing  safety  for  the  public  supply.  Such 
installations  are  unquestionably  an 
advance  over  the  haphazard  single 
check  valve  installation  but  there  is 
no  assurance  that  deliberate  tamper- 
ing with  such  double  checks  will  not 
occur  nor  that  both  checks  will  not 
leak  at  the  same  time.  Double  checks 
reduce  but  do  not  remove  the  hazard. 

Use  of  Emergency  Supplies. — The 
use  of  emergency  or  auxiliary  supplies 
from  polluted  sources  is  a  practice 
fraught  with  unpleasant  possibilities. 
Emergency  chlorination,  if  properly 
applied  from  the  beginning  of  the  use 
of  such  supply,  minimizes  somewhat 
the  danger,  but  it  is  essential  that 
chlorination  be  started  as  soon  as  the 
emergency  supply  is  used  and  that 
continuous  application  of  adequate 
amounts  of  chlorine  be  maintained. 

Dual    Water    Systems.— Dual    water 


one  which  constitutes  a  real  menace 
to  some  of  our  supplies.  I  refer  to  the 
ready  accessibility  of  distribution  res- 
ervoirs with  pleasant  walks  and  drives 
around  them  in  very  close  proximity 
to  the  water's  edge  and  with  nothing 
to  prevent  the  contamination  of  the 
waters  except  a  few  absentee  police- 
men and  an  occasional  sign.  In  these 
the  country,  one  never  knows  wher 
some  typhoid  carrier  from  a  section 
less  fortunate  than  Massachusetts  in 
the  matter  of  freedom  from  typhoid 
will  unknowingly  contaminate  and  in- 
fect some  of  our  reservoirs  located  so 
conveniently  alongside  main  traveled 
highways.  It  is  a  remote  contingency, 
perhaps,  *  but  the  unexpected  always 
happens  and  in  the  little  stories  of  ty- 
phoid outbreaks  of  which  I  have  given 
the  element  of  chance  will  be  noted 
and  the  eventual  combination  of  con- 
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riitions   which    so   frequently   resulted 
in  disaster. 

Miscellaneous  Dangers. — In  addition 
to  the  hazards  previously  illustrated 
in  more  or  less  detail,  there  are  those 
which  may  arise  from  casual  visitors, 
such  as  picnickers  and  hunters,  to 
watersheds,  streams  and  reservoirs  or 
from  summer  cottages  upon  the  shores 
of  lakes  or  ponds  used  as  water  sup- 
ply. Mains  occasionally  break  which 
necessitate   the    by-passing   of   filters. 


of  supplies  from  large  lakes  infection 
may  be  brought  about  by  excreta  dis- 
charged from  boats  passing  in  the 
vicinity  of  intakes. 

The  typhoid  death  rate  in  this  coun- 
try has  been  steadily  declining  for  the 
past  20  years  due  largely  to  improved 
methods  in  the  protection  of  our 
water  supplies.  Outbreaks  of  water 
borne  disease  are  becoming  less  and 
less  frequent,  but  it  must  be  remem- 
bered that  eternal  vigilance  is  the 
price  for  continued  safety  of  our  sup- 
plies. 


Cost    of   Pumping    Water    at 
Columbus,  Ohio 

The  following  date  on  pumping  at 
Columbus,  O.,  are  taken  from  the  1922 
report  of  C.  B.  Hoover,  Superintend- 
ent Division  of  Water. 

The  cost  of  pumping  water  to  the 
city,  including  raw  water  pumping,  di- 
rect service  pumping  and  booster  sta- 
tion pumping,  for  1922  was  as  follows: 

Per  million  Per  1,000 

gallons.  cu.  ft. 

Labor  $  8.03  $0,060 

Coal 7.98  0.060 

Electric  power    1.10  0.008 

Other  costs    1.25  0.009 

Total   .$18.36  $0,137 

The  total  pumpage  to  the  city  was 
7,747  million  gallons  and  the  total  cost 
of  operation  and  maintenance  was 
$142,218.74. 

Sketch    Map   of    Northern    End    of   Cayuga 
Lake,   N.  Y. 

Filters    and    chlorination    plants    are 

frequently    housed    in    combustible 

buildings.     Inspection  of  mains  under 

repairs  by  sewage  leaking  into  water 

pipe   trenches    or    of   standpipes    and 

days  of  tourists   from   every   part   of 

distribution  reservoirs  by  men  clean- 
ing them  or  making  repairs   are  not 

impossible  contingencies.    In  the  case 

TABLE  I.— COST  PER   FOOT  OF  CAST  IRON  MAIN  CONSTRUCTION  BY  FISCAL 

YEARS. 


Size. 
4    in. 


Cost  of  Water  Main  Construction 
at  Pasadena,  Calif. 

Table  I  from  the  9th  annual  report 
of  the  Municipal  Water  Department  of 
Pasadena,  Calif.,  of  which  S.  B.  Morris 
is  Chief  Engineer,  shows  the  average 
unit  cost  per  lineal  foot  for  construct- 
ing 4  in.  and  6  in.  Class  B  cast  iron 
water  mains  for  the  fiscal  years  1914- 
1922. 


6   in. 


cal  year 

, Costs  per  1 

ineal  foot 

of  main , 

nding 

Feet 

Ma- 

Over- 

me 30. 

laid. 

Labor. 

Auto. 

terial. 

head. 

Total. 

1914 

15,713 

.222 

.012 

.487 

.059 

.780 

1915 

27,021 

.241 

.016 

.430 

.063 

.750 

1916 

12,453 

.268 

.024 

.457 

.097 

.846 

1917 

14,670 

.267 

.015 

.477 

.058 

.817 

1918 

11,020 

.298 

.022 

.743 

.107 

1.170 

1919 

4,890 

.424 

.061 

.885 

.155 

1.626 

1920 

5,576 

.437 

.056 

.846 

.171 

1.510 

1921 

3,067 

.497 

.031 

1.043 

.073 

1.644 

1922 

16,539 

.4584 

.0236 

.8042 

.0622 

1.3484 

1914 

19,878 

.257 

.017 

.678 

.076 

1.028 

1915 

6,691 

.356 

.031 

.668 

.097 

1.152 

1916 

12,546 

.296 

.022 

.610 

.117 

1.045 

1917 

11,636 

.252 

.015 

.673 

.071 

1.011 

1918 

9,247 

.333 

.029 

1.120 

.148 

1.630 

1919 

3,583 

.458 

.071 

1.157 

.188 

1.874 

1920 

9,396 

.419 

.041 

1.368 

.223 

2.051 

1921 

6,961 

.686 

.046 

1.718 

.101 

2.551 

1922 

15,858 

.5568 

.0382 

1.1098 

.0898 

1.7946 
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Relations  of  the  Engineer  to  the 
Public. — The  engineer  should  regard 
his  duty  to  the  public  welfare  as  para- 
mount to  all  other  obligations. 

He  should  not  use  his  professional 
standing  as  a  means  of  sponsoring  or 
promoting  commercial  or  other  under- 
taking of  a  speculative  character. 

He  should  scrupulously  avoid  con- 
nection, by  act  of  omission,  with  any 
illegal  or  questionable  undertaking  or 
participation  in  any  enterprise  inimi- 
cal to  the  public  welfare. 

He  should  not  advertise  in  self- 
laudatory  language  or  in  any  other 
manner  derogatory  to  the  dignity  of 
his  profession. 

He  should  avoid  any  publicity  giv- 
ing the  impression  that  technical  ser- 
vice in  technical  matters  can  be  dis- 
pensed with;  or  that  technical  pro- 
ficiency along  any  line  is  easy  of  ac- 
quisition; or  that  exaggerated  returns 
may  be  expected  from  any  limited 
course  of  technical  instruction. 

He  should  avoid  any  questionable 
statements  or  any  statements  couched 
in  language  that  would  convey  a  false 
impression,  in  any  of  his  reports,  ad- 
vertisements or  articles. 

When  restained  to  report  on  any 
property  or  project,  he  should  not  ac- 
cept as  compensation  any  stock  or 
other  interest  in  the  property  or  proj- 
ect, or  any  other  contingent  fee  which 
could  in  any  way  consciously  or  un- 
consciously influence  the  nature  of 
his  report  and  its  conclusions. 

He  should  avoid  entering  into  any 
private  combination  which  would  re- 
strict free  individual  competition  for 
professional  employment.  The  mat- 
ter of  proper  engineering  fees  and 
the  methods  of  making  proper  tenders 
on  engineering  work  should  be  left 
to  professional  organizations  in  order 
that  their  backing  should  inspire  pub- 
lic confidence. 

He  should  refrain  from  using  any 
improper  and  questionable  methods  of 
soliciting  professional  work. 

He  should  participate  in  clean  poli- 


tics and  should  strive  to  be  a  force  to 
assist  in  the  cleansing  of  politics. 

He  should  take  an  active  interest 
in  the  public  welfare  in  behalf  of 
which  he  should  ever  stand  ready  to 
volunteer  his  special  knowledge,  skill 
and  training  for  the  use  and  benefit 
of  mankind. 

Relations  of  the  Engineer  to  Clients 
and  Employers. — The  engineer  should 
pursue  his  professional  work  in  a 
spirit  of  strict  fidelity  and  full  loy- 
alty to  his  clients  and  employers. 

He  should  inform  a  client  or  em- 
ployer or  any  business  connections, 
interested  or  affiliations  which  might 
tend  to  influence  his  judgment  or  im- 
pair the  dis-interested  quality  of  his 
service. 

He  should  accept  compensation  for 
his  services  in  connection  with  any 
work  from  one  source  only,  except 
with  the  full  knowledge  and  consent 
of  all  the  interested  parties. 

He  should  regard  and  maintain  as 
confidential  any  information  obtained 
by  him  relating  to  the  business  affairs 
and  technical  methods  or  processes 
of  a  client  or  employer. 

He  should  not  engage  in  any  out- 
side work  without  the  full  knowledge 
and  consent  of  his  employer. 

When  connected  with  any  work,  he 
should  not  accept  commissions,  out- 
side employment,  promise  employ- 
ment, or  any  other  consideration  from 
a  contractor  engaged  upon  that  work. 

He  should  have  no  business  deal- 
ings or  connections  with  any  client  of 
his  employer  without  the  full  knowl- 
edge and  approval  of  his  employer. 

He  should  entertain  no  offers  of  em- 
ployment or  other  considerations  from 
a  third  party,  when  such  may  in  any 
way  influence  his  actions  or  decisions 
with  respect  to  the  relations  which 
may  exist  between  such  third  party 
and  the  engineer's  employer  or  client. 

He  should  not  accept  commissions 
or  other  considerations  for  specify- 
ing or  recommending  supplies,  equip- 
ment or  service. 

He  should  not  split  fees  as  commis- 
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sions  for  securing  work,  nor  work  with 
other  engineers  on  a  split-fee  basis 
unless  assured  that  his  client  is  not 
deceived  thereby. 

He  should  have  no  interest  direct 
or  indirect  in  any  materials,  supplies 
or  equipment  used  in  the  construc- 
tion work  of  his  client  or  in  any  firms 
receiving  contracts  for  his  client's 
work  without  informing  his  client  in 
advance  of  the  nature  of  such  interest 
and  obtaining  his  sanction. 

He  should  not  engage  in  the  inde- 
pendent practice  of  engineering  with- 
out the  knowledge  and  sanction  of  his 
employer,  and  under  no  circumstances 
should  he  compete  with  his  employer 
on  the  basis  of  lower  fees. 

Relations  of  Engineers  to  Employes. 
— The  engineer  should  treat  his  em- 
ployes or  subordinates  in  a  spirit  of 
fairness,  with  due  regard  and  consid- 
eration for  their  personal  welfare  and 
profession  advancement. 

There  should  be  a  professional  bond 
between  employer  and  employe  when 
both  are  engineers,  which  will  dictate 
and  impel  reciprocal  interest  and  mu- 
tual consideration. 

The  engineer  should  pay  adequate 
salaries  commensurate  with  the  im- 
portance and  responsibility  involved 
in  the  service. 

He  should  encourage  the  profes- 
sional pride  of  his  employes  or  sub- 
ordinates in  their  work  and  should  of- 
fer them  every  means  of  protecting 
their  reputations  and  the  quality  of 
the  work  entrusted  to  them  by  not 
interfering  with  the  proper  perform- 
ance of  the  duties  for  which  they  are 
responsible. 

He  should  recognize  the  freedom  of 
his  employes  to  change  employment, 
and  should  in  no  way  hinder  employes 
or  subordinates  on  bettering  their 
condition. 

He  should  not  discharge  an  employe 
nor  withhold  employment  from  him. 
nor  discriminate  against  him  in  any 
way  on  account  of  his  affiliations  or 
activities  in  any  professional,  politi- 
cal or  religious  organization. 

He  should  respect  his  employe's 
right  to  freedom  of  thought,  speech 
and  outside  activity  as  long  as  the 
same  does  not  impair  the  efficiency 
and  value  of  the  employe's  service. 

He  should  see  that  his  employe  is 
adequately  covered  by  insurance 
against  risk  of  casualty  arising  from 
his  work. 

In  advertising  or  offering  employ- 
ment, he  should  refrain  from  any  mis- 


representation as  to  the  conditions 
and  permanency  of  such  employment. 

If  in  public  employ,  he  should  as- 
sume the  responsibility  of  consistent- 
ly protecting  the  interests  of  his  sub- 
ordinates. 

He  should  make  every  effort  to  pro- 
vide steady  employment  for  his  em- 
ployes and  when  forced  to  discharge 
an  employe  he  should  give  the  most 
generous  notice  possible  and  exert 
every  reasonable  effort  to  assist  the 
employe   in   finding  another   position. 

The  Engineer's  Relations  to  Other 
Engineers. — The  engineer  should  not 
by  word,  act  or  omission,  injure  false- 
ly or  maliciously,  directly  or  indirect- 
ly, the  professional  reputation,  pros- 
pects or  business  of  another  engineer. 

He  should  not  attempt  to  supplant 
another  engineer  after  definite  steps 
have  been  taken  towards  his  employ- 
ment, i     ! 

If  employed  in  conjunction  with  an- 
other engineer,  and  by  the  same 
client,  he  should  not  review  and  com- 
ment conclusively  upon  the  work  of 
the  other  engineer  except  with  his  full 
knowledge  and  consent  or  unless  the 
connection  of  such  other  engineer  to 
the  work  has  been  previously  termi- 
nated. 

He  should  not  use  unfair  means  to 
effect  his  professional  advancement 
or  to  injure  the  chances  of  another 
engineer  to  secure  and  hold  employ- 
ment. 

He  should  not  attempt  to  inject  his 
services  into  a  project  at  the  expense 
of  another  engineer  who  has  been 
active  in  developing  it. 

He  should  not  interpose  between 
other  engineers  and  their  clients  when 
unsolicited.  When  solicited,  he 
should  avoid  any  possibility  of  doing 
a  brother  engineer  an  injustice. 

He  should  not  seek  or  solicit  a  posi- 
tion occupied  by  another  engineer. 

He  should  not  attempt  to  secure 
work  on  the  basis  of  lower  salaries 
or  fees. 

He  should  be  courteous,  fair,  con- 
siderate in  his  dealing  with  other  en- 
gineers. 

He  should  not  criticize  the  work  of 
other  engineers  except  when  regular- 
ly engaged  to  do  so;  and  he  should 
not  attempt  to  secure  the  work  for 
himself  through  criticism. 

He  should  not  commercialize  his  af- 
filiations with,  or  official  position  in. 
any  technical  organization. 

He  should  not  use  his  professional 
affiliations    to    secure    the    confidence 
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of  other  engineers  in  speculative  com- 
mercial  enterprises. 

As  a  member  of  any  professional 
organization,  he  should  avoid  any  act 
tending  to  promote  his  own  interest 
at  the  expense  of  the  dignity  and 
standing   of  the   organization. 

As  an  officer  of  a  professional  or- 
ganization, he  should  sedulously  avoid 
any  appearance  of  using  his  position 
for  personal  advertising. 

He  should  co-operate  in  upbuilding 
the  engineering  profession  by  exchang- 
ing professional  information  and  ex- 
perience with  his  fellow  engineers  and 
students  of  engineering  and  by  con- 
tributing to  the  work  of  engineering 
societies,  schools  of  applied  science, 
and  the  technical  press. 

He  should  regard  himself  as  a  debtor 
to  his  profession  and  should  dedi- 
cate himself  to  its  advancement. 


Cost  of  Laying  Water  Mains  at 
Columbus,   O. 

More  cast  iron  pipe  was  laid  during 
1922  by  the  Division  of  Water  of  Co- 
lumbus, O.,  than  the  combined  footage 
of  the  previous  four  years.  The  total 
of  all  sizes  laid  was  69,636  ft.  Of  the 
total  length  laid  during  the  year,  46 
per  cent  was  pipe  having  a  diameter 
of  12  in.  or  larger  and  more  of  this 
larger  pipe  was  laid  than  the  com- 
bined footage  of  large  pipe  laid  in  the 
previous  six  years. 

The  cost  of  installing  mains  of  va- 
rious sizes  during  the  year  is  given  in 
the  1922  annual  report  of  C.  B.  Hoo- 
ver, Superintendent  of  Waterworks, 
as  follows: 
Diam.,  Length, 


Cost  per  foot. 
Ma- 


in. 


ft. 

4     125 

6     18,747 

8     18,476 

12     3,755 

16     9,805 

20     7,713 

24     11,015 

Avg.  cost   


Labor. 

$1.23 
0.98 
1.08 
2.00 
2.55 
1.69 
2.25 
1.57 


terial. 
$0.86 
0.84 
1.21 
2.35 
3.28 
4.18 
6.28 
2.59 


Total. 
$2.09 
1.82 
2.29 
4.33 
5.83 
5.87 
8.53 
4.16 


The  total  amount  expended  for 
main  line  extension  during  the  year 
was  $289,447.37,  of  which  62  per  cent 
was  for  material  and  38  per  cent  for 
labor.  The  cost  of  installing  mains  is 
governed  largely  by  the  length  laid, 
the  ease  or  the  difficulty  of  the  trench 
excavation,  and  the  number  of  cross 
connections  that  have  to  be  made. 

The  cost  of  laying  6-in.  mains  varied 
from  $1.48  to  $7.73  per  foot,  and  the 
cost  for  8-in.  mains  varied  from  $1.90 
to  $9.15  per  foot,  the  highest  costs  in 
each  case  being  incurred  on  short 
lines  in  difficult  locations. 


Large    Riveter    for    Fabricating 
Plates   for  Volute  and  Pen- 
stock of  70,000  H.  P. 
Turbine 

A  large  portable  pneumatic  riveter 
of  118  in.  reach  and  30  in.  gap  has 
been  designed  and  built  especially  for 
the  Niagara  Falls  Power  Co.  by  the 
Hanna  Engineering  Works,  Chicago, 
111.  The  riveter  was  built  primarily 
for  fabricating  the  plates  forming  the 
volute  of  the  casing  (spiral  or  snail 
shell)  and  penstock  for  a  70,000-h.p. 
hydraulic  turbine.  The  greatest  dis- 
tance   across    the    volute    is    approxi- 


Side    Elevation    of    Riveter    with    Spindle 
Horizontal.      Frame    in    the   Vertical 
Plane  and  with  Riveting  Mechan- 
ism   Above. 

mately  48  ft.  The  diameter  of  the 
entrance  for  water  into  the  volute  is 
15  ft.  The  plates  vary  in  thickness 
from  114  in.  at  the  entrance  to  %  in. 
at  the  end  of  the  volute,  with  rivets 
of  diameter  from  iy2  in.  to  1  in.  and 
7,800  in  number.  The  longest  grip 
for  the  l^-in.  rivets  is  approximately 
5  in.  The  penstock  is  approximately 
18  ft.  in  diameter  with  plates  of  iy2 
in.  thickness  and  about  110  ft.  long. 
Three  such  penstocks  are  to  be 
riveted.  Since  the  volute  and  pen- 
stock are  to  hold  water  under  a  pulsat- 
ing pressure  of  about  110  lb.  per 
square  inch,  the  character  of  this 
work  must  be  of  boiler  quality.  Owing 
to  the  immense  size  and  weight  of 
the  volute  and  penstock,  a  portable 
riveter  is  required.  The  large  rivets 
and  large  Dlates  call  for  a  riveter  of 
high  tonnage  and  long  reach. 

The  total  portable  weight  of  the 
riveter  is  57,750  lb.  and  the  weight  of 
the   frame,   a   one-piece    steel   casting 
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without  spindle  or  riveting  mechan- 
ism, is  33,000  lb.  It  is  evident  that 
mechanical  power  is  necessary  to 
move  this  riveter  into  the  operating 
positions.  The  supporting  mechanism 
is  designed  so  that  when  revolving 
the  frame  on  the  spindle  or  tilting  it 
upward  or  downward  from  horizontal 
the  center  of  gravity  of  all  the  parts 
hanging  up  on  the  crane  hook  is 
neither  raised  nor  lowered.  This  is 
accomplished  by  the  suspension  beam 
(at  top),  the  two  vertical  links,  the 
spindle  housing  and  spindle  which 
form  a  parallelogram  with  overhung 
support  at  the  crane  hook  directly 
above  the  center  of  gravity  of  the 
entire  machine.  With  this  arrange- 
ment the  friction  of  the  bearings  and 
the  inertia  effects  are  the  only  forces 
to  be  overcome.  These  two  motions, 
revolving  and  tilting,  are  performed 
by  two  reversible  close  quarters,  air 
drill  motors  of  approximately  2  h.p. 
each,  manufactured  by  the  Chicago 
Pneumatic   Tool  Co. 

In  order  to  minimize  the  power 
necessary  to  set  the  frame  into  the 
required  position,  roller  bearings  and 
ball  bearings  are  employed  at  all 
points  of  rotation.  The  frame  is 
mounted  upon  the  spindle  by  two 
radial  roller  bearings  and  is  restrained 
from  longitudinal  motion  upon  the 
spindle  by  roller  thrust  bearings. 
Four  roller  bearings,  one  at  each  end 
of  the  vertical  links,  and  two  large 
ball  bearings  at  the  crane  hook  end  of 
the  suspension  beam,  come  into  action 
when  tilting  the  frame.  The  roller 
bearings  on  the  inner  vertical  link 
carry  a  load  of  approximately  150,000 
lb.  each. 

The  Hanna  motion,  or  riveting 
mechanism  mounted  upon  this  ma- 
chine, is  a  combination  of  toggles 
which  merge  into  a  lever  action,  dev- 
eloping a  known  and  pre-determined 
maximum  uniform  pressure  during  the 
lever  action,  which  is  the  last  half  of 
piston  stroke,  or  what  amounts  to  the 
last  1  in.  of  die  travel. 

Complete  manipulation  of  this  ma- 
chine is  possible  from  one  position  at 
the  head  or  dies,  three  valves  operat- 
ing handles  being  located  here  for 
riveting,  rotating  and  tilting.  A  seat 
is  provided  near  the  rear  of  the  ma- 
chine from  which  the  rotating  and 
tilting  motor  valves  may  be  manipul- 
ated when  operating  conditions  make 
this  point  of  control  more  desirable. 
In  the  latter  case,  the  standard  re- 
versing valves  built  into  the  motors 
are  utilized. 


Water    Requirements    for 
Rice  Culture  in  Sacra- 
mento Valley,  Cal. 


Extract    from    Report    of    Division    of 

Water  Rights   of  the  Department 

of  Public  Works  of  the  State 

of    California 

In  general,  all  of  the  Sacramento 
Valley  irrigation  development  is  of 
the  same  type.  The  majority  of 
projects  are  for  large  acreages,  the 
pumping  installations  have  been  for 
large  capacities,  and  the  canal  sys- 
tems are  extensive.  The  pumps  in- 
stalled are  nearly  all  of  the  horizontal 
centrifugal  type,  the  majority  varying 
in  size  from  10  in.  to  about  36.  Some 
few  projects  have  installed  exception- 
ally large  pumps  or  batteries  of 
pumps  with  sizes  of  centrifugal  pumps 
running  up  to  52  in.  The  pumps  op- 
erate under  heads  varying  on  an  av- 
erage from  about  10  to  about  30  ft.  In 
the  case  of  two  large  projects  where 
the  head  is  somewhat  less  than  the 
average,  the  screw  pump  has  been 
developed  very  successfully.  The 
development  of  this  pump  has  per- 
mitted the  installation  of  single  units 
of  enormous  capacity.  The  maximum 
installation  of  this  nature  is  that  of  a 
108-in.  screw  pump  with  rated  cap- 
acity of  375  cu.  ft.  per  second.  With 
the  rapid  development  as  experienced 
in  the  valley,  and  especially  with  the 
sudden  increase  in  use  for  rice  of 
large  areas  hitherto  barren,  the  con- 
struction works  and  use  of  water  have 
been  carried  on  in  large  units.  Canals 
have  been  thrown  up  hurriedly  with- 
out lining  and  by  reason  of  the  level 
topography  a  maximum  area  of  land 
has  been  covered  with  a  minimum  of 
outlay. 

Rice  Culture  and  Water  Require- 
ments.— The  requirements  and  use  of 
water  in  rice  culture  differ  greatly 
from  those  for  general  crops,  such  as 
alfalfa,  corn,  orchard,  etc.  The  rice 
is  sown  generally  in  the  last  of  April 
or  early  part  of  May  and  immediately 
thereafter  the  fields  must  receive  their 
initial  flooding  for  germination. 

For  best  results  the  capacity  of 
ditches  must  be  such  that  heads  of 
water  of  sufficient  size  are  available 
to  quickly  flood  the  entire  area  from 
4  to  6  in.  in  depth.  Subsequent  to  the 
initial  flooding,  and  during  a  period  of 
about  40  to  50  days,  the  fields  mint. 
be  given  a  sufficient  number  of  flush 
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ings,  varying  from  three  to  six,  to 
keep  the  soil  fairly  moist  during 
germination.  About  30  days  after 
emergence  of  the  plants  above  ground 
the  fields  are  flooded  and  the  water 
is  held  continuously  thereafter  until 
the  crop  is  matured.  The  period  of 
submergence  varies  from  about  90  to 
100  days,  depending  upon  the  variety 
of  rice.  The  total  length  of  season 
of  use  of  water  is,  then,  from  about 
t80  to  170  days. 

Within  the  last  few  years  it  has 
been  found  in  some  localities,  in  com- 
bating water-grass,  which  is  one  of 
the  greatest  obstacles  encountered  in 
the  growing  of  rice,  that  by  holding 
the  fields  in  submergence  for  the 
entire  season,  including  the  early  pe- 
riod, the  rice  will  grow  up  through  the 
water,  but  the  water-grass  will  not.  It 
would  appear  that  this  change  in  the 
use  of  the  water  for  the  purpose  of 
fighting  water-grass,  might  somewhat 
change  the  total  seasonal  require- 
ments. Just  what  the  change  would 
amount  to  is  yet  to  be  established. 

Monthly  Demand  for  Water. — With 
the  method  of  intermittent  flushings 
there  are  short  periods  when  water 
is  used  in  large  quantities  and  other 
periods  when  no  water  is  used.  On 
the  other  hand,  in  holding  the  water 
from  the  beginning,  there  is  a  con- 
tinuous diversion  but  of  smaller 
amount,  after  the  initial  flooding,  and 
evaporation  in  this  early  period  is 
less  than  that  later  in  the  season. 
With  ordinary  practice  the  period  of 
the  initial  flooding  and  the  period  of 
beginning  of  submergence  are  the 
times  of  greatest  need  for  water.  How- 
ever, under  a  large  project  or  a  num- 
ber of  projects  under  one  canal  sys- 
tem, the  periods  just  mentioned  are 
unlikely  to  occur  simultaneously  for 
the  various  fields  and  the  demand  for 


TABLE   I. 

Monthly 
demand  In 
per  cent  of 
Month.  seasonal. 

April    ; 2.9 

May    11.3 

June    20.4 

July    22.5 

August   21.9 

September    17.0 

October    4.0 

Total    100.0 


water  at  the  point  of  diversion  should 
not,  therefore,  be  made  greater  than 
later  in  the  submergence  period.  In 
fact,  with  the  heavy  evaporation  oc- 
curring in  the  latter  part  of  June,  in 
July  and  in  August,  when  all  fields  are 
submerged,  it  is  probable  that  the 
peak  demand  at  the  point  of  diversion 
of  the  larger  projects  may  occur  in 
these  months.  This  would  appear  to 
be  substantiated  in  the  accompanying 
Table  I.  Here,  by  using  the  data  ob- 
tained of  monthly  power  consumption 
at  the  various  pumping  plants  the 
monthly  demand  in  percent  of  the  sea- 
sonal demand  was  easily  shown.  The 
figures  in  the  table  represent  the  av- 
erage of  two  or  three  seasons  for  13 
rice  projects. 

The  average  was  taken  of  the  maxi- 
mum monthly  demands  on  the  same 
13  projects,  irrespective  of  the  month 
in  which  the  maximum  occurred,  and 
found  to  give  a  figure  of  26  per  cent. 

Growth  of  Rice  Industry. — The 
growth  and  history  of  the  rice 
industry  in  California  are  very  con- 
cisely told  in  the  figures  given  in  the 
accompanying  Table  II.  These  are  the 
figures  for  each  year,  of  the  rice  acre- 
age, production  and  price  received,  as 
obtained  from  the  office  of  the  Cali- 
fornia Co-operative  Crop  Reporting 
Service. 


1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 


Year. 


OWTH    OF 

RICE    INDUSTRY    IN 

CALIFORNIA. 

r Acreage  of  rice  harvested — 

->,    Production 

San                  Total 

for  state, 

Sacramento 

Joaquin                for 

100  lb. 

Valley. 

Valley.              state. 

sacks. 

100 

100 

1,350 

150 

150 

2,700 

1.400 

1,400 

31,500 

6,100 

6,100 

131,800 

15,000 

15.000 

360,000 

34,000 

34,000 

1,020,600 

58,000 

58,000 

1,539,900 

80,400 

2,600                   83,000 

2,539,800 

107,780 

4,220                112,000 

3,301,200 

148,500 

6,500                155.000 

4,185,000 

154,000 

8,000                  162,000 

3,717,900 

132,700 

2,300                135,000 

3,280,500 

138,500 

3,500              *142.000 

Price 
received 
per  100 
lb. 
$1.44 
1.67 
2.02 
2.22 
2.22 
2.00 
1.73 
3.89 
4.22 
5.93 
2.69 
2.56 


♦Acreage   planted. 

Average  price  received  during  the  period  1910  to  1916,  inclusive,  $1.90  per  100  lb. 
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The  price  received  for  rice  is,  of 
course,  one  of  the  largest  factors  con- 
trolling the  acreage  planted.  This  is 
very  clearly  illustrated  in  the  table. 
With  the  remarkable  increase  in  price 
received  up  to  and  including  1919,  the 
acreage  planted  increased  by  great 
jumps,  while  subsequent  to  the  slump 
in  price  in  1920  and  1921  acreage 
shows  a  very  decided  drop.  With  high 
prices  such  as  those  of  1918  and  1919, 
factors  such  as  the  cost  of  irrigation 
water,  the  sufficiency  of  water  supply, 
adaptability  of  soil,  etc.,  were  hardly 
given  proper  consideration  in  the 
planning  of  future  acreage.  As  a 
result,  considerable  areas  of  rather 
pervious  land  where  the  use  of  water 
was  excessive  were  planted.  These 
lands  were  excellent  for  general  crops 
but  entirely  unsuited  to  properly  grow 
rice.  Over-expansion,  due  to  high 
prices  received,  was  the  1920  condi- 
tion just  prior  to  the  great  slump  in 
price.  With  a  return  to  a  normal 
price  the  factor  of  the  cost  of  water 
will  undoubtedly  be  effective  in  con- 
fining the  rice  areas  to  lands  having 
soils  suitable  for  rice  culture,  that  is, 
the  clays  and  clay  adobes  with  imper- 
vious subsoils  which  retain  the  water 
in  the  rice  cheeks  with  a  minimum  of 
loss. 

Amount  of  Water  Used. — As  a  re- 
sult of  the  1920  and  1921  investiga- 
tions into  the  amount  of  water  used 
by  the  various  rice  projects,  the  com- 
putations for  15  large  and  representa- 
tive projects  with  total  acreage  (not 
all  planted)  under  permit  of  193.317, 
or  an  average  of  12,888  acres,  show 
the  average  seasonal  use  at  the  point 
of  diversion  varying  from  6.12  to  10.31 
acre-feet  per  acre,  with  an  average  of 
about  7  acre-feet  per  acre.  For  an 
average  length  of  season  of  160  days 
the  use  of  7  acre-feet  per  acre  is 
equivalent  to  a  continuous  diversion 
throughout  the  season  of  1  second-foot 
for  every  46  acres.  As  previously  out- 
lined, the  average  maximum  monthly 
diversion  appears  to  be  about  25  per 
cent  of  the  seasonal  use.  On  this 
basis,  for  the  seasonal  diversion  of 
7  acre-feet  per  acre,  the  maximum 
monthly  diversion  would  amount  to 
1.8  acre-feet  per  acre,  or  an  area  of 
35  acres  served  per  second-foot  dur- 
ing that  month. 

On  account  of  the  growth  of  water- 
grass  it  has  been  the  rice  growers'  ex- 
perience, in  general,  that  a  successful 
crop  can  not  be  grown  for  more  than 
three  consecutive  years  on  new  land 
or    for    more    than    two    consecutive 


years  on  land  which  has  been  allowed 
to  lie  fallow  or  has  been  used  for  gen- 
eral crops  subsequent  to  use  for  rice. 
This  has  led  to  the  necessary  practice 
of  allowing  certain  lands  to  lie  fallow 
or  to  be  used  for  general  crops  each 
year.  On  a  large  project,  therefore, 
the  percentage  of  the  total  area 
cropped  to  rice  each  year  may  be  as 
low  as  50  per  cent,  and  will  probably 
not  exceed  80  per  cent. 

in  estimating  the  requirements  of  a 
project  at  point  of  diversion,  there- 
fore, using  the  entire  acreage  as  a 
basis,  a  figure  for  seasonal  use  such 
as  7  acre-feet  per  acre  as  given  should 
be  decreased.  With  a  maximum  acre- 
age of  80  per  cent  cropped  the  season- 
al use  or  "duty"  applied  to  the  entire 
project  would  become  5.6  acre-feet  per 
acre,  or  an  area  served  per  second- 
foot  of  57  acres.  The  difference  be- 
tween the  maximum  amount  of  water 
required  for  the  loam  soils  and  mini- 
mum amount  required  by  the  clays 
and  adobes  is  clearly  indicated  in  the 
investigations.  In  a  study  of  the  water 
requirements  at  the  point  of  diver- 
sion for  large  projects,  however,  any 
Well  defined  relation  between  water 
requirements  and  soil  types  between 
the  two  extremes  of  loams  and  clay 
adobes  is  found  to  be  obscured  by 
such  factors  as  relative  size  of  project, 
size  of  canal  system,  canal  losses,  etc. 


Water     Consumption     at     New     Bed- 
ford, Mass 

In  his  annual  report  for  the  year 
ending  Dec.  31,  1922,  Stephen  H.  Tay- 
lor, Superintendent  of  Water  Works 
of  New  Bedford,  Mass.,  gives  the  fol- 
lowing classification  of  the  water  con- 
sumption for  the  year: 

Daily        Per       %  of 
average,  capita,  total. 
Domestic  consump- 
tion  (metered)    ..   3,942,481         29         37 
Mfg.     consumption 

(metered)    4,356,173         32         40 

All  unmetered  use, 
leaks  an  d  unac- 
counted for  water  2,493,45'; 


IS 


2:: 


Totals     10,792,111 


79       100 


The  average  daily  consumption  for 
1922  was  over  a  million  gallons  above 
1921,  and  over  a  half  million  gallons 
greater  than  1920,  which  was  the  larg- 
est previous  year.  The  maximum 
daily  consumption  was,  Noy.  14,  14,- 
987,504  gal.;  the  minimum  daily  con- 
sumption, Aug.  27,  was  6,573,956  gal.; 
the  average  daily  consumption,  6  a. 
m.  to  6  p.  m.,  was  7,166,477  gal.;  and  the 
average  daily  consumption,  6  p.  m.  to 
6  a.  m.,  was  3,625,633  gal. 
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A  private  owner  may  dig  a  ditch  on 
his  own  land  and  experiment  until  he 
makes  it  of  sufficient  size,  starting 
with  a  small  ditch  and  increasing  its 
dimensions  year  by  year  until  it  an- 
swers his  purpose.  An  engineer  has 
no  such  freedom,  but  is  required  to 
provide  in  the  first  place  a  channel 
that  will  meet  the  needs  of  the  locality. 
If  his  ditch  proves  insufficient,  dam- 
age results  to  roads,  crops  and  lands 
which  should  have  been  protected  by 
the  ditch;  if  the  ditch  is  too  large, 
there  is  an  excessive  cost  and  a  waste 
of  money.  In  either  case  the  reputa- 
tion of  the  engineer  suffers. 

In  every  case  then  where  a  ditch  is 
constructed  oh~"the  report  or  design 
of  an  engineer,  the  engineer  must  in 
justice  to  the  ratepayers  and  to  him- 
self consider  carefully  the  size  and  ca- 
pacity of  the  ditch.  Some  engineers 
do  this  simply  as  a  master  of  judg- 
ment or  estimate,  relying  wholly  on 
their  experience  and  their  observation 
of  other  ditches.  Some  rely  upon  em- 
pirical formulae  such  as  are  commonly 
used  in  determining  the  waterway  of 
bridges,  or  they  provide  a  fixed  sec- 
tional area  of  drain  for  a  given  area 
of  watershed,  as  for  instance,  a  square 
foot  for  each  100  acres. 

Determination  of  Carrying  Capacity 
of  Ditches. — The  actual  quantity  of 
water  to  be  carried  off  by  a  ditch  will 
depend  on  the  particular  circum- 
stances of  each  case,  and  will  involve 
a  consideration  of  several  variables, 
such  as  the  area  and  shape  of  the  wa- 
tershed, the  character  of  its  soil,  the 
rainfall,  and  the  amount  of  damage 
that  would  result  from  occasional 
overflow.  A  very  extensive  watershed 
will  not  have  as  great  a  run-off  in  pro- 
portion to  its  area  as  a  smaller  water- 
shed, nor  will  the  run-off  from  a  long, 
narrow  watershed  reach  its  outlet  as 
quickly  as  the  run-off  from  a  more 
compact  watershed  of  the  same  area. 
Where  a  large  proportion  of  the  sur- 
face is  rock  or  impervious  clay,  the 
rate  and  volume  of  run-off  will  be 
greater  than  where  the  soil  is  porous 
and  absorbent.  The  same  is  true  of 
lands   that  have     been     cleared,   im- 


proved and  artificially  drained  as  com- 
pared with  lands  in  a  state  of  nature. 

If  the  ditch  is  to  be  constructed 
in  a  narrow  valley  flanked  by  higher 
lands,  as  often  happens  in  improving 
natural  creeks,  occasional  flooding 
would  be  less  injurious  than  where  the 
ditch  is  constructed  through  plains  or 
comparatively  level  lands.  In  the  lat- 
ter case  the  ditches  must  provide  ab- 
solute protection  against  flooding,  as 
not  only  lands  and  crops,  but  live 
stock  and  even  human  life  are  at 
stake.  In  the  former  case  it  would 
be  sufficient  to  provide  that  flooding 
should  not  be  infrequent  enough  to 
jeopardize   ordinary  farm  crops. 

Rainfall  Data. — Rainfall  data  are 
available  for  almost  every  locality  in 
Ontario,  and  records  of  the  same  can 
be  obtained  from  the  Meterological 
Bureau.  In  the  design  of  city  sewers 
where,  owing  to  paved  surfaces,  roofs 
of  buildings,  etc.,  as  rainfall  has  to 
be  carried  away  as  fast  as  it  reaches 
the  ground,  it  is  necessary  to  consider 
intensity  of  rainfall  for  short  periods 
of  time  such  as  5,  10  or  15  minutes,  but 
for  the  purpose  of  the  drainage  engi- 
neer, who  is  concerned  wholly  with  ag- 
ricultural drainage,  it  is  sufficient  to 
consider  the  total  rainfall  for  a  period 
of  24  hours.  Precipitation  of  1  in.  or 
more  in  24  hours  is  almost  certain  to 
occur  one  or  more  times  each  year 
during  the  months  from  April  to  Sep- 
tember, inclusive;  iy2  in.  is  very  like- 
ly to  fall  at  least  once  during  the  same 
months.  Higher  rates  up  to  ZV2  in. 
in  24  hours  may  be  expected  once  in 
a  few  years,  and  upwards  of  5  in.  has 
been  observed  and  reported.  Melting 
snow  may  cause  as  great  a  run-off  as 
a  heavy  rainfall.  The  highest  flood 
known  on  the  north  branch  of  the 
River  Thames  in  60  years  occurred 
as  the  result  of  a  rapid  thaw  without 
rain. 

Run-Off  Data.— On  the  subject  of 
run-off  there  are  very  little  data  avail- 
able. Such  measurements  of  stream 
flow  as  have  been  made  and  tabulat- 
ed have  been  more  with  a  view  to  the 
development  of  power  than  to  the  sub- 
ject cf  drainage,  and  consequently  the 
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watersheds  affected  have  been  much 
larger  than  the  drainage  engineer 
usually  deals  with.  For  areas  coming 
within  the  limits  of  ordinary  drainage 
work  the  engineer  must  therefore  de- 
pend largely  upon  a  systematic  study 
of  rainfall,  of  the  capacity  of  ditches 
coming  under  his  own  observation,  and 
of  such  actual  discharge  measure- 
ments as  he  himself  may  have  been 
able  to  make  or  observe. 

Carrying  Capacity  of  Ditches. — The 
unit   of   flow   in  hydraulic   works   for 


2  in.  of  run-off  from  the  drainage  area 
in  24  hours,  depending  on  the  combi- 
nation of  circumstances  in  each  case. 
In  small  areas  of  1,000  or  2,000  acres, 
cleared  and  artificially  drained,  the 
higher  figure  may  be  used;  the  24 
hours  run-off  to  be  provided  for  may 
be  gradually  diminished  to  the  smaller 
figure  of  y2  in.  in  case  of  flat  areas  ap- 
proaching 1,000  acres  in  extent.  A 
drainage  basin  of  half  a  million  to  ;i 
million  acres  in  the  older  parts  of  this 
province  will  probably  have   a  maxi- 


3  4-  5 

DEPTH     OF    FLOW    IN    FEET 
Fig.    1. — Hydraulic    Radio    of   Trapezoidal    Channels   with    Side   Slopes    1:1. 


power  and  irrigation  purposes  is  1  cu. 
ft.  per  second,  but  as  the  drainage  en- 
gineer usually  has  in  mind  the  area  of 
his  watershed,  he  finds  it  more  conve- 
nient to  deal  with  the  run-off  in  inch- 
acres  per  24  hours;  the  units  are  read- 
ily convertible  by  a  constant  factor 
.042,  or  by  one  setting  of  the  slide 
rule.  It  is  a  fairly  safe  general  state- 
ment that  the  carrying  capacity  re- 
quired for  an  open  ditch  or  drainage 
channel  will  vary  between  %  in.  and 


mum  24  hours'  run-off  of  l/2  in.  for  a 
day  or  two  in  March  or  April,  and  may 
occasionally  have  a  similar  run-off  as 
the  result  of  a  summer  freshet.  For 
such  areas  a  reasonably  sufficient 
drainage  scheme  might  safely  provide 
a  less  discharging  capacity  than  }&  in. 
of  run-off;  probably  %  in.  would  pro- 
vide sufficient  drainage  to  make  lands 
reasonably  safe  for  cultivation.  Areas 
of  100,000  acres  or  more,  affected  by 
drainage   schemes  under  the  laws  of 
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this  province  are  so  infrequent  that 
any  such,  when  encountered,  may  well 
receive  careful  and  detailed  study  of 
local  conditions. 

In  the  solution  of  any  particular 
drainage  problem  we  arrive  at  the 
point  where  the  drainage  area  and  the 
available  fall  or  surface  slope  have 
been  definitely  determined,  and  a  judg- 
ment has  been  formed  as  to  the  dis- 
charge capacity  required  for  24  hours. 
It  remains  then  to  calculate  the  form 
of  cross  section  of  the  ditch.  For 
channels  in  earth,  trapezoidal  forms 
of  cross  section  are  necessarily  used 


latter  of  which  is  the  older  and  better 
known,  and  is  used  for  determining 
the  value  of  the  coefficient  c  in  the 
still  older  Chezy  formula.  In  these 
formulae  the  following  notation  is 
used:  s  surface  slope,  or  sine  of  slope 
angle;  that  it,  the  ratio  of  vertical  dis- 
tance to  inclined  distance  on  the  sur- 
face of  the  water. 

r  =  hydraulic  radius,  which  is  ob- 
tained by  dividing  the  sectional  area 
by  the  wetted  perimeter. 

n  =  coefficient  of  friction,  varying 
with  the  nature  of  the  banks  and  bed 
of  the  channel,  and  having  the  same 
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Fig.  2.— Mean  Velocity  of  Flow  in  Trapezoidal  Channels  with  Side  Slopes  1:1. 
n  =  .025;   s  =  .10  per  cent,   with   corrections   for  other  values. 


usually  with  side  slopes  one  to  one; 
the  remaining  part  of  the  problem  is 
to  find  the  required  depth  and  bottom 
width.  In  practice  it  is  customary  to 
assume  both  these  quantities  and  find 
by  trial  the  values  that  satisfy  the 
requirements. 

Determining  Veloicty  of  Flow  Ditch- 
es.— There  are  several  formulae  for 
determining  the  mean  velocity  of  flow 
in  open  channels.  Those  in  common 
use  on  this  continent  are  the  Manning 
formula  and  the  Kutter  formula,  the 


numerical  values  in  Manning's  formu- 
la as  in  Kutter's. 

v  =  the  mean  velocity  of  flow  at  the 
cross  section. 

Within  the  limits  encountered  in 
drainage  practice  there  will  be  no  ap- 
preciable difference  between  the  re- 
sults obtained  by  Manning's  formula 
and  those  'obtained  by  Kutter's  form- 
ula.   Manning's  formula. 


1.486  r^6/n 
1.486  rV3  s^/n 


published  in  1890,  presents  some  diffi- 
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culty  in  the  use  of  two-thirds  powers 
of  numbers,  which  may  be  overcome, 
however,  by  the  use  of  tables  special- 
ly prepared  for  the  purpose,  or  by 
using  proportional  dividers  on  a 
logarithmic  scale  or  slide  rule.  Kut- 
ter's  formula 

41.63  +  0.0b281/s  -f  1.811/n 

c  =  - 

n/ri  (41.65  +  0.00281/s) 
and  combined  with  the  Chezy  formula 
published  in  1775 

v  =  c  (rs)i 
gives  results  almost  identical  with  the 
Manning  formula  for  our  purpose,  and 
has  this  advantage,  that  having  been 
in  use  for  a  longer  time,  a  greater 
number  of  tables  and  diagrams  have 
been  prepared  to  facilitate  its  applica- 
tion. These  may  be  briefly  summariz- 
ed as  follows: 

(a)  The  Kutter  diagram,  modified 
by  Hering  and  Trautwine,  for  graphic 
determination  in  English  measure  of 
any  one  of  the  quantities  n,  c,  s,  r, 
when  the  other  three  are  known. 

(b)  Tabulated  values  of  c,  for  dif- 
ferent values  of  n,  r  and  s,  given  in 
several  works  in  hydraulics  and  in 
engineer's  handbooks. 

(c)  Diagrams  for  determining  v,  or 
mean  velocity  when  quantities  n,  s  and 
r,  are  given.  Probably  the  most  com- 
plete of  these  is  Church's  "Diagrams 
of  Mean  Velocity  of  Uniform  Motion 
of  Water  in  Open  Channels";  separate 
diagrams  are  given  for  each  value  of 
n  from  .009  to  .035;  s  varies  from 
.00001  to  .10  and  r  from  0  to  25  ft. 

Aids  in  the  use  of  Manning's  formula 
are: 

(a)  King's  Handbook  of  Hydraulics, 
1918,  giving  tables  of  two-thirds  pow- 
ers of  numbers  and  several  other  con- 
venient tables,  as  well  as  a  single  dia- 
gram for  determining  any  one  of  the 
quantities  v,  n,  r,  s,  when  the  other 
three  are  known.  The  diagram  covers 
variations  in  n  from  .010  to  .050,  in  s 
from  .00001  to  .01  and  in  r  from  0  to 
30  ft. 

(b)  A  diagram  by  F.  T.  Mewes  for 
determining  the  hydraulic  radius, 
mean  velocity  and  sectional  area  of 
trapezoidal  channels  with  side  slopes 
one  to  one,  published  in  Engineering 
News-Record  of  January  25,  1923;  the 
diagram  includes  a  range  of  all  values 
of  s  and  n  likely  to  occur  in  practice, 
depths  up  to  20  ft.  and  bottom  widths 
to  40  ft. 

Diagrams  Giving  Immediate  Com- 
parison Between  Watershed  Area  and 
Depth  and  Width  of  Ditches.— The 
principal  purpose  of  this  paper  is  to 


call  attention  to  the  above  mentioned 
tables  and  diagrams,  and  to  supple- 
ment them  by  other  diagrams  which 
may  have  been  developed  during  sev- 
eral years  of  drainage  practice,  and 
which  give  an  immediate  comparison 
between  the  area  of  a  watershed  and 
the  depth  and  width  of  ditch  required 
for  its  run-off.  Three  diagrams  are 
submitted  herewith,  as  follows: 

1.  A  diagram  for  determining,  by 
inspection,  the  hydraulic  radii  of  chan- 
nels with  side  slopes  one  to  one  when 
depths  and  bottom  widths  are  given. 
See  Fig.  1. 

2.  A  diagram  in  which  depths  are 
plotted  as  abscissae,  mean  velocity  as 
ordinates,  and  bottom  widths  as 
curves.  Calculations  are  made  and 
plotted  for  surface  slope  .10  per  100 
foot  station,  or  1  foot  per  thousand, 
and  for  coefficient  of  friction  n-=.025; 
velocities  are  plotted  to  a  logarithmic 
scale.  Since  the  mean  velocity  varies 
as  the  square  root  of  s  it  follows  that 
for  other  slopes  greater  or  less  than 
.10  per  hundred  of  velocity  may  be 
found  by  adding  or  subtracting  on  the 
logarithmic  scale  of  ordinates  a  dis- 
tance representing  one-half  the  ratio 
of  the  required  slope  to  the  fixed  slope, 
for  which  the  diagram  is  calculated. 
This  is  facilitated  by  the  use  of  a 
small  logarithmic  scale  of  slopes,  in 
which  the  distance  representing  any 
given  ratio  is  one-half  as  great  as  in 
the  scale  of  ordinates,  thus  by  trans- 
ferring measurements  from  the  slope 
scale  to  the  velocity  scale  with  a  pair 
of  dividers  the  velocity  for  any  slope 
is  determined  at  once.  The  velocity 
also  varies  inversely  with  the  coeffi- 
cient of  friction  n,  and  therefore  the 
velocity  for  any  value  greater  or  less 
than  .025  may  be  found  by  subtracting 
or  adding  on  the  logarithmic  scale  of 
ordinates  a  distance  representing  one- 
half  the  ratio  of  the  value  of  n  to  the 
value  .025  for  which  the  diagram  is 
calculated.  This  also  is  facilitated  by 
the  use  of  a  small  logarithmic  scale  of 
friction  coefficients,  in  which  the  dis- 
tance representing  any  given  ratio  is 
the  same  as  in  the  scale  of  ordinates; 
any  combination  of  coefficients  of  fric- 
tion and  surface  slopes  may  be  set  off 
with  the  dividers  and  immediately 
transferred  to  the  scale  of  velocities. 
See  Fig.  2. 

3.  A  diagram,  Fig.  3,  on  which 
depth  of  flow  is  shown  as  abscissae, 
number  of  inch-acres  of  run-off  to  be 
provided  for  in  twenty-four  hours  as 
ordinates  drawn  to  a  logarithmic  scale, 
and    bottom    widths    of   the    ditch   or 
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DEPTH    OF  FLOW  IN  FEET 

Fig.    3. — Drainage    Diagram    Showing    Capacity    in    Inch-Acres    Per    24    Hours   for 

Trapezoidal   Channels  with   Side   Slopes  1:1. 

n  =  .025;   s  =<  .10   per   cent,   with   corrections   for  other  values. 


channel  as  curves.  The  surface  slope 
is  assumed  as  .10  per  hundred,  and  n 
as  .025,  as  in  the  case  of  diagram  No. 
2.  The  capacity  of  the  channel  in 
inch-acres  will  vary  directly  as  the 
mean  velocity,  and  therefore  as  the 
square  foot  of  s.  It  will  also  vary  in- 
versely as  the  coefficient  of  friction  n, 
and  any  combinations  of  s  and  n  can  be 
measured  with  dividers  on  the  auxiliary 


scale  and  transferred  in  one  operation 
to  the  scale  of  inch-acres  in  the  same 
manner  as  with  the  velocity  in  dia- 
gram No.  2.  The  following  are  il- 
lustrative examples  of  the  use  of  this 
diagram: 

Capacity 
Bottomper  24  hours, 
n.  s.      Width,  width,    inch-acres. 

.025  .10  6  10  10,000 

.025  .05  6  10  7,000 
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.020 

.10 

6 

10 

12,500 

.020 

.15 

6 

10 

15,000 

.035 

.05 

6 

10 

5,000 

.040 

.15 

6 

10 

7,500 

While  Figures  Nos.  2  and  3  were 
calculated  and  plotted  a  number  of 
years  ago  by  Kutter's  formula,'  they 
have  been  checked  for  the  purpose  of 
this  paper  by  Manning's  formula,  and 
the  agreement  has  been  found  so  close 
that  any  difference  might  be  repre- 
sented by  less  than  the  thickness  of 
the  lines  on  the  diagrams. 

Diagrams  similar  to  the  above  and 
giving  capacities  for  channels  with 
side  slopes  1*4  to  1,  and  side  slopes 
iy2  to  1  were  also  prepared  some  years 
ago,  but  as  the  writer  has  found  com- 
paratively little  use  for  them,  it  does 
not  seem  worth  while  to  burden  the 
report  of  our  proceedings  with  them. 

Selecting  Coefficient  N. — As  an  aid 
to  the  judicious  selection  of  the  co- 
efficient n,  the  brief  table  of  values 
given  by  the  authors  of  the  Kutter 
formula  may  be  used,  but  a  better  se- 
lection can  be  made  from  later  and 
more  complete  tabulations  prepared 
from  experiments  and  data  which  had 
not  come  under  their  observation.  A 
very  complete  list  of  values  of  n,  based 
on  all  available  experiments  and  rec- 
ords, was  prepared  by  Robt.  E.  Hor- 
ton,  published  in  Engineering  News  of 
February  24,  1916,  and  quoted  in 
King's  "Handbook  of  Hydraulics," 
1918.    A  few  of  these  are  as  follows: 

For  very  small  drainage  areas,  say 
500  acres  or  less,  the  dimensions  of 
the  ditch  will  not  be  determined  by 
the  discharge  capacity  required,  but 
by  other  considerations.  A  minimum 
depth  of  approximately  3  ft.  will  be 
required  in  order  to  drain  the  soil  to 
a  proper  depth,  and  to  give  sufficient 
outlet  to  tile  drains.  If  the  work  is 
done  by  teams  and  scrapers,  the  bot- 
tom will  probably  have  a  minimum  of 
3  ft.  If  the  banks  are  to  stand  with- 
out caving,  the  side  slopes  will  have 
to  be  at  least  one  to  one.  It  is  hardly 
necessary,  therefore,  to  calculate  car- 
rying capacity  for  drains  intended  to 
serve  areas  of  from  100  to  500  acres 
or  possibly  a  1000  acres;    beyond  this, 


the  dimensions  of  the  drain  should  be 
adapted  to  its  actual  requirements. 

Economical  Form  of  Cross-Section. — 
The  most  economical  form  of  cross 
section  to  use,  having  regard  solely  to 
the  quantity  of  excavation,  is  that 
form  which  has  the  greatest  hydraulic 
radius  in  proportion  to  the  area  of  the 
section.  With  side  slopes  one  to  one, 
it  will  be  found  that  the  maximum 
hydraulic  radius,  is  obtained  for  any 
given  sectional  area  if  the  depth  is 
1.2072  times  the  bottom  width;  it  will 
be  found  from  this  that  the  top  width 
is  then  equal  to  the  sum  of  the  two 
inclined  sides,  and  that  the  hydraulic 
radius  is  approximately  equal  to  one- 
half  the  depth.  A  straight  line  on  dia- 
grams Figs.  1  and  3,  marked  "Maxi- 
mum Efficiency,"  indicates  those  sec- 
tions which  comply  With  this  condi- 
tion, and  which  are  therefore  sections 
of  greatest  economy  of  excavation. 

Minimum  excavation,  however,  does 
not  necessarily  represent  minimum 
cost;  the  method  by  which  excavation 
is  to  be  made  must  be  taken  into  ac- 
count. Teams  and  scrapers  make  wide 
shallow  excavations  at  less  cost  than 
narrow  deep  ones,  dipper  dredges,  on 
the  other  hand,  operate  more  efficient- 
ly at  a  fairly  good  depth,  say  up  to 
10  or  12  ft",  other  types  of  machines 
have  their  own  advantages  for  differ- 
ent kinds  of  work.  Maintenance  as 
well  as  construction,  should  be  con- 
sidered in  determining  the  form  of 
cross  section.  Other  things  being 
equal,  a  narrow  bottom  is  less  liable 
to  collect  sediment  than  a  wide  bot- 
tom, but  is  more  liable  to  obstruction 
by  caving  of  the  banks.  Side  slopes 
one  and  one-half  to  one  are  sometimes 
made  in  order  to  prevent  such  caving, 
although  not  otherwise  economical. 

Dredge  cuts  and  deep  ditches  which 
have  their  outlet  into  lakes,  rivers  or 
other  large  bodies  of  water  are  ob- 
served in  the  summer  and  autumn  to 
be  filled  to  a  certain  depth  with  stag- 
nant water,  the  surface  of  which  re- 
mains at  the  level  of  the  body  of 
water  into  which  it  normally  flows. 
This  simple  fact  has  led  many  other- 


CANALS   AND   DITCHES. 

Best. 

Earth,  straight  and  uniform   0.017 

Rock  cuts,   smooth  and  uniform   '  0.025 

Rock  cuts,  jagged  and  irregular   0.035 

Winding  sluggish  canals    0.0225 

Dredged  earth  channels   0.025 

Canals  with  rough  stony  beds,  weeds  on  earth  banks..  0.025 

Earth  bottom,  rubble  sides   .' 0.028 

"Values  commonly  used  in  designing. 
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Condition. 

Good. 

Fair. 

Bad. 

0.020 

0.0225* 

0.025 

0.030 

0.033* 

0.035 

0.040 

0.045 

0.025* 

0.0275 

0.030 

0.0275* 

0.030 

0.033 

0.030 

0.035* 

0.040 

0.030* 

0.033* 

0.035 
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wise  intelligent  people  to  believe  that  Annual  fonvAntinn  «f  A  «,«*.; 

because  water  is  stagnant  in  these  cuts  Annual  Convention  Ot  Ameri- 

at  times  of  low  water  it    is    always  can  Water  Works  As- 

stagnant  and  that  water  coming  down  erwiafi^** 

in   times  of  freshet    flows    or    slides  SOCiauon 

over    the     surface    of    the     standing  Tne  43rd  annual  convention  of  the 

water.    The    only    virture  which  they  American    Water   Works   Association, 

admit    in    the    deep    channel    is  that  which  is  to  be  held  May  21-25  at  De- 

the     water     in     the     bottom     lessens  troit,  Mich.,  according  to  present  indi- 

the    friction    to    be    encountered   by  cations  will  exceed  in  attendance  and 

the    water    moving    over    the  top.    It  interest   any    previous    convention    of 

is    quite    true    that    we    cannot  pro-  tne     association.      The     headquarters 

vide     actual     drainage     to     a     lower  wil1  oe  at  the  Hotel  Statler.  For  those 

level  than  that  of  the  outlet,  but  we  wno  cannot  obtain  rooms  at  the  Stat- 

can  provide  capacity  at  any  depth  for  ler   arrangements    have     been    made 

a  moving  prism  of  water.     If  any  ex-  wi*n  other  nearby  hotels.    All  passen- 

cuse    is    needed    for    introducing    this  &er  associations  have  granted  a  rate 

matter  here  it  is  the  fact  that  a  wrong  of  a  fare  and  a  half  on  the  certificate 

theory  is  held  by  many  land  owners  Plan  for  those  attending  the   conven- 

and   municipal   councillors,    and   even  tion- 

by  some  engineers,  and  has  been  the  IQ  preparing  the  convention  pro- 
subject  of  some  acrimonious  disputes  gram  the  convention  has  tried  to  have 
in  the  drainage  courts.  papers  and  discussions  to  interest  and 

At  the  outset  we  expressed  the  opin-  nelP  all  classes  of  the  membership.  A 
ion  that  no  engineer,  however  qualified  special  effort  is  being  made  to  make 
or  experienced,  could,  by  intuition  tnc  convention  of  particular  interest 
alone,  determine  the  proper  dimen-  to  operative  water  works  members — 
sions  of  a  ditch  suited  to  any  given  the  superintendents.  The  special  pro- 
conditions;  on  the  other  hand,  mathe-  gram  for  these  men  includes  an  infor- 
matical  analysis  will  not  compensate  mal  "get  acquainted"  meeting  on  Mon- 
for  lack  of  judgment.  Each  must  sup-  day  afternoon  and  a  group  meeting  in 
plement  the  other  in  the  satisfactory  the  Detroit  Water  Office,  corner  Ran- 
solution  of  any  important  drainage  dolph  and  Jefferson  Ave.,  to  discuss 
problem,  and  the  mathematical  work  matters  relating  to  water  works  ac- 
need  be  of  no  greater  precision  than  is  counts,  records  and  reports.  The  gen- 
attainable  by  graphic  methods.  eral  program  for  Thursday  afternoon 
■ m  will  be  devoted  to  reports  of  standard- 
Cost  of  Installing  and  Changing  Me-  ization  committees  on  technical  chem- 
ter  at  Portland,  Ore.  ical  subjects,  and  the  superintendents 

The  Bureau  of  Water  Works  of  the  will  have  a  group  meeting,  devoted  to 

city  of  Portland,  Ore.,  had  in  service  question  box,  topical  discussions  and 

during  1921  20,821    water    meters    of  general  "Round  Table"  talks.    On  Fri- 

which  18,681  were  the  %  in.  size.   The  day  the  superintendents  will  have  the 

following  cost  data   on  meters   work  full  day  for  their  separate  meetings, 

are  taken  from  the  annual  report  of  continuing  the  discussion  of  operating 

the  Department  of  Public  Utilities  cov-  topics.     The  Waterworks  Manufactur- 

ering  the   fiscal  year  ended   Nov.   30,  ers'  Association  has  arranged  for  an 

1921:  exceptionally    good    exhibit    of    water 

No.     Unit  cost.  works   appliances.     In  fact  the  space 

MSf  SellS  :::::::  \Z       $4:???  *™«*Me  »*.  the  convention  was  over- 

Removing-  meters   201           .589  subscribed   in  April,   and    in   order   to 

Repairing  meters    1,251          2.022  take  care   of  all  the  applications,  the 

f,  .  c  "7^  '-  T^r  7T~  ,-  a  Exhibit  Committee  has  been  corn- 
Cost   of  Cleaning   and    Testing   Meter  peHed   t()  reduce  the  Bmount  of  space 

at  New   Bedford,  Mass.  desired    by    exhibitors    wanting  more 
The  following  figures  on  the  clean-  tilan  tw0  booths, 
ing  and  testing  only  of  meters  are  ab-  m,       .      ,    ..      '                      .   ,, 
stracted     from     the     1922     report    of  T+he  tentative  program  of  the  con- 
Stephen  H.  Tavlor,  Superintendent  of  ventlon  follows- 
Water  Works  of  New  Bedford,  Mass.:  Monday,   May  21. 

Cleaned    Average  .    Secretary's  office,  in  Hotel  Statler,  will 

and  tested     cost  be  °Pen  for  registration  at  8  a.  m. 

Size.                                             No.     per  meter.  At  2  p.  m.  the  superintendent  and  oth- 

6  in 1              $2.35  ers  interested  will  hold  a  "get  acquaint- 

3  in 1                3.90  ed"   meeting,   at   which   various   practica. 

%  in. 2                2.35  water   works   subjects   will   be   informally 

%  in 12                2.41  taken  up. 
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At  2  p.  m.  a  meeting-  will  be  held  in  the 
Water  Works  Office,  Randolph  and  Jef- 
ferson Sts.,  Detroit,  to  discuss  matters 
relating  to  Water  Works  Accounts,  Rec- 
ords and  Reports.  All  interested  in  these 
topics  are  urged  to  attend. 

In  the  evening  there  will  be  an  informal 
reception  and  dance. 

Tuesday,    May  22. 
Forenoon,   9   O'Clock. 

President's  address. 

The  Use  of  Constant  and  Variable  Speed 
Motors  for  Driving  Water  and  Sewage 
Pumps — L.  F.  Adams,  General  Electric 
Co. 

Water  Works  Pumping  Stations — Chas. 
B.  Burdick. 

Determining  the  Proper  Equipment  for 
Pumping    Stations — Arthur   L.    Mullegren. 

General  Business. 

Afternoon,  2  o'clock. 

Records  of  Stream  Flow,  Their  Use  and 
Best  Methods  of  Obtaining  Them  for  Mu- 
nicipal and  Industrial  Purposes — C.  C. 
Cocert,  W.  &  L.  E.  Gurley  Co. 

Collection  and  Daily  Publication  of 
Meteorological  Data  by  the  Water  De- 
partment— Scotland   G.    Highland. 

Some  Recent  Large  Water  Works  Pro- 
jects^— Dabney  H.  Maury. 

The  Design  of  the  Proposed  Water  Fil- 
tration Plant  at  Baltimore— James  W. 
Armstrong. 

Election  of  Members  of  Nominating 
Committee. 

Evening,   8   O'Clock. 

The  Water  Works  of  Detroit — George 
H.  Fenkell. 

Detroit  Filtration  Plant — Theodore  A. 
Leisen. 

Wednesday,    May   23. 
Forenoon,  9  O'Clock. 

Recent  Water  Developments  at  Mem- 
phis— James  R.   McClintock. 

A  Rational  Method  of  Paying  for  Water 
Works  Construction — Caleb  M.    Saville. 

Municipal  Team  Work — Frank  C.  Jor- 
dan. 

Selection  of  1924  convention  city.  Spe- 
cial order  for  11:30  a.  m. 

Afternoon  12  O'Clock. 

Visit  Detroit  filter  plant,  luncheon  at 
plant  and  return  by  boat. 

Evening,  7:30  O'Clock. 

Program  by  Water  Works  Manufactur- 
ers' Association. 

The  Manufacture  of  a  Twenty-Inch 
Gate  Valve — James  H.  Caldwell,  Ludlow 
Valve  Mfg.  Co.  Presented  with  moving 
pictures. 

Make  It  Lighter  and  Make  It  Better.  A 
presentation  in  moving  pictures  of  the 
manufacture  of  cast  iron  pipe — John  D. 
Capron. 

Installation  and  Recovery  of  Brass  Well 
Screens — D.  R.  Johnson.  Illustrated  by 
moving  pictures. 

Thursday,   May  24. 

Standardization  Council  reports. 
Forenoon,  9  O'Clock. 

Water   Shed   Protection. 

Industrial  Wastes  in  Relation  to  Water 
Supply. 

Standard  Specifications  for  Cast  Iron 
Pipe. 

Steos      Toward      Standardizing      Stated 
Quantities   for  Slides   in  Meter  Schedules. 
Afternoon,  2  O'Clock. 

Superintendents  will  hold  group  or  sep- 
arate  meetings. 

Standard  Methods  of  Water  Analysis. 


: 


Standards  for  Satisfactory  Drinking 
Water. 

Practical  Ranges  in  Load  Factors  for 
Purification  Plants. 

Colloid  Chemistry  in  Relation  to  Water 
Purification. 

Evening,  8  O'Clock. 

The  Chemical  and  Bacteriological  Sec- 
tion will  hold  a  joint  meeting  with  the 
Detroit  Section  of  American  Chemical 
Society. 

Pumping  Station  Betterments. 

Physical  Standards  for  Distribution 
Systems. 

Standardization  of  Services. 

Methods  and  Records  of  Waste  Control. 
Friday,   May  25. 

Superintendents'  Meetings,  forenoon  at 
9  o'clock,   afternoon   at   2  o'clock. 

Chemical  and  Bacteriological  Section. 
Thursday,    May   24. 

Joint  meeting  with  the  Detroit  Section 
of  the  American   Chemical   Society. 
Evening.   8  O'Clock. 

Hardness  of  American  Municipal  Water 
Supplies— W.  D.   Collins. 

Corrosion  of  Hot  Water  Systems— C.  R. 
Texter. 

The  Removal  of  Dissolved  Gases  from 
Water — J.   R.   McDermet. 

Friday,   May  25. 
Forenoon,  8  O'Clock,  Afternoon,  2  O'Clock. 
Application   of   Physico-Chemlcal   Re- 
search to  Purification  Problems. 

General   Introduction — J.   W.   Ellms. 

Micro-Forces,  with  Reference  to  Orien- 
tation and  Curvature — Frank  Hannan. 

Theories  of  Coagulation — A.  M.  Bus- 
well. 

Studies  of  Aluminum  Hydrate — William 
Mansfield  Clark. 

The  Use  of  Acids  with  Alum— G.  F. 
Catlett. 

The  Use  of  Chlorine  with  Alum — Rob- 
ert  Spurr  Weston. 

Mixing  Devices  and  Reaction  Time — 
Charles   P.   Hoover. 

Thickeners — Paul   Hansen. 

Recarbonation — Nicholas  S.  Hill,  Jr. 

Filter  Unit  Details — Malcolm  Pirnie. 

Sand  and  Gravel  Sizes — F.  Holman 
Waring. 

ENTERTAINMENT  FEATURES. 
Monday,  May  21. 
Evening,  9  O'Clock. 
Reception   and   dance   at   Hotel   Statler, 
compliments  of  the  Water  Works   Manu- 
facturers'  Association.      In   charge   of  Mr. 
John  F.  Regan,  Jr. 

Tuesday,    May  22. 
Afternoon. 
Automobile  trip  for  the  ladies,   compli- 
ments of  Detroit  local  committee. 
Evening. 
Ladies   card   party,    compliments   of   the 
Water     Works     Manufacturers'     Associa- 
tion.     In    charge    of   Mr.    John    F.    Regan 
and  the  ladies'  committee. 

Wednesday,  May  23. 
Members  and  guests  will  leave  the 
Hotel  Statler  at  12  o'clock  noon  in  busses 
furnished  by  the  Water  Works  Manufac- 
turers' Association,  going  to  the  Detroit 
Filter  Plant,  where  luncheon  will  be 
served  by  the  Detroit  Water  Board  and 
local  committee. 

At  2  o'clock  p.  m.,  leave  the  filter  plant 
by  boat,  as  guests  of  the  Water  Works 
Manufacturers'  Association,  for  a  trip 
through    Lake    St.    Clair     and     St.     Clair 
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Flats.      Trip    in    charge    of     Mr.     J.     E. 
O'Leary. 

Evening,   9:30  O'Clock. 

For  the  men,  a  smoker,  compliments  of 
the  Water  Works  Manufacturers'  Asso- 
ciation, in  charge  of  John  H.  Stutt,  Jr., 
and   Vincent   McCarthy. 

For  the  ladies,  theater  party,  compli- 
ments of  the  Water  Works  Manufactu- 
ers'  Association. 


12   Ton    Compressor    Outfit   and 
Foundation  Moved  9  Miles 

By  moving  an  entire  compressor 
foundation  along  with  the  machine  in- 
stead of  tearing  it  down  and  erecting 
another  one  at  the  new  location,  a  De- 
troit contractor  saved  $150.  The  foun- 
dation was  installed  first  at  12th  and 


Water  Power  Branch  of  the  Depart- 
ment of  the  Interior,  is  18,255,000 
h.  p.  for  conditions  of  ordinary  mini- 
mum flow  and  32,076,000  h.  p.  under 
a  flow  estimated  for  maximum  devel- 
opment, i.  e.,  dependable  for  at  least 
6  months  of  the  year.  It  is  believed 
that  these  are  conservative  estimates 
since  an  analysis  of  the  water  power 
plants  scattered  froni  coast  to  coast 
concerning  which  complete  data  are 
available  as  to  turbine  installation 
and  satisfactory  information  as  to 
stream  flow,  gives  an  average  machine 
installation  30  per  cent  greater  than 
the  six-month  flow  maximum  power. 
Applying     this,     the     figures     quoted 


Outfit    Being    Loaded    at    Starting    Point. 


Kirby  streets,  Detroit  by  the  J.  A.  Mer- 
cier  Co.  and  used  there  for  4  months 
on  their  sewer  contract.  Owing  to 
the  large  amount  of  money  involved  in 
the  contract,  and  the  fact  that  they 
are  working  100  men,  the  contractor 
considered  it  more  economical  to 
mount  the  compressor  on  a  permanent 
foundation  while  the  job  is  in  progress, 
than  to  use  a  portable  outfit.  The 
outfit,  consisting  of  a  12x10  Chicago 
Pneumatic  N-S  B.  air  compressor  with 
idler  and  belt,  a  75  HP.  General  Elec- 
tric Motor,  drum  control  and  oil 
switch,  together  with  the  foundation, 
weighed  slightly  over  12  tons.  It  was 
moved  to  Gratiot  avenue  and  7-Mile 
Road,  Detroit,  a  distance  of  9  miles 
in  one  day,  and  was  unloaded  without 
accident. 


Water  Power  Resources  of 
Canada 

The  known  available  water  power 
in  Canada,  from  all  sources,  accord- 
ing   to    estimates    of    the    Dominion 

(2 


above,    therefore,    indicate    that    the- 
present     recorded     water     power     re- 
sources of  the  Dominion  will  permit 
of  a  turbine  installation  of  41,700,000 
h.  p. 

The  total  installation,  to  date  in 
waterwheels  and  turbines  through 
the  Dominion  is  2,973,759  h.  p.  In 
other  words  the  present  turbine  in- 
stallation represents  only  7  per  cent 
of  the  recorded  water  power  resources. 

The  2,973,759  h.  p.  at  present  in- 
stalled in  this  country  may  be  classi- 
fied as  follows: 

2,204,486  h.  p.  in  central  stations  for 
general   distribution  for  all  purposes. 

484,228  h.  p.  installed  in  pulp  and 
paper  mills,  not  including  160,577  h.  p. 
purchased  by  pulp  and  paper  com- 
panies from  central  stations. 

285,045  h.  p.  installed  in  industries 
other  than  central  stations  and  pulp 
and  paper  mills. 

The  total  installation  for  the  Do- 
minion averages  338  h.  p.  per  1,000 
population. 
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Improvement   in   Shone   Sewage 
Ejector  System 

A  noteworthy  improvement  in  the 
Shone  ejector  has  just  been  brought 
out  by  Yeomans  Brothers  Co.  of  Chi- 
cago, the  sole  manufacturers  of  this 
system  in  the  United  States  and  Can- 
ada. In  the  original  design,  the  ad- 
mission and  exhaust  of  compressed 
air  to  and  from  the  ejector  receiver 
are  controlled  by  an  automatic  piston 
valve  located  on  the  cover  of  the  sew- 
age receptacle  and  actuated  by  air 
pressure   through   a   pilot  slide   valve 


Shone  Type  S.   D.  V.   Ejector. 

mounted  on  top  of  the  piston  valve, 
much  after  the  manner  of  the  old 
fashioned  slide  valve  steam  engine. 
The  pilot  slide  valve  is  shifted  by 
means  of  a  system  of  links  and  lever 
connected  to  open  cast-iron  bells 
which  rise  and  fall  at  predetermined 
levels  of  sewage  in  the  receiver.  In 
the  new  type  S.D.V.  Ejector,  the  pis- 
ton valve  is  detached  from  the  pilot 
valve  and  may  be  located  any  desired 
distance  therefrom.  The  standard 
practice,  as  shown  in  the  accompany- 
ing illustration,  is  to  mount  the  pis- 
ton valve  on  a  substantial  cast-iron 
floor  stand  on  the  basement  or  com- 
pressor room  floor  alongside  the  ejec- 
tor pit.  In  the  case  of  ejector  installa- 
tions in  underground  chambers,  where 
floor  space  above  the  pit  is  not  to  be 
had,  the  piston  valve  may  be  mounted 


on  brackets  on  the  pit  walls  as  far  as 
possible  above  the  top  of  the  ejector 
receiver.  The  pilot  valve,  located  on 
the  ejector  receiver,  is  connected  to 
the  piston  valve  by  means  of  small 
iron  piping  or  copper  tubing  and  has 
no  direct  connection  whatever  with 
the  ejector  receiver.  The  distinct  ad- 
vantage claimed  for  this  design  is  that 
it  eliminates  the  possibility  of  small 
floating  obstructions  and  grit  or  sedi 
ment  in  suspension  in  the  sewage  be- 
ing carried  up  into  the  valve  in  case 
of  inflow  greatly  in  excess  of  the  ca- 
pacity of  the  ejector  or  in  case  the 
ejectors  are  shut  down  for  any  length 
of  time  and  the  system  is  allowed  to 
fill  up  to  a  point  above  the  level  of 
the  air  valve.  The  detached  air  valve 
is  much  more  accessible  in  the  new 
design  and  all  lubrication  of  valve 
parts  can  be  taken  care  of  without  the 
necessity  of  getting  down  into  the 
ejector  pit.  Yeomans  Brothers  Co.  has 
recently  been  awarded  contracts  for 
large  installations  of  Shone  ejectors 
for  the  cities  of  Cleveland,  O.;  Me- 
nasha,  Wis.,  and  Dinuba,  Calif.  The 
fact  that  no  screens  are  required  with 
these  machines  and  that  all  collecting 
wells  and  consequent  sedimentation 
and  unsanitary  conditions  are  done 
away  with  makes  them  very  desirable 
for  pumping  crude  city  sewage. 


Pocket      Gophers      Troublesome      on 
Irrigation  Projects 

Pocket  gophers  are  among  the  worst 
of  our  native  rodent  pests.  On  some 
of  the  reclamation  projects  and  other 
irrigated  districts  they  cause  great 
damage  by  destroying  crops  and  bur- 
rowing in  irrigation  canal  banks.  This 
causes  serious  washouts,  resulting  in 
an  enormous  annual  loss  to  farmers. 
An  instance  of  successful  control 
measures  undertaken  by  the  Biologi- 
cal Survey,  United  States  Department 
of  Agriculture,  is  furnished  in  Dona 
Ana  County,  N.  Mex.  Losses  there, 
estimated  at  $60,000  a  year,  were 
eliminated  at  a  total  cost  to  the  farm- 
ers of  about  $3,500.  Field  operations 
as  a  result  have  been  extended  to 
other  portions  of  the  Elephant  Butte 
project,  both  in  New  Mexico  and 
Texas,  with  a  view  to  covering  com- 
pletely this  important  irrigation  area. 
In  Idaho  approximately  140  miles  of 
canal  banks  were  treated  with  poison 
in  two  counties,  in  conjunction  with 
work  done  on  farming  lands  in  11 
counties  of  that  state,  where  79,000 
acres  of  private  lands  were  treated  to 
destroy  these  animals. 
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Effect  of   Meters  in  Water 
Consumption     * 

Some  interesting  information  on  the 
effect  of  metering  on  water  consump- 
tion was  given  by  Dabney  H.  Maury 
in  a  paper  presented  Feb.  1  before 
the  Western  Society  of  Engineers. 
The  accompanying  table  from  his 
paper  shows  the  daily  per  capita  con- 
sumption in  510  cities  in  the  United 

DAILY    PER    CAPITA    CONSUMPTION 
IN   510   CITIES. 


per  capita  per  day;  for  cities  from 
25,000  to  100,000  population,  from  198 
down  to  93  gal.  per  capita  per  day, 
and  for  cities  of  100,000  and  over, 
from  218  down  to  97  gal.  per  capita 
par  day. 

The  figures  for  the  larger  cities  are, 
of  course,  greatly  swollen  by  the  enor- 
mous waste  in  Chicago,  New  York, 
Buffalo  and  a  few  other  large  cities 
which  had  not  at  the  time  of  the  com- 
pilation of  the  statistics  shown  on  the 
table  seen  the  wisdom  and  economy 
of  selling  water  on  the  only  sane  and 
equitable  basis,  viz.,  by  meter. 


Percent  of 
Services 
Metered 

Cities 

25000 

5000  TO 
Population 

Cities 

100000 

25000  To  ' 
Population 

CITIES  100000 

Population  St  Over 

Number 
of  Cities 

gallons  Per 
Capita  PerIXy 

Number 
of  Cities 

Gallons  Per 
Capita  Per  Dwr 

Number 
Of  Cities 

GALLONS  Per 
Capita  Per  D*' 

OTO  10 

60 

160  8 

16 

1975 

3 

2176 

10  TO  20 

20 

199.4 

3 

143  6 

3 

I486. 

20  TO  30 

17 

I2«S 

2 

2080 

3 

154  3 

30  TO  40 

IS 

107.7 

4 

1155 

3 

170.0 

40  TO  50 

« 

88.4 

5 

104.6 

3 

160.3 

SOTO  60 

IB 

140.8 

5 

1652 

0 

0.0 

SO  TO  70 

|* 

1198 

4 

907 

0 

00 

70  TO  80 

16 

139.6 

10 

844 

4 

96.8 

80  TO  90 

31 

79.1 

9 

106.6 

10 

126  8 

90  TO  IOO 

145 

90.9 

S3 

93.5 

22 

970 
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51 

States,  and  shows  how  that  consump- 
tion is  affected  by  the  use  of  meters. 
The  diagram,  also  taken  from  Mr. 
Maury's  paper,  is  a  graphic  illustration 
of  the  table.  It  shows  how  the 
consumption  varies  with  the  percent- 
age of  meters,  ranging,  for  the  smaller 
towns,  from  150  gal.  down  to  90  gal. 


Special    Design    of    Turbine    for 
Operation  in  Water  Impreg- 
nated with  Sulphuric  Acid 

An  engineering  problem  of  more 
than  ordinary  interest  has  been 
worked  out  by  the  Pelton  Water 
Wheel  Co.'s  Atlantic  department,  in  a 
contract  just  awarded  for  new  hydrau- 
lic equipment  by  La  Junta  Municipal 
of  the  city  of  Manizales,  Republic  of 
Columbia.  This  little  city  of  the  high 
Andes  is  more  than  a  hundred  miles 
from  the  railroad,  and  designs  for  a 
complete  500-h.p.  powerhouse  installa- 
tion have  had  to  be  worked  out  in 
sectional  form  to  permit  transporta- 
tion by  wagon,   muleback  and  aerial 
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tramway  over  the  mountain  passes, 
through  some  of  the  wildest  country 
in  South  America. 

Nor  was  this  the  only  problem  in- 
volved. The  mountain  torrent  supply- 
ing power  for  the  Manizales  municipal 
light  station  is  strongly  impregnated 
with  sulphuric  acid.  This  has  been 
traced  to  a  subsurface  flow  through  a 
stratum  of  volcanic  rock  extending  far 
up  the  slopes  above  the  city.  Natur- 
ally no  ordinary  impulse  wheel  would 
last  long  in  such  service,  as  the  acid 
would  eat  away  every  bit  of  steel  with 
which  it  came  in  contact  in  a  com- 
paratively short  time. 

The  Pelton  design,  consequently, 
had  to  be  worked  out  on  a  basis  per- 
mitting the  use  of  bronze,  brass  and 
Monell  metal,  instead  of  steel,  at 
every  point  that  would  be  exposed  to 
the  water.  This  was  successfully  ac- 
complished, as  was  the  companion 
task  of  sectionalizing  the  entire  equip- 
ment for  transportation  in  small 
pieces  and  assembling  on  the  spot, 
without  prejudice  to  the  strength  or 
efficiency  of  the  whole  installation. 

The  turbine,  except  for  these  fea- 
tures, in  fact,  is  a  standard  type  of 
Pelton  impulse  wheel,  of  500  h.p.  It 
will  work  on  an  effective  head  of  250 
ft.,  and  will  be  direct-connected  with 
a  General  Electric  350-K.V.A.  60-cycle, 
three-phase  generator,  from  which  the 
current  will  be  distributed  over  the 
existing  lines  of  the  Manizales  light- 
ing system. 

The  entire  hydraulic  installation 
and  all  auxiliaries  will  be  built  in  the 
I.  P.  Morris  department  shops  of  the 
William  Cramp  &  Sons  Ship  &  Engine 
Building  Co.  at  Philadelphia,  the  Pel- 
ton  Water  Wheel  Co.  being  one  of  the 


companies  of  the  Cramp  organization. 
From  Philadelphia  the  machinery  will 
go  by  steamer  to  Panama;  thence  by 
coasting  steamer  to  the  Magdalena 
river,  up  the  Magdelena  by  river  craft 
to  the  railroad,  by  rail  to  the  end  ot 
the  line,  and  thence  by  wagon  to 
Manizales.  The  last  stage  of  the  jour- 
ney will  be  the  most  difficult  of  all. 

The  Manizales  plant  is  located  near 
the  bottom  of  a  deep  canyon,  and 
can  only  be  reached  by  aerial  tram- 
way. When  this  tramway  ride  has 
been  completed,  it  will  still  be  neces- 
sary to  lower  the  machinery  down  the 
slope  of  the  gorge  on  a  skid  way  to  the 
point  where  it  will  finally  be  put  in 
commission.  The  present  plant  is  also 
equipped  with  a  Pelton  wheel,  which 
when  installed  was  expected  to  sup- 
ply ample  power  for  the  needs  of 
Manizales  for  an  indefinite  time  to 
come.  The  growth  of  the  city,  how- 
ever, has  exceeded  all  expectations, 
and  made  the  present  additional 
equipment  necessary. 


Electric  Hoist   Monorail  System 
for  Laying  Sewer  Pipe 

Confronted  with  narrow  streets  and 
the  necessity  for  keeping  them  free 
from  the  usual  obstruction  that  results 
with  the  removal  of  dirt,  a  contractor 
at  Hagerstown,  Md.,  employed  a  porta- 
ble monorail,  electric  hoist,  system 
which  enabled  him  to  dig  his  trenches, 
lay  his  pipe  and  cover  the  completed 
work,  progressively.  The  system  is 
assembled  in  sections,  trolley  includ- 
ed. By  merely  backing  a  heavy  truck 
against  one  end,  the  whole  structure 
is  easily  and  readily  moved  along  the 
T-rails.      This   is    done    as    the   work 


Portable  Track  System 


Electric  Hoisl 


Electric   Hoist   Monorail   System   for   Laying   Pipe. 
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progresses.  The  electric  hoist  used 
on  this  outfit  has  a  capacity  .of  3,000 
lb.  The  system  was  designed  and 
erected  by  the  Link-Belt  Co.  of  Phil- 
adelphia. 


New  Type  of  Pump  Valve 

A  new  and  novel  type  of  pump  valve 
has  been  brought  out  by  the  Worthing- 
ton  Pump  &  Machinery  Corporation, 
New  York.  It  is  claimed  this  new 
"Seal"  valve  assures  absolute  tightness 
when  closed  because  the  rubber  used 
is  "flexible"  and  will  always  seat  per- 
fectly both  at  the  hub  and  outer  rim, 
its  inner  and  outer  seats,  and  so  keep 
tight.  The  valve  has  no  screws,  no 
bolts,  no  rubber  rings,  no  nuts,  no 
bushings,  no  rotating  elements.  The 
special  new  feature  that  is  claimed  to 
make  this  valve  so  good  for  hard  serv- 
ice is  the  so-called  "bottom  plate." 
This  is  in  effect  a  middle  seat  for  the 


Iff 


Worthington  "Seal"  Valve. 

rubber  valve  proper.  When  the  valve 
is  closed  this  middle  seat  carries  the 
entire  load  and  prevents  the  rubber 
seal  from  cutting  on  the  seats  or  ribs. 
This  bottom  plate  moves  up  and  down 
with  the  rubber,  and  so  not  only  acts 
as  a  middle  seat,  but  this  middle  seat 
is  movable  with  the  rubber  and  helps 
to  keep  the  rubber  valve  in  shape  even 


The   Need  for  Co-operation 

Between  Water  Boards 

and  Health  Officers 

From  Public  Health  Reports,  April  20, 
1923. 

According  to  a  statement  issued 
April  5,  1923,  by  the  State  Department 
of  Health  of  New  York,  more  than 
1,000  persons  in  an  up-State  commu- 
nity have  recently  been  made  ill  as 
the  result  of  the  action  of  the  water 
board  in  temporarily  changing  the 
source  of  the  public  water  supply 
without  taking  precautions  to  insure 
its  safety  and  without  notifying  the 
health  officer. 

On  account  of  a  shortage  in  the 
regular  source  of  water  supply,  the 
superintendent  of  the  waterworks  was 
instructed  by  the  water  commissioners 
to  draw  an  emergency  supply  from  a 
lake  seriously  polluted  by  sewage 
from  a  number  of  houses  and  by  sur- 
face wash  from  a  large  area  of  the 
village.  Eight  or  nine  days  later,  af- 
ter his  suspicions  had  been  aroused 
by  the  large  number  of  complaints  of 
illness  which  were  reaching  him,  the 
local  health  officer  learned  of  what 
had  been  done.  Upon  ascertaining 
the  facts,  he  immediately  telephoned 
to  the  State  department  of  health,  and 
an  engineer  from  the  division  of  sani- 
tation was  at  once  dispatched  to  in- 
stall an  emergency  chlorination  ap- 
paratus, which  rendered  safe  the  tem- 
porary use  of  the  lake  water. 

Dr.  Hermann  M.  Biggs,  State  com- 
missioner of  health,  in  making  public 
the  facts  regarding  this  outbreak,  em- 


when  open.    Thus  all  mechanical  func-  -  phasized    the    danger    to    the    public 


tions  requiring  strength  and  wear  re- 
sistance are  cared  for  by  metal  parts. 
The  flexible  rubber  acts  only  as  a 
seal  against  leakage.  The  top  of  the 
rubber  seal  is  protected  by  a  thin 
"backing  plate"  which  keeps  the  rub- 
ber seal  flat  and  prevents  any  possi- 
bility of  wear  from  contact  with  the 
spring. 

All  moving  parts  are  light  but  made 
amply  rigid.  It  is  not  anticipated 
that  repairs  or  replacements  will  be 
often  required  but  the  construction 
makes  this  easy  when  it  does  become 
necessary,  and  the  cost  of  any  pos- 
sible repairs  will  be  low  because  of 
the  simplicity  and  inexpensiveness  of 
all  parts.  This  valve  is  claimed  to  be 
especially  suitable  for  severe  and  un- 
usual conditions  and  of  course  is  avail- 
able even  for  ordinary  pumping  con- 
ditions. 


health  involved  in  any  lack  of  co- 
operation between  local  water  boards 
and  local  health  officers.  "Other  com- 
munities," he  said,  "should  assure 
themselves  at  once  that  the  officials  in 
charge  of  their  public  water  supplies 
make  it  a  practice  immediately  to 
notify  the  local  health  officer  of  any 
change  in  the  source  of  supply.  If  the 
water  board  in  this  case  had  promptly 
informed  the  health  officer  of  its 
plans,  the  State  department  of  health 
would  have  supplied  the  chlorination 
facilities  immediately,  and  much  ill- 
ness and  serious  danger  to  the  com- 
munity would  have  been  avoided.  The 
practice  of  treating  public  water  sup- 
plies with  chlorine  is  now  practically 
universal,  and  in  many  instances  it  is 
vitally  important  to  make  use  of  this 
simple,  inexpensive,  and  harmless  ex- 
pedient for  the  protection  of  the  pub- 
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lie  health.  The  water  supplies  of  New 
York  City  and  many  other  communi- 
ties in  this  State  are  already  safe- 
guarded in  this  manner." 

In  order  to  minimize  the  danger  of 
such  occurrences  in  the  future,  the 
State  commissioner  of  health  has 
caused  to  be  introduced  in  the  legisla- 
ture, a  bill  making  local  health  officers 
ex  officio  members  of  local  water 
boards  so  that  they  may  be  fully  in- 
formed of  all  conditions  affecting  the 
public  water  supply.  Pending  the  en- 
actment of  such  legislation,  Commis- 
sioner Biggs  will  request  the  public 
health  council  to  amend  the  State 
sanitary  code  so  as  to  require  local 
water  boards  to  report  to  the  health 
authorities  any  proposed  change  in 
the  source  of  supply. 


New  2%  HP.  Gasoline  Engine 

A  new  2V2  HP.  Model  N  gasoline 
engine  has  been  added  to  the  line  of 
the  Fuller  &  Johnson  Mfg.  Co.,  Mad- 
ison, Wis.  This  new  size,  as  well  as 
their  entire  line  of  Model  N  engines, 
is  stated  to  embody  many  new  im- 
provements and  refinements,  which 
have  added  to  the  durability  and  ef- 
ficiency   of   the    engines   and   at   the 


21/2  HP.  Model  "N"  Gasoline  Engine. 

same  time  to  the  operator's  conven- 
ience. A  new  filler  pipe  to  fuel  tank 
as  shown  in  the  illustration  has  in- 
creased the  ease  and  convenience  of 
filling  the  fuel  tank.  A  double  throw 
switch,  for  giving  uninterrupted  ser- 
vice, is  now  standard  equipment  on 
all  sizes  with  magneto  ignition;  and 
the  new  magneto  mounting,  in  addi- 
tion to  being  convenient  is  high  and 
dry — away  from  oil  and  grease.  The 
wide,  heavy  fly  wheels,  the  heavy 
crank  shaft  and  bearing  give  unusual 
Strength  and  rigidity  to  the  engine. 


Statement    of    the    Ownership,    Manage- 
ment,  Circulation,    Etc.,    Required    by 
the  Act  of  Congress  of  August 
24,   1912, 
of  Water  Works,  monthly  issue  of  Engi- 
neering      and       Contracting,       published 
monthly  at  Chicago,  111.  (9  S.  Clinton  St.), 
for  April  1,  1923. 

State  of  Illinois,  County  of  Cook,  ss. — 
Before  me,  a  notary  public  in  and  for  the 
state  and  county  aforesaid,  personally 
appeared  Halbert  P.  Gillette,  who,  hav- 
ing been  duly  sworn  according  to  law, 
deposes  and  says  that  he  is  the  editor  of 
Water  Works,  monthly  issue  of  Engineer- 
ing and  Contracting,  and  that  the  follow- 
ing is,  to  the  best  of  his  knowledge  and 
belief,  a  true  statement  of  the  owner- 
ship, management  (and  if  a  daily  paper, 
the  circulation),  etc.,  of  the  aforesaid 
publication  for  the  date  shown  in  the 
above  caption,  required  by  the  Act  of 
August  24,  1912,  embodied  in  section  443, 
Postal  Laws  and  Regulations,  printed  on 
the  reverse  of  this  form,  to- wit: 

1.  That  the  names  and  addresses  Of  the 
publisher,  editor,  managing  editor  and 
business  manager  are: 

Publisher— Halbert  P.  Gillette,  9  S. 
Clinton  St.,  Chicago,  111. 

Editor— Halbert  P.  Gillette,  9  S.  Clinton 
St.,  Chicago,  111. 

Managing  Editor— Halbert  P.  Gillette,  9 
S.  Clinton  St.,  Chicago,  111. 

Business  Manager — Lewis  S.  Louer,  9 
S.   Clinton  St.,  Chicago,  111. 

2.  That  the  owners  are:  (Give  names, 
and  addresses  of  individual  owners,  or,  if 
a  corporation,  give  its  name  and  the 
names  and  addresses  of  stockholders  own- 
ing or  holding  1  per  cent  or  more  of  the 
total  amount  of  stock.)— Halbert  P.  Gil- 
lette, 9  S.  Clinton  St.,  Chicago,  111.;  Lew- 
is S.  Louer,  9  S.  Clinton  St.,  Chicago,  111.; 
R.  E.  Brown,  507  Fifth  Ave.,  New  York 
City. 

3.  That  the  known  bondholders,  mort- 
gagees and  other  security  holders  owning 
or  holding  1  per  cent  or  more  of  total 
amount  of  bonds,  mortgages  or  other  se- 
curities are:  (If  there  are  none,  so  state.) 
— None. 

4.  That  the  two  paragraphs  next  above, 
giving  the  names  of  the  owners,  stock- 
holders and  security  holders,  if  any,  con- 
tain not  only  the  list  of  stockholders  and 
security  holders  as  they  appear  upon  the 
books  of  the  company  but  also,  in  cases 
where  the  stockholder  or  security  holder 
appears  upon  the  books  of  the  company 
as  trustee  or  in  any  other  fiduciary  rela- 
tion, the  name  of  the  person  or  corpora- 
tion for  whom  such  trustee  is  acting,  is 
given;  also  that  the  said  two  paragraphs 
contain  statements  embracing  affiant's 
full  knowledge  and  belief  as  to  the  cir- 
cumstances and  conditions  under  which 
stockholders  and  security  holders  who  do 
not  appear  upon  the  books  of  the  com- 
pany as  trustees,  hold  stock  and  securi- 
ties in  a  capacity  other  than  that  of  a 
bona  fide  owner;  and  this  affiant  has  no 
reason  to  believe  that  any  other  person, 
association  or  corporation  has  any  inter- 
est direct  or  indirect  in  the  said  stock, 
bonds  or  other  securities  than  as  so 
stated  by  him. 

H.  P.  GILLETTE,  Editor. 
Sworn  to  and  subscribed  before  me  this 
11th  day  of  April,  1923. 

(Seal.)  KITTIE   C.   WOULFE. 

(My  commission  expires  Feb.  9,  1926.) 
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Railway  Construction  in  Recent  Years  and  the 
Outlook  for  This  Year 


Although  steam  railway  construc- 
tion has  been  abnormally  low  for  ten 
years,  nevertheless  it  averaged  $270,- 
000,000  a  year  for  the  six  years  end- 
ing 1920.  The  following  were  the  con- 
struction expenditures  for  the  years 
1918  to  1920,  according  to  the  I.  C.  C. 
reports  for  Class  I  railways: 


by  railway  companies.  The  following 
are  the  sales  of  new  railway  securi- 
ties (other  than  those  for  refunding) 
for  the  first  quarter  of  each  of  the 
last  three  years,  as  given  by  the 
Financial   Chronicle: 

1921,  first   3    mo $ 

1922,  first   3    mo 81,684.000 

1923,  first   3   mo 56,300,000 


1918. 
.$267,786,000 
8,060,000 


^Expenditures    for    road 

Less   cost  of  road   purchased    

New    construction     $259,726,000 

New    equipment     197,704,000 

General    2,163,000 


1919. 

$204,978,000 
6,158,000 

$198,820,000 

113,496,000 

1,340,000 


1920. 
$213,793,000 
30,681,000 

$183,112,000 

333,422,000 

4,244,000 


Total   additions $459,593,000 


$313,656,000         $520,778,000 


We  have  deducted  the  "cost  of  road 
purchased,"  for  that  usually  repre- 
sents only  a  transfer  of  ownership, 
and  not  new  construction.  Next 
month  we  shall  give  corresponding 
data  for  1921. 

A  very  good  criterion  of  the  magni- 
tude of  current  investment  in  new 
railway  construction  and  equipment 
is  the  current  sales  of  new  securities 


The  above  given  quarterly  totals  in- 
clude no  sales  of  new  stock  at  all! 
New  bonds  sold  require  additional 
capital  investments  in  amounts  equal- 
to  one-third  to  one-half  the  capital 
secured  from  the  bonds;  hence  it 
follows  that  all  this  additional  new 
capital  has  been  taken  from  the  earn- 
ings of  the  railway  companies.  This 
has    caused    railway    stockholders    to 
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suffer  a  diminution  of  their  already 
meager  dividends. 

The  outlook  for  railway  construc- 
tion in  1923-4  is  better  than  it  has 
been  in  many  years.  We  quote  from 
the  Chicago  Journal  of  Commerce: 

"It  might  be  well  for  the  public  to 
study  this  year's  appropriation  of  $1,- 
100,000,000  for  railroad  improvements. 
The  sum  amounts  to  more  than  5% 
per  cent  of  the  asset  value  of  all  the 
properties  of  the  carriers  in  this  coun- 
try, including  land  values.  Excluding 
new  construction,  no  such  expendi- 
tures have  ever  been  known  in 
American   railroading. 

"There  will  be  spent  for  new  cars 
alone  more  than  went  into  locomo- 
tives, right  of  way  and  new  cars  com- 
bined last  year,  and  in  that  year  rail- 
road service  betterments  cost  $440,- 
000,000.  The  present  program  calls 
for  the  expenditure  of  $515,000,000  for 
cars,  $425,000,000  on  right  of  way  im- 
provements and  $160,000,000  for  new 
locomotives.  This,  of  course,  is  ex- 
clusive of  huge  sums  that  will  be 
spent  on  new  terminals,  build- 
ings, etc. 

"The  railroads  are  conscious  of 
having  met  malicious  and  wilfully  de- 
structive treatment  at  the  hands  of 
legislators  for  many  years  and  of  dis- 
heartening neglect  on  the  part  of  the 
public.  They  are  staking  everything 
on  one  final  play  for  public  sympathy 
and  understanding.  If  the  public 
shows  no  appreciation  of  the  effort 
that  is  to  be  made  this  year,  then  the 
owners  of  railway  securities  have 
naught  left  but  to  pray  for  govern- 
ment ownership  and  railroad  execu- 
ives  will  despair  of  the  ambitions  of 
a  lifetime." 


The   Romance   of  the 
"One-Man  Car" 

During  the  past  decade  the  most  im- 
portant economic  advance  in  street 
railway  transportation  has  been  the 
"one-man  car."  By  cutting  in  two  the 
dead  weight  per  passenger  the  cost 
of  electric  power  was  halved.  By 
using  the  motorman  as  a  conductor 
also,  platform  wages  were  halved.  By 
having  all  passengers  enter  at  the 
front  end,  accidents  were  reduced.  By 
•decreasing  the  time  required  to  start 
the  car,  the  car-mileage  was  increased. 
These  are  the  main  economic  gains 
effected  by  the  one-man  car — and  they 
are  sufficient  to  warrant  placing  its 
inventor,  Bernie,  among  the  great  pub- 
lic benefactors. 


The  history  of  the  struggle  to  se- 
cure recognition  of  the  one-man  car 
by  street  car  companies  and  by  the 
public  is  a  romance.  Like  every  rad- 
ical departure  from  precedent  the 
one-man  car  was  opposed  by  nearly 
every  one  to  whom  its  use  was*  sug- 
gested. Car  manufacturers,  traction 
executives,  the  public  and  labor  unions 
were  almost  unanimous  in  condemn- 
ing it.  Even  yet  the  condemnation 
has  not  ceased,  in  spite  of  its  proved 
economy.  For  example,  the  street  car 
unions  in  Chicago  are  ,right  now  de- 
manding that  no  one-man  cars  be 
used.  But  the  one-man  car  continues 
to  breed  its  kind  at  faster  rate  than 
ever,  and  will  ultimately  displace  most 
of  the  two-man  cars. 


Why  Railway  Executives 
Should    Study    Bell 
Telephone  Man- 
agement 

The  greatest  mistake  that  railway 
executives  have  made  in  the  last  ten 
years  has  been  their  failure  to  insist 
on  a  speedy  completion  of  the  valu- 
ation of  the  railways.  The  I.  C.  C. 
valuation  has  been  allowed  to  twaddle 
along  for  ten  years,  or  three  times  as 
long  as  necessary.  The  editor  speaks 
with  personal  knowledge  of  this  mat- 
ter; he  had  charge  of  the  appraisal  of 
3,000  miles  of  railway,  and  has  con- 
ducted many  other  appraisals. 

Had  all  railway  appraisals  been 
completed  a  year  ago  when  the  I.  C. 
C.  reduced  freight  rates  10  per  cent, 
an  injunction  could  have  been  secured 
and  the  railways  could  have  been 
saved  from  most  of  the  disastrous 
losses  of  the  past  year. 

If  railway  executives  had  spent 
more  time  studying  the  methods  of 
successful  public  utility  companies, 
such  as  the  American  Telephone  and 
Telegraph  Co.,  instead  of  vainly  ap- 
pealing to  the  public  for  justice,  there 
would  be  quite  a  different  story  to  tell 
about  railway  affairs  today.  Success- 
ful public  utility  companies  learned 
many  years  ago  that  the  commissions 
and  the  courts  are  the  only  fair 
judges  of  utility  rates,  and  that  they 
can  judge  fairly  only  when  they  know 
the  value  of  the  properties  furnishing 
the  service.  We  do  not  recall  a  single 
rate  case  involving  Bell  Telephone 
rates  in  which  the  American  Tele- 
phone and  Telegraph  Co.  was  not  pre- 
pared to  prove  the  value  of  its  plant. 
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Consequently,  that  company  has  not 
only  averaged  8  per  cent  dividends, 
but  has  built  up  depreciation  reserves 
and  surpluses  equal  to  one-third  the 
investment  in  its  plant.  It  is  not  by 
chance  that  this  great  company  has 
prospered,  nor  because  its  business 
differs  from  that  of  transportation.  It  is 
because  its  presidents  have  been  far- 
sighted.  They  have  met  the  public 
demand  for  proof  of  value  by  prompt- 
ly furnishing  valuations.  They  have 
met  the  public  demand  for  low  rates 
by  reducing  their  costs  through  the 
inventions  effected  by  their  great  re- 
search organizations.  As  successful 
managers  their  methods  deserve  care- 
ful study  by  every  railway  president. 


Conflict  of  Valuation  Theo- 
ries 

(Editorial  in  The  Canadian  Engineer.) 
For  many  years  to  come  the  prin- 
ciples enunciated  in  arriving  at  the 
federal  valuation  of  railroads  in  the 
United  States  will  be  cited  as  prece- 
dents. For  this  reason  the  paper 
(see  April  18  Engineering  and  Con- 
tracting) by  Arthur  Crumpton  appear- 
ing elsewhere  in  this  issue  should  be 
read  with  the  greatest  interest  by  val- 
uation engineers.  Whether  all  of  the 
bases  taken  by  the  Bureau  of  Valua- 
tion are  defensible  or  not,  the  prestige 
of  the  valuing  body  is  so  great  that 
they  must  at  least  be  given  thought- 
ful consideration. 

In  no  valuation  work  would  the  orig- 
inal-cost-to-date theory  be  less  likely 
to  find  support  than  in  the  valuation 
of  railroads.  Added  to  the  fact  that 
many  of  the  railroads  now  being  val- 
ued were  built  nearly  three  genera- 
tions ago  when  cost  records  were  in- 
differently kept,  if  at  all,  there  is  the 
further  circumstance  that  in  the  weav- 
ing of  the  complicated  maze  of  Amer- 
ican railroad  financial  history,  records 
were  very  likely  to  become  lost  or  de- 
stroyed through  inadvertance  or  in- 
tent it  matters  not.  Under  such  con- 
ditions it  is  manifestly  difficult,  if  not 
impossible,  to  establish  the  correct 
original  cost  to  date.  The  railroads, 
on  their  part,  contend  that  an  approxi- 
mate original  cost  figure  could  be 
found  by  using  inventories  of  existing 
property  and  multiplying  the  quanti- 
ties ascertained  by  the  unit  costs 
found  in  the  records,  or  supplied  by 
estimate.  However,  the  Interstate 
Commerce  Commission  refuses  to  do 
this,  and  there  is  found  amongst  val- 
uation engineers  a  good  deal  of  sup- 


port for  this  position.  For  example, 
H.  P.  Gillette  does  not  recognize  orig- 
inal cost  to  date  less  depreciation  as 
any  kind  of  known  animal  in  the 
financial  menagerie.  According  to 
him,  there  is  not,  and  cannot  be,  any 
such  thing  as  original  cost  to  date  less 
depreciation. 

The  adoption  by  the  Interstate  Com- 
merce Commission  of  the  theory  of 
reproduction  cost  less  depreciation 
will  add  a  notable  case  to  the  already 
large  number  of  cases  of  valuations 
carried  out  on  this  basis.  However 
•much  those  with  scholastic  inclina- 
tions may  fight  the  principle  of  allow- 
ing profit  through  the  unearned  incre- 
ment to  accrue  to  the  far-sighted, 
there  is  no  doubt  that  this  method  is 
based  upon  a  sound  principle.  To  deny 
it  is  tantamount  to  confiscating  pri- 
vate property.  As  Gillette  puts  it, 
the  authorization  of  rates  based  only 
on  original  cost  to  date  less  deprecia- 
tion is  equivalent  to  paying  investors 
of  American  dollars  in  Mexican  dol- 
lars. 

Much  of  the  soundness  of  a  valua- 
tion on  the  reproduction  cost  theory 
will  depend  upon  the  faithfulness  with 
which  the  valuators  have  imagined 
every  step  in  the  process  of  creating 
property  and  putting  it  into  operating 
condition.  We  do  not  think  that  the 
Bureau  of  Valuation  of  the  Interstate 
Commerce  Commission  is  on  sound 
ground  when  it  disallows  the  inclusion 
of  contingencies.  Certainly,  if  the 
work  were  to  be  recreated  in  its  pres- 
ent condition  by  human  being  with 
everyday  limitations  there  would  un- 
avoidably be  many  errors  and  miscal- 
culations. A  valuation  which  omits 
contingencies  is  to  this  extent  unjust. 

Perhaps  more  discussion  concerning 
the  soundness  of  the  established  value 
for  a  property  arises  on  the  matter 
of  depreciation  than  on  any  other.  A 
strong  controversy  has  arisen,  accord- 
ing to  Mr.  Crumpton,  on  the  point  as 
to  whether  a  property  maintained  at 
100%  efficiency  has  no  other  deprecia- 
tion than  that  arising  from  obsoles- 
cence and  inadequacy.  In  most  ar- 
ticles of  equipment  there  cannot  be 
such  a  thing  as  100%  maintenance. 
Some  day  a  vital  part  will  give  way 
through  the  effect  of  wear  or  usage, 
in  spite  of  the  fact  that  the  equipment 
may  have  been  working  up  till  that 
time  in  a  thoroughly  satisfactory  man- 
ner. If  the  problem  of  depreciation 
can  be  thoroughly  solved  there  should 
be  no  great  difficulty  in  arriving  at  a 
sound  basis  for  a  theory  of  valuation. 
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A  "Full  Crew"  Law  for 
Farmers 

Editorial     In    Chicago    Journal    of    Com- 
merce. 

There  is  something  more  than  satire 
in  the  joker  "full  crew"  farm  bill  rec- 
ommended for  passage  by  the  agri 
cultural  committee  of  the  lower  house 
of  the  Minnesota  legislature.  The  bill 
paraphrases  the  "full  crew"  bill 
sought  in  Minnesota  by  railroad  work- 
ers and  applies  its  terms  to  the  op- 
eration of  a  farm,  requiring  the  farm- 
er to  have  one  milker  for  each  six 
cows  or  fraction  thereof,  and  a  herds- 
man to  watch  the  herd,  fixes  farm 
wages  at  the  average  of  the  wage  of 
plumbers,  printers,  bricklayers,  plas- 
terers and  carpenters,  and  requires 
the  farmer  to  furnish  a  bond  to  guar- 
antee that  neither  he  nor  his  em- 
ployes will  work  more  than  six  days 
a  week  and  will  conform  to  other  re- 
quirements of  the  law. 

This  bit  of  facetiousness  brings  out 
in  bold  relief  the  absurdity  of  some 
of  the  labor  laws  that  have  been 
passed  and  others  that  are  proposed. 
This  refers  to  laws  that  are  aimed  not 
to  protect  the  worker  in  his  right  to 
do  an  honest  day's  work  for  a  fair 
return,  but  to  limit  by  law  as  far  as 
possible  the  physical  and  mental  ef- 
fort he  will  be  required  to  make  for 
a  maximum  of  wages  and  by  creating 
two  or  three  or  more  jobs  where  one 
ought  to  grow. 

It  is  just  as  logical  to  require  a 
farmer  to  hire  one  farmhand  for  each 
40  acres,  as  it  is  to  tell  a  railroad 
the  number  of  employes  to  whom  it 
must  give  wages  and  transportation 
in  the  operation  of  a  train. 

Society  has  every  right  to  protect 
the  worker  against  being  overworked 
or  underpaid.  It  certainly  has  no 
right,  however,  to  tell  the  employer 
how  many  men  he  must  hire  to  do  a 
specific  job.  It  is  his  business  to  de- 
termine how  well  and  how  quickly 
he  wants  that  job  done  and  the  work- 
er's business  to  do  an  honest  day's 
work,  leaving  the  management  of  the 
business  to  the  employer. 

It  is  the  right  of  labor  to  be  selfish 
in  its  efforts  at  self-betterment  and 
to  obtain  all  that  is  possible  by  way 
of  wages  and  concessions  from  the 
employer.  It  is  not,  however,  the 
duty  of  society  to  give  that  selfish- 
ness the  force  of  law  as  is  done  in 
"full  crew"  legislation  and  similar  en- 
actments. If  the  theory  of  the  "full 
crew"    law    were    carried    to    its   ulti- 


mate conclusion  it  would  lead  to  ab- 
surdity indeed. 

The  farm  legislation  quoted  is  as 
sound  economically  as  the  "full  crew" 
railroad  bill.  It  probably  would  result 
in  a  price  of  20  ct.  a  quart  for  milk 
and  other  farm  prices  in  keeping. 
This  may  not  be  the  concern  of  labor, 
but  it  certainly  is  the  concern  of 
society.  If  the  worker  chooses  to  do 
half  a  day's  work  for  a  day's  pay,  it 
is  his  job  to  try  to  collect  the  wage, 
but  certainly  it  is  not  the  obligation 
of  society  to  legislate  him  into  thai 
dishonest  position. 


Quarry     Blasting    Problems 
and  Their  Solution 

Some  interesting  quarry  blasting 
problems  and  the  methods  of  solv- 
ing them  were  described  by  Mr.  J. 
Barab  in  a  paper  presented  last  Jan- 
uary at  the  6th  annual  convention  of 
the  Crushed  Stone  Association. 

At  a  large  silica  sandstone  quarry  it 
was  found  that,  when  the  holes  were 
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Fig.  1. 

drilled  in  a  straight  line,  the  rock 
was  ordinarily  brought  down  in  large 
sizes.  Apparently  in  this  rock  the 
explosive  expended  most  of  its  en- 
ergy in  shearing  the  rock  from  the 
face  without  sufficient  shattering  ef- 
fect.    This  difficulty  was,  to  a   great 
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Fig.  2. 

degree;  overcome  by  staggering  the 
single  row  of  holes  to  make  a  zigzag 
row,  as  shown  in  Fig.  1. 

At  another  quarry  great  difficulty 
was  encountered  in  breaking  the  rock 
on  the  bottom,  where  it  appeared  to 
be  harder  than  any  other  place.    By 
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drilling  the  holes  as  shown  in  Fig. 
2,  most  of  this  'trouble  was  over- 
come. 

At  still  another  quarry  in  hard  lime- 
stone, better  results  were  obtained  by 
the  system  of  drilling  illustrated  in 
Fig.  3.  The  rows  of  holes  farthest 
from  the  face  were  put  down  with 
well  drills  and  the  charge  concen- 
trated near  the  bottom  of  the  hole. 
Two  rows  of  holes  in  front  of  this 
were  tripod-drilled  and  loaded  so  that 
the  explosive   came  from  halfway  up 
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Fig.  3. 

to  within  5  ft.  of  the  surface.  This 
method  of  drilling  and  loading  great- 
ly reduced  secondary  blasting. 

At  a  northern  Ohio  limestone  quar- 
ry in  hard,  stratified  limestone,  it 
was  found  that  when  using  ordinary 
drilling  and  loading  methods  much  of 
the  rock  was  not  broken  up  into  sizes 
convenient  for  handling.  The  system 
shown  in  Fig.  4  was  adopted  to  over- 
come this.  The  holes  in  the  back 
row  were  drilled  60  ft.  deep,  and 
those  in  front  only  35  ft.  The  charge 
in   the    deep    holes    consisted    of    150 


Fig.  4. 

lb.  of  40  per  cent  straight  nitro- 
glycerin dynamite  and  40  per  cent 
gelatin.  The  front  holes  were  loaded 
with  50  lb.  of  40  per  cent  straight 
nitroglycerin  dynamite.  The  charges 
were  spaced  as  shown  in  the  dia- 
gram. Aft?r  this  method  was  adopt- 
ed the  proportion  of  large  sizes  was 
considerably  reduced. 


Cost  Figures  for  Reinforced 
Concrete  Stadiums 

At  the  1923  convention  of  the 
American  Concrete  Institute  three  pa- 
pers relating  to  the  construction  of 
reinforced  concrete  stadiums  were 
presented.  The  total  cost  of  the 
stadium  at  Ohio  State  University,  ac- 
cording to  the  paper  of  Clyde  T.  Mor- 
ris, was  approximately  $22  per  seat. 
If  ornamental  effects  were  dispensed 
with  this  cost  would  be  reduced  to 
about  $19  per  seat.  Mr.  Morris  gave 
the  following  cost  figures: 

Excavation,   per  cu.  yd $0.93  2/10 

Concrete  in  foundations  (1:2^:5), 

per  cu.   yd 6.92 

900  concrete  piles   (made  on  the 

ground),   per  ft 1.16 

Superstructure  forms,  per  sq.  ft.  .22 
Concrete  in  superstructure,   per 

cu.  yd 8.09 

Reinforcing  steel,  per  ton   50.18 

Structural  steel,   per  ton   75.40 

Cast  stone  (in  place),  per  cu.  ft.  2.69 
Stucco  and  plaster,  per  sq.  yd..  .90 
Expansion    joints  (including  lead 

and  asphalt),  per  sq.  ft 39 

The  Ohio  State  Stadium  is  of  an 
open-end  horseshoe  shape,  with  bowed 
sides  and  a  double  deck.  In  plan  it 
is  about  704  ft.  by  597  ft.  and  encloses 
an  area  556  ft.  by  294  ft. 

The  cost  per  seat  for  the  concrete 
deck  of  the  stadium  for  the  New  York 
American  League  baseball  team,  ac- 
cording to  the  paper  of  R.  L.  Bertin, 
was  less  than  $20  per  seat. 

The  new  stadium  of  the  University 
of  Pennsylvania  at  Franklin  Field, 
Philadelphia,  was  described  by  H.  T. 
Campion.  In  this  structure  the  per- 
manent stands,  which  seat  35,700,  are 
of  concrete  construction  and  the  tem- 
porary stands  are  wood  seats  on  eas- 
ily stored  collapsible  steel  supports. 
The  structure  for  permanent  stands 
was  built  entirely  of  reinforced  con- 
crete. The  seating  deck  is  of  rein- 
forced concrete  in  step  form,  with 
frequent  expansion  joints  and  sup- 
plied with  drainage  gutter.  Cast  iron 
brackets  or  standards  are  bolted  to 
the  risers  on  the  deck  at  about  4-ft. 
centers;  these  support  cypress  strips, 
the  seats  being  10  in.  wide  without 
backs  and  in  general  about  25  in.  back 
to  back.  The  area  covered  by  the  per- 
manent stands  is  123,640  sq.  ft.,  and 
by  the  temporary  stands  47,230  sq.  ft. 
The  field  enclosed  contains  123,730  sq. 
ft.  The  permanent  structure  cost 
$5,919  per  square  feet,  or  $20,498  per 
seat.  The  temporary  stands  cost 
$4,351  per  seat.  An  average  for  the 
total  is  $4,672  per  square  foot  and 
$15,654  per  seat. 
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Current  Material  Prices 


Iron  and  Steel  Prices 

(From  the  Iron  Age,  May  10,  1923.) 

Prices  as  of  May  8,  f.  o.  b.  Pittsburgh: 
Open  hearth  rails,  heavy,  per  gross 

ton $43.00 

Light    rails    (25-45    lb.    section),    per 

lb 2.25c 

Track   spikes,    9/16    in.    and    larger 

base,   per  100  lb 3.15 

Track    spikes,    %    in.,    7/16    in.    and 

%  in.,  100  lb 3.75 

Track  spikes,  5/16  in 3.75 

Spikes,    boat   and    barge,    base,    per 

100  lb 3.50 

Track  bolts,   %  in.  and  larger,  base, 

per  100  lb 4.25  to  4.50 

Track  bolts,   y2  in.  and.  %  in.,  base, 

per  100  lb 5.50 

Tie  plates,  per  100  lb 2.55  to  2.60 

Angle  bars,  base,  per  100  lb 2.75 

Finished    Iron    and    Steel. 

Per  lb.  to 

large  buyers. 

Cents. 

Iron  bars,  Philadelphia 2.65 

Iron  bars,   Chicago    2.60 

Steel  bars,  Pittsburgh   2.40  to  2.50 

Steel  bars,  Chicago   2.60  to  2.84 

Steel  bars,  New  York   2.74  to  2.84 

Tank  plates,  Pittsburgh  2.50  to  2.60 

Tank  plates,   Chicago    ... 2.84  to  2.94 

Tank  plates,  New  York  2.84 

Beams,   Pittsburgh    2.50  to  2.60 

Beams,   Chicago    2.84  to  2.94 

Beams,   New   York 2.84 

Steel  hoops,  Pittsburgh   3.30  to  3.50 

Freight    Rates. 

All  rail  freight  rates  from  Pittsburgh 
on  domestic  shipments  of  finished  iron 
and  steel  products,  in  carload  lots,  to 
points  named,  per  100  lb.,  are  as  follows: 

Philadelphia    $0,325 

Baltimore     0.315 

New  York   0.34 

Boston     0.365 

Buffalo 0.26 

Cleveland     0.21 

Cleveland,  Youngstown,   comb 0.19 

Detroit    0.29 

Cincinnati    0.29 

Indianapolis    0.31 

Chicago    0.34 

St.   Louis    ; 0.43 

Kansas  City   0.735 

Kansas   City    (pipe)    0.705 

St.   Paul   0.60 

Omaha    0.735 

Omaha   (pipe)    0.705 

Denver    1.27 

Denver   (pipe)    1.215 

Market    Prices 

No 

Boston — Yel.    Pine    

New  York — Yel.  Pine  . . . 

Buffalo— Yel.  Pine   

Chicago — Yel.   Pine    

St.  Louis— Yel'.  Pine   

Seattle,  Wash.— D.   Fir.. 


Pacific   Coast    1.50 

Pacific  Coast,  ship  plates  1.20 

Birmingham    0.69 

Memphis     0.385 

Jacksonville,   all  rail    0.50 

Jacksonville,  rail  and  water  0.415 

New   Orleans    0.515 

Rails  and   Track  Supplies  at  Chicago. 

Standard  Bessemer  and  open-hearth 
rails,  $43;  light  rails,  rolled  steel,  2.25c, 
f.  o.  b.  makers'  mills. 

Standard  railroad  spikes,  3.25c  mill; 
track  bolts  with  square  nuts,  4.25c  mill; 
iron  tie  plates,  2.85c;  steel  tie  plates, 
2.60c,  f.  o.  b.  mill;  angle  bars,  2.75c,  f.  o. 
b.  mill. 

Jobbers  quote  standard  spikes  out  of 
warehouse  at  3.80c  base  and  track  bolts, 
4.80c  base. 

Cross  Tie  and  Lumber   Prices 

(From  Lumber,  April  27,  1923.) 
F.  o.  b.  cars,  Chicago,  April  25. 

White  Oak  Ties. 
5—7x9x8    $1.85 


No. 
No. 
No. 
No. 
No. 


3—6x8x8    1.55 

1—6x6x8 1.35 

4—7x8x8    1.75 

2—6x7x8    1.45 

Red  oak  ties,  10@15c  less  than  white 
oak.  Sap  pine  and  sap  cypress,  10c  less 
than  red  oak. 

White  oak  switch-ties,  per  M.  ft. $53  to  55 

Red  oak  switch-ties,  per  M  f t. . .  49  to  51 

White  Oak  Ties. 

F.  o.  b.   cars,  St.  Louis,  March  5. 

No.    5—7x9x8    $1.55 

No.    4—7x8x8    1.45 

No.    3—6x8x8    1.30 

No.    2—6x7x8    1.20 

No.    1—6x6x8    1.10 

Red  oak  ties,  10c  per  tie  less  than 
white  oak  prices.  Heart  pine  and  heart 
cypress,  same  prices  as  red  oak.  Sap 
pine  and  sap  cypress,  25c  less  than  white 
oak. 

White  oak  switch  ties,  per  M  ft $47.00 

Red  oak  switch  ties,  per  M  ft 44.00 

Bridge  and  crossing  plank,  same  prices 
as  switch  ties. 

Cement  Prices 

Recent  quotations,  per  bbl.,  in  carload 
lots,  exclusive  of  package: 

Pittsburgh     $2.24 

Cincinnati    2.54 

Detroit    2.47 

Chicago 2.20 

Milwaukee    2.37 

Duluth    2.14 

Minneapolis     2.39 

Davenport,  la 2.43 

of    Lumber. 


Alexandria — So.  Pine  . 
Birmingham — So.  Pine 
Hattiesburg — So.  Pine 
Kansas  City— So.  Pine 


Flooring, 

2x4, 

1x4, 

16  ft., 

Timbers, 

Timbers, 

).  1  common. 

No.  1  common. 

6x6. 

12x12. 

$56.66 

$46*.  75 

$51@53.50 

$63@67.50 

60.00 

51@55.00 

53.00 

40.00 

58.00 

51.00 

39.00 

53@54.00 

38.00 

23.50 

25.00 

Southern 

Mill    Prices. 

Flooring, 

Timbers, 

Timbers, 

1x4, 
No.  1  flat. 

2x4, 

No.  1, 

No.  1. 

16  ft.,  No.  1. 

4x4  to  8x8. 

3x12  to  12x12 

$46.50 

$32.50 

45.44 

32.25 

45.92 

31.80 

$29.64 

33.78 

34.97 

$51.26 
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Snow  Fighting  by  Canadian  Electric  Railways 

Methods  of  Keeping  Tracks  Clear  at  Winnipeg,  Ottawa  and  Mon- 
treal as  Described  in  A  ERA 


How  the  Winnipeg  Electric  Ry. 
Handles  Snow  Removal. — The  snow 
fighting  equipment  of  the  Winnipeg 
Electric  Ry.  Co.  has  been  kept  in 
almost  continuous  use  during  the  past 
four  months,  and  yet  the  total  fall  of 
snow  throughout  this  winter  has  not 
exceeded  80  in. 

The  rotary  is  called  upon  to  do  the 
greatest  amount  of  service  and  its 
record  for  February  and  March  on 
one  of  the  suburban  lines — Headingly 
— is  as  follows : 


peg  on  suburban  lines,  and  it  is  felt 
that  by  the  use  of  a  plow  throwing 
the  banks  further  away  from  the  rails, 
this  difficulty,  which  is  a  very  serious 
one,  will  be  overcome.  The  snow 
fighting  equipment  of  the  Winnipeg 
Electric  Ry.  Co.  comprises  10  sweep- 
ers, 1  rotary  plow,  and  1  wing  plow. 
There  are  about  60  miles  of  suburban 
track  to  be  taken  care  of,  although 
the  roadway  of  the  longest  suburban 
line,  which  is  built  on  an  elevation,  is 
very    rarely    blocked    by    snow,    the 


Rotary  Plow  Used  by  Winnipeg   (Man.)    Electric   Railway. 


February— 8,  10,  13,  14,  24,  28. 

March— 1,  6,  7,  9,  10,  11,  19,  20,  21, 
22,  23,  24,  26,  28,  29,  30,  31. 

Although  it  was  in  service  23  days 
during  these  two  months,  snow  fell 
on  about  6  days  only,  the  high  winds 
filling  in  the  cuts  in  the  line  with 
snow  on  the  other  days.  As  a  result 
of  its  experience  this  winter,  the  com- 
pany is  now  considering  a  proposal  of 
one  of  its  employes  to  have  con- 
structed a  special  V-shaped  snow 
plow  which  will  force  the  snow  banks 
back  a  considerable  distance  from  the 
car  lines.  It  is  found  that  by  the  use 
of  the  rotary,  the  snow  banks  on 
either  side  of  the  line  lend  them- 
selves too  easily  to  be  blown  in  under 
the  high  winds  experienced  in  Winni- 


rotary  being  requisitioned  to  clear  the 
line  only  once  last  winter. 

Snow  Removal  by  Ottawa  (Ont.) 
Electric  Ry. — The  snow  fighting 
equipment  consists  of  rotary  sweep- 
ers and  electric  wing  plows.  The 
sweepers  clear  the  track  and  the 
ploughs  push  the  snow  to  the  curb. 
The  city  plows  the  snow  off  the  side- 
walks to  the  curb,  making  a  pile  along 
the  curb,  which  the  railway's  fran- 
chise calls  upon  it  to  remove.  This 
was  formerly  done  by  shovelers  and 
teams  but  this  was  found  a  very  ex- 
pensive method.  Most  of  the  snow  is 
now  handled  by  Ford  trucks  equipped 
with  special  body.  These  trucks  run 
to  dumps  located  on  high  banks  of 
the  Ottawa  River,  on  which  the  city 
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is  situated.  The  railway  is  fortunate 
in  having  two  admirable  locations  for 
this,  one  with  a  head  of  50  ft.  and  the 
other  with  80  ft.  It  is  now  trying  to 
arrange  for  a  similar  dump  in  the 
east  end  of  the  city  which  will  make 
the  use  of  teams  no  longer  necessary. 

The  use  of  these  trucks  has  reduced 
the  number  of  shovelers  to  a  large 
extent  and  on  account  of  their  speed 
have  made  it  possible  for  the  railway 
to  get  the  streets  cleaned  in  a  much 
shorter  time. 

Snow  Fighting  by  Montreal  Tram- 
way Co. — In  the  early  autumn,  this 
detail  of  organization  is  carefully 
gone   over,    sweepers   which   are   laid 


keeping  the  tracks  clean  and  sanded 
and  in  safe  condition,  but  with  the 
start  of  the  winter  the  force  is  in- 
creased to  100  men  so  that  all  hills 
can  be  kept  in  condition  for  safe  op- 
erating even  with  the  thermometer  at 
15°  to  20°  below  zero. 

The  snow  fighting  equipment  com- 
prises 40  sweepers,  6  plows  and  10 
levelers  or  wing  cars. 

Thirty-three  of  the  sweepers  are  of 
the  single-truck,  two-broom  type  with 
a  large  iron  wing  from  the  center  of 
the  right  hand  side  to  push  back  the 
snow  from  the  outside  of  the  track 
and  a  smaller  wing  on  the  left  hand 
side  to  clear  off  the  devil  strip;   the 


Type  of  Sweeper   Used    in   Winnipeg   and    Montreal. 


up  stripped  in  storage  during  the  sum- 
mer are  equipped,  tested  and  dis- 
tributed to  their  respective  barns.  Ar- 
rangements are  made  for  the  winter's 
supply  of  rattan  for  the  sweeper 
brooms;  all  cars  are  fitted  up  with 
scrapers  and  double  windows,  and 
heaters  are  connected.  Suburban  cars 
are  equipped  with  nose  plows,  sleet 
cutters  are  brought  out  again.  A  large 
supply  of  salt  is  laid  in  for  use  on 
the  switches  and  on  the  hills.  Snow 
fences  are  put  up  at  strategical  points 
along  suburban  lines. 

Owing  to  the  large  number  of  hills 
and  heavy  grades  in  the  city  a  per- 
manent force  of  60  men  is  employed 


other  seven  sweepers  are  double 
truck  of  a  heavy  type  with  powerful 
equipment,  especially  designed  for 
use  on  the  hills  where  the  smaller 
and  lighter  sweepers  experience  diffi- 
culties in  extremely  cold  weather; 
these  big  sweepers  have  proved  of 
great  value  as  their  weight  and 
strength  enables  them  to  overcome 
the  troubles  of  the  smaller  ones  and 
in  addition  being  double  trucks  they 
can  make  the  same  time  as  the  cars 
and  thus  clean  the  tracks  of  snow 
without  delaying  the  car  service. 

The  plow  battery  consists  of  six 
single  and  double  truck  rotary  ma- 
chines   for   use    in    the    heavy   drifts 
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on  suburban  lines.  The  levelers 
or  wing  cars  are  some  of  the  four- 
motor  freight  cars  fitted  up  in  the 
company  shops  with  a  heavy  concave 
iron  wing  hung  from  the  center  of  the 
right  hand  side  and  pushed  out  at  any 
desired  angle  by  mechanism.  During 
or  immediately  after  a  snow  storm 
the  only  part  of  the  road  cleaned  for 
traffic  is  the  track  and  consequently 
all  vehicles  immediately  take  to  it, 
naturally  to  the  detriment  of  the  car 
service,  so  these  levelers  were  de- 
signed to  push  back  the  snow  along- 
side the  tracks  and  open  the  roadway 
wide  enough  to  allow  rigs  and  auto- 


er  cover  its  ground  within  an  hour 
so  the  routes  are  designed  to  this  end 
and  also  so  as  to  have  one  converg- 
ing point  for  two  or  three  different 
sweepers  so  that  if  help  is  needed  at 
any  point  another  sweeper  can  be 
quickly  diverted  when  it  reaches  that 
point.  Large  blue  prints  are  made 
of  these  routes  and  posted  at  snow 
headquarters  and  in  each  of  the  car 
barns  so  that  all  men  become  familiar 
with  them. 

Motormen  in  charge  of  sweepers 
and  assistant  motormen  are  appointed 
at  the  beginning  of  the  winter  and 
these  men  have  each  their  appointed 


Home-Made    Wing    Plow    of    Montreal    Tramways   Co. 


mobiles  a  safe  passage  without  inter- 
fering with  the  cars.  The  sweeper 
wings  push  back  the  snow  from  the 
tracks  for  a  distance  of  about  6  ft., 
but  in  heavy  snowfalls  the  sweepers 
are  not  able  to  sweep  and  wing  at  the 
same  time  without  delaying  car  serv- 
ice and  the  levelers  are  then  of  very 
valuable  assistance. 

The  system  is  divided  for  operating 
purposes  into  five  separate  divisions, 
but  for  snow  fighting  these  imaginary 
lines  are  forgotten  and  routes  are  de- 
signed for  sweepers  and  levelers  al- 
together different  from  the  regular 
car  routes. 

It  is  desirable  to  have  each  sweep- 


sweeper  and  route  for  all  storms  so 
that  every  man.  knows  his  position 
thoroughly  and  learns  the  good  and 
bad  points  of  his  sweeper  and  the 
danger  points  of  his  route  and  is  thus 
in  a  better  position  to  render  good 
service  than  if  he  was  shifted  around 
each  storm;  this  also  develops  a  cer- 
tain amount  of  healthy  rivalry 
amongst  the  crews,  each  striving  to 
keep  his  sweeper  and  route  in  better 
shape  than  the  others. 

Control  of  *  the  snow  fighting  has 
been  centralized  as  experience  has 
shown  that  without  this  central  con- 
trol each  different  division  considered 
its  own  needs  paramount  and  looked 
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after  them,  sometimes  to  the  detri- 
ment of  another  division,  or  else  some 
inspector  anxious  to  insure  his  own 
line  being  clear  would  requisition 
some  passing  sweeper  at  the  expense 
of  the  line  to  which  it  had  been  as- 
signed. 

An  office  in  the  central  car  barn 
has  been  fitted  up  as  snow  headquar- 
ters, where  all  reports  are  received 
and  orders  issued;  it  is  fitted  up  with 
three  trunk  line  telephones,  auto- 
m  a  t  i  c  recording  barometer,  wind 
gauge,  thermometer,  weather  prob- 
abilities from  the  meteorological  bu- 
reau, blue  prints  of  all  sweeper  and 
leveler  routes;  in  fact  everything  nec- 
essary even  to  a  small  gas  stove  and 
dishes  as  when  snow  comes  it  is  a 
case  of  staying  there  whether  it  be 
for  12  or  24  or  36  hours. 


Spring  Track  Work 


Various    Features    Outlined    in    Paper 
Presented  March  3  Before  Main- 
tenance   of    Way    Association 
of    Kansas    City    Southern 
Railway 

By    J.    W.    GRIFFITH, 

Roadmaster,    Kansas    City    Southern    Ry. 

Spring  and  early  summer  track 
work  consists  primarily  of  the  tight- 
ening of  bolts,  renewing  ties  and  sur- 
facing, lining  and  gaging  track.  If 
these  items  are  taken  care  of  in  time 
they  pave  the  way  for  summer  and 
fall  work. 

If  work  that  disturbs  the  ballast  or 
roadbed    is    done    in    the    spring    and 


Fleet  of  Trucks  Equipped  with  Special  Body  Used   by  Ottawa   Ry. 


To  organization,  equipment  and  men 
in  a  high  state  of  efficiency,  must  be 
added  an  intelligent  supervision,  ex- 
perience and  co-operation  of  all  con- 
cerned, so  that  the  whole  may  move 
steadily  onward  to  success  with  no 
apparent  effort  as  a  well  oiled  piece 
of  machinery. 


March  Returns  Show  Rail  Income 
on  5.84%  Basis. — The  net  railway  op- 
erating income  in  March  of  the  Class 
1  railroads  of  the  United  States 
totaled  $83,568,000,  which  represented 
a  return  on  an  annual  basis  of  5.84 
per  cent,  according  to  complete  re- 
ports filed  by  the  carriers  with  the 
Interstate  Commerce   Commission. 


early  summer  it  stands  up  much  bet- 
ter than  if  done  at  any  other  season. 
In  addition,  from  10  to  15  per  cent 
more  of  this  heavy  work  is  done  in  a 
day  if  done  before  the  heat  of  the 
summer. 

Tightening  Bolts  and  Smoothing 
Track. — First  consideration  should  be 
given  the  tightening  of  bolts.  As 
soon  as  the  temperatures  rises  to  40 
to  50°  F.  this  work  should  be  done. 
Bolts  tightened  at  this  time  and  in 
the  fall  when  the  temperature  is 
about  the  same  will  hold  much  better 
than  if  tightened  in  the  heat  of  sum- 
mer or  in  the  winter.  After  this  is 
done  and  the  frost  is  out  of  the  bal- 
last, the  track  should  be  smoothed 
up  and  put  in  good  riding  condition. 
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Tie  Renewals. — As  it  is  assumed 
that  all  cleaning  up  work  has  been 
done  during  the  winter,  the  next  task 
is  the  renewal  of  ties.  Consideration 
should  be  given  this  work  before 
starting  it  to  insure  the  required 
number  of  ties  are  piled  at  the  most 
convenient  places.  This  will  be  a 
great  help,  as  the  men  will  not  have 
to  stop  making  renewals  to  do  this 
distributing. 

We  should  know  exactly  how  many- 
ties  each  section  has  to  put  in  and 
the  forces  should  be  distributed  ac- 
cordingly. One  section  may  have 
2,000  ties  to  insert  while  another  sec- 
tion will  have  3,000.  In  order  that  all 
sections  may  finish  about  the  same 
time  forces  will  have  to  be  distribut- 
ed according  to  the  amount  of  work 
to  be  done,  likewise  one  section  will 
have  more  track  to  surface  than  an- 
other and  this  will  also  have  to  be 
taken  into  consideration. 

Where  track  needs  surfacing,  the 
inserting  of  ties  and  the  surfacing 
should  be  done  at  one  operation,  but 
where  an  average  of  only  three  or 
four  ties  are  to  be  inserted  per  panel 
of  track  and  track  does  not  need  sur- 
facing, I  favor  digging  the  ties  in  as 
this  saves  ballast  and  time. 

Program  of  Inserting  Ties. — If  a 
foreman  has  3,000  ties  to  put  in  and 
inserts  one  tie  per  man  hour,  as  we 
have  done  in  the  past,  it  will  take  a 
gang  of  six  laborers  63  days  to  put 
them  in.  If  they  start  March  15  and 
devote  four  days  each  week  for  this 
work,  it  should  be  cleaned  up  easily 
by  July  1.  About  15  days  before  be- 
ginning thie  work  the  roadmaster 
and  the  foreman  should  decide  at 
which  end   of  the  section  to  start. 

If  work  was  begun  at  the  south'  end 
last  year  and  the  gang  did  not  get  all 
the  way  over  the  section,  it  should 
start  this  year  at  the  north  end  and 
work  south.  Having  settled  this  and 
the  time  having  arrived  for  the  start- 
ing of  the  work,  the  foreman  should 
truck  out  sufficient  tie  plates  for  four 
or  five  days'  work,  being  careful  not 
to  break  the  binder  wires  so  that  the 
plates  will  be  scattered  or  covered 
up.  He  should  then  look  over  the 
track  to  determine  if  it  needs  surfac- 
ing or  if  the  ties  are  to  be  spotted 
in  and  the  track  simply  jointed  up 
and   lined. 

He  will  then  go  over  ties  and  mark 
those  to  be  removed  by  striking  them 
with  an  adz  or  marking  them  with 
chalk.     Ties  will  then  be  distributed 


by  push  car,  after  which  all  of  the 
force  will  start  removing  the  old  ties 
and  inserting  the  new  ones.  If  the 
track  is  not  to  be  surfaced  ties  must 
be  tamped  when  inserted  without  the 
plates  being  applied  and  the  track 
may  be  dressed  up  before  going  to 
the  next  tie  to  be  removed. 

When  the  number  of  ties  for  the 
day  has  been  inserted,  four  men 
should  drop  back  and  spike  the  new 
ties,  the  foremen  and  the  other  men 
sorting  and  distributing  the  spikes 
and  placing  the  tie  plates  on  the  new 
ties.  This  eliminates  the  "nipping" 
of  the  ties  and  gives  the  new  ties  a 
solid  bearing.  Two  men  with  spike 
mauls  will  take  the  line  side  of  the 
track,  spiking  the  new  ties  and  driv- 
ing down  all  old  spikes,  while  the 
other  two  men  follow  on  the  opposite 
side  with  a  gage,  putting  the  track 
to  good  gage. 

Distributing  Spikes. — In  distribut- 
ing the  spikes  care  should  be  taken 
to  place  new  spikes  at  joints  and  on 
the  outside  of  the  rail.  The  foreman 
should  personally  inspect  the  second 
hand  spikes  that  are  to  be  re-used  to 
see  that  none  are  scrapped  that 
should  be  used  and  also  that  all  that 
are  to  be  re-used  are  good. 

Where  gaging  is  to  be  done  and 
the  spikes  are  pulled  from  ties  the 
holes  must  be  plugged.  A  bucket  of 
creosote  oil  should  be  on  the  job  at 
all  times,  and  as  a  plug  is  driven  and 
adzed  off  this  oil  should  be  applied 
to  the  end  of  the  plug  to  fill  any 
opening  around  it  that  might  catch 
water  and  thus  cause  the  heart  of  the 
tie  to  decay.  I  find  that  we  have  to 
adze  only  a  small  per  cent  of  treated 
ties  to  get  an  even  bearing  for  plates 
but  when  this  is  necessary,  hot  creo- 
sote oil  should  be  applied  to  the  en- 
tire surface  adzed. 

Tie  Plates. — Care  should  be  taken 
to  see  that  the  plates  fit  the  rail 
squarely  and  that  the  spikes  do  not 
lean  and  pull  the  plate  towards  the 
spiker  and  thus  displace  it.  Foremen 
should  personally  inspect  the  old  ties 
removed  to  see  that  none  are  fit  for 
further  use  and  at  the  same  time 
check  the  dating  nails.  These  ties 
should  then  be  piled  neatly  and  left 
for  final  inspection  and  disposal. 
Picks  must  not  be  used  to  pull  ties 
under  rails..  Pick  holes  in  any  kind 
of  wood  start  decay  and  shorten  the 
life  of  the  tie. 

Why  Ties  Should  Be  Removed. — 
There    are   only    three    good    reasons 
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why  ties  should  be  removed  from  the 
track.  (1)  Decay.  (2)  Mechanical 
wear.  (3)  Damage  by  derailments.  Of 
course  some  are  burned  out  by  hot 
cinders  where  ash  pans  are  cleaned, 
but  the  first  three  charges  are  gen- 
erally understood  as  the  cause  for 
the  removal  of  most  ties,  and  fore- 
men should  know  that  it  is  impor- 
tant that  the  causes  of  renewals  are 
correctly  given.  When  dressing 
track  after  tie  renewals  are  made 
the  ballast  should  be  distributed 
evenly  and  dressed  at  the  top  so  that 
the  work  will  look  like  a  workman- 
like job.  All  rail  anchors  that  are  not 
secure  against  the  tie   should  be  re- 


by  a  Bucyrus  20-B  "Bullseye"  extra 
high  lift  shovel,  with  a  %-yd.  dipper, 
a  22-ft.  6-in.  boom  and  a  17-ft.  dipper 
handle,  mounted  on  caterpillars. 

The  coal  vein  averages  28  in.  in 
thickness  and  is  covered  by  a  4-ft. 
strata  of  blue  slate.  This  strata  in 
the  deeper  stripping  runs  from  15  to 
20  ft.  thick  and  will  have  to  be 
blasted. 

The  shovel  is  carrying  parallel  cuts 
down  the  property,  averaging  25  ft. 
wide,  casting  the  overburden  over 
into  the  cut  which  was  previously 
mined.  At  the  end  of  the  day  shift, 
the  shovel  moves  up  the  cut  and 
during  the  night  is  engaged  in  strip- 


Stripping   Operations,   Also  Showing   How  Shovel   Builds  Dam   Across  Cut  to   Pre- 
vent Water  from  Flooding  the  Machine. 


set  as  this  will  be  the  last  working 
the  track  will  get  for  a  year  or  more. 


Stripping  and  Loading  Coal 
with  a  %-Yd.  Revolv- 
ing Shovel 

A  steam  shovel  is  being  used  for 
the  double  purpose  of  stripper  and 
loader  in  the  coal  stripping  opera- 
tions of  the  Pocahontas  Coal  &  Min- 
ing Co.  at  Carbon  Hill,  14  miles  north 
of  Jasper,  Ala.  We  are  indebted  to 
the  Excavating  Engineer  for  the  fol- 
lowing details  of  this  operation: 

The  property  consists  of  600  acres 
and  is  located  %  mile  distant  from 
the  Pocahontas  Station  on  the  Frisco 
R.  R.  The  overburden  runs  from  6 
to  30  ft.  deep,  and  operations  are  now 
being  carried  on  in  the  shallower 
stripping,  which  averages  about  14  ft, 


ping.  The  next  morning  the  day  crew 
brings  it  back  down  to  the  coal  and 
loads  coal  into  wagons  on  the  bank, 
two  10-hour  shifts  being  worked.  One 
hundred  tons  of  coal  are  moved  out 
in  a  day's  operation,  eight  wagons  be- 
ing used  with  a  haul  of  300  yd.  The 
coal  is  shipped  as  run  of  the  mine. 

A  survey  has  been  completed  for  a 
spur  track  and  it  is  intended  later  on 
to  load  into  cars. 

The  drainage  is  handled  by  natural 
flow,  aided  by  a  ditch  excavated  by 
hand,  down  the  cut.  During  wet 
weather,  however,  the  water  has  a 
tendency  to  seep  into  the  cut  behind 
the  shovel.  The  dams  shown  in  the 
illustration  were  built  by  the  shovel 
to  keep  the  water  back  from  the  ma- 
chine. Occasionally  when  it  fills  up 
too  deep  under  the  machine,  the 
shovel  is  swung  around  and  acts  as  a 
bailer. 
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Virginian  Railway  to  Electrify  134  Miles  of  Line 

$15,000,000  Project  First  Large  Electrification  Project  to  Be  Started 

Since  the  War 


One  of  the  largest  railroad  electrifi- 
cation contracts  ever  placed  has  been 
let  recently  by  the  Virginian  Ry.  which 
is  to  electrify  134  miles  of  line,  in- 
cluding 213  miles  of  track,  lying  be- 
tween Roanoke,  Va.,  and  Mullins,  W. 
Va.  The  division  to  be  electrified 
crosses  the  Allegheny  Mountains  and 
includes  the  1.979  per  cent  grade, 
compensated,  from  Elmore  to  Clark 
Gap  up  which  eastbound  coal  must  be 
moved  before  it  starts  on  its  down- 
hill journey  to  tidewater. 

This  undertaking  will  involve  an 
expenditure  of  $15,000,000.  The  con- 
tract    for    the     electric     locomotives. 


to  three-phase  current  for  the  opera- 
tion of  the  traction  motors. 

A  feature  of  the  project  will  be  the 
use  of  regenerative  braking  on  down 
grades.  This  will  greatly  assist  the 
control  of  trains  and  it  is  estimated 
that  it  will  also  save  15,000,000-kw. 
hours  of  electric  energy  per  year. 

Why  the  Electrification  Was  Under- 
taken.— The  principal  reason  for  elec- 
trifying is  that  greafer  power  can  be 
applied  to  each  train,  thereby  result- 
ing in  economy  of  operation  and  in 
increased  capacity  in  this  heavy  grade 
district.  Three  Mallet  type  locomo- 
tives are  used  to  move  5,500-ton  trains 
over  the   ruling  grade  at  a  speed  of 


Map   of  Virginian    Railway   From   Mullens,  W.  Va.,  to  Roanoke,  Va. 


power  house,  transformer  stations, 
and  other  apparatus  has  been  awarded 
to  the  Westinghouse  Electric  &  Man- 
ufacturing Co.  The  alternating  cur- 
rent, single  phase  system  will  be 
used.  We  are  indebted  to  the  Rail- 
way Age  for  the  following  particulars 
of  this  electrification. 

90,000  H.  P.  Generating  Plant  to  Be 
Erected. — P  o  w  e  r  for  operation  of 
trains  will  be  generated  by  a  90,000- 
h.p.  generating  plant  to  be  erected  on 
the  New  River.  This  will  supply 
alternating  current  power  at  88,000 
volts  to  a  transmission  line  which 
will  extend  from  Roanoke  to  Mullens. 
This  line  will  parallel  the  railroad 
approximately  and  will,  in  turn,  sup- 
ply power  to  sub-stations  where  it 
will  be  stepped  down  to  11,000  volts 
for  the-  trolley.  Apparatus  on  the  lo- 
comotives will  still  further  reduce  the 
voltage   and   will   convert   the   power 


seven  miles  an  hour.  The  combined 
power  of  the  three  locomotives  is 
about  7,000  h.p.  The  new  electric  lo- 
comotives will  develop  20,000  h.p.  per 
train  and  will  haul  9,000-ton  trains 
over  the  same  grade  at  a  speed  of  14 
miles  an  hour.  The  Westinghouse  Co. 
has  stated  that  it  will  be  entirely 
practicable  in  the  future  to  further  in- 
crease this  power  so  that  12,000-ton 
trains  can  be  handled  at  the  same 
speed. 

The  traffic  of  the  Virginian  Ry.  is 
predominantly  bituminous  coal;  that 
commodity  normally  constitutes  over 
nine-tenths  of  its  total  tonnage.  This 
coal  is  secured  from  the  New  River 
and  Pocahontas  districts,  and  by  far 
the  larger  part  of  it  moves  eastward 
to  tidewater  at  Hampton  Roads.  The 
road  was  built  by  Henry  H.  Rogers  of 
the  Standard  Oil  Co.,  who  desired  an 
independent  outlet   for  the   extensive 
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coal  properties  in  West  Virginia  in 
which  he  was  financially  interested. 
It  has  a  total  main  line  mileage  of 
442  and  its  total  mileage  is  526.  It  is 
divided  into  four  operating  districts, 
the  eastern  three  of  which  are  built 
with  grades  opposed  to  eastbound 
traffic  of  but  0.2  per  cent  with  the 
exception  of  a  single  short  stretch  of 
0.6  per  cent.  The  three  districts  men- 
tioned constitute  that  part  of  the  line 
from  Princeton  to  Sewells  Point,  Nor- 
folk, 348  miles,  and  on  this  section  of 
the  road  the  train  movement  is  in 
effect  dropping  the  trains  down  hill 
to  tidewater.  The  line  from  Prince- 
ton   west    to    the    terminus    at    Deep 


Condensed   Profile   From   Mullins,  W.  Va., 
to    Roanoke,  Va. 


Heaviest  Steam  Locomotives  in 
World  Used  on  Virginian  Ry. — The 
Virginian,  as  a  part  of  its  program 
of  securing  heavy  train  loads,  has 
resorted  to  the  use  of  the  120-ton,  6- 
wheel  truck  coal  car  and  there  are  in 
use  on  its  lines  the  heaviest  steam 
locomotives  in  service  in  the  world. 
The  usual  method  of  operation  is  to 
handle  the  train  assembled  at  Elmore 
up  the  1.979  per  cent  grade  to  Clarks 
Gap  with  three  locomotives  Of  the 
Mallet  type.  The  leading  locomotive 
in  the  normal  method  of  operation  is 
a  Mallet  locomotive  with  tractive 
effort  ranging  from  70,800  lb.  to  101,- 
300  lb.,  depending  upon  the  class, 
with  two  helpers  of  the  2-10-10-2 
type  cut  in  the  train.  These  locomo- 
tives are  the  largest  steam  locomo- 
tives in  service  and  their  size  is  in- 
dicated by  the  fact  that  their  tractive 
effort  working  simple  is  176,000  lb. 
and  compound,  147,200.  The  Virgin- 
ian has  10  such  locomotives.  It  is 
the  usual  procedure  to  cut  the  helpers 
out  at  Clarks  Gap,  the  train  then  mov- 
ing with  the  single  locomotive  from 
there  to  the  end  of  the  division.  These 
details  are  giv  h  because  it  is  this 
service  in  which  the  electric  locomo- 
tives are  to  find  their  place. 


Water  does  not  have  by  any  means 
the  same  favorable  grade  line  as  the 
other  three  districts.  This  district, 
known  as  the  Deep  Water  district,  is 
in  the  coal  fields  where  the  traffic 
originates.  The  coal  tonnage  received 
from  mines  on  the  main  line  or  on 
the  Winding  Gulf  branch  is  assembled 
at  Elmore  which  is  near  the  western 
end  of  the  line  included  in  the  electri- 
fication project.  From  Elmore  east- 
bound  for  a  stretch  of  11  miles,  there 
is  a  rise  with  a  compensated  grade 
of  1.979  per  cent  to  the  summit  of 
Clarks  Gap.  This,  for  many  years, 
was  the  "neck  of  the  bottle"  of  the 
Virginian's  operations.  A  short  while 
ago,  however,  the  management  car- 
ried out  a  project  of  double  tracking 
and  tunnel  widening  which,  with  the 
use  of  heavy  power,  has  relieved  the 
situation  very  materially.  In  fact,  the 
situation  was  changed  to  the  extent 
that  more  of  a  problem  was  offered 
to  the  railroad  in  moving  the  trains 
down  the  1.5  per  cent  descending 
grade  from  Princeton  east  12  miles 
to  Kellysville.  The  problem  was  one 
of  braking  the  trains  and  it  was  large- 
ly as  a  consequence  of  this  situation 
that  the  Virginian  has  been  some- 
thing of  a  leader  in  the  use  of  the 
empty  and  load  brake. 
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New  Member  of  Interstate  Commerce 
Commission 

Announcement  was  made  at  the 
White  House  on  May  11  of  the  ap- 
pointment of  Frank  McManamy  of 
Washington,  D.  C,  as  a  member  of 
the  Interstate  Commerce  Commission, 
succeeding  W.  M.  Davis  of  New  Jer- 
sey, who  has  resigned  to  become 
professor  of  transportation  of  Yale 
university  The  reappointment  of  R. 
M.  Barton,  representing  the  public 
group,  and  Horace  Baker,  representing 
the  management  group;  and  the  ap- 
pointment of  E.  F.  Grable,  represent- 
ing the  labor  group  on  the  railroa^ 
labor  board,  also  were  announced.  Mr. 
Grable  was  formerly  grand  president 
of  the  United  Brotherhood  of  Mainte- 
nance of  Way  Employes  and  Railway 
Shop  Laborers.  He  succeeds  Albert 
Phillips  on  the  board. 


Status  of  I.  C.  C.  Valuation  Work  — 
The  present  status  of  the  railway  val- 
uation work  of  the  Interstate  Com- 
merce Commission  is  as  follows: 

Corpora-  Miles 

tions.  road. 

Accounting  reports  filed..   1,099  184,240 

Engineering  reports  filed.   1,276  199,496 

Land    reports  filed 1,195  165,660 
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Need  for  Coordinating  Transportation  Services  Outlined  in  Address 

Presented  April  27  at  Cleveland  Meeting  of 

Society  of  Automotive  Engineers 

By  C.  D.  EMMONS, 

President,  American  Electric  Railway  Association,  and  President,  United  Railways  & 
Electric  Co.,  Baltimore,  Md. 


In  the  first  place,  it  is  well  recog- 
nized that  no  form  of  transportation 
has  yet  been  devised  that  can  take 
the  place  of  the  railroads  for  long- 
distance travel,  in  speed  and  com- 
fort, and  that  of  the  electric  railways 
for  mass  transportation.  They  'un- 
questionably carry  the  greatest  quan- 
tities of  goods  and  the  largest  num- 
bers of  people  at  the  lowest  cost. 
Whatever  new  forms  of  transporta- 
tion may  be  developed,  with  the  pos- 
sible exception  of  vehicles  navigating 
the  air,  must  be  auxiliaries  to  the 
rail  lines.  I  do  not  say  this  because 
of  any  prejudice  favorable  to  rail- 
roads and  the  electric  railways,  but 
because  this  finding  is  a  fact  that  has 
been  amply  demonstrated.  The  prob- 
lem before  everybody  interested  in 
transportation,  therefore,  is  to  bring 
about  co-ordination  between  the  rail- 
roads and  railways  on  the  one  hand, 
and  all  other  forms  of  transportation 
on  the  other.  At  this  time  we  can 
leave  out  of  consideration  airplanes 
and  airships,  steamboats  and  canal 
transport,  and  concentrate  our  atten- 
tion upon  co-ordinating  motorbus  and 
motor-truck  service  with  rail  service. 

There  is  no  conflict  between  the 
electric  railways  and  the  motor-ve- 
hicle industry.  Instead  there  is  the 
heartiest  co-operation.  There  are 
many  electric  railways  in  the  United 
States  that  are  using  motor  vehicles 
in  connection  with  their  transporta- 
tion service.  On  the  other  hand, 
there  are  many  railways  that  are  suf- 
fering from  parasitic  competition 
from  unregulated  motor  vehicles. 
These  railways  serve  communities 
that  have  not  yet  learned  that  these 
two  forms  of  transportation  cannot 
operate  in  competition  with  each 
other  without  one  or  the  other  going 
broke.  It  is  for  the  people  them- 
selves to  decide  whether  they  wish 
to  keep  the  railways  or  the  motor  ve- 
hicles. I  think  all  sensible  men  will 
say  that  if  the  motor  vehicle  will 
serve  a  community  better  and  at  a 
lower  rate  of  fare  than  can  be  of- 
fered by  an  electric  railway,  then  by 


all  means  junk  the  railway.  The 
fact,  however,  is  that  except  in  very 
small  communities  the  railway  is  ever 
so  much  cheaper  to  operate  than  the 
motor  vehicle. 

Competition  Between  Railways  and 
Motor  Vehicles. — The  problem  of  com- 
petition between  railways  and  motor 
vehicles  has  become  very  acute  in 
some  places.  Massachusetts  has  paid 
particular  attention  to  it,  as  have 
Pennsylvania,  Maryland,  Connecticut, 
Rhode  Island  and  other  states.  The 
Massachusetts  Department  of  Public 
Utilities,  in  January,  1923,  submitted 
a  special  report  to  the  Legislature  of 
that  state  in  which  it  discussed  this 
problem  very  extensively.  I  will 
quote  a  paragraph  or  two  from  its 
report.    It  says: 

The  motor  truck  has,  of  course,  had 
very  little  effect  upon  the  street  rail- 
ways. The  jitney  and  private  auto- 
mobile, however,  have  had  an  enor- 
mous effect  upon  them  which  is  so 
obvious  and  so  well  known  that  it 
needs  no  recital.  The  result  has  been 
that  about  400  miles  of  street-way 
lines  in  this  commonwealth  have  been 
abandoned.  Interurban  traffic  on 
street  railways  in  many  communities 
is  moribund;  semi-urban  traffic  on 
them  has  been  seriously  injured,  and 
even  metropolitan  traflic  in  the  heart 
of  Boston  itself  has  been  injuriously 
affected.  Besides  that,  and  this  fact 
is  not  perhaps  so  generally  recog- 
nized, the  automobile  has  become  the 
biggest  electric  railway  hazard  and 
costs  street  railways  large  sums  of 
money  in  safety  measures  and  in 
suits.  It  also  affects  injuriously  street 
railways  in  numerous  other  ways. 

Constant  attempts  are  being  made 
to  force  large  expenses  on  street  rail- 
ways for  the  benefit  of  automobile 
traffic.  It  was,  for  example,  suggest- 
ed a  short  while  ago  that  the  subway 
edifice  in  Harvard  Square,  Cam- 
bridge, should  be  removed  at  a  sub- 
stantial cost  to  the  railway  to  make 
that  square  safer,  while  a  re-routing 
of  the  automobiles  during  rush  hours 
would  have  accomplished  the  purpose 
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better.  A  number  of  citizens  have  just 
appeared  before  this  department, 
urging  upon  us  the  abolition  of  one- 
man  cars  in  Maiden,  partly  because 
of  congestion  in  certain  parts  of  Mai- 
den due  to  these  cars,  and  to  the 
promiscuous  and  unrestricted  park- 
ing of  automobiles.  These  two  cases 
are  typical  of  many  that  are  con- 
stantly arising  where  the  thought  of 
restricting  automobile  traffic  appears 
to  be  regarded  as  entirely  out  of  the 
realm  of  possibilty  and  the  conten- 
tion is  that  street  railways,  and  this, 
of  course,  means  the  riders  upon 
them,  should  be  subjected  to  large  ad- 
ditional burdens  to  prevent  incon- 
veniencing the  automobilists  in  the 
slightest  degree.  This  attitude,  and 
the  pressure  which  results  from  it,  is 
costly  to  the  street  railways  and 
hence  to  their  patrons. 

These  words  by  the  Massachusetts 
commission,  which  states  explicitly 
that  it  is  not  prejudiced  against  mo- 
tor vehicles  but  of  which,  it  says: 
"We  recognize  that  the  automobile, 
both  freight  and  passenger,  is  a  use- 
ful appliance  for  the  purposes  of  so- 
ciety," are  worth  pondering.  The 
commission  recommends  to  the  Mas- 
sachusetts Legislature  that  a  board 
be  created  to  consider  among  other 
things  the  following:  First,  proper 
compensation  for  the  use  of  highways 
and  bridges  by  motor  vehicles.  Sec- 
ond, the  creation  of  areas  and  con- 
gested districts  from  which  motor  ve- 
hicles would  be  excluded  wholly  or 
partially.  Third,  the  subjection  of  op- 
erators of  motor  trucks  for  hire  to 
the  jurisdiction  of  the  Department  of 
Public  Utilities  to  the  same  extent 
and  in  the  same  manner  as  other 
well-recognized    common    carriers. 

Motor  Vehicles  as  Common  Car- 
riers.— It  almost  universally  develops 
that  when  motor-vehicle  common-car- 
riers are  subjected  to  the  same  bur- 
dens of  taxation  and  to  the  same  reg- 
ulations that  apply  to  the  electric  rail- 
ways, they  find  it  impossible  to  op- 
erate successfully.  You  are  well  aware 
that  electric  railways  in  many  states 
are  required  to  carry  many  extra- 
neous burdens.  They  have  to  pay 
for  the  paving  between  the  rails  and 
for  a  distance  outside  their  rails; 
they  have  to  pay  for  watering  streets, 
for  snow  removal;  they  pay  a  percent- 
age of  their  gross  income,  whether 
they  have  any  net  income  or  not,  in 
taxes  to  the  state;  they  pay  in  many 
communities  a  tax  on  their  income  to 
the    community;    they    pay    franchise 


taxes,  license  fees  and  various  other 
charges  that  put  a  very  heavy  load 
upon  them. 

The  motor  vehicle  that  is  compet- 
ing with  them,  in  many  communities, 
has  free  use  of  the  paving  for  which 
the  electric  railway  pays.  In  many 
states  motor  vehicles  have  not  yet 
been  classified  as  common  carriers; 
there  is  no  regulation  of  the  rates  of 
fare  or  charges  for  carrying  freight; 
in  many  places  they  are  not  under 
bond,  so  that  if  a  passenger  becomes 
involved  in  an  accident  he  has  but 
slight  chance  to  recover  damages. 
They  do  not  pay  a  percentage  of  their 
gross  income  to  the  state  or  commu- 
nities; they  do  not  have  to  help  water 
the  streets.  Put  upon  the  motor  ve- 
hicle the  same  burden  that  the  rail- 
way carries  and  fares  that  will  per- 
mit sucessful  competition  with  the 
railways  become  out  of  the  question. 

Perhaps  these  facts  had  something 
to  do  with  the  statement  of  Alfred 
Reeves,  general  manager  of  the  Na- 
tional Automobile  Chamber  of  Com- 
merce, in  a  recent  address.     He  said: 

Bus  and  truck  lines  have  not  all 
been  successful  generally  because  of 
mismanagement  or  because  of  routes 
that  furnish  insufficient  return.  All 
this  means  that  the  railroad  men  are 
the  proper  ones  to  take  charge  of  bus 
and  truck  operations,  making  them 
feeders  to  the  trolleys  and  steam 
lines. 

The  motor  industry  is  anxious  to 
co-operate  in  every  way  that  will 
make  for  each  department  of  trans- 
portation finding  its  proper  place,  and 
this  means  efficiently  serving  the  pub- 
lic. 

Mr.  Reeves'  statement  is  further 
borne  out  by  the  recent  reports  of 
the  Motor  Vehicle  Conference  Com- 
mittee of  the  Regulation  of  Motor 
Vehicles,  the  reports  being  almost  in 
complete  harmony  with  the  attitude 
of  the  electric  railways. 

The  automotive  industry  must  re- 
alize that  it  cannot  foster  a  service 
that  engages  in  ruinous  competition 
with  rail  lines,  whether  they  be  steam 
or  electric.  I  venture  to  say  that 
there  are  not  enough  motor  trucks  in 
the  United  States  to  bring  to  your 
automobile  factories  the  raw  mate- 
rials that  are  necessary  for  the  con- 
struction of  motor  vehicles.  Nor  are 
there  streets  wide  enough,  nor  auto- 
mobiles enough  in  any  community,  to 
carry  the  employes  of  your  factories 
to  and  from  work  as  expeditiously 
and   cheaply   as   they   are   carried   by 
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the  electric  cars.  These  facts  are 
self-evident  and  the  National  Automo- 
bile Chamber  of  Commerce  takes  the 
only  proper  step  possible  when  it 
stands  for  co-ordination  of  motor  ve- 
hicle and  rail  service.  For  example, 
a  recent  traffic  survey  in  the  city  of 
Baltimore,  Md.  of  the  travel  into  and 
out  of  the  business  area  showed  that, 
while  the  automobile  comprised  73 
per  cent  of  the  total  movements  and 
the  street  cars  only  27  per  cent,  the 
street  cars  actually  accommodated 
almost  89  per  cent  of  the  total  travel, 
while  the  automobile  only  accommo- 
dated about  11  per  cent,  disregarding 
the  very  small  percentage  of  horse- 
drawn  vehicles. 

At  the  last  convention  of  the  Amer- 
ican Electric  Railway  Association  in 
Chicago  in  October,  1922,  there  was 
unanimously  adopted  a  report  by  the 
Committee  on  Trackless  Transporta- 
tion in  which  the  following  statement 
was  made: 

The  basic  transportation  service  in 
any  community  is  and  will  be  fur- 
nished upon  rails.  Trackless  service 
will  be  found  supplementing,  but  not 
competing  with,  that  of  the  electric 
railway.  The  bus  may  be  considered 
an  additional  equipment  for  the  street 
railway.  If  the  service  of  both  means 
of  transportation  are  co-ordinated,  the 
net  return  of  each  will  be  reflected 
in  the  net  return  of  the  electric  rail- 
way. New  capital  is  annually  required 
in  the  operation  of  a  street  railway. 
Part  of  this  new  capital  may  well  be 
used  in  the  development  of  trackless 
service  in  the  field  above  mentioned. 
The  possibilities  of  development  of 
transportation  with  railless  vehicles 
should  interest  the  industry  greatly 
and  your  committee  feels  that  the 
study  of  the  development  in  the  de- 
sign and  construction  of  railless  ve- 
hicles and  their  adaptabilty  for  high- 
way transportation  should  be  carried 
on  further  by  a  committee  of  your  as- 
sociation. 

You  will  see  from  this  that  the 
electric  railway  industry  is  on  record 
for  co-ordination  of  motor  vehicles 
and  railways  and  it  is  most  gratifying 
to  find  the  National  Automobile 
Chamber  of  Commerce  adopting  the 
same  attitude.  Working  together,  we 
are  sure  to  solve  the  problems  that 
beset  us. 

Motor-Vehicle  Operation. — There  is 
a  committee  of  the  American  Electric 
Railway  Transportation  and  Traffic 
Association  that  devotes  its  time  to 
the  study  of  motor-vehicle  operation. 


It  is  made  up  of  men  who  have  spent 
practically  their  entire  lives  in  the 
transportation  business.  They  know 
what  is  necessary  in  any  vehicle  for 
economical  and  satisfactory  transpor- 
tation. The  assistance  that  this  com- 
mittee can  render  and  will  render 
you  men  who  are  spending  your  time 
designing  vehicles  and  engines  will 
be  very  great.  The  transportation  in- 
dustry no  longer  will  take  any  old 
kind  of  bus  body  put  upon  a  stand- 
ard truck  chassis.  The  vehicle  must 
be  designed  for  the  kind  of  service 
in  which  it  is  to  be  used,  and  let  me 
say  that  we  have  found  the  motor- 
vehicle  builders  very  willing  to  adopt 
suggestions  that  we  have  made.  As 
I  said  before,  there  is  no  conflict  be- 
tween us,  we  are  working  together  in 
complete  harmony. 

It  is  in  this  field  especially,  it  seems 
to  me,  that  the  Society  of  Automotive 
Engineers  comes  into  play.  You  are 
particularly  interested  in,  and  should 
be  the  ones  to  solve  the  needs  from 
a  design  standpoint  of  automotive  ve- 
hicles. The  operating  men,  who  are 
handling  the  public,  are,  in  general, 
the  ones  best  able  to  say  what  is 
needed  to  furnish  to  the  public  the 
most  satisfactory  character  of  vehicle 
for  transportation,  and  it  is  the  duty 
of  the  engineers  to  incorporate  these 
needs  into  actual  designs. 

The  question  of  light  weight  and 
economical  operation  are  of  particular 
importance  from  the  standpoint  of  the 
financial  returns  to  the  operator.  In 
connection  with  the  need  for  light- 
ness, there  is  not  only  less  cost  of  op- 
eration and  maintenance,  but  it  lessens 
the  wear  on  the  roads  and,  in  a  num- 
ber of  cases,  because  of  the  tax  laws 
on  the  books,  there  is  a  particular  de- 
mand for  light-weight  vehicles.  In 
Maryland,  for  instance,  there  is  a 
tax  of  1/6  ct.  per  seat-mile  for  vehi- 
cles weighing  more  than  8,500  lb.; 
the  tax  between  7,000  and  8,500  lb.  be- 
ing 1/15  ct.  per  seat-mile,  and  you 
can  easily  imagine  why  we  want  a 
light  automotive  vehicle  in  Maryland, 
where  there  is  an  increase  of  almost 
200  per  cent  in  the  tax  basis  the 
minute  you  go  over  8,500  lb. 

The  comfort  and  convenience  of 
passengers  is  a  very  necessary  fac- 
tor in  design.  The  appearance  of  the 
car  is  another  thing  that  has  a 
marked  effect  on  public  sentiment 
and  involves,  of  course,  in  addition  to 
the  initial  design,  proper  upkeep.  Con- 
venience in  handling  by  chauffeur  op- 
erator and  easy  riding  qualities  mak- 
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ing  for  comfort  are  of  great  impor- 
tance. The  question  of  designing  au- 
tomotive vehicles  with  special  refer- 
ence to  safety  features  is  another 
side  that  must  always  be  kept  in 
mind;  adequate  lighting;  ease  and 
rapidity  of  acceleration;  low  steps 
and  many  additional  details  of  con- 
struction, all  of  which  bear  upon  the 
financial  return  to  be  expected;  the 
comfort  of.  passengers  and  the  public- 
relation  side  of  operation,  which  last 
is  most  important.  You  will  see,  there- 
fore, from  what  I  have  just  outlined 
in  rather  a  sketchy  fashion,  that  the 
automotive  engineers  need  to  co-op- 
erate most  closely  with  the  operators 
in  order  that  the  most  satisfactory 
type  of  automotive  vehicle  may  be 
evolved. 

Cost  of  Transportation. — It  seems 
to  me  that  before  we  can  have  co- 
ordinated transportation  service  we 
must  have  a  public  educated  to  under- 
stand the  cost  of  transportation.  In 
the  past,  the  troubles  of  the  railroads 
and  the  electric  railways  have  been 
due  to  public  ignorance  of  railroad 
and  railway  conditions.  An  individ- 
ual who  himself  earned  75  to  100  per 
cent  more  wages  than  he  received  in 
1914  and  who  paid,  without  a  mur- 
mur, 75  to  100  per  cent  more  for  his 
clothing,  fuel  and  other  necessaries 
of  life,  would  wave  his  arms  in  the 
air  and  wax  wrathy  when  the  rail- 
road or  the  electric  railway  was  com- 
pelled to  increase  its  freight  or  pas- 
senger rates.  This  individual  was 
blind  and  deaf  to  the  fact  that  every- 
body working  for  the  railways  had 
had  his  pay  raised;  that  every  bit 
of  steel,  copper,  wood  and  materials 
of  whatever  nature  cost  more  than 
they  did  in  1914,  largely  because  of 
labor  costs  in  their  manufacture,  and 
that  there  was  no  possibility  of  the 
transportation  companies  getting  the 
money  with  which  to  pay  higher 
wages  and  increased  costs  of  mate- 
rials except  through  the  charges  made 
for   carrying  freight  and   passengers. 

There  are  still  some  communities 
where  the  people  wil  not  recognize 
the  fact.  In  some  of  them  they  are 
deluded  by  demagogic  politicians  and 
a  certain  type  of  sensational  newspa- 
per that  seeks  profits  at  the  expense 
of  the  public  welfare. 

Destructive  Competition. — In  De- 
troit, where  in  May,  1922,  the  city 
took  over  the  electric  railway  lines 
formerly  operated  by  a  private  com- 
pany, there  is  now  indignation  on  the 
part   of  the   city   councilmen  because 


several  hundred  jitneys  are  compet- 
ing with  the  city-owned  trolley  cars. 
An  ordinance  was  passed  last  fall,  de- 
signed to  prevent  jitney  operation, 
but  an  injunction  was  obtained  re- 
cently that  temporarily  nullified  the 
ordinance.  Whether  this  injunction 
has  been  vacated  I  am  not  aware,  but 
it  is  a  most  interesting  fact  that 
when  the  private  company  operated 
the  electric  cars  in  Detroit  the  city 
seemingly  did  everything  within  its 
power  to  encourage  jitney  competi- 
tion. Now  that  the  city  owns  the  rail- 
ways and  is  putting  on  buses  of  its 
own,  the  city  fathers  recognize  the 
injustice  and  the  uneconomic  condi 
tions  that  accompany  competitive 
transportation  services  in  a  given 
community. 

Connecticut  and  Rhode  Island  have 
come  through  rather  strenuous  ex- 
periences with  destructive  transporta- 
tion competition.  In  Connecticut, 
many  towns  that  formerly  enjoyed 
electric  railway  service  are  now  with- 
out it  because  of  the  dismantling  of 
the  railway  that  formerly  served 
them.  Three  of  the  four  electric 
railway  companies  in  that  state  are 
in  the  hands  of  receivers.  Not  until 
this  condition  came  about  did  the  peo- 
ple awaken  to  the  situation  that  con- 
fronted them.  Then  the  Legislature 
enacted  laws  making  jitneys  common 
carriers  and  subjecting  them  to  reg- 
ulation by  the  Public  Utilities  Com- 
mission. The  Rhode  Island  Legisla- 
ture enacted  similar  laws.  The  Mas- 
sachusetts Department  of  Public 
Utilities  recommends  similar  legisla- 
tion in  that  state.  Pennsylvania  and 
Maryland  had  taken  action  before  the 
New  England  states  acted.  In  the 
Middle  West,  progress  has  been  slow 
and  interurban  railways  have  suffered 
very  severely.  Indications  are  now 
that  the  people  are  awakening  to  a 
realization  of  the  misfortune  that 
would  impend  were  these  railways 
compelled  to  cease  operating  and  re- 
lief is  confidently  expected. 

Where  electric  railways  have 
placed  motor  vehicles  in  operation, 
they  have  for  the  most  part  been  suc- 
cessful. You  realize,  of  course,  that 
every  time  a  real  estate  operator 
starts  to  develop  a  tract  remote  from 
an  electric  railway  line,  he  and  those 
to  whom  he  has  sold  lots  frame  a  pe- 
tition to  the  railway  or  to  the  com- 
munity authorities,  demanding  trans- 
portation service.  If  he  does  not  get 
it,  he  becomes  indignant.  What  he 
is   really   asking   is   that  the   railway 
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company  should,  without  charge  to 
him,  provide  a  service  that  will  be 
operated  at  a  loss  but  that  will  in- 
crease the  value  of  his  property.  The 
unfairness  of  this  attitude  is  obvious. 
Real  estate  owners  are  well  aware 
that  a  gas  company  or  an  electric 
light  company  will  not  extend  mains 
and  power  lines  into  a  new  tract  un- 
less it  is  guaranteed  a  certain  amount 
of  business  or  unless  there  is  a  suffi- 
cient number  of  property  owners  who 
will  take  sufficient  service  to  make  a 
return  upon  the  investment  certain. 
The  soundness  of  the  gas  company's 
and  the  electric  light  company's  atti- 
tude is  well  recognized.  How  strange 
then  that,  when  the  same  favor  is 
asked  of  an  electric  railway  company 
and  it  is  not  immediately  granted, 
the  property  owners  teel  that  they  are 
not  being  accorded  just  treatment! 

In  Cleveland  there  have  been  sit- 
uations identical  with  such  as  I  have 
mentioned  and  the  railway  company, 
with  the  full  support  of  the  public, 
has  required  rthat  it  be  assured 
against  losses  from  operation  in  ter- 
ritory where  there  are  not  enough  in- 
habitants to  guarantee  a  return  upon 
the  money  invested  in  the  extension. 
In  Baltimore  we  have  a  similar  sit- 
uation. The  requirement  by  the  rail- 
ways that  they  be  assured  against 
loss  when  they  give  service  that  is 
designed  primarily  to  increase  the 
value  of  somebody  else's  holdings,  is 
a  perfectly  just  and  reasonable  one. 

Motorbuses  as  Railway  Auxiliaries. 

— The  development  of  a  motorbus 
that  can  be  operated  at  the  minimum 
of  expense,  will  make  it  easier  for 
people  living  some  distance  from  a 
rail  line  to  get  transportation,  al- 
though at  a  higher  price  than  is 
charged  for  rail  service.  By  extend- 
ing motorbus  lines  from  the  termini 
of  rail  lines  or  from  other  points  into 
sparsely  settled  territory,  railways 
are  enabled  to  serve  sections  that 
could  not  hope  for  rail  service  for 
many  years  to  come.  When  the  rail- 
way does  this,  the  people  are  assured 
of  a  permanent  service  and  property 
owners  are  encouraged  to  build 
homes.  As  the  district  grows,  the 
time  comes  when  service  can  be 
given  more  cheaply  by  the  railway 
and  then  the  railway  company  is  jus- 
tified in  extending  its  rail  lines  into 
districts  that  have  been  built  up  by 
motorbuses,  transferring  the  buses  to 
still  more  remote  sections.  When  such 
territory  is  served  by  individuals  or 
unregulated    drivers,    the    community 


has  no  assurance  that  the  service  will 
be  permanent.  A  fly-by-night  jitney 
driver  may  be  able  to  serve  a  com- 
munity for  a  limited  time  at  a  low 
fare,  but  his  day  is  short  and,  when 
it  is  done,  the  people  find  themselves 
marooned  unless  the  railway  com- 
pany, with  its  years  of  experience, 
comes  to  their  rescue. 

I  could  quote  from  many  reports 
and  present  many  arguments  on  this 
subject,  but  I  know  that  you  are  well 
aware  of  the  facts.  Let  me  say  in 
closing  that  the  prosperity,  comfort, 
convenience  and  intellectual  growth 
of  the  people  depend  primarily  upon 
the  establishment  and  maintenance  of 
a  transportation  service  that  is  re- 
liable, permanent  and  efficiently  con- 
ducted. There  has  not  yet  been  devel- 
oped any  transportation  service  of 
this  character,  except  that  of  the 
steam  railroads  and  the  electric  rail- 
ways. As  a  representative  of  the 
electric  railway  industry  I  want  to 
say  that  my  industry  recognizes  the 
great  service  that  can  be  rendered 
through  the  use  of  motor  vehicles, 
and  that  it  is  using  them  and  will  use 
more  of  them  in  the  future;  but  fur- 
ther, that  any  policy  of  competition 
which  unwise  automobile  advocates 
may  adopt  is  certain  to  be  ruinous  to 
themselves  and  to  the  railways, 
whether  they  be  steam  or  electric; 
and  once  a  railway  stops  operating  it 
is  extremely  difficult  to  restore  the 
service. 

I  trust  that  I  have  made  clear  to 
you  in  this  discussion  the  fact  that  if 
your  great  industry  and  the  electric 
railway  industry  will  co-operate,  far 
greater  benefit  will  flow  not  only  to 
us,  but,  what  is  more  important,  to 
the  public  that  we  serve. 


Three  Railroads  to  Buy  $52,000,000 
Equipment. — Plans  for  buying  more 
than  $52,000,000  of  equipment  this  year 
were  announced  last  week  by  three 
railroads  running  out  of  Chicago.  The 
Illinois  Central  will  spend  $23,355,000 
on  5,600  cars  and  125  locomotives, 
and  has  asked  the  Interstate  Com- 
merce Commission  to  approve  issu- 
ance of  $14,003,000  of  new  securities. 
The  Chicago,  Milwaukee  &  St.  Paul 
will  spend  upwards  of  $18,000,000  for 
7,500  cars  and  75  locomotives,  and 
asked  authority  to  issue  $13,500,000 
securities.  The  Chicago,  Rock  Island 
&  Pacific  will  spend  nearly  $11,000,000 
on  2,050  cars  and  80  locomotives,  and 
asked  permission  to  issue  $8,550,000 
securities. 
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New  Railway  Grain  Terminal  at  Baltimore,  Md, 


B.  &  O.  Railroad  $5,500,000  Project  Will  Be  One  of  Largest  and 
Most  Highly  Developed  in  Country 


The  Baltimore  &  Ohio  R.  R.  has 
started  at  its  Locust  Point  terminals, 
Baltimore,  Md.,  the  construction  of  a 
new  grain  elevator,  with  total  capacity 
of  3,800,000  bu.,  the  storage  tanks  hold- 
ing 3,000,000  bu.  and  the  workhouse 
bins  800,000  bu.  The  shipping  ca- 
pacity will  be  150,000  bu.  an  hour  to 
six  berths  alongside  present  and 
proposed  piers.  In  addition  to  the 
initial  storage  capacity  as  stated,  pro- 
vision is  made  for  the  construction  of 
more  storage  lanks  for  6,000,000  bu., 
which  will  insure  a  future  capacity  of 
9,000,000  bu.,  independent  of  the  work- 
house. 

A  $5,500,000  Development. — The  new 
elevator  will  be  of  the  most  modern 
type,  both  as  to  construction  and 
equipment,  and  fireproof  throughout, 
costing  approximately  $5,500,000  in- 
cluding pier  improvements  and  yard 
changes.  It  is  believed  it  will  be  the 
most  rapid  grain  handling  elevator  in 
the  world,  a  car  of  grain  being  un- 
loaded and  placed  in  storage  in  six 
minutes.  These  new  facilities  will 
replace  the  two  former  grain  eleva- 
tors, B  and  C,  destroyed  July  2,  1922, 
by  fire  caused  by  a  thunderbolt. 

The  elevator  proper,  built  through- 
out of  concrete,  will  stand  approxi- 
mately 500  ft.  from  the  water  front. 
The  accompanying  plat,  shows  the 
location  of  elevator,  workhouse,  new 
yard  arrangement  and  piers,  all  de- 
signed and  laid  out  to  permit  the  use 
of  a  loop  track  system  by  which  the 
loaded  cars  coming  from  the  receiv- 
ing yard,  with  space  for  320  cars,  will 
be  delivered  at  the  west  end  of  the 
plant,  and  the  empty  cars  taken  away 
by  gravity  at  the  east  end  to  the 
"empty"  yard,  with  space  for  105  cars. 
The  four  unloading  tracks  will  have 
a  capacity  of  80  loaded  cars.  This 
general  arrangement  of  tracks  will 
permit  continuous  operation  in  un- 
loading equipment  without  interrup- 
tion and  does  away  with  the  neces- 
sity of  switching. 

Special  Car  Dumpers. — Grain  re- 
ceived in  cars  will  be  unloaded  by 
four  special  car  dumpers,  arranged  to 
tilt  the  cars  and  discharge  their  con- 
tents at  the  rate  of  8  cars  an  hour  by 
each  machine,  or  a  total  of  32  cars 
an  hour.  This  means  a  possible  dump- 
ing of  256  cars  for  an  8-hour  day  or 


320  cars  for  a  10-hour  day.  These 
dumpers  will  be  housed  in  the  un- 
loading shed  over  the  four  unloading 
tracks,  referred  to  above,  on  the  north 
side  of  the  workhouse.  In  addition  to 
the  four  tracks  with  dumpers,  a  pow- 
er shovel  track  is  provided  to  unload 
oars  which  cannot  be  handled  by 
dumpers.  An  extension  of  the  unload- 
ing shed,  176  ft.  in  length,  will  be 
used  as  a  drip  shed  for  the  prompt 
handling  of  cars  in  bad  weather. 

Grain  discharged  from  cars  by  each 
car  dumper  unit  passes  by  pits  under 
each  track  to  belt  conveyors  located 
in  tunnels  under  the  ground,  by  which 
it  is  delivered  to  the  elevating  legs 
in  the  workhouse. 

The  Workhouse. — The  workhouse, 
where  the  principal  handling  of  grain 
will  be  done,  will  be  a  reinforced  con- 
crete structure,  61  ft.  wide  by  240 
ft.  long  and  206  ft.  high  above  the 
track  level.  Bins  in  the  workhouse, 
as  already  stated,  will  have  a  capacity 
of  800,000  bu.  To  elevate  the  grain 
in  the  workhouse  there  will  be  20 
elevating  legs,  11  of  which  will  be 
used  for  the  major  operations  of  re- 
ceiving and  shipping,  having  a  cap- 
acity of  25,000  bu.  per  hour  each,  or  a 
total  for  the  eleven  principal  legs  of 
275,000  bu. 

There  will  be  provided  12  main 
garners,  each  of  3,000  bu.  capacity, 
and  12  specially  built  scales,  each  of 
2,500  bu.  capacity.  In  addition,  4 
smaller  garners  and  scales  will  be 
used  in  connection  with  the  driers. 

Cleaning  and  Drying  Facilities. — 
The  cleaning  equipment  will  consist 
of  8  machines,  2  oat  clippers  and 
Carter  disc  separators,  all  of  latest 
type,  having  capacity  of  70,000  bu.  per 
hour.  Exhaust  from  cleaning  ma- 
chines will  be  carried  above  work- 
house roof. 

Drying  facilities  will  be  housed  in 
a  concrete  structure  immediately  in 
front  of  the  workhouse  to  the  north 
and  over  the  track  shed,  and  equipped 
with  8  drier  units  of  the  Hess  type, 
of  500  bu.  capacity  each  per  hour, 
making  a  total  hourly  drying  capacity 
of  from  4,000  to  6,000  bu.  Garner 
capacity  of  driers  will  be  48,000  bu. 

The  grain  storage  annex  wil  consist 
of  182  cylindrical  tanks  or  bins,  16  ft. 
in  diameter  and  96  ft.  in  depth,  also 
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of  interspace  bins.  These  grain  stor- 
age tanks  will  cover  a  ground  area 
of  225  by  209  ft.  and  will,  as  stated, 
have  a  storage  capacity  of  3,000,000 
bus.  of  grain,  with  provision  made  in 
construction  for  future  installation  of 
additional  tanks,  with  an  approximate 
storage  capacity  of  6,000,000  bus. 

For  the  delivery  of  grain  into  the 
storage  bins,  there  will  be  provided 
in  a  cupola  story  over  the  tanks  ten 
48-in.  belt  conveyors,  and  for  the 
withdrawal  of  grain  from  tanks  for 
shipping  and  other  purposes,  there 
will  be  provided  in  the  basement 
seven  42-in.  bolt  conveyors. 

New  Pier  to  Be  Constructed. — To 
insure  adequate  pier  facilities  for  this 


consisting  of  four  conveyor  belts  on 
new  Pier  No.  7,  and  two  on  each  side 
of  Pier  No.  6. 

This  general  arrangement  will  pro- 
vide berthing  space  for  8  ships,  4  at 
Pier  No.  7  for  grain  only  and  4  at 
Pier  No.  6  for  grain,  or  for  combined 
grain  and  general  cargo.  Grain  can 
be  actually  loaded  into  ships  at  six 
of  these  berths  at  one  time  at  the 
rate  of  25,000  bu.  per  hour  each  or  a 
total  of  150,000  bu.  per  hour.  Ship- 
ping galleries  are  arranged  so  that 
they  can  be  extended  to  other  piers 
in  the  future. 

For  the  unloading  of  grain  arriving 
in  small  boats  from  river  and  bay 
points,  there  will  be  at  the  outer  end 


Baltimore   &   Ohio    R.    R.    Proposed   Grain    Elevator   and    Yard    at    Locust    Point,    Md. 


great  grain  handling  plant,  a  new 
pier  1,000  ft.  long  by  50  ft.  wide,  will 
be  constructed  as  an  open  pier,  to  be 
known  as  Pier  No.  7.  This  new  pier 
will  be  equipped  with  grain  handling 
galleries  and  used  exclusively  for 
loading  grain  into  vessels.  In  addi- 
tion to  this  new  grain  pier,  galleries 
will  also  be  erected  above  the  hous- 
ing on  existing  Pier  No.  6. 

For  the  delivery  of  grain  from  the 
elevator  to  vessels  alongside  piers 
there  will  be  a  gallery  system  leading 
from  the  shipping  bins  in  workhouse 
to  the  waterfront.  This  gallery  sys- 
tem will  contain  six  42-in.  belt  con- 
veyors, each  with  a  capacity  of  25,000 
bu.  per  hour.  These  conveyors  will 
be  connected  with  the  gallery  system, 


of  Pier  No.  7  a  marine  tower  with 
pneumatic  unloading  equipment  and 
a  return  vbelt  conveyor  to  deliver 
grain  to  the  workhouse.  This  equip- 
ment will  have  the  capacity  of  un- 
loading one  average  schooner  per 
hour. 

General  Feature  of  Elevator  Plant. 
— The  elevator  plant  has  been  de- 
signed throughout  in  accordance  with 
the  most  approved  modern  practice 
for  the  prevention  of  fire  and  dust  ex- 
plosion, including  a  complete  system 
for  the  collection  of  dust  and  its  re- 
moval and  will  be  constructed  of  in- 
combustible materials  and  conform  in 
every  respect  to  the  new  set  of  regu- 
lations recently  adopted  by  the  Na- 
tional   Board    of    Fire    Underwriters, 
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governing  the  construction  of  a  plant 
of  this  character,  which  will  enable 
the  securing  of  the  best  possible  in- 
surance rates  for  the  building  and 
contents. 

All  walls  will  be  smooth  finish  with 
no  ledges  to  hold  dust.  Elevator  legs 
will  be  vented  to  outside  air  and 
vents  from  basement  under  storage 
tanks  and  under  workhouse  will  be 
carried  through  elevator  to  the  out- 
side air.  Solid  banks  of  windows  will 
be  in  upper  story  of  workhouse. 

An  office  building,  welfare  building, 
dust  house,  screening  house,  ma- 
chine shop  and  grain  door  reclaiming 
plant  will  be  provided  in  the  general 
equipment,  which  will  also  include 
the  latest  signal,  telautograph  and 
phone  installations,  two  passenger 
elevators,  sliding  poles  for  quick 
movement  of  workmen,  spiral  fire 
escapes,  toilet  facilities  and  complete 
laboratory  equipment  for  grain  test- 
ing. 

The  new  elevator  will  be  so  con- 
structed that  each  unit  of  operation 
works  independently  of  the  other. 

Power  Equipment.  —  All  t  h  e  ma- 
chinery in  the  plant  will  be  electrical- 
ly operated  and  the  building  lighted 
throughout  by  current  supplied  from 
a  central  station  service  of  the  Con- 
solidated Gas,  Electric  Light  &  Power 
Co.  This  electrical  energy  will  be 
supplied  to  130  motor  units,  aggre- 
gating a  total  of  6,530  h.p.  in  capacity 
and  varying  in  size  from  5  to  175  h.p. 
per  unit. 

Although,  as  stated,  electricity  will 
be  used  exclusively  for  the  operation 
of  machinery  units  installed  in  this 
plant,  steam  required  for  the  drying 
of  grain  will  be  secured  from  a  power 
plant  of  1,000  boiler-horsepower, 
which  will  also  be  available  to  op- 
erate fire  pumps  should  occasion 
arise. 

The  change  in  characte»  and  loca- 
tion of  the  new  grain  terminal  neces- 
sitated the  purchase  of  considerable 
new  ground  space  and  involved  the 
closing  and  readjustment  of  streets. 
All  additional  property  has  been  se- 
cured and  contracts  for  some  of  the 
preliminary  work  incident  to  the  main 
construction  program  have  already 
been  awarded. 

The  plans  and  specifications  for  the 
elevator  plant  were  prepared  by  the 
John  S.  Metcalf  Co.  of  Chicago.  The 
work  of  the  Metcalf  Co.  was  carried 
out  under  the  general  direction  of  H. 
A.  Lane,  chief  engineer,  and  L.  P. 
Kimball,  engineer  of  buildings,  of  the 


Baltimore  &  Ohio  R.  R.  Co.,  who  have 
had  co-operating  with  them,  C.  E. 
Wood,  who  was  general  foreman  of 
the  company's  Locust  Point  plant  at 
the  time  the  old  elevators  were  de- 
stroyed. L.  A.  Stinson,  of  Chicago, 
has  also  been  acting  with  the  Balti- 
more &  Ohio  engineers  as  consulting 
engineer  for  this  undertaking. 

The  construction  of  all  these  facili- 
ties will  take  about  a  year  and  the 
plant  should  be  ready  for  operation 
early  in  the  spring  of  1924. 


Clevis  Used  for  Wheeler  Hitch 

A  hitch  for  wheelers  and  wagons 
to  be  used  with  tractors,  developed 
on  the  job  by  the  G.  C.  Cleaver  Co., 
contractors  of  Punxsutawney,  Pa.,  is 
described  in  a  recent  issue  of  Suc- 
cessful Methods.  A  long  series  of  ex- 
periments were  tried  out  before  the 


Clevis    Hitch   for   Use   With   Tractors. 

hitch  illustrated  in  the  photograph 
was  developed.  As  may  be  seen,  a 
clevis  is  used  to  hook  from  the  wheel- 
er tongue  to  the  draw-bar  cap  of  the 
tractor,  thus  eliminating  the  danger 
of  breaking  the  draw-bar  cap  off  when 
two  pieces  of  solid  metal,  one  above 
and  one  below  the  draw-bar,  with  a 
bolt  are  used.  The  hitch  is  stated  to 
be  especially  good  on  turn-around 
movements. 


Rail  Production  in  1922. — According 
to  statistics  of  the  American  Iron  & 
Steel  Institute,  2,171,776  gross  tons  of 
rail  were  produced  in  1922  as  against 
2,178,818  gross  tons  for  1921.  This  is 
the  lowest  tonnage  produced  since 
1908  with  the  exception  of  1914  when 
there  was  a  total  of  1,945,095.  The 
amount  of  Bessemer  rail  decreased 
until  it  formed  only  1.03  per  cent  of 
the  total  production  as  against  2.55 
per  cent  in  1921  and  5.49  per  cent  in 
1920. 


(242) 


1923 


Engineering  and  Contracting 


1113 


Railway  Bridge  Construction 
to  Resist  Gulf  Hurricanes 


Hollow   Cylindrical    Piers   Adopted   as 
Offering    Most    Effective    Resis- 
tance to   Severe  Lateral 
Forces 

*  An  unusual  and  exceedingly  for- 
midable problem  in  bridge  engineer- 
ing is  being  solved  in  an  unusual  way 
by  the  Louisville  &  Nashville  R.  R. 
in  the  renewal  of  the  crossing  of 
Great  Rigolets,  a  tidal  pass  between 
Lake  Borgne  and  Lake  Pontchar- 
train,  31  miles  from  New  Orleans. 
The  bridge  is  located  on  the  line 
between  Mobile,  Ala.,  and  New 
Orleans,  which  for  miles  on  each  side 
of  Great  Rigolets  passes  over  a 
salt  marsh  close  to  the  coast,  where 
it  is  subjected  at  times  to  the  action 
of  violent  tropical  storms,  which  have 
heretofore  done  great  damage  to  both 
tracks  and  structures.  The  new 
bridge  is  described  in  the  Railway 
Age,  to  which  we  are  indebted  for 
the  matter  that  follows. 

The  present  bridge  consist  of  plate 
girder  spans  and  a  draw  span  of  the 
through  truss  swing  type,  supported 
on  creosoted  timber  piers.  The  base 
of  rail  is  about  13  ft.  above  mean 
sea  level,  too  low  to  keep  the  bridge 
clear  of  the  water  during  the  storms 
as  the  wind  sometimes  drives  it  to 
a  height  of  about  2  ft.  above  the  bot- 
tom flanges  of  the  deck  girders  in 
this  bridge.  During  the  storm  of 
Sept.  29,  1915,  16  plate  girder  spans 
of  the  old  Rigolets  bridge  were  de- 
stroyed by  the  combined  action  of  the 
wind,  current  and  waves. 

Studies  for  the  design  of  the  new 
bridge  resulted  in  a  decision  to  pro- 
vide eight  through  truss  spans  330  ft. 
center  to  center  of  end  bearings,  and 
one  swing  type  draw  span  414  ft.  cen- 
ter to  center  of  end  bearings,  giving 
a  total  length,  center  to  center  of 
end  piers,  of  3,097  ft.  6  in.  The  ele- 
vation of  base  of  rail  at  18  ft.  above 
mean  sea  level  will  place  the  lowest 
portion  of  the  steel  work  13  ft.  4^  in. 
above  normal  water  level. 

The  design  of  piers  to  resist  the 
severe  lateral  forces  to  be  encoun- 
tered obviously  presented  the  most 
difficult  feature  of  the  problem  and 
'after  careful  {consideration,  it  was 
decided  to  make  the  piers  of  annular 
form,  except  the  one  nearest  to  New 
Orleans  which  will  be  of  the  usual 
rectangular    horizontal    section,    sup- 


ported on  piles.  The  portion  of  the 
cylindrical  piers  above  the  bottom  of 
the  waterway  will  be  28  ft.  in  dia- 
meter. The  central  well  will  be  uni- 
formly 16  ft.  in  diameter.  The  piers 
will  be  constructed  in  steel  shells,  the 
annular  space  between  the  inner  and 
outer  shells  being  filled  with  rein- 
forced concrete  during  the  process  of 
sinking  them.  The  sinking  will  be 
accomplished  by  the  dredging 'process, 
but  in  case  any  logs  or  other  obstruc- 
tions are  encountered,  arrangements 
have  been  made  to  cap  the  shells  with 
a  steel  dome  so  that  the  pneumatic 


Vertical  Sect, 

Typical  Details  of  the  Annular  Piers. 

process  may  be  resorted  to  if  found 
necessary. 

The  steel  shells  will  be  built  on 
docks,  floated  out  to  proper  position 
and  placed  within  steel  sheet  piling 
cofferdams  to  cut  off  the  current  and 
reduce  the  effect  of  scour  and  will 
then  be  built  up  in  place  as  they  are 
sunk.  The  expectation  is  to  sink 
Piers  1  to  10,  inclusive,  so  that  the 
cutting  edges  will  be  at  a  depth  of 
from  78  to  113  ft.  below  mean  sea 
level,  although  the  depth  may  be  va- 
ried if  found  necessary  during  the 
progress  of  the  work.  No  reliance  is 
being  placed  upon  the  steel  shells 
used  for  the  construction  and  sinking 
of  these  piers  for  either  strength  or 
stability.  The  reinforced  concrete 
walls  of  the  piers  will  have  ample 
strength    and    stability,    even    though 
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the  steel  shells  used  in  construction 
may  rust  away  entirely.  Upon  the 
completion  of  the  sinking,  the  center 
dredging  well  of  each  pier  will  be 
filled  with  concrete  to  a  sufficient 
depth  above  the  cutting  edges  to  in- 
sure bearing  over  the  whole  area  of 
the  base.  The  remainder  of  the  well 
will  not  be  filled,  except  to  close  it 
at  the  top  with  a  cover  6  ft.  thick. 

Borings  taken  on  the  site  of  the 
bridge  indicate  a  considerable  varia- 
tion in  the  material,  ranging  from  a 
soft  black  mud  near  the  bed  of  the 
pass  to  stiff  yellow  clay,  fine  sand  and 
some  gravel.  It  is  expected,  how- 
ever, that  each  of  the  cylindrical 
piers  will  be  founded  either  on  stiff 
gray  clay  or  hard  packed  sand.  The 
maximum  depth  of  water  below  mean 
sea  level  on  the  site  of  the  proposed 
bridge  is  about  45  ft.  while  the  maxi- 
mum depth  under  the  existing  bridge 
is  about  57  ft.,  indicating  that  some 
scour  had  taken  place  under  the 
present  structure.  It  is  the  purpose 
to  sink  the  piers  of  the  new  struc- 
ture to  a  depth  that  will  make  them 
stable  with  any  reasonable  amount  of 
scour. 

The  Missouri  Valley  Bridge  &  Iron 
Co.,  Leavenworth,  Kan.,  had  the  con- 
tract for  the  piers  and  foundations  on 
a  modified  cost  plus  fee  basis.  Both 
the  substructure  and  the  superstruc- 
ture for  this  bridge  were  designed  in 
the  office  of  W.  H.  Courtenay,  chief 
engineer  of  the  Louisville  &  Nash- 
ville R.  R.,  Louisville,  Ky. 


Maintenance  of  Switches 

The  maintenance  of  switches  is  an 
important  detail  of  maintenance  of 
way  work.  Some  useful  suggestions 
on  this  particular  feature  were  given 
by  G.  W.  Lamb,  extra  gang  foreman, 
Kansas  City  Southern  Ry.,  in  a  paper 
presented  last  February  before  the 
Maintenance  of  Way  Association  of 
that  railway.  The  notes  following  are 
abstracted  from  Mr.  Lamb's  paper: 

Foremen  passing  over  switches 
when  going  to  work  should  throw 
them,  and  see  that  the  points  fit  tight 
against  both  rails.  They  should  also 
try  the  gage  on  all  switches  and  turn- 
outs at  least  twice  a  week,  and  see 
that  it  does  not  vary  from  the  stand- 
ard. 

Switch  points  on  main  line  switches 
should  never  be  allowed  to  become 
blunt  or  worn  to  any  great  extent,  but 


they  should  be  replaced  with  new 
ones,  and  the  old  points  used  in  in- 
side tracks  where  the  traffic  is  slower, 
and  lower  standards  of  maintenance 
are  permissible. 

Changing  Out  Switch  Points. — In 
changing  out  switch  points,  a  new 
stock  rail  should  also  be  installed,  for 
if  a  new  point  is  put  in  beside  the 
old  stock  rail,  it  will  soon  wear  down, 
and  become  as  bad  as  the  one  changed 
out.  A  good  bend  should  always  be 
put  in  a  stock  rail  the  proper  dis- 
tance ahead  of  the  point;  and  the  rail 
should  be  bent  to  match  the  planed 
side  of  the  switch  point,  as  it  requires 
a  greater  bend  for  a  12-ft.  point  than 
it  does  for  a  15-ft.  point. 

Heel  fillers  and  heel  plates  should 
always  be  used  at  the  heel  of  a  point. 
The  heel  bolts  should  be  put  in  from 
the  outside  of  the  stock  rail,  as  it  is 
much  easier  to  take  off  the  nuts  and 
angle  bars  from  the  inside  of  the 
point  and  slip  the  point  out.  In  this 
way  it  is  not  necessary  to  remove  the 
bolts,  which  is  of  advantage  as  this 
is  apt  to  damage  them  so  they  will 
have  to  be  rethreaded  to  use  again. 
The  work  is  also  done  much  easier 
this  way.  Often  the  heel  of  the 
switch  point  becomes  lower  than  the 
stock  rail  and  allows  the  wheels  to 
strike  the  side  of  the  stock  rail  before 
it  comes  to  the  mounting  point;  this 
is  a  dangerous  condition,  and  to  over- 
come it,  it  is  necessary  to  remove  the 
slide  plates  and  heel  plates  and  adze 
the  ties  level;  if  the  heel  plates  have 
become  thin  on  one  end,  they  should 
be  turned  around  and  the  thick  end 
placed  under  the  rail  that  has  the 
most  friction.  In  this  way  the  point 
can  be  brought  up  to  the  level  of  the 
stock  rail  at  small  cost. 

Connecting  Rods. — Connecting  rods 
are  often  the  cause  of  switch  points 
becoming  blunt.  In  many  of  our 
switches  there  is  from  %  in.  to  y2  in. 
slack  in  the  connecting  rod  and  the 
head  rods,  which  is  usually  taken  up 
by  the  use  of  a  bushing  of  some  kind; 
often  this  bushing  slips  out  and  allows 
the  point  to  open  to  the  thickness  of 
the  bushing,  the  wheel  then  begins 
to  strike  the  end  of  the  point,  and  it 
soon  becomes  blunt  and  unsafe.  To 
overcome  this,  remove  the  connecting 
rod  from  the  switch,  heat  the  end, 
and  strike  it  directly  on  the  end  with 
a  maul;  this  will  close  the  hole  to  the 
size  required  to  fit  the  head  rod,  and 
it  will  serve  the  same  as  a  new  rod. 

Turnout  Frogs.  — Turnout  frogs 
should  be  watched  very  closely,  and 
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an   even   bearing   maintained   on   the  over,  and  placing  them   back  in   the 

ties.  Frog  plates  should  be  used  under  place,   while  renew  the   ones   not  fit 

all    rigid    frogs,    and    bolts    in    frogs  for  further  service.     In  this  way  the 

should  be  kept  as  tight  as  possible  to  surface   will   be   smooth  and   all  ties 

prevent  the  fillers  from  working  and  will  carry  their  proper  load, 
becoming     loose.     In     changing     out  In    relaying    switches    or    relaying 

frogs,  where  the  rail  heads  at  the  toe  rail   in   yards,    the    joints    should    be 

and  heel  of  the  frog  are  worn  down,  oiled  behind  the  new  work,  and  the 

the   rails    on    each   side    of   the    frog  bolts   tightened   often   until   they  are 

should    be    changed    out    to    make    a  well  set;    owing  to  the  heavy  traffic 

good  joint  at  each   end  of  the   frog.  new   joints    will    soon    become    loose 

Progs  are  much  more  expensive  than  and  in  a  short  time  they  are  in  the 

rails,  and  it  is  very  hard  to  maintain  same  condition  as  before. 

their  surface  unless  the  joints  are  in 

good   condition.     Guard  rails   require  r*.***     da„j„     ,„:*u     i-~-     o:^« 

more     attention     than     frogs;     they  Cross     Bonds     w™     Ir<m     PlPe 
should  be  placed  in  their  proper  place  Terminal 

with  the  center  of  the  guard  rail  12  Solid  wire  with  terminals  of 

in.  ahead  of  the  frog  point,  with  end  .  ,.     ,     .  .  ,    . 

fillers,    division    blocks,    clamps    and  heavy   black    iron    P^e    are   used    in 

wedges  adjusted  to  the  proper  width,  cross-bonding   the    track   of   the    mu- 

which  is  1%  in.  from  the  running  rail.  nicipal  railway  of  St.  Petersburg,  Pla. 

The  wedges  in  the  clamps  should  be  The  method  is   described   as   follows 

placed  on  the  outside  of  the  track  to  .      ..       _,.     .  .     „   .,  ,  .    , 

prevent     brake     rigging,     etc.,     from  in    the   Electric   Railway   Journal   by 

striking  them  and  throwing  them  out  J-  S.  Wilder,  engineer  of  maintenance 

of  place.  of  way: 

Guard  rail  plates  should  always  be  «We  take  6_in    lengths  of  this  pipe 

used,  with  the  shoulder  of  the  plate  and   grind   a   spot  part   way   through 

inside  of  the  guard  rail,  as  the  plate  near  one  endj  making  the  width  of 
will  hold  the  guard  rail  in  place  much 
better  this  way.  On  leads  in  yard 
tracks  it  is  best  to  place  two  or  three 
rail  braces  inside  of  the  guard  rail  in 
addition  to  the  clamp,  as  the  heavy  ironpipe-- 

traffic  will  soon  knock  the  guard  rail  iron   Pipe  Construction  for  Terminals  of 
out  of  place  without  them.  Wire    Used    in    Cross- Bonding. 

Yard     Switches.  —  Yard    switches  the   depression   same   as   that   of   the 

should  be  watched  the  same  as  main  emery  wheel  with  which  grinding  is 

line    switches,    but    in-  many    cases  done. 

material  can  be  used  in  yards  that  "After  cutting  off  a  suitable  length 
would  not  be  safe  for  main  lines,  of  solid  copper  wire  for  the  bonds, 
owing  to  the  lower  speeds  in  yards.  we  slip  one  of  the  pieces  of  pipe  over 
Yard  lead  switches  should  be  watched  each  end  of  the  wire,  completely  fill- 
very  closely  and  kept  cleaned  and  ing  the  pipe  with  the  wire.  We  then 
oiled.  Switchmen,  in  kicking  cars,  hammer  the  pipe  against  the  wire 
will  often  fail  to  get  a  switch  closed  near  where  the  ground-out  spot  is 
ahead  of  the  wheels  on  account  of  located,  and  weld  the  pipe  and  wire 
dirt  and  lack  of  oil  on  slide  plates.  together  at  this  spot.  For  welding 
This  often  causes  derailments  and  we  use  an  oxyacetylene  torch  and 
damages  the  switch  to  an  extent  that  wire,  such  as  are  furnished  for  use  in 
heavy  repairs  are  required,  causing  installing  gas  weld  bonds, 
unnecessary   expense.                                       "We  weld  these  bonds  to  the  base 

Switch  ties  in  all  switches  should  of  the  rail,  either  by  the  electric  or 

be  renewed  as  often  as  necessary.  On  gas  weld  process,  which  can  be  done 

lead  switches  ties  often  become  weak  without  danger   of   injuring   the   cop- 

from  frequent  gaging,  yet  the  tie  is  per.    A  wet  cloth  laid  over  the  copper 

solid   enough  to   carry  the   load,   and  wire  will  serve  to  draw  the  heat.  After 

the  application  of  a  few  rail  braces  the   bond   is   installed,   the   pipe   and 

will  prolong  the  life  of  these  ties  a  weld  are  -given  a  coat  of  tar  paint  to 

year   or   more.     In   renewing    switch  retard    rusting.      These    cross    bonds 

ties   in  leads   where   more   than  half  can  be  made  up   in  advance  at  odd 

the  ties   come   out,   and   the   balance  times  at  very  little  expense.   Possibly 

are  badly  rail  cut,  it  is  best  to  remove  we  could  get  better  results  if  we  used 

the  entire  set,  turning  the  sound  ones  cast  terminals  instead  of  iron  pipe." 
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A  Railroad  President's  Ad- 
vice to  Young  Engineers 

Abstract   of  an   Address   Before    Cor- 
nell   Student    Chapter    Am. 
Soc.  C.  E. 

By  EDWARD  J.  PEARSON, 

President,   New  York,  New  Haven  & 
Hartford  R.  R. 

Whether  you  have  a  university  ed- 
ucation or  not,  there  are  several 
things  of  even  more  importance. 
They  are  character,  physical  condi- 
tion, personal  methods,  and  the  hu- 
man relation.  Then  higher  education. 
After  that  comes  experience. 

Education  gives  a  good  running 
start,  also  certain  opportunities  for 
which  the  non-technical  is  unable  to 
qualify.  Fortunately,  I  have  been  as- 
sociated with  many  different  kinds  of 
work  and  of  men,  and  through  the 
college  of  hard  knocks,  have  absorbed 
things  in  addition  to  what  was  taught 
me  at  Cornell. 

Not  long  ago  I  participated  in  a 
conference  in  regard  to  the  teaching 
of  Transportation.  There  were  pres- 
ent technical  men,  educators,  promi- 
nent men  of  affairs,  and  some  rail- 
road executives.  One  executive  re- 
marked, looking  around  the  table: 
"You  were  a  traffic  man,  I  can  em- 
ploy traffic  men;  you  were  a  lawyer, 
I  can  retain  them;  you  were  an  en- 
gineer, I  can  secure  their  services; 
but,"  alluding  to  two  prominent  self- 
made  men,  "what  are  the  qualifica- 
tions of  yours?  That  is  what  we  want 
to  teach."  The  search  for  abilty  to 
operate  and  manage — the  qualifica- 
tions for  leadership.  Unfortunately 
there  is  no  text  book  nor  course  of 
instruction  that  fully  covers  that  fea- 
ture in  the  final  analysis. 

As  an  illustration,  a  piece  of  con- 
tract work  is  to  be  performed.  The 
property  is  bought.  The  franchises 
are  secured.  The  company  is  organ- 
ized. The  mechanical  engineer  plans 
the  steam  shovels  and  other  equip- 
ment. The  chemist  makes  the  explo- 
sives, the  engineer  designs  and  lays 
out  the  work.  After  all  these  prelim- 
inaries, the  contractor  constructs  the 
camps  and  brings  in  the  horses  and 
men.  He  mans  the  equipment.  He 
is  really  the  administrative  force  in 
the  large  degree,  that  performs  the 
work;  and  incidentally,  if  profits  are 
made,  they  go  to  him.  Very  likely 
that  contractor  could  not  take  the 
place  of  the  engineer.     But  the  engi- 


neer can  take  the  contractor's  place, 
if  he  develops  beyond  the  lines  of 
his  profession. 

Advancement  of  Non-Technical 
Man. — Illustrating  further  the  compe- 
tition the  engineer  is  up  against,  note 
the  customary  lines  of  advancements 
through  the  operating  departments  of 
railroads.  The  technically  handled 
portions  of  the  service  are  important, 
but  the  purpose  of  a  railroad  is  to 
run  trains,  switch  cars,  and  to  han- 
dle the  public.  The  lower  ranks  in 
transportation  do  not  require  special 
education.  But  among  the  large 
number  who  start  in  the  lower  ranks, 
there  is  an  occasional  one  who  has  a 
bright  mind,  who  is  persistent,  and 
who  will  educate  himself.  Such  a 
man  may  commence  as  a  call  boy. 
When  there  is  an  opportunity  to 
place  a  yard  clerk,  "little  Jimmy" 
naturally  gets  the  job.  Similarly, 
when  there  is  a  yardmaster's  position 
vacant,  the  hustling  yard  clerk,  or 
yard  conductor,  who  knows  all  the 
details  of  the  terminal,  is  a  natural 
selection. 

The  same  principle  operates  when 
a  trainmaster  is  to  be  appointed. 

Gradually  the  man  in  self-making 
will  keep  moving  up  the  transporta- 
tion side.  Nevertheless  there  are 
levels  at  which  the  different  depart- 
ments come  together,  and  from  which 
through  promotion  the  responsibilty 
broadens.  Such,  for  example,  are 
those  facing  the  division  engineer,  the 
master  mechanic,  and  the  trainmas- 
ter, when  a  superintendent  is  to  be 
appointed.  If  the  division  engineer 
is  also  a  human  engineer,  and  if  he 
has  paid  attention  to  the  branches 
other  than  his  own,  his  prospects  are 
improved.  And  so  it  goes,  upward 
along  the  railroad  ladder.  You  can 
appreciate  the  necessity  for  the  en- 
gineer to  broaden  at  every  opportu- 
nity, if  he  expects  to  advance. 

These  instances  are  outlined  par- 
ticularly, because  you  must  appre- 
ciate the  competition  that  confronts 
you  by  those  of  bright  minds,  who 
without  your  education  are  neverthe- 
less benefiting  by  their  constant  ac- 
tivity and  practical  experience,  in 
what  we  might*  term  the  front  line 
trenches.  If  the  educated  mind  ap- 
preciates this  situation  and  will  do 
those  things  that  will  broaden  and 
enable  him  to  expand  outside  of  his 
own  profession,  reward  should  fol- 
low. The  public  has  the  impression 
that  engineers  are  too  mechanical  to 
manage.     It  is   a  handicap  that  con- 
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fronts  the  engineer  and  one  that  he 
only  can  remove. 

Personal  Recollections. — I  recall  an 
engineer  on  the  Milwaukee  road.  He 
was  bright,  competent,  and  had  a  fine 
record.  He  came  out  from  the  East. 
We  put  him  in  charge  of  a  locating 
party  in  the  wilderness.  It  seems  he 
was  so  technical  and  cold  his  men 
were  not  with  him.  The  work  of  the 
party  was  poor.  Then  with  regret, 
we  put  in  charge  a  man  who  had 
mushed  in  Alaska.  The  work  of  the 
party  was  thereafter  excellent,  al- 
though the  engineering  abilty  of  the 
engineer  was  relatively  low. 

After  completing  but  just  before 
opening  the  Milwaukee,  we  suffered 
from  serious  fires  that  burned  over 
the  20-mile  section  or  the  railroad 
crossing  the  Bitter  Root  Mountains. 
Nearly  two  miles  of  temporary  wood- 
en bridges  were  practically  destroyed. 
Arriving  the  following  day,  I  found 
the  camps  also  were  destroyed,  but 
along  toward  evening  one  of  our  en- 
gineers arrived  from  Missoula.  He 
had  carloads  of  camp  outfit  and  sup- 
plies. A  message  about  the  same 
time  from  another  engineer  advised 
he  would  be  in  from  Spokane  the 
next  morning  with  additional  outfit. 
Without  orders  from  a  distance,  they 
realized  the  first  thing  to  do  was  to 
open  supply  camps,  and  to  bring  in 
the  large  force  of  men  necessary.  As 
engineers,  they  were  practical  and 
most  decided  successes.  They  ap- 
preciated that  the  feature  of  prepara- 
tion that  would  make  the  work  go, 
was  that  of  taking  care  of  the  men. 
They  became   successful  contractors. 

While  superintendent  in  charge  of 
portions  of  the  Northern  Pacific, 
along  the  Yellowstone,  Hell  Gate, 
Missoula,  Clarks  Fork,  Yakima,  and 
Green  Rivers,  in  the  days  when  the 
road  had  been  permanently  completed 
and  when  temporary  timber  bridges, 
not  much  rip  rap,  and  wooden  lined 
tunnels  were  the  rule,  landslides, 
washouts  and  fires  were  only  too  fre- 
quent, I  used  to  make  it  a  point  in 
case  of  trouble,  to  go  on  the  hand 
car  in  the  front  with  the  torches  and 
lights,  to  inspect  the  road.  I  had  a 
crew  that  would  follow  me  through 
any  kind  of  a  storm.  We  could  al- 
ways open  up  our  part  of  the  road 
more  quickly  than  others.  Our  orders 
were  not  sent  over  the  wire;  we  were 
on  the  firing  line. 

Qualifications  for  the  Engineer. — 
Mr.  John  Hays  Hammond,  writing  for 


the  Yale  News,  well  outlines  certain 
qualifications  for,  as  well  as  certain 
features  pertaining  to  the  engineer. 
They  follow. 

The  practical  side  of  imagination 
and  vision,  which  is  not  limited  to 
artists.  The  Panama  Canal  and  the 
great  irrigation  projects  are  exam- 
ples of  the  result. 

Originates,  instead  of  following  di- 
rections. 

Thinks,  instead  of  following  the 
thoughts  of  others. 

An  executive,  not  an  employe. 

Receives  commissions  from  non- 
technical people,  instead  of  getting 
orders   in  technical   language. 

If  successful,  has  certain  necessary 
social  relations. 

Has  extended  business  relations. 

To  fulfill  these  obligations  and 
stand  on  a  high  professional  level, 
Mr.  Hammond  outlines  further  that 
the  engineer  must  be  competent 
somewhat  as  follows: 

In  thinking  clearly,  logically  and  in 
proper   sequence. 

In  construction  and  composing  men- 
tally. 

In  commanding  his  subordinates  by 
his  culture,  intelligence,  and  poise. 

In  giving  orders  that  can  be  imme- 
diately and  properly  understood. 

In  translating  at  sight  from  non- 
technical to  technical  thought  and 
language,  and  vice  versa;  in  talking 
about  his  profession  non-technically 
so  that  the  layman  can  perfectly  un- 
derstand him.  This  is  one  of  the 
handicaps  under  which  many  techni- 
cal men  work;  they  are  so  imbued 
with  the  jargon  of  their  profession 
that  they  are  unable  to  make  the 
business  man  who  employs  them  un- 
derstand what  they  are  talking  about. 
This  is  true  not  only  of  engineers;  it 
is  often  true,  also,  of  physicians,  law- 
yers, and  architects. 

In  being  congenial  with  all  kinds 
of  people  outside  his  profession;  able 
to  talk  intelligently  on  various  sub- 
jects; in  having  a  good  fund  of  gen- 
eral information;  in  being  perfectly 
at  ease  everywhere;  and  in  having  a 
large  acquaintance  among  people  of 
standing. 

In  understanding  the  principles  of 
economics  and  business  methods;  in 
knowing  a  good  deal  about  finance 
and  the  money  market;  and  in  being 
able  to  see  the  business  man's  point 
of  view. 

These  are  the  bare  essentials  to 
the  engineer  as  a  professional  man, 
which  raise  him  above  the  plane  of 
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the  skilled  worker.  Without  them, 
he  limits  the  possibility  of  his  profes- 
sional success,  by  making  a  definite 
stopping-place  in  his  progress.  Be- 
yond a  distinctly  subordinate  posi- 
tion in  which  he  carries  out  the  tech- 
nical details  of  some  one  else's  plan, 
he  will  find  himself  over  his  depth.  It 
is  therefore  his  duty  to  himself  to 
acquire  at  least  these  fundamentals, 
but  an  engineer's  duty  does  not  stop 
with  himself.  He  has  an  obligation 
to  improve  and  sustain  the  reputation 
of  his  profession.  As  a  profession, 
engineering  is  liable  to  lose  standing 
if  it  is  filled  with  "half-baked"  men- 
men  who  know  every  technical  de- 
tail, yet  are  unable  to  say  a  dozen  sen- 
tences without  a  grammatical  mis- 
take, who  have  no  facility  for  conver- 
sation which  is  not  "shop,"  who  have 
no  fund  of  general  information,  no 
knowledge  of  public  affairs — in  short, 
men  of  whom  their  fellow  and  suc- 
cessful engineers  may  not  be  proud. 

Small  Occurrences  as  Controlling 
Factors  in  a  Man's  Career. — I  left 
Cornell  and  went  to  the  Northwest, 
simply  because  I  found  an  opening 
there.  While  on  the  Northern  Pacific, 
there  were  three  occurrences,  small 
in  their  way  and  unappreciated  at 
the  moment,  which  have  proved  to  be 
controlling  factors  in  my  further 
movements.  The  president  of  the 
Missouri  Pacific  later,  then  had 
charge  of  the  company's  mining  op- 
erations on  the  east  side  of  the  Cas- 
cades. I  was  superintendent  and 
handled  his  shipment  to  tidewater. 
He  was  short  of  coal  at  the  tidewater 
piers,  and  was  confronted  with  a  seri- 
ous situation.  He  was  advised  if  he 
could  mine  the  coal,  it  would  be 
moved.  He  was  doubtful.  The  lim- 
ited supply  of  coal  had  never  moved 
with  the  required  rapidity  before.  He 
was  induced  to  put  his  miners  in  the 
next  morning.  The  officers  and  my- 
self got  together.  Between  night  and 
morning  we  moved  the  empties  back 
from  piers  to  the  mines  and  the  Toads 
from  the  mines  to  the  piers.  We 
kept  that  up  night  after  night  while 
the  pressure  was  on.  We  could  not 
have  kept  it  up  forever,  because  the 
burden  was  too  heavy  for  men  and 
equipment  and  the  movement  of 
other  traffic  had  to  be  deferred,  but 
we  saved  him  his  troubles.  It  was  a 
point  he  remembered  years  after, 
when  he  had  opportunity  to  appoint 
a  first  vice-president  of  the  Missouri 
Pacific. 

Another  officer  on  the  Northern  Pa- 


cific, my  superior,  was  favorably  in- 
fluenced by  certain  work  on  grade 
reductions.  Later  when  the  Milwau- 
kee Road  was  about  to  appoint  a 
chief  engneer  for  its  Pacific  exten- 
sion, it  was  through  his  endeavors 
that  the  invitation  came  to  me.  The 
third  instance  was  that  of  an  execu- 
tive officer,  formerly  on  the  Northern 
Pacific,  who  became  interested  in  the 
special  work  I  did  there,  in  planning 
work  on  yards,  engine  terminals,  sta- 
tion layouts,  etc.  Realizing  the  lack 
of  development  in  preceding  years  in 
this  regard  on  the  New  Haven,  where 
he  was  then  in  authority,  I  was  in- 
vited to  that  road.  Those  were  three 
really  trivial  things,  but  they  hap- 
pened to  become  controlling  in  ways 
that  were  important  to  myself. 

From  my  experience  and  study,  and 
having  gone  to  the  Northwest  just  be- 
cause it  so  happened,  the  conclusion 
is  reached  that  if  a  young  man  selects 
the  kind  of  work  and  the  location 
in  the  world,  both  of  which  he  pre- 
fers, he  can  drive  his  stake  where  he 
elects,  with  a  pretty  good  probability 
of  success;  providing  that  instead  of 
setting  his  limit,  he  is  willing  to  take 
hold  wherever  there  is  an  opening 
and  commence  to  climb  from  that 
point,  subject  of  course  to  the  actual 
presence  of  a  suitable  field  for  his 
endeavors. 

As  you  go  along,  you  will  find  there 
are  four  kinds  of  subordinates.  First 
are  the  comers,  few  in  number;  they 
will  be  our  successors.  All  they  need 
is  guiding  encouragement.  This  is 
the  group  with  which  you  should 
qualify.  Then  the  steadies,  the  large 
majority;  their  need  is  advice  and 
direction.  Drones  are  a  small  class; 
usually  good  use  can  be  made  of  them 
by  using  the  club.  Last  and  relative- 
ly small  in  number  are  the  no  goods 
who  should  be  eliminated  when  you 
are  satisfied  that  no  other  course 
avails. 

The  Value  of  Team  Play. — Organi- 
zation runs  clear  down  into  the  lower 
branches.  Success  takes  team  play 
between  the  junior  and  the  superior 
officer,  so  the  problem  can  be  studied 
from  below  as  well  as  from  above. 
Of  course,  obviously,  the  first  thing  is 
to  hold  the  confidence  of  the  superior. 
The  next  is  to  arrange  not  only  for 
perfection  of  performance  at  the  mo- 
ment of  whatever  is  being  done,  but 
to  always  carry  the  plans  far  ahead. 
Then  there  is  the  selection  of  those 
who  if  possible,  know  even  more  of 
their  specialty  than  does  the  one  in 
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charge.  The  best  compliment  I  can 
realize  is  that  of  having  experts  as- 
sociated with  me,  those  who  do  good 
work  themselves. 

Location  of  authority  and  responsi- 
bilty  is  very  important.  Authority  is 
generally  misunderstood.  In  a  broad 
way,  it  results  from  discussions  be- 
tween senior  and  junior  officer,  so 
that  both  understand  the  situations 
fully.  Team  play  with  full  under- 
standings, is  imperative  between 
senior  and  junior  officers.  If  there 
is  a  full  understanding,  authority  ex- 
ists, and  in  a  full  measure  that  can- 
not be  given  by  words  sufficient  to 
cover  any  large,  general  and  constant- 
ly changing  situation.  There  is  ne- 
cessity for  clear  instructions.  It  is 
well  that  those  who  actually  do  the 
work  receive  the  credit.  You  must 
command  respect,  but  loyalty  can 
only  be  won.  Many  of  your  represen- 
tatives may  not  see  you  or  your  su- 
perior for  long  intervals.  There  is 
always  opportunity  to  soldier  when 
the  chief  is  not  there.  If  you  have 
loyalty,  you  will  have  support  at  all 
times;  and  the  combined  endeavor  is 
necessary  to  win  in  the  large  degree. 
Keep  the  troubles  at  home;  within 
the  official  family,  and  only  with 
those  concerned  if  possible;  but  you 
can  be  public  in  commending  good 
work.  The  present  day  is  one  of  the 
leading;  driving  is  over  the  dam.  Do 
not  drift.  If  you  are  going  to  be  pop- 
ular, you  must  sincerely  at  heart  like 
your  associates  and  your  representa- 
tives. Be  free  in  commendation.  Have 
a  good  word  for  all.  Throw  your  per- 
sonality into  the  undertaking.  It  will 
result  in  an  organization  and  a  fol- 
lowing, that  is  invaluable;  that  can- 
not be  bought  by  money. 

Viewpoint  of  Employer. — In  receiv- 
ing applications  for  employment,  and 
perhaps  you  all  intend  to  make  them, 
it  might  interest  you  to  know  the 
point  of  view  of  the  employer. — We 
have  received  applications  from  men 
who  applied  for  positions  as  assist- 
ant engineers,  instrument  men,  or 
rodmen;  we  rate  such  applicants  as 
belonging  on  the  end  of  a  chain  or 
an  axe  handle,  or  perhaps  lower. 
Others  briefly  state  what  they  can  do 
and  want  to  do  with  their  experience. 
Such  receive  attention.  If  they  add 
that  they  will  take  anything  that  they 
can  get  until  there  is  a  better  open- 
ing, such  applications  are  advanced 
on  the  list. 

An  old  conductor  once  said  to  me, 
when  I  was  a  young  engineer:    "I  no- 


tice that  some  of  them  are  more  God- 
given  than  others,  but  I  notice  the 
best  engineer  is  the  one  that  works." 
There  is  much  in  his  remark.  The 
8-hour  day  never  sufficed  to  bring  the 
world  to  its  present  development;  it 
never  won  a  reputation;  and  it  never 
made  a  fortune. 

In  looking  ahead,  progress  always 
seems  slow.  In  looking  backward, 
the  picture  is  quite  often  reversed. 
Everything  may  look  slow  ahead,  but 
if  one  keeps  doing  his  best,  pays  at- 
tention to  every  responsibility  and 
opportunity,  then  in  looking  back- 
wards the  picture  will  undoubtedly 
reverse. 

The  essential  point  I  want  to  make 
is  that  of  the  human  side.  You  must 
go  along  with  the  technical  100  per 
cent  but  develop  the  human  side  and 
the  practical.  Some  think  there  is  a 
spark  of  genius  that  will  carry  them 
through,  but  it  is  not  in  the  cards  un- 
less through  work,  you  develop  that 
spark  and  put  it  there.  My  advice  to 
you  is  this:  do  the  best  you  can;  give 
attention  to  the  Golden  Rule,  as  you 
understand  it;  stand  for  old  fash- 
ioned, thorough  Americanism;  then 
add  your  advantages  at  Cornell;  all 
of  which  combined  will  equal  success. 


Estimating  Cross  Tie  Timber 

Some  interesting  information  on  the 
above  subject  was  given  by  Mr.  How- 
ard Andrews,  President  Nashville 
Tie  Co.,  Nashville,  Tenn.,  in  a  paper 
presented  Jan.  26  at  the  fifth  annual 
meeting  of  the  National  Association 
of  Railroad  Tie  Producers.  Mr.  An- 
drews stated  that  the  most  common 
method  of  estimating  the  amount  of 
timber  on  a  tract  is  to  measure  scat- 
tered acres  and  use  these  as  an  aver- 
age for  the  whole  tract.  A  tie  maker 
can  look  at  a  tree  and  tell  how  many 
ties  it  will  make,  figuring  the  number 
of  logs  which  can  be  cut  from  the  tree 
and  the  number  of  ties  each  log  will 
make,  getting  as  accurate  results  as 
a  mathematician  would  by  climbing 
the  tree  with  a  ladder  and  taking 
measurements. 

In  estimating  tie  timber  it  is  figured 
that  a  stick  or  log  under  10  in.  in 
diameter  will  not  make  a  tie,  a  log 
10  in.  in  diameter  will  make  a  6  in. 
by  8  in.  tie;  a  log  11  in.  in  diameter 
will  make  a  7  in.  by  8  in.  tie,  and  a 
log  12.  in.  in  diameter  will  make  a 
7  in.  by  9  in.  tie,  while  a  14-in.  log 
will  probably  make  two  6  in.  by  8  in. 
ties.      Beyond    that    diameter   certain 
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different  combinations,  such  as  15  in., 
16  in.  and  17  in.  logs,  may  make  two  6 
in.  by  8  in.  ties,  or  one  6  in.  by  8  in. 
tie  and  one  large  or  two  small  ties,  or 
two  large  ties.  An  18-in.  log  should 
make  three  6  in.  by  8  in.  ties;  a  20-in. 
log  should  make  four  6  in.  by  8  in. 
ties,  and  a  log  30  in.  in  diameter 
should  make  about  ten  ties.  One  can 
count  on  about  one  tie  to  each  inch  in 
diameter  for  the  next  6  or  8  inches. 

Most  of  the  tie  timber  available  to- 
day is  small  and  Mr.  Andrews  thinks 
that  at  least  80  per  cent  of  the  tie 
timber  will  make  only  one  tie  to  the 
log.  Few  ties  are  made  from  trees 
that  will  cut  over  four  ties  to  the  log. 
If  the  ties  are  to  be  hewn  from  large 
timber  the  question  of  "twisting  tim- 
ber" is  to  be  considered,  making  it 
impossible  to  get  square  sides  to  a 
tie  by  the  ordinary  splitting  process. 

A  good  estimator  can  go  over  500 
to  1,000  acres  in  a  day  and  should  not 
miss  the  actual  number  of  ties  more 
than  10  per  cent.  The  equality  of  the 
timber  must  also  be  considered  care- 
fully.        

Handling     Concrete     with 
Railway  Motor  Cars 

Method   Used  by  Chicago  Burlington 
&  Quincy  R.  R.  in   Track  Eleva- 
tion   Work    at   Aurora 

Gasoline  operated  section  cars  han- 
dling concrete  hoppers  mounted  on 
push  cars  are  being  used  by  the  Chi- 
cago, Burlington  &  Quincy  R.  R.  for 
placing  some  12,000  cu.  yd.  of  con- 
crete in  connection  with  its  track  ele- 
vation work  at  Aurora,  111.  The  work 
is  described  in  Railway  Engineering 
and  Maintenance,  from  which  the 
matter  following  is  abstracted. 

Owing  to  the  long  distance  over 
which  the  concrete  had  to  be  trans- 
ported, a  maximum  of  1,600  ft.,  de- 
livery with  towers  and  spouting  was 
out  of  the  question.  Consequently  the 
plan  was  adopted  of  delivering  the 
concrete  over  the  top  of  the  new 
structure  on  light  falsework  support- 
ing tracks  that  would  readily  carry 
light  equipment.  However,  this  plan 
was  complicated  by  the  fact  that  the 
new  structure  lies  on  one  side  of  the 
temporary  main  tracks  while  the  con- 
crete mixing  plant  is  on  the  other 
side.  This,  therefore,  required  the 
provision  of  towers  and  spouts  in 
order  to  deliver  the  concrete  from 
the  mixing  plant  to  the  cars  on  the 
new  structure.     These  towers  are  of 


wood,  but  the  spouts,  bucket,  etc.,  are 
standard  Insley  and  Lakewood  equip- 
ment. 

The  delivery  system  is  entirely  in 
duplicate,  the  tower  and  spouts  from 
each  concrete  mixer  delivering  to  sep- 
arate station  or  receiving  hopper  for 
loading  the  hopper  cars.  Each  sta- 
tion was  provided  with  an  independ- 
ent  system   of   tracks,    each    system 


Motor  Car  and  Concrete  Hopper  Running 
Over  Forms. 

serving  one  longitudinal  half  of  the 
concrete  structure.  Each  system  of 
tracks  consists  of  a  single  track  ex- 
tending out  over  the  concrete  viaduct 
and  dividing  into  two  tracks  which 
pass  on  either  side  of  the  loading  sta- 
tion. This  consists  simply  of  an  ele- 
vated wooden  box  with  a  spout  and 
gate  on  each  side. 

When  the  concrete  was  being 
placed  with  700  or  800  ft.  of  the  mix- 
ing plant  it  was  readily  delivered  by 
two  trains  of  cars  on  each  track,  one 
train  being  unloaded  while  the  other 
was  being  recharged,  the  two  trains 
avoiding  each  other  by  using  alter- 
nate tracks  at  the  charging  station. 
As  the  length  of  the  haul  increased  it 
became  necessary  to  add  another 
train  to  each  system  and  in  order 
that  the  trains  could  stay  out  of  each 
other's  way  it  was  necessary  to  pro- 
vide each  with  a  passing  track  about 
half  way  of  the  length  of  the  viaduct. 
This  train  consisted  of  a  Fairmont  6- 
HP.  section  motor  car  with  a  concrete 
hopper  of  1  cu.  yd.  capacity  mounted 
on  a  push  car.  Some  of  these  hop- 
pers were  of  wood  with  side  dump 
gates  and  the  others  of  steel  with 
bottom  dump  gates. 
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Viewpoint  and  Attitude  of  Capitalists  Toward  Financing  Engineering 

Projects.    Discussed  in  Address  Before  Engineers' 

Club  of  Minneapolis 

By  H.   D.   THRALL, 

Vice-President,   Minnesota  Loan   &  Trust   Co.,  Minneapolis,  Minn. 


In  the  development  of  a  project  the 
engineer  and  the  banker  must  be 
closely  associated.  Someone  else  may 
have  the  idea  but  unless  his  personal 
bank  balance  is  sufficient  to  complete 
that  idea,  and  unless  he  is  so  sure  of 
himself  that  he  does  not  feel  the  need 
of  technical  knowledge  to  corroborate 
his  figures,  he  is  dependent  upon  the 
services  of  both  engineer  and  finan- 
cier; and  in  the  outworking  of  his 
plans  the  two  professions  should  meet 
with  a  spirit  of  friendly  co-operation 
and  with  a  feeling  of  confidence  in 
each  other's  judgment. 

The  existing  conditions  of  the  past 
few  years  have  made  funds  available 
for  almost  every  new  project  that 
gave  promise  of  remunerative  returns. 
This,  in  many  cases  was  regardless 
of  whether  the  financial  structure  of 
the  project  had  been  given  careful 
investigation  and  often  without 
thought  as  to  whether  the  most  com- 
petent  and  skilled  specialists  of  your 
profession  had  sealed  it  with  their 
stamp  of  approval;  so  I  confess  that 
both  of  our  professions  have  been 
placed  in  a  secondary  position  in  the 
eyes  of  the  many  promoters.  I  believe 
we  have  faith  enough  in  the  value  of 
both  of  our  services  to  think  that  this 
is  a  grave  error,  and  that  as  a  remedy 
there  is  needed  the  same  uniform  and 
continuous  co-operation  between  the 
public,  the  management,  the  engineer 
or  architect,  and  the  banker. 

The  advancing  of  credit  and  the  de- 
termination of  those  factors  that  go 
toward  the  establishment  of  credit  are 
purely  individual.  They  are,  further- 
more, individual  from  two  standpoints, 
both  the  standpoint  of  the  lender  and 
of  the  borrower. 

Let  me  explain  what  I  mean.  Any- 
one of  you  might  place  before  a  bank- 
er certain  definite  information  cover- 
ing a  proposed  loan.  The  banker 
might  carefully  scrutinize  it,  deter- 
mine that  in  the  main  the  project  was 
a  sound  one  but  that  certain  details 
were  not  in  accordance  with  his  ideas 
of  what  should  constitute  a  loan  such 
as  his  house  felt  it  desirable  to  bring 


out.  This  same  data  taken  before  an- 
other banker  might  be  entirely  ac- 
ceptable to  him,  the  details  in  ques- 
tion might  be  considered  by  him  as 
purely  technical  or  his  experience 
might  be  such  that  he  did  not  fear 
any  adverse  effect  upon  the  loan  from 
their  existence,  so  it  is  possible  that 
he  would  accept  the  loan  as  a  choice 
security,  although  it  had  been  turned 
down  just  before  by  another  house 
equally  as  reputable  and  equally  as 
careful  in  the  selection  of  its  issues. 

This  difference  of  opinion  is  an  ex- 
cellent thing  for  the  country.  It  stim- 
ulates endeavor  and  creates  a  spirit 
of  competition  that  has  gone  far  to- 
ward establishing  our  present  ad- 
vanced development.  Fifty  years  ago 
men  thought  along  much  more  narrow 
lines;  there  was  not  the  same  diver- 
gence of  ideas.  This  is  plainly  il- 
lustrated in  the  architecture  of  that 
period.  Anyone  familiar  with  the 
Eastern  city  has  a  vivid  picture  of 
those  blocks  upon  blocks  of  brick  resi- 
dences all  following  the  same  general 
type  of  construction  through  three  or 
four  decades.  Father  had  built  them 
that  way,  therefore  it  was  reasonable 
that  son  should  continue  along  the 
same  lines.  That  is  what  I  mean  when 
I  say  that  the  problem  is  individual 
from  the  standpoint  of  the  lender. 

The  same  difference  holds  true  in 
regard  to  the  borrower.  The  identical 
figures  brought  in  from  two  distinct 
propositions  might  be  accepted  on 
the  part  of  one  and  rejected  on  the 
part  of  the  other.  Confidence  in  the 
management,  the  history  of  the  corpo- 
ration, promptness  in  meeting  obliga- 
tions, in  short,  the  human  element, 
might  be  the  deciding  factor  in  favor 
of  one  loan,  as  against  the  other,  so 
that  it  is  impossible  to  lay  down  a 
law  to  you  gentlemen  and  say — This 
is  the  data  desired  from  you  when 
presenting  a  proposition  for  consider- 
ation. 

Because  of  the  difficulty  of  discuss- 
ing this  matter  in  detail,  I  am  merely 
taking  it  up  from  the  point  of  view  of 
broad  generalities. 
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For  purposes  of  convenience  my 
remarks  are  confined  to  certain 
phases  of  our  commercial  develop- 
ment that  are  of  interest  to  us  both. 

These  phases  are  in  four  groups: 
Building  activity,  industrial,  public 
utility,  and  municipal. 

Building  Loans.  —  In  discussing 
building  loans  the  main  question  of 
interest  is  what  types  of  buildings  are 
the  most  desirable  from  the  loaning 
standpoint. 

Formerly  many  people  desired  a 
loan  where  the  value  of  the  land 
was  large  in  proportion  to  the  value 
of  the  building.  The  question  of 
obsolescence  was  so  acute  in  the 
building  program  that  they  felt  the 
danger  from  this  factor  was  minimized 
by  loaning  on  large  land  value.  How- 
ever, it  is  apparent  in  a  growing  city, 
with  land  value  increasing,  that  a 
small  building  cannot  provide  ade- 
quate carrying  facilities  in  order  to 
meet  taxes,  insurance,  interest  and  a 
balance  sufficient  to  amortize  the  loan 
and  then  give  an  adequate  return  on 
the  invested  equity,  so  that  of  late 
years  those  loans  have  been  the  most 
desirable  which  were  made  on  proper- 
ties where  the  value  of  the  building 
exceeded  the  value  of  the  land.  Nec- 
essarily the  property  must  be  so  lo- 
cated that  it  is  well  adapted  for  the 
business  for  which  it  is  designed  and 
must  be  of  such  construction  and  of 
such  attractiveness  that  it  will  pro- 
duce revenue  throughout  the  life  of 
the  loan.  Mere  figures  of  valuation 
cost  may  amount  to  nothing  when 
making  real  estate  loans. 

A  one-purpose  building  is  not  as 
satisfactory  a  loaning  proposition  as 
a  building  that  may  be  used  for  a 
variety  of  purposes.  For  instance  a 
retail  warehouse  is  not  as  desirable  to 
loan  on  as  a  business 'block  where 
there  are  stores  to  rent  on  the  ground 
floor  and  offices  above — if  one  line  of 
business  cannot  use  the  offices  there 
are  many  others  to  fall  back  on. 

Industrial  Loans.  —  The  industrial 
loan  is  generally  an  amplification  of 
the  real  estate  loan.  Here  you  have 
buildings,  you  have  a  plant  and  in 
addition  you  have  machinery  which 
has  a  certain  distinct  value  dependent 
upon  the  appropriateness  of  the  build- 
ings and  the  location  of  the  land.  Fur- 
thermore, you  have  entering  here  the 
human  element  in  the  form  of  manage- 
ment, in  its  highest  factor. 

The  engineer  can  always  ascertain 
carefully  the  value  of  the  properties 


from  a  standpoint  of  physical  valua- 
tion but  there  is  a  further  demand 
necessary.  There  should  be  an  ex- 
haustive knowledge  of  the  business  at 
hand.  Sufficient  knowledge  and  suffi- 
cient thought  should  be  given  by  him 
to  the  question  of  investment  markets, 
the  question  of  transportation  facili- 
ties and  freight  rates  on  the  raw  mate- 
rial, on  the  finished  product,  and  then 
to  selling  costs.  In  fact  an  engineer 
to-day  must  be  more  than  an  engineer, 
he  must- furnish  those  facilities  that 
are  required  and  available  at  the 
present  time  in  the  industrial  depart- 
ments of  many  of  our  larger  invest- 
ment institutions. 

The  industrial  loan  opens  up  a  wide 
new  field  of  interest  which  the  banker 
can  partially  cover  but  which  he  cov- 
ers with  much  assurance  if  he  is 
backed  up  by  the  more  technical 
knowledge  of  his  friend  the  engineer. 

The  physical  value  may  not  be  the 
determining  factor  of  the  actual  value 
of  a  property. 

I  have  in  mind  a  property  which 
cost  about  $400,000.  It  was  not  mak- 
ing any  particular  amount  of  money 
and  was  sold  for  $250,000.  The  new 
management  made  money  out  of  it 
and  two  months  later  sold  it  for  $800,- 
000.  For  a  year  or  two  the  new  pur- 
chaser made  money  and  then  lost 
money  again  and  the  plant  is  now 
practically  inoperative  and  could  pos- 
sibly be  repurchased  for  $250,000. 

This  plant  is  well  located.  The  busi- 
ness it  is  adapted  for  is  staple  but 
highly  competitive.  The  market  for 
the  produce  being  lost  to  a  competi- 
tor, time  is  required  to  regain  the 
confidence  of  the  buyer,  consequently 
the  low  price  at  which  this  property 
could  probably  be  obtained  is  not  due 
to  the  fact  that  it  is  not  a  splendid, 
up-to-date  plant  but  is  due  to  the  fact 
that  in  order  to  make  it  eventually 
profitable,  working  capital  is  needed 
to  carry  the  business  along  for  two 
or  three  years  even  at  a  loss.  Just 
what  the  value  of  a  property  like  this 
is,  is  problematical  and  while  a  valua- 
tion on  reproduction  basis  of  twice 
the  sale  price  might  be  justifiable,  the 
question  as  to  whether  anyone  would 
be  warranted  in  giving  the  former 
figure  as  his  idea  of  the  value  of  the 
plant,  naturally  arises.  Certainly  it 
could  not  be  rightfully  used  as  a  loan 
value. 

Immediately  related  to  the  question 
of  justification  of  costs  arises  the 
question  of  the  turning  of  the  capital. 
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Some  industrial  businesses  turn  their 
capital  very  rapidly  once  or  twice  a 
month.  Other  lines  of  business  turn 
their  capital  every  six  months  or  even 
every  year.  Great  sums  of  money  are 
usually  required  to  carry  the  raw 
material  to  its  various  stages  up  to 
the  time  it  is  sold  as  a  finished 
product. 

There  is  always  a  line  of  business 
where  it  is  not  possible  to  hedge  in 
the  market.  There  is  the  hazard  of 
inventory  losses.  This  possibility  of 
inventory  losses  and  their  frequency, 
affect  the  actual  value  of  a  particular 
property  regardless  of  what  the  cost 
of  reproduction  may  be,  and  all  these 
questions  must  be  given  careful  con- 
sideration. 

Public  Utility  Loans. — Unfortunate- 
ly we  are  located  in  a  country  where 
the  public  utilities  have  not  reached 
the  high  point  of  development  that  is 
found,  for  instance,  on  the  Pacific 
Coast. 

The  public  utility  bond,  with  the  ex- 
ception of  the  municipal,  is  probably 
one  of  the  most  desirable  of  invest- 
ments at  the  present  time  and  this 
field  will  give  a  great  opportunity  to 
the  engineer  during  the  next  few 
years. 

It  is  generally  conceded  that  the 
public  utilities  of  this  country  are  in 
their  infancy.  The  electric  light  and 
power  companies  are  at  the  present 
time  showing  the  same  growth  and 
development  that  the  railroads  en- 
joyed in  the  late  seventies  and  the 
early  eighties.  The  point  of  satura- 
tion cannot  possibly  be  reached  for 
many  years  to  come. 

Meanwhile  the  industries  of  the 
country  are  dependent  upon  the  utili- 
ties for  the  force  with  which  they  op- 
erate, and  the  demands  by  the  public 
for  light,  heat  and  power  are  so  con- 
tinually insistent  that  the  utilities  are 
only  able  to  supply  a  portion  of  the 
demands  made  upon  them. 

Greatest  care  must  be  exercised  in 
construction  plans  in  this  field. 
Growth  is  so  rapid  that  consideration 
must  be  given  to  the  cheapest  ade- 
quate method  of  expanding  production. 

Furthermore  the  utilities  are  con- 
stantly in  the  eyes  of  the  public.  With 
the  exception  of  Minnesota  and  very 
few  other  states  all  the  utilities  of 
the  country  are  under  the  jurisdiction 
of  some  sort  of  a  commission. 

Demand  is  made  that  for  every  dol- 
lar expended  there  must  be  value 
received. 


The  capital  invested  must  produce 
income. 

In  the  public  utility  you  do  not  have 
the  market  question  that  you  have 
with  the  industrial.  Your  market  is 
established  along  definite  lines.  Man- 
agement is  important  but  not  to  the 
same  extent  that  it  is  in  the  industrial 
field.  Your  customers  are  many — 
your  market  continual — your  means  of 
collection  of  accounts  certain — and 
where  the  public  and  the  company 
are  best  served  competition  is  neg- 
ligible. 

The  most  popular  type  of  public 
utility  is  the  light  and  power  company 
and  the  highest  class  of  light  and 
power  company  is  the  hydro  electric. 

It  seems  certain  in  the  minds  of 
the  people  in  this  country  that  as 
this  country  develops,  as  our  popula- 
tion increases,  as  transportation  fa- 
cilities not  only  lessen  but  the  cost 
increases,  and  as  the  labor  situation 
becomes  more  acute,  fuel  will  be  more 
and  more  difficult  to  obtain  and  water 
power  will  be  developed  to  a  point 
that  we  have  no  conception  of  today. 

Because  of  the  importance  of  this 
field  cannot  we  work  together  and 
give  more  careful  consideration  to  its 
needs? 

Only  a  few  years  ago  we  used  to 
make  public  utility  bond  issues  in  the 
form  of  closed  mortgages.  By  this  I 
mean  that  we  would  make  a  loan  of 
$500,000  on  the  property — no  adequate 
provision  was  made  for  bringing  out 
additional  bonds  under  the  terms  of 
the  mortgage,  or  if  provision  was 
made  the  amount  of  the  loan  was 
limited  to  perhaps  twice  the  original 
amount.  What  was  the  consequence? 
Within  three  or  four  years  after  the 
bond  issue  had  been  brought  out  all 
the  escrow  bonds  had  been  used  up, 
the  company  was  in  need  of  funds, 
and  an  entirely  new  financial  struc- 
ture had  to  be  built  up  with  the 
resultant  expense  a  burden  on  the 
company.  Very  often  the  original 
issue  had  been  brought  out  at  a  favor- 
able rate,  perhaps  on  a  5  per  cent 
basis,  whereas  the  new  bonds  had  to 
be  brought  out  at  a  rate  of  5^  and 
perhaps  6  per  cent. 

This  was  an  injustice  and  today  it 
is  commonly  felt  that  bond  issues  on 
public  utilities  should  be  authorized 
for  large  amounts,  and  in  many  cases 
the  amount  is  not  limited  and  the 
rate  of  interest  is  elastic.  Formerly 
many  bonds  were  in  serial  form,  the 
issuing    company   being   obligated   to 
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pay  back  so  many  a  year,  but  now  it 
is  much  more  usual  to  have  them  in 
the  form  of  a  sinking  fund,  the  sink- 
ing fund,  in  many  cases,  not  to  be 
used  for  retiring  bonds  but  power  be- 
ing given  to  the  company  to  expend  in 
extension  or  betterments,  but  without 
power  to  issue  new  bonds  against 
such  an  expenditure. 

The  banker  has  tried  in  these  ways 
to  foresee  as  far  as  possible  the  de- 
mands and  needs  of  the  company,  and 
this  is  where  the  co-operation  of  the 
engineer  is  of  the  greatest  value. 

Many  times,  the  figures  submitted 
in  costs  are  kept  at  a  low  amount  be- 
cause it  is  feared  that  the  acceptance 
of  the  financing  may  depend  upon  the 
amount  of  the  expenditure.  While 
this  is  true  and  always  there  must  be 
due  consideration  given  to  costs, 
nevertheless  I  believe  that  the  av- 
erage financial  house  would  rather 
have  an  engineer  give  a  true  state- 
ment of  his  ideas  and  necessary  devel- 
opments even  though  the  costs  be 
excessive. 

It  is  "penny  wise  and  pound  foolish" 
to  build  a  high  line  for  a  company  if 
it  is  known  that  within  two  or  three 
years  this  line  will  be  entirely  inade- 
quate and  a  new  line  will  have  to  be 
constructed.  Wouldn't  it  be  better  to 
make  the  greater  expenditure  in  the 
beginning  even  though  immediate  re- 
turns are  not  available? 

In  the  same  way,  it  is  just  as  de- 
sirable to  have  the  power  development 
planned  for  an  extension  that  may  be 
in  excess  of  any  immediately  expected 
demand. 

There  has  been  too  much  scrapping 
on  the  part  of  utilities  of  so-called 
obsolete  or  inadequate  properties  that 
were  not  inadequate  or  not  obsolete 
but  merely  had  been  poorly  planned 
in  the  beginning. 

This  policy,  while  saving  immediate 
expenditure  of  funds,  will  not  lead  to 
the  greatest  ultimate  development  of 
the  property.  Furthermore,  it  is  al- 
ways the  cause  of  adverse  discussion 
with  public  service  commissions  when 
the  question  of  valuation  for  the  pur- 
pose of  rate  making  is  under  discus- 
sion. 

More  and  more  attention  is  being 
given  by  utilities  to  the  wise  expendi- 
tures of  their  funds  and  I  believe  that 
there  have  been  larger  strides  on  the 
part  of  the  utilities  along  this  line 
than  on  the  part  of  any  other  business. 


Accuracy    and    Vision    Required    in 
Engineer's  Report.— -Were  you  to  ask 


me  what  I  considered  the  most  desir- 
able qualifications  in  an  engineer's 
report,  I  would  say  accuracy  and 
vision. 

Doesn't  it  strike  you  that  we  have 
sacrificed  more  to  speed  in  this  coun- 
try than  really  is  necessary?  The 
man  who  wishes  to  develop  water 
power  wants  to  do  it  all  at  once.  The 
engineer  must  within  a  few  days  have 
his  statistics  prepared  and  in  hand. 
He  is  supposed  to  be  able  to  make 
soundings  by  guess  work  that  are 
absolutely  perfect.  His  contours  are 
expected  to  be  drawn  by  the  naked 
eye  in  a  few  moments.  His  costs 
must  be  estimated  and  be  turned  in 
before  he  actually  has  determined 
where  his  sand  and  gravel  may  be  ob- 
tained. The  proprietor  wants  to  let 
the  contract  before  the  cubical  con- 
tents of  the  structure  or  the  general 
plan  are  finally  determined.  Isn't  this 
a  mistake?  We  cannot  maintain  this 
lavish  expenditure  of  funds  simply  for 
the  purpose  of  cheating  time.  We 
acquired  the  habit  during  the  war.  A 
minute  then  might  have  meant  a  hun- 
dred thousand  lives,  and  we  weighed 
lives  against  money  with  the  balance 
tipping  always  in  favor  of  the  former. 
But  the  war  was  a  lavish  devourer  of 
raw  materials.  It  was  a  spender  of 
men's  labor,  and  there  was  a  deple- 
tion of  wealth  such  as  never  before 
had  been  known.  This  depletion  made 
us  careless — gave  us  the  habit.  We 
were  accustomed,  in  handling  matters 
in  all  lines  of  business,  to  get  results 
in  the  shortest  space  of  time  regard- 
less of  costs  and  very  often  without 
proper  attention  to  preliminary  de- 
tails. 

I  have  in  mind  a  project  where  sev- 
eral million  dollars  were  expended  on 
a  large  power  company  before  it  was 
definitely  known  just  what  the  flow  of 
the  stream  had  been.  I  don't  believe 
that  today,  years  after  construction, 
there  is  any  definite  data.  The  conse- 
quence was  that  before  the  proposi- 
tion was  successful  it  was  necessary 
to  build  a  large  stream  auxiliary  to 
produce  sufficient  power  to  carry  on 
the  enterprise.  Only  during  three  or 
four  months  a  year  was  the  water 
power  up  to  the  capacity  of  the  plant. 
Here  was  a  waste  of  many  hundreds 
of  thousands  of  dollars  caused  by  lack 
of  an  engineer's  report  and  by  accept- 
ing insufficient  and  unauthenticated 
figures.  We  are  all  acquainted  with 
projects  built  during  the  last  two  or 
three  years  that  have  been  estimated 
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on  the  basis  of  a  dollar  and  have  cost      endeavor  in  every  way  to  develop  it 


on  the  basis  of  two  dollars.  The  usual 
calm  excuse  has  been  that  it  was  the 
rise  in  price  of  commodities  and  of 
labor  that  caused  the  discrepancy,  but 
the  wildest  stretch  of  the  imagination 
could  not  cause  the  mere  price  of 
commodities  to  double  the  cost  of  a 
project  within  the  limit  of  time.  There 
was  more  behind  it  than  that.  It  was 
probably  the  speed  at  which  the  proj- 
ect had  been  planned,  the  fever  under 
which  everybody  worked  to  complete 
the  proposition,  which  caused  many 
things  to  be  left  out  of  the  calculations 
that,  had  time  been  given  the  engi- 
neer, he  would  have  included.  So  that 
before  we  can  have  the  accuracy  that 
we  need  on  the  part  of  the  engineer, 
or  the  financier,  we  must  have  pa- 
tience on  the  part  of  the  promoter. 

I  am  inclined  to  think  that  one  of 
the  great  reasons  why  it  is  so  difficult 
just  at  the  moment  to  project  an  en- 
tirely new  promotion  is  because  of 
the  uncertainty  of  the  actual  figures 
of  cost.  The  individual  investor  is 
very  loath  to  hazard  his  funds  in  any 
proposition,  the  cost  of  which  is  not 
assured.  Before  we  can  have  a  com- 
plete cure  effected  of  this  condition 
the  engineer  must  know  that  he  has 
full  time  to  finish  his  work  thoroughly, 
so  that  barring  the  slight  variance  in 
actual  prices  he  can  figure  very  close- 
ly the  cost  of  a  project,  and  the  bank- 
er, on  his  part,  must  fel  that  the  engi- 
neer has  had  sufficient  time  so  that 
the  figures  submitted  to  him  are  the 
actual  figures,  and  that  before  the 
project  is  completed  there  will  not 
be  added  an  additional  100  per  cent  of 
cost,  the  avenues  for  raising  of  which 
have  been  closed  on  the  original  finan- 
cial program. 

When  the  time  comes  when  confi- 
dence has  been  re-established,  then 
again  will  the  investors'  money  be 
open  to  new  promotions. 

Not  only  is  accuracy  an  essential 
but  there  is  that  great  intangible  gift 
of  vision.  We  all  strive  to  get  as 
broad  a  view  as  possible.  To  a  few 
men  it  is  given  to  see  in  front  and 
behind,  but  the  success  of  our  personal 
achievement  and  of  the  country's 
commercial  development  depends 
upon  the  breadth  of  this  view. 

I  think  I  have  touched  on  what  I 
have  in  mind  in  this  line  as  I  have 
gone  along. 

It  is  something  that  cannot  be  de- 
scribed. We  all  know  it,  we  all  ap- 
preciate it  when  we  meet  it  and  we 


individually. 

It  doesn't  reside  in  figures,  it  is  in 
the  human  element  behind  the 
figures  and  when  based  upon  sound 
judgment,  developed  from  reasonable 
deduction  and  not  as  the  result  of 
idealistic  hopes,  it  forms  the  basis  of 
the  most  permanent  kind  of  confi- 
dence. 

I  believe  that  with  this  friendly  in- 
terest fully  developed  we  will  at  least 
make  a  beginning  toward  a  condition 
of  broader  and  wiser  endeavor  along 
those  lines  in  which  we  are  mutually 
interested. 


Relation     Between     General 
Passenger  Station  Facili- 
ties    and     Business 
Handled 


Conclusions      of      Committee      Report 
Presented  at  Last  Annual  Meeting 
of  American  Railway  Engineer- 
ing  Association 

For  through  passenger  train  opera- 
tion a  stub  terminal  station  will  ac- 
commodate on  an  average  approxi- 
mately two  trains  per  track  per  hour, 
but  a  through  terminal  station  be- 
tween two  and  three  trains  per  track 
pei  hour. 

The  through  and  loop  types  of  sta- 
tions are  superior  to  the  stub  station 
from  the  standpoint  of  train  operation. 

The  number  of  station  and  approach 
tracks  required  to  handle  a  given 
traffic  depends  on  type  of  station,  loca- 
tion of  coach  and  locomotive  facilities, 
size  of  station,  length  of  station 
tracks,  character  of  traffic,  design  of 
throat  and  method  of  operation, 
tracks  to  one  throat  track  should  be 
adequate  if  the  throat  is  properly  de- 
signed. 

All  stations  should  have  a  sufficient 
number  of  long  station  tracks  to  ac- 
commodate the  longest  trains,  and  in 
order  to  assure  flexibility,  it  would  be 
preferable  to  have  all  tracks  of  this 
length. 

Station  platforms  built  at  car-floor 
level  are  superior  to  those  built  at  the 
level  of  the  top  of  rail,  in  that  the 
hazard  and  inconvenience  resulting 
from  the  use  of  car  steps  are  elimi- 
nated and  the  handling  of  passengers 
is  expedited.  It  should  be  stated,  how- 
ever, that  the  high  platforms  interfere 
with  the  inspection  of  equipment. 

There  are  many  advantages  to  the 
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use  of  separate  platforms  for  trucking 
and  for  passengers,  as  station  opera- 
tion is  facilitated  and  passengers  are 
saved  the  annoyance  of  the  trucking 
operations.  It  is  very  probable  that 
a  station  constructed  with  separate 
platforms  and  a  corresponding  reduc- 
tion in  the  number  of  station  tracks 
will  have  equal  capacity  with  a  station 
in  which  combination  platforms  are 
provided  and  which  occupies  the  same 

TABLE  I.  —  RELATIONS  WHICH 
SHOULD  EXIST  BETWEEN  BUSI- 
NESS HANDLED  AND  THE  SIZE  OF 
THROUGH  PASSENGER  STATION 
FACILITIES. 


Stntion  Facility 

1.  Area   of   main    wi 
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waiting  room.... 

3.  Area  of  women's  waiting 
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7.  Total  area  of  lobby, 

course  and  all  waiting 

8.  Areaofmcn'stoiietrooms. 

9.  Number  of  men's  water 

closets 

10.  Number  of  urinals 

IL  Number  of  men's  lava- 
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12.  Area  of  women's  toilet 

rooms 

13.  Number  of  women's  wa- 

ter closets 

14.  Number  of  women's  lav- 

atories  

15.  Area  of  ticket  offices. . . . 

16.  Number  of  ticket  win- 

dows  

17.  Number'  of    telephone 

booths . 

18.  Area  of  telegraph  faciii-' 

ties 

19.  Total  area  of  dining  and 

lunchrooms 

20.  Total  number  of  seats  in 

dining  and  lunch  rooms 

21.  Area  of  kitchen 

22.  A  rea  of  news  stand 

23.  Number  of  barber  chairs 
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.'■).  Baggage  room  tajl-board 
frontage. . 
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Hand-Baggage  Facilities  Required  for 

the  Indicated  Number  of  Pieces  of 

Hand-Baggage  Handled  Daily 


area,  due  to  the  increased  capacity 
per  track  in  the  station  with  separate 
platforms. 

The  requirements  of  through  pas- 
senger and  suburban  service  are  so 
dissimilar  that  it  is  desirable  to  make 
a  complete  separation  of  the  two 
classes  of  service. 

Ramps  are  very  desirable  in  sta- 
tions where  their  use  does  not  in- 
crease the  distance  traveled  to  reach 
a  given  point,  and  where  the  gradients 
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are  not  in  excess  of  10  per  cent.  They 
greatly  expedite  the  handling  of 
crowds  and  facilitate  the  operation  of 
invalid  chairs,  which  is  not  possible 
with  steps. 

The  principal  station  facilities,  such 
as  information  booth,  ticket  office, 
baggage  check  counter,  parcel  check 
room,  etc.,  should  be  located  in  proper 
sequence  along  the  line  of  travel  and 
clearly  indicated  so  as  to  avoid  con- 
fusion and  reduce  the  walking  dis- 
tance of  passengers  to  a  minimum. 

A  complete  separation  of  inbound 
and  outbound  traffic,  particularly  in 
large  stations,  is  very  desirable,  so 
that  there  will  be  no  conflict  between 
lines  of  travel  moving  in  opposite  di- 
rections, provided  that  the  design  per- 
mits of  prompt  handling  of  passengers 
transferring  from  one  train '  to  an- 
other. 

The  practice  of  constructing  rent- 
able office  space  in  connection  with 
passenger  stations  under  proper  cir- 
cumstances offers  opportunities  for 
assisting  in  carrying  the  interest 
charge  resulting  from  the  construction 
of  stations. 

If  the  station  building  is  surmounted 
by  an  office  building,  the  entrance  to 
the  latter  should  be  independent  of 
the  station  so  that  office  employes  will 
not  be  required  to  pass  through  the 
station.  Consideration,  however, 
should  be  given  in  the  design  of  cer- 
tain station  facilities  to  the  possible 
patronage  of  occupants  of  the  office 
building. 

A  passenger  concourse  is  very  de- 
sirable and  is  used  effectively  in  many 
stations  as  an  exit  passageway,  which 
permits  arriving  passengers  to  reach 
the  street  without  passing  through 
the  station. 

The  required  width  of  passenger 
concourse  depends  upon  the  charac- 
ter and  amount  of  traffic  and  number 
of  entrances  and  exits  from  the  con- 
course. 

A  train  concourse  is  advantageous 
as  it  permits  serving  of  one  station 
platform  by  several  train  gates  or 
conversely  the  serving  of  several  plat- 
forms from  one  train  gate.  In  stub 
stations  it  permits  trucking  from  one 
platform  to  another  without  entering 
the  passenger  concourse. 

A  width  of  20  ft.  for  a  train  con- 
course is  adequate  if  it  is  not  used  ex- 
tensively for  trucking. 

The  waiting  rooms  should  be  lo- 
cated to  one  side  of  the  line  of  travel, 
but  near  to  the  passenger  concourse 
and  adequately  equipped  with  bulletin 
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boards,  clocks,  and  other  information 
devices,  so  that  passengers  will  be 
content  to  remain  in  the  waiting  room 
and  not  unnecessarily  occupy  the  pas- 
senger concourse. 

The  practice  of  installing  pay 
toilets  is  increasing.  They  are  favor- 
ably considered  where  installed  and 
are  the  source  of  a  substantial  rev- 
enue. 

Ticket  offices  should  be  located  ad- 
jacent to  the  direct  line  of  travel,  but 
should  be  so  arranged  that  passengers 
waiting  to  secure  tickets  will  not  inter- 
fere with  the  general  flow  of  traffic. 
The  parcel  check  rooms  should  be 
easily  accessible  for  both  inbound  and 
outbound  passengers  and  should  have 
every  facility  for  handling  parcels 
quickly.  Where  the  amount  of  busi- 
ness justifies,  separate  counters 
should  be  provided  for  receiving  and 
delivering  parcels. 

The  extent  of  cab  facilities  depends 
on  the  size  of  the  city,  character  of 
taxicab  service  and  other  means  of 
local  transportation.  In  cities  where 
good  taxicab  service  is  provided  at  a 
reasonable  rate  an  ever-increasing  per 
cent  of  passengers  is  using  that  serv- 
ice as  a  means  of  reaching  and  leav- 
ing the  station. 

Concessions  of  the  proper  charac- 
ter have  proven  very  profitable  in 
most  stations  and  are  desirable  not 
only  from  a  revenue  producing  stand- 
point, but  as  a  facility  which  adds  to 
the  comfort  of  the  passenger. 

The  relation  which  should  exist  be- 
tween business  handled  and  the  size 
of  facilities  is  subject  to  variation  due 
to  local  conditions,  class  of  traffic, 
type  of  service  rendered,  outside  com- 
petition, large  variation  in  estimates 
of  normal  rush-hour  business  handled 
and  the  varying  ideas  of  what  con- 
stitutes adequate  service. 

Table  I  represents,  under  average 
conditions,  the  relation  which  should 
exist  between  business  handled  and 
the  size  of  through  passenger  (not 
suburban)  station  facilities. 
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Annual  Meeting  of  American  Society 
for  Testing  Materials. — The  26th  an- 
nual meeting  will  be  held  at  Chalfonte- 
Haddon  hall,  Atlantic  City,  N.  J.,  dur- 
ing the  week  of  June  25,  1923.  Regis- 
tration will  start  Monday,  June  25, 
at  10  A.  M.  Because  of  the  increased 
volume  of  reports  and  papers  that 
must  be  considered  at  this  meeting, 
it  has  been  found  necessary  to  hold  13 
sessions. 


Tests  of  wire  ropes  on  sheaves  are 
described  in  the  recently  issued  Tech- 
nologic Paper  229  of  the  U.  S.  Bureau 
of  Standards. 

The  object  of  this  work  was  to  de- 
termine the  strength  of  %,  %,  %,  1, 
1%-in.  wire  rope  under  static  load. 
All  the  rope  was  of  6-strand,  19-wire 
construction,  made  from  plough  steel. 
It  was  found  that  the  strength  was 
less  than  that  of  straight  rope  having 
socketed  ends.  Considering  the 
strength  of  the  straight  rope  as  unity, 
the  strength  of  %-in.  rope  on  10-in. 
sheaves  was  87.4  per  cent  and  on  18- 
in.  sheaves  95.3  per  cent,  while  l1/*- 
in.  rope  had  a  strength  of  75.8  per 
cent  on  10-in.  sheaves,  and  84.7  per 
cent  on  18-in.  sheaves.  The  other 
sizes  had  corresponding  values. 

Tensile  tests  of  wires  from  the 
ropes  showed  that  the  wires  had  the 
high  strength  of  230,000  lb.  per  square 
inch,  and  an  elongation  of  2  per  cent 
with  a  reduction  of  area  of  about  46 
per  cent.  The  strength  was  practical- 
ly the  same  for  all  series  of  the 
wires. 

The  strength  of  the  straight  ropes 
followed  closely  the  equation  S^=;83,- 
000  d2  in  which  S  is  the  strength  in 
pounds  and  d  is  the  diameter  of  the 
ropes  in  inches. 

One  worn  rope  which  was  tested 
showed  a  surprisingly  high  strength 
when  its  condition  is  considered. 

A  point  of  inflection  in  the  load 
diagrams  was  found  at  from  56  to  65 
per  cent  of  the  ultimate  load  above 
which  the  elongations  increased  rap- 
idly. 

A  wire  rope  under  tensile  load  un- 
dergoes considerable  elongation  and 
reduction  of  diameter.  The  total 
elongation  near  the  ultimate  was 
about  2.5  per  cent  after  repeated 
loads. 

The  modulus  of  elasticity  of  steel 
wire  rope  may  be  assumed  to  be 
about  8,500,000  lb.  per  square  inch  for 
new  rope  loaded  a  number  of  times 
to  one-fifth  its  ultimate  strength. 

Some  conclusions  are  drawn  upon 
the  effect  of  heavy  loads  in  squeezing 
lubricant  out  of  the  core  of  the  rope 
and  the  wear  which  follows. 

Technologic  Paper  No.  229  can  be 
obtained  from  the  Superintendent  of 
Documents,  Government  Printing 
office,  Washington,  D.  C,  at  10  ct.  a 
copy. 
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Operating  Requirements  of  a  Locomotive  Terminal 


Principles  Involved  in  Design  and  Operation  of  Terminal  Outlined 
in  Paper  Presented  March  13  Before  Western 
Society  of  Engineers 

By  R.  N.  BEGIEN, 
General  Manager,  Baltimore  &  Ohio  R.  R.,  Western  Lines. 


It  is  a  far  cry  from  the-  rudimentary 
engine  terminal  consisting  of  a  stub- 
end  track  at  the  end  of  a  branch  line 
where  ash  pans  are  cleaned  and  the 
cinders  shoveled  down  the  bank,  the 
accompanying  old  box  car  or  shanty 
in  which  some  waste  and  other  sup- 
plies are  kept  and  the  wye  or  turn- 
table on  which  one  or  two  engines 
are  turned  in  24  hours,  to  the  modern 
terminal  with  its  two  enginehouses, 
its  mechanical  coaling  plant  and  ash- 
hoist  and  its  duplicates  of  all  im- 
portant facilities.  Between  them  will 
be  found  plants  of  all  sizes  and  types. 
The  real  battleground,  though  is 
found  in  the  plants  of  moderate  size, 
dispatching  from  50  to  60  locomotives 
per  day  and  with  the  promise  of  ulti- 
mate requirements  of  100  per  day. 
Since  the  principles  involved  in  the 
design  and  operation  of  terminals  of 
this  size  are  applicable,  with  proper 
adaptations,  to  practically  all  types  of 
terminals,  it  will  be  understood  that 
unless  otherwise  specifically  stated, 
this  discussion  will  deal  with  such  an 
average  locomotive  terminal. 

Location  of  Terminal. — The  plant 
should  be  located  for  maximum  con- 
venience of  ingress  and  egress  with 
respect  to  the  adjoining  transporta- 
tion yards  and  facilities.  This  im- 
plies that  minimum  distances  be  in- 
volved for  locomotives  moving  from 
and  to  their  trains  in  so  far  as  this 
is  compatible  with  the  greatest  pos- 
sible elimination  of  fouling  points  and 
the  minimum  interference  of  locomo- 
tives, switch  engines  and  other  move- 
ments. It  should  be  borne  in  mind 
that  a  locomotive  and  crew  is  worth 
about  20  ct.  a  minute  and  every  time 
a  minute  is  saved  which  otherwise 
would  have  been  lost,  reasons  why  it 
will  not  be  necessary  to  buy  more 
power  are  being  accumulated.  If  it 
were  possible  to  so  design  a  layout 
that  a  locomotive  could  move  from 
the  head-end  of  a  train  to  and  from 
the  coal  dock,  ash  pit  and  round- 
house without  interfering  at  any  point 
with  other  work  being  done  in  the 
terminal,  it  would  save  the  railroads 
so    many    engines    that    they    could 


afford  to  spend  a  great  deal  of  money 
to  accomplish  this. 

The  principal  function  of  the  loco- 
motive terminal  is  to  prepare  the 
locomotive  for  the  next  trip  by  clean- 
ing or  drawing  the  fire  and  cleaning 
the  ash  pan,  furnishing  water,  coal, 
sand,  oil  and  supplies,  making  a 
thorough  inspection  and  giving  it  such 
running  repairs  as  are  necessary, 
washing  and  filling  the  boiler,  firing 
up,  turning  and  placing  it  on  the 
ready  track  where  it  is  ready  for 
service  on  the  road  or  in  the  yard 
and  can  be  taken  in  charge  by  the 
crew. 

It  is  essential  that  each  of  these 
operations  should  proceed  in  an  or- 
derly manner  and  in  such  a  way  that 
no  one  of  them  will  limit  the  speed  of 
operation  of  the  terminal.  It  is  not 
possible  to  exaggerate  or  lay  too 
great  emphasis  upon  the  importance 
of  so  designing  a  terminal  that  one 
operation  will  not  interfere  with  an- 
other. If  one  operation  depends  on 
another  for  its  success,  unless  the  one 
is  a  success  the  other  is  a  failure. 

Design  Should  Provide  for  Opera- 
tion at  Uniform  Rate. — To  secure  the 
best  and  most  efficient  use  of  a  loco- 
motive terminal  it  should  be  designed 
in  such  a  way  that  while  the  various 
parts  function  in  connection  with 
each  other  and  the  operation  of  the 
entire  plant  may  be  conducted  at  a 
uniform  rate,  yet  each  facility  should 
be  independent  of  the  others  to  such 
an  extent  that  if  any  one  unit  should 
fail,  it  would  not  have  the  effect  of 
stopping  or  seriously  retarding  the 
operation  of  the  plant. 

In  the  locomotive  terminal,  the  de- 
mands vary  from  month  to  month, 
from  day  to  day  and  from  hour  to 
hour,  during  each  day,  and  it  is  nec- 
essary that  each  link  in  the  opera- 
tion have  a  large  factor  of  safety, 
even  for  the  estimated  peak  load.  Few 
operations  can  be  conducted  efficient- 
ly for  any  length  of  time  if  the  facili- 
ties are  strained  to  the  limit.  Just 
as  a  bridge  may  be  maintained  at  a 
low  cost  for  many  years,  if  it  is  never 
overstrained,    so    an    ashpit   may    be 
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operated  economically  if  it  is  not 
worked  to  the  point  of  congestion  or 
overload. 

Each  of  the  above  mentioned  op- 
erations usually  requires  a  separate 
facility  which  forms,  as  it  were,  a 
link  in  the  chain  of  operation  of  the 
terminal.  In  connection  with  the  de- 
sign of  these  facilities,  attention  is 
called  to  the  fact  that  each  unit 
should  be  able  to  do  at  least  double 
the  work  ordinarily  required  and  in 
important  terminals  the  plant  should, 
as  far  as  possible,  provide  for  dupli- 
cate facilities  so  as  to  avoid  interfer- 
ence to  operation  should  any  link  in 
the  chain  fail  to  function  properly. 

Time  of  Operations  as  Basis  for 
Proportioning  Plant  Facilities. — An 
ideal  condition  is  to  have  a  schedule 
for  each  operation  and  then  to  de- 
sign each  of  the  facilities  in  such  a 
way  that .  it  will  perform  its  allotted 
part  on  the  total  operation  within  the 
standard  time.  For  example,  if  it  be 
found  that  a  locomotive  could  be  al- 
lowed 5  minutes  in  which  to  take 
water,  it  would  be  necessary  to  pro- 
vide apparatus  which  would  deliver 
from  7,000  to  10,000  gal.  of  water  in 
about  three  minutes.  Then,  with  the 
number  of  locomotives  to  be  handled 
in  the  maximum  day,  the  size  of  pipe, 
capacity  of  storage,  size  of  water  col- 
umns, etc.,  can  be  computed.  If  5 
minutes  were  allotted  to  the  taking 
of  coal,  the  size  of  the  chute,  capacity 
of  bins,  capacity  of  hoisting  appara- 
tus and  other  dimensions  could  read- 
ily be  figured. 

Since  some  of  the  operations  neces- 
sarily require  more  time  than  the 
others,  they  should  be  made  the  basis 
for  proportioning  the  facilities  of  the 
plant.  On  account  of  the  time  re- 
quired for  cleaning  fires  and  ash 
pans,  the  fire-track  will  doubtless  be 
found  to  be  the  governing  facility 
outside  of  the  roundhouse.  This  be- 
ing decided  upon,  the  maximum  num- 
ber of  locomotives  to  be  handled  in  a 
24-hour  day  should  be  determined 
and  then  a  peak  for  some  short  pe- 
riod should  be  assumed;  as  for  exam- 
ple, 25  per  cent  of  this  number  in  a 
four-hour  period.  The  design  of  the 
ash  pit  should  provide  for  handling 
this  peak  load  with  an  ample  factor 
of  safety,  and  then  the  designs  of  the 
other  facilities  can  be  worked  out 
with  capacities  corresponding  to  or 
somewhat  exceeding  those  of  the  fire- 
track. 

Advantages  of  Water  Pit. — In  small 
engine  terminals  a  small  bucket  hoist 


makes  an  economical  ash  pit  opera- 
tion, but  for  a  large  operation  the 
water  pit  is  the  most  satisfactory. 
In  designing  a  water  pit  care  should 
be  taken  to  see  that  it  is  provided 
with  a  cover  so  that  men  will  not 
drown  in  it;  that  it  will  have  a  proper 
crane  for  handling  the  ashes.  The 
principal  objection  to  a  water  pit  is 
due  to  the  steam  rising  from  the 
water  in  cold  weather.  This  may  ob- 
scure the  men  working  around  it  and 
seriously  interfere  with  the  operation 
of  the  pit.  However,  on  the  whole,  it 
is  the  most  satisfactory  from  an  op- 
erating standpoint  for  the  following 
reasons: 

1.  It  is  possible  to  handle  from  4 
to  6  engines  at  once  on  the  ash  pit. 
While  this  is  not  confined  to  a  pit 
of  this  kind,  it  is  one  of  the  advan- 
tages of  such  a  pit. 

2.  The  pit  has  enough  capacity  to 
hold  the  ashes  for  a  number  of  days 
without  cleaning,  so  that  if  it  is  not 
advisable  for  reasons  of  switching  or 
cold  weather  to  clean  the  pit  on  any 
particular  day,  it  need  not  be  done. 

3.  The  ashes  are  cooled,  so  they 
may  be  loaded  into  cars  without  dam- 
aging them. 

4.  Fire  in  the  pit  is  prevented  so 
there  is  no  danger  of  damage  to  the 
pit   itself. 

5.  The  operation  may  be  conducted 
with  a  minimum  number  of  men. 

6.  The  force  may  be  varied  readily 
to  correspond  with  the  number  of  en- 
gines handled. 

7.  The  capacity  of  the  pit  may  be 
readily  added  to  by  increasing  the 
force  or  varying  the  time  between 
cleaning  out  the  pit. 

8.  The  capacity  of  the  pit  from  a 
construction  standpoint  may  be  in- 
creased by  adding  to  the  length  of 
the  pit. 

The  Turntable  Important  Feature. 
—The  turntable  is  a  most  important 
feature  of  the  modern  engine  termi- 
nal. It  is  required  not  only  to  give 
access  to  the  roundhouse  but  is  also 
necessary  to  turn  the  locomotive  and 
head  it  in  the  right  direction  for  its 
outgoing  trip.  This  is  one  part  of 
the  plant  which  should,  by  all  means, 
be  duplicated  either  by  another  table 
or  by  a  wye  conveniently  located  to 
turn  the  locomotives  either  as  they 
come  into  or  leave  the  locomotive 
terminal.  It  is  also  very  desirable 
that  one  or  more  roundhouse  tracks 
be  extended  through  doors  in  the 
outer  wall  of  the  house  to  connec- 
tions with  tracks  beyond  so  that  some 
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locomotives  will  not  be  tied  up  in 
the  roundhouse  on  account  of  a  seri- 
ous derailment  or  other  accident 
blocking  the  normal  approach  to  the 
turntable. 

In  designing  the  track  layout  of 
the  roundhouse  and  turntable  ap- 
proach provision  should  be  made  for 
as  many  tracks  as  possible  lining  up 
in  such  a  manner  that  the  turntable 
tracks  from  a  continuous  straight 
track  from  the  approach  to  the 
roundhouse  track.  Such  a  layout 
will  tend  to  reduce  the  number  of 
derailments  and  will  provide  a  means 
whereby  any  locomotives  that  are  too 
long  or  too  heavy  to  be  turned  can 
be  placed  in  a  roundhouse  stall  when 
necessary  work  has  to  be  done.  It 
should  be  understood,  of  course,  that 
the  turntable  should  be  long  enough, 
strong  enough  and  well  enough 
equipped  to  take  care  of  the  extreme 
demands  upon  it. 

In  order  to  dispatch  100  locomo- 
tives a  day,  and  providing  each  dis- 
patchment  requires  a  locomotive  in 
and  out  over  the  turntable,  200  moves 
per  day  over  the  table  would  be  re- 
quired, or  at  the  rate  of  one  every 
7.2  minutes,  but  with  a  peak  load 
period  of  four  hours,  in  which  25  per 
cent  of  the  movements  are  made,  this 
would  be  a  movement  about  every  4.8 
minutes.  While  many  turntables,  dur- 
ing certain  periods  made  movement 
at  higher  rates  of  speed,  this  is  about 
as  fast  as  a  table  should  be  used  to 
be  entirely  dependable. 

Turntables  should  be  supplied  with 
double  tractors  and  should  be 
equipped  with  hand-turning  appara- 
tus to  be  used  in  case  of  emergency. 
It  is  probably  needless  to  state  that 
the  foundations  of  all  weight-bearing 
parts  of  the  turntable  pit  and  table 
should  be  constructed  in  such  a  way 
that  a  failure  will  be  practically  im- 
possible. The  turntable  deck  should 
be  constructed  of  timber  so  that  in 
case  of  derailment  a  renewal  of  the 
damaged  parts  may  be  quickly  made. 
Engines  should  not  be  permitted  to 
go  on  or  off  the  table  unless  the  lock- 
ing devices  are  in  place.  There  is  a 
difference  of  opinion  among  operat- 
ing officers  as  to  the  value  of  derails, 
but  whether  they  are  provided  or  not, 
it  should  be  understood  that  all  loco- 
motives should  be  protected  by  safety 
chains  whenever  they  are  left  stand- 
ing at  a  point  from  which  they  can 
drift  into  the  pit,  so  that  in  case  they 
are  started  unintentionally  the  chains 
will  tend  to  stop  them. 


While  speaking  on  the  subject  of 
turntables,  it  should  be  pointed  out 
that  it  is  essential  that  adequate 
drainage  of  the  pit  should  be  provid- 
ed, including  provision  for  conve- 
nient and  quick  access  to  the  drain- 
age system  so  that  it  can  easily  be 
maintained  free  from  obstruction  and 
the  pit  kept  dry.  Water  in  a  turn- 
table pit  with  the  advent  of  severe 
cold  weather  may  bring  about  a  seri- 
ous condition. 

Providing  for  Running  Repairs. — In 
designing  the  enginehouse  provision 
should  be  made  for  ultimately  han- 
dling at  least  100  locomotives  per  day 
and  it  is  necessary  to  determine  ap- 
proximately the  class  of  running  re- 
pairs which  will  be  made  and  the  ex- 
tent of  such  repairs.  This  will  in- 
volve the  study  of  the  capacity  of  do- 
ing such  work  at  other  terminals  to 
which  the  locomotives  run,  as  well  as 
consideration  of  the  most  convenient 
location  for  the  work  which  should 
be  done  as  to  involve  a  minimum  of 
unnecessary  detention  to  the  locomo- 
tives. If  the  work  to  be  done  is  such 
that  each  locomotive  will  occupy  a 
stall  for  an  average  of  12  hours,  it 
will  be  necessary  to  make  provision 
for  50  stalls.  If,  however,  the  class 
of  work  to  be  done  is  such  that  the 
average  will  be  eight  hours  per  en- 
gine or  an  average  turnover  of  three 
locomotives  per  stall  per  day,  34  stalls 
will  suffice,  while  if  the  average  de- 
tention can  be  reduced  to  six  hours, 
only  25  stalls  will  be  required. 

The  house  itself  should  be  of  ample 
proportions;  the  stalls  being  long 
enough  so  that  the  largest  locomotive 
may  be  brought  inside  and  the  doors 
closed  and  still  have  plenty  of  room 
to  handle  material  around  both  ends 
of  the  engine.  With  proper  clearance 
at  the  doors,  sufficient  space  between 
the  tracks  inside  the  house  will  fol- 
low as  a  matter  of  course. 

The  materials  of  construction  can 
be  those  best  adapted  to  economy  in 
the  particular  location  but  the  walls 
should  be  so  constructed  that  they 
can  be  easily  replaced  should  a  loco- 
motive run  through  them.  It  is  de- 
sirable that  glass  be  generously  used 
in  such  construction,  principally  for 
the  purpose  of  giving  plenty  of  light 
but  also  because  it  is  easily  replaced. 

The  enginehouse  is  necessarily  a 
dirty  place  on  account  of  the  smoke, 
which  is  usually  from  soft  coal.  The 
windows  should  therefore  be  such  as 
to  afford  the  best  light  and  to  do  this 
it   is   necessary   that   they    be    kept 
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clean.  It  is  useless  to  place  the  win- 
dows in  locations  where  it  is  almost 
impossible  to  keep  them  clean  and 
this  feature  should  be  given  consid- 
eration in  the  design  of  an  engine- 
house. 

Enginehouse  doprs  may  be  of  either 
the  swinging  or  rolling  type  but  in 
either  case  they  should  be  of  good  de- 
sign and  construction  so  that  they 
can  be  kept  in  such  condition  that 
they  may  be  closed  and  opened  with- 
out undue  effort.  It  is  important  that 
the  doors  of  roundhouses  be  kept 
closed  in  the  winter  time  in  order  to 
retain  the  warmth  which  is  essential 
to  the  proper  operation  of  the  house. 

Smoke  Jacks,  Blow-Off  Lines  and 
Heating  Facilities. — An  important 
feature  of  the  roadhouse  con- 
struction is  the  smoke  jacks. 
These  should  be  of  a  design 
that  will  allow  the  engines  to  be 
moved  backward  and  forward  a  few 
feet  under  them  so  that  the  work 
may  be  done  on  the  locomotive  with- 
out getting  the  stacks  out  from  un- 
derneath the  smoke  jacks.  Proper 
smoke  jacks  improve  the  condi- 
tions in  the  house  and  when 
the  working  conditions  are  good,  the 
men  do  more  and  better  work. 

Working  conditions  in  engine- 
houses,  especially  in  the  winter  time, 
are  often  bad  on  account  of  them  be- 
ing filled  with  steam  from  engines 
being  blown  off,  which  obscures  the 
vision  of  the  workmen  and  makes  the 
atmosphere  objectionable  from  a  san- 
itary standpoint.  It  is  essential  that 
the  plant  be  equipped  with  a  modern 
system  for  providing  hot  water  for 
the  washing  and  refilling  of  boilers 
and  in  connection  therewith,  suitable 
pipes  should  be  provided  for  convey- 
ing the  steam  from  the  locomotives 
as  they  are  blown  off,  to  the  hot  well, 
thus  preventing  its  escaping  inside 
the  house.  It  is  a  serious  matter  to 
stop  the  work  of  scores  of  men  in 
the  roundhouse  because  of  lack  of 
proper  blow-off  lines. 

To  further  improve  the  atmos- 
pheric conditions  in  the  roundhouse, 
it  is  suggested  that  consideration  be 
given  to  supplementing  smoke  jacks 
and  blow-off  system  by  exhaust  fan 
of  such  capacity  that  the  air  will  be 
changed  at  frequent  intervals.  This, 
of  course,  would  require  provision  for 
heating  the  house  during  the  winter. 
The  induced  or  forced  draft  from  the 
blowers  or  exhaust  is,  in  my  opinion, 
an  economical  way  to  heat  the  round- 
house.   If  the  ducts  are  placed  under- 


ground, great  care  should  be  taken 
to  make  them  waterproof  as  it  is  not 
infrequent  to  find  air  ducts  filled  with 
ice-cold  water  in  the  winter  time, 
which,  of  course,  chills  the  air  that 
has  been  previously  heated.  Such  a 
plant  may  be  successfully  operated  if 
the  men  who  handle  it  fully  under- 
stand its  requirements. 

The  steam-blower  system  of  produc- 
ing draft  in  locomotives  while  firing 
up  in  the  enginehouse  is  noisy  and 
wasteful  of  steam.  On  account  of 
the  number  of  engines  being  fired  up 
from  time  to  time  during  the  day,  it 
places  an  unequal  burden  on  the 
power  plant  and  it  may  be  necessary 
to  carefully  limit  the  number  of  loco- 
motives on  the  blower  line  at  one 
time.  A  system  of  induced  draft  is 
more  economical,  less  noisy  and  when 
coupled  with  a  suitable  oil  burner  for 
lighting  fires,  is  efficient  and  rapid. 

An  efficiently  operated  enginehouse 
is  kept  clean  at  all  times.  It  costs  no 
more  to  keep  it  clean  constantly  than 
to  have  it  dirty  most  of  the  time  and 
give  it  a  periodical  cleaning.  In  the 
design  of  the  enginehouse,  care 
should  be  taken  to  eliminate  sharp 
corners,  dark  niches  and  other  simi- 
lar places  where  dirt  will  collect  and 
are  very  difficult  to  be  kept  clean. 
Men  work  better  in  a  clean  round- 
house and  if,  in  addition,  it  is  dry 
and  warm,  the  obtaining  of  good  re- 
sults is  strictly  a  question  of  man- 
agement. 

Mechanical  Equipment. — A  machine 
shop  should,  of  course,  be  provided 
to  take  care  of  the  necessary  work  in 
connection  with  running  repairs.  Its 
size  and  equipment  will  depend  upon 
the  amount  of  repair  work  which  will 
be  made,  but  it  should  be  such  that 
delays  to  locomotives  undergoing  re- 
pairs, will  be  a  minimum. 

At  least  25  per  cent  of  the  pits  in 
the  enginehouse  should  be  equipped 
for  dropping  wheels.  In  addition,  it 
is  very  desirable  that  a  locomotive 
hoist  be  provided.  With  such  a  hoist 
wheeling  and  unwheeling  of  locomo- 
tives can  be  done  more  quickly  and 
efficiently  than  with  a  drop  pit.  Am- 
ple equipment  of  fixed  and  movable 
cranes  should  be  provided  for  the 
handling  of  heavy  material.  An  over- 
head traveling  crane  will  be  found 
convenient  and  economical  if  there  is 
considerable  heavy  work  to  be  done. 

The  power  house  should  be  of  am- 
ple capacity  to  take  care  of  the  maxi- 
mum load  during  winter  and  should, 
of    course,    be    provided    with    spare 
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units  so  that  there  will  be  no  slowing 
up  of  any  of  the  work  of  the  terminal 
due  to  low  steam  pressure  or  other 
powerhouse  inefficiencies. 

The  supply  house  should  be  so  lo- 
cated that  small  supplies  may  be 
taken  from  the  incoming  locomotives, 
checked  into  the  house  and  checked 
out  again  to  the  outgoing  engines. 
This  location  depends  on  the  general 
design  of  the  terminal  and  it  should 
be  so  convenient  as  to  cause  no  de- 
lay to  the  arriving  and  departing  lo- 
comotives. 
i 

Facilities  for  the  Employes. — The 
officer  in  charge  of  the  plant  should 
have  an  office  adjacent  to  the  engine- 
house  and  his  immediate  staff  should 
have  individual  offices  or  desks  con- 
veniently situated.  The  engine  crew 
dispatcher  should  be  provided  with  a 
suitable  office  and  the  engine,  crew 
should  report  for  duty  in  a  space  par- 
titioned off  for  the  purpose.  A  proper 
arrangement  of  this  kind  will  enable 
the  crew  dispatcher  to  handle  his 
business  in  an  orderly  manner  and 
when  a  number  of  crews  report  for 
duty  during  a  short  period,  it  will 
prevent  needless  confusion.  A  con- 
venient room  should  be  provided  for 
enginemen  registering  upon  arrival 
and  departure  and  making  out  their 
work  reports. 

Suitable  locker  rooms  for  changing 
their  clothes  and  wash  room  afford- 
ing ample  supply  of  both  hot  and  cold 
water  should  be  provided  so  that  the 
employes  can  change  their  clothing 
and  remove  the  grime  of  the  day's 
work  and  make  themselves  comforta- 
ble. Such  facilities  tend  to  increase 
the  efficiency  of  the  force,  and  in  con- 
nection therewith  an  ample  supply  of 
sanitary  toilets  conveniently  located, 
are  necessary.  Another  important 
sanitary  feature  is  an  ample  supply 
of  suitable  drinking  water  with  sani- 
tary fountains  located  at  frequent  in- 
tervals in  the  enginehouse  and  around 
the  plant.  A  suitable  lunchroom 
where  men  may  eat  in  comfort  is  ad- 
vantageous. 

All  of  the  offices  at  the  roundhouse 
should  be  provided  with  telephonic 
communication,  not  only  with  princi- 
pal facilities  of  the  locomotive  termi- 
nal, but  also  with  the  yard  offices  and 
other  offices  of  a  divisional  character 
located  in  the  terminal  as  a  whole. 
This  should  usually  be  handled 
through  a  private  branch  exchange 
and  it  is  well  to  supplement  such 
service  by  interdepartmental  tele- 
phone lines. 


The  best  possible  work  is  expected 
of  the  force  in  engine  terminals  and 
it  is  therefore  necessary,  in  order  that 
they  may  perform  their  work  prop- 
erly, that  they  be  given  an  ample  sup- 
ply of  artificial  light.  A  first  class 
lighting  system  around  the  coal  dock, 
ash  pit  and  truntable  is  essential,  for 
without  it  the  efficiency  of  the  work 
would  suffer  and  accidents  will  oc- 
cur, causing  expense  and  delay.  This 
lighting  system  should,  of  course,  be 
extended  to  the  enginehouse  and 
other  buildings  of  the  plant. 

Operating  Costs  Must  Be  Given 
First  Consideration. — It  is  not  un- 
usual to  be  asked  to  build  a  plant  to 
accomplish  certain  results  and  then 
to  be  allowed  only  certain  funds  for 
the  construction.  While  every  advan- 
tage should  be  taken  of  economies  in 
designing  and  construction,  the  op- 
erating costs  must  be  given  first  con- 
sideration and  above  all  must  be 
placed  convenience  of  operation.  A 
well  designed  plant,  as  a  rule,  costs 
no  more  to  build  than  a  poor  one. 

In  conclusion,  there  are  many  im- 
properly designed  terminals  in  use 
today.  This  is  doubtless  due  to  the 
fact  that  sufficient  care  was  not  taken 
in  their  design  in  the  first  place  and 
that  the  ideas  of  those  who  were  to 
operate  the  plant  and  of  those  who 
had  had  experience  in  operating  such 
plants  were  not  given  enough  consid- 
eration in  making  the  designs  of 
them. 

Many  a  roundhouse  foreman  who 
cannot  read  plans  very  well  knows 
what  a  good  engine  terminal  is  and  of 
what  a  good  design  of  such  a  terminal 
consists.  It  is  not  unlikely  that  such 
a  man,  when  presented  with  a  finely 
drawn  plan  on  a  tracing  or  blue  print 
would  say  it  was  a  good  plan  when 
he  really  did  not  understand  fully 
what  it  meant.  Operating  officers 
sometimes  do  the  same  thing  both 
because  they  do  not  desire  to  appear 
unaccustomed  to  reading  plans  and 
because  they  have  every  confidence  in 
the  good  judgment  of  the  engineering 
officers  whose  designs  are  embodied 
in  the  plans. 

Locomotive  terminal  engineering 
requires  the  services  of  a  man  who 
understands  thoroughly  what  will  be 
done  with  such  a  plant  after  it  is  com- 
pleted, and  who  is  able  and  willing 
to  carefully  observe  and  digest  the 
ideas  of  those  who  are  skilled  in  the 
operation  of  such  a  plant,  to  the  end 
that  a  machine  will  be  produced  which 
will  do  the  work  in  a  most  economi- 
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cal  and  efficient  manner.  It  should 
be  his  duty  to  see  that  those  who  are 
going  to  operate  the  plant  thoroughly 
understand  the  layout,  and  he  should 
be  absolutely  certain  that  they  do  un- 
derstand the  proposed  plant  and  its 
operation  before  their  approval  is  ac- 
cepted. 

Marine  Railway  for  Docking 
Sand  and  Gravel  Dredges 

Sand  and  gravel  operators  using 
dredges  find  that  one  of  their  most 
difficult  problems  is  that  of  making 
repairs  to  their  barges  and  dredges. 
Few  of  them  care  to  go  to  the  expense 
of  providing  docking  facilities,  and 
usually  when  repairs  become  neces- 
sary, they  are  made  under  water. 


diameters;  one  axle  having  24-in. 
wheels  and  the  other  12-in.  wheels. 
The  truck  frame  is  18  ft.  long  and  8 
ft.  wide,  and  the  slant  of  the  rails  is 
such  that  the  truck  frame  is  level  at 
all  times.  The  rails  are  set  on  con- 
crete foundations  and  are  60  ft.  long. 

The  boats  are  hauled  up  the  in- 
cline by  means  of  two  "American"  No. 
12  hand-power  crabs  mounted  on 
heavy  concrete  foundations.  There  is 
a  crab  at  the  head  of  each  piece  of 
track  with  its  cable  clipped  to  the 
truck  with  genuine  "Crosby"  clips. 
Two  men  at  each  crab  are  able  to  pull 
the  heaviest  dredge  out  of  the  water 
in  about  half  an  hour.  The  dredges 
handle  weight  from  45  to  60  tons. 

The  dredges  are  all  hauled  out  of 
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Marine    Railway   with    Dredge    Pulled    Up  on  the  Bank. 


However,  Larimer  &  Schaefer,  well 
known  aggregate  producers  of  Cedar 
Rapids,  la.,  have  demonstrated  that 
very  satisfactory  facilities  for  dock- 
ing dredges  can  be  provided  at  rea- 
sonable expense,  and  worth-while 
savings  effected  on  the  cost  of  mak- 
ing repairs  to  their  barges. 

Their  installation,  which  is  de- 
scribed in  the  American  Bulletin, 
consists  of  two  rail  inclines  extending 
down  the  bank  and  far  enough  into 
the  river  to  permit  special  trucks  to 
be  run  down  and  placed  under  the 
barge  which  is  to  be  hauled  up. 

The  trucks  are  of  6-ft.  gauge,  and 
in  order  to  keep  the  barges  on  an 
even  keel  while  being  hauled  up  the 
incline    the    wheels    are    of   different 


the  water  on  the  one  set  of  rails,  and 
then  run  off  up  and  down  the  bank. 

When  a  dredge  is  to  be  dry-docked 
the  trucks  are  let  down  into  the 
water,  the  dredge  is  floated  over  them 
and  then  hauled  up  by  the  crabs,  as 
described.  The  dredges  are  also  re- 
turned to  the  water  by  the  marine 
railway. 


Heavy  Cars  for  German  Railways. — 
U.  S.  Consul  E.  Verne  Richardson, 
Berlin,  reports  that  50-ton  cars  are  be- 
ing considered  for  use,  where  possible, 
on  the  German  State  Railways.  Ex- 
periments are  being  made  with  coupl- 
ing devices  and  bearings.  The  screw 
couplers  now  in  use  on  the  10-15-ton 
cars  are  said  to  be  unsatisfactory. 
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Thermal    Stresses    in    Steel 
Car  Wheels 

In  1920  a  conference  of  several  rep- 
resentative manufacturers  and  pur- 
chasers of  steel  car  wheels  was  held 
at  the  U.  S.  Bureau  of  Standards  to 
discuss  plans  for  conducting  an  in- 
vestigation of  the  thermal  stresses 
developed  in  the  plate  of  such 
wheels  through  heating  of  the  rim 
during  long  brake  applications.  As 
experienced  railway  men  stated  that 
sometimes  the  tread  becomes  heated 
to  a  dull  red,  it  was  agreed  that  such 
an  investigation  would  be  of  general 
interest  and  value  to  the  steel  wheel 
industry. 

Bight  worn  33-in.  wheels  were  fur- 
nished by  the  Pennsylvania  R.  R.  and 
nine  new  33-in.  wheels  were  furnished 
by  several  different  manufacturers. 
One  or  more  tests  were  also  made  on 
two  special  designs  of  wheels,  the 
first  with  a  thin  plate,  and  the  sec- 
ond with  a  straight  plate.  The  wheels 
tested  were  representative  of  the  five 
methods  of  manufacture  in  common 
use  and  were  mounted  in  such  a  way 
that  the  axle  was  kept  cool  by  run- 
ning water  while  the  tread  could  be 
heated  by  means  of  an  electrical  re- 
sistor close  to  but  electrically  insulat- 
ed from  the  tread.  Thermocouples 
were  inserted  at  approximately  2-in. 
intervals  to  determine  the  tempera- 
ture distribution,  while  the  radial 
stresses  developed  in  the  plate  on 
both  the  face  and  back  were  indicat- 
ed by  means  of  strain  gage  measure- 
ments. The  tensile  properties  and  co- 
efficient of  expansion  of  the  material 
from  which  the  wheel  was  made  were 
determined  in  auxiliary  tests.  The 
stresses  were  only  calculated  radially 
on  the  face  and  back  of  the  plate 
since  preliminary  measurements  in- 
dicated that  the  tangential  stresses 
were  of  a  compressive  nature  and  of 
small  magnitude. 

Ordinarily  the  tread  of  the  wheel 
was  heated  to  a  temperature  of  about 
380°  C,  but  in  the  case  of  two  new 
rolled  wheels  and  one  cast  wheel, 
the  treads  were  heated  to  the  high- 
est temperature  attainable  with  the 
equipment,  about  500°  C.  Consider- 
ably more  time  was  required  to  reach 
this  temperature  than  to  reach  the 
temperature  of  380°  C,  but  the 
stresses  were  no  greater.  The  great- 
er strain  appeared  to  be  offset  by  the 


greater  expansion  resulting  from  the 
higher  temperature,  thus  giving  a  flat 
stress  time  curve  between  880  to 
500°  C. 

The  most  interesting  features  re- 
vealed in  these  tests  may  be  sum- 
marized as  follows: 

(1)  None  of  the  wheels  failed. 

(2)  When  the  rim  is  heated,  the 
hub  moves  with  respect  to  the  rim 
inducing  stresses  in  the  plate.  For 
the  first  test  on  new  wheels  these  are 
in  tension  near  the  hub  and  in  com- 
pression near  the  rim  on  the  face, 
while  on  the  back  of  the  plate,  the 
stresses  for  the  same  locations  near 
the  hub  and  rim  are  about  equal  in 
magnitude  but  of  opposite  sign. 

(3)  For  worn  wheels,  the  stresses 
are  of  the  same  character  except  near 
the  rim  on  the  face  where  very  little 
stress  is  found.  This  difference  is 
due  to  shifting  of  the  neutral  axis  on 
the  face  brought  about  by  conditions 
of  service. 

(4)  The  maximum  stresses  are  on 
the  surface  and  slightly  above  the 
yield  point  of  the  material  which 
averages  about  50,000  lb.  per  square 
inch   as   determined   in   tensile   tests. 

(5)  A  permanent  set  resulted  only  in 
the  case  of  new  wheels  on  the  first 
test.  For  worn  wheels  and  in  suc- 
ceeding tests  on  new  wheels,  no  set 
was  apparent,  showing  that  stresses 
above  the  yield  point  were  not  in- 
creased by  repeated  heating  and  that 
through  the  effects  of  service  the  old 
wheels  had  been  brought  to  a  condi- 
tion approximating  that  of  the  new 
wheels  after  the  first  heating. 

(6)  For  all  forged  wheels,  the  char- 
acter and  magnitude  of  the  stresses 
are  but  little  affected  by  the  method 
of  manufacture.  Because  of  the  cor- 
rugated plate,  the  stresses  developed 
in  the  cast  wheels  were  more  com- 
plicated than  those  in  the  forged 
wheels. 

(7)  The  special  rolled  wheels  with 
the  thinner  plate  %  in.  thick  devel- 
oped stresses  similar  to  those  in  the 
wheels  of  regular  design  but  of  some- 
what greater  magnitude,  while  the 
stresses  produced  in  the  special 
straight  plate  wheel  were  in  pure  ten- 
sion on  both  the  face  and  back  of  the 
wheels. 

This  work  is  described  in  detail  in 
Technologic  Paper  No.  235  of  the  U. 
S.  Bureau  of  Standards  which  will  be 
available  at  an  early  date  from  the 
Superintendent  of  Documents,  Gov- 
ernment Printing  Office,  Washington, 
D.  C,  at  15  ct.  a  copy. 
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The    Preparation    of    Engi- 
neering Reports 

Useful  Suggestions  Given  in  The 
Cornell  Civil  Engineer 

By  NATHAN  C.  GROVER, 

Chief    Hydraulic    Engineer,    U.     S.    Geo- 
logical  Survey. 

Next  to  ability  in  handling  men,  the 
success  of  an  engineer  probably  de- 
pends more  on  his  skill  in  writing 
clear,  concise,  and  comprehensive  re- 
ports than  on  any  other  factor.  After 
many  years  in  a  position  which  neces- 
sitates the  review  of  numerous  re- 
ports by  engineers  engaged  in  both 
governmental  and  private  organiza- 
tions, the  writer  is  forced  to  conclude 
that  engineering  schools  are  giving 
too  little  consideration  to  this  impor- 
tant factor  in  an  engineer's  training 
and  are  thereby  overlooking  one  of 
their  important  duties  to  the  engineer- 
ing world. 

Report  writing  differs  as  much  from 
popular  writing  as  does  mechanical 
drawing  from  works  in  water  colors 
or  oils.  While  only  a  few  gifted  per- 
sons may  become  noted  authors  or 
artists,  it  is  exceptional  that  an  engi- 
neer can  not  readily  train  himself  to 
make  creditable  mechanical  drawings, 
and  similarly  to  prepare  meritorious 
reports. 

In  wrting  a  report  the  engineer 
should  give  proper  attention  to  a  study 
of  (1)  the  purpose  of  a  report,  (2) 
the  information  to  be  included,  (3) 
the  method  of  presenting  the  informa- 
tion, and  (4)  the  form  of  the  report. 

The  duties  of  an  engineer  extend 
beyond  his  study  of  the  physical  fea- 
tures relating  to  an  enterprise  and 
include  questions  of  administrations, 
operation,  economics,  and  finance, 
and  even  questions  pertaining  to  the 
relation  of  the  enterprise  to  the  com- 
munity. An  engineering  report,  there- 
fore, may  and  often  must  discuss  all 
these  related  factors  on  which  suc- 
cess may  depend. 

Broadly,  the  requirements  of  a  suc- 
cessful reporting  engineer  are: 

1.  To  see  and  evaluate  possibilities. 

2.  To  formulate  features  of  design. 

3.  To  estimate  with  reasonable  ac- 
curacy the  cost  of  construction. 

4.  To  analyze  and  to  appraise  prop- 
erly the  market,  industrial  and  social 
conditions. 

5.  To  prepare  a  clear  and   concise 


statement  covering  the  essential  fea- 
tures of  a  project. 

6.  To  draw  sound  and  definite  con- 
clusions. 

Purpose  of  a  Report. — Engineering 
reports  may  be  divided  into  two 
classes — administrative  and  technical. 

The  object  of  an  administrative  re- 
port is  to  present  information  in  re- 
gard to  progress  or  status  of  investi- 
gations, development,  or  operation,  in 
order  that  interested  persons  may  be 
informed  of  its  progress  and  that  a 
permanent  record  may  be  made  of  the 
condition  of  the  work  at  stated  inter- 
vals of  time. 

A  technical  report  may  pertain  to 
investigations  of  a  project,  to  its  de- 
velopment, to  the  operations  of  a  go- 
ing concern  or  to  a  completed  struc- 
ture. Its  object  may  be  to  present 
the  important  facts  and  conclusions 
pertaining  to  the  physical  or  financial 
practicability  of  a  project  or  to  the 
economics  of  a  going  concern,  for  the 
consideration  of  persons  interested  in 
the  construction,  operation,  financing, 
or  control  of  the  enterprise;  or  the 
report  may  be  made  primarily  to  re- 
cord permanently  the  information  ob- 
tained. 

Information  to  Be  Included  in  a  Re- 
port.—  An  administrative  report 
should  contain  statements  in  regard 
to  personnel,  finances,  progress  of 
work,  and  like  features,  or  to  the  fac- 
tors and  conditions  affecting  these  fea- 
tures. If  lengthy  discussions  of  de- 
tails are  necessary,  they  should  be 
presented  in  separate  reports  or  ap- 
pendixes. 

Technical  reports  should  contain 
statements  of  the  technical  and  re- 
lated features  of  the  project  or  devel- 
opment and  the  conclusions  derived 
from  the  statements.  Every  report 
should  include: 

1.  An  introduction  stating  the  ob- 
ject of  the  report  and  giving  a  gen- 
eral description  of  the  project  or  de- 
velopment and  the  sources  of  infor- 
mation. 

2.  A  presentation,  in  the  body  of  the 
report,  of  all  important  facts  neces- 
sary to  show  the  physical  charac- 
teristics, feasibility,  and  estimate  cost 
of  the  project,  and  its  value  when 
completed,  as  well  as  the  elements  of 
stability  or  of  the  risk  involved,  the 
nature  of  the  presentation  depending 
on  the  character  of  the  enterprise. 
Complete  statements  relative  to  all 
factors  affecting  the  project  or  devel- 
opment should  be  given,  together  with 
sufficient  information  to  indicate  the 
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reliability  of  the  data  on  which  the 
conclusions  rest. 

3.  The  conclusions  should  show  con- 
cisely the  results  of  the  analysis  of 
the  data  presented  in  the  body  of  the 
report  and  the  recommendations  based 
on  those  conclusions.  The  report 
should  be  dated  and  signed  on  its 
final  page,  or  a  dated  letter  of  trans- 
mittal, bearing  the  signature  of  the 
author,  may  be  prepared. 

Each  report  should  include  a  title 
page,  a  table  of  contents,  a  list  of  il- 
lustrations, a  list  of  tables,  if  neces- 
sary, and,  if  the  report  is  long,  an  in- 
dex. Long  reports  should  be  pref- 
aced with  an  abstract  of  not  more 
than  two  pages  presenting  the  salient 
facts  and  conclusions.  Related  data 
or  discussions  not  essential  to  a  clear 
understanding  of  conditions  but  neces- 
sary as  a  basis  for  statements  made 
in  the  report  or  for  a  detailed  and 
critical  analysis  should  be  presented, 
if  at  all,  in  appendixes  instead  of  in 
the  body  of  the  report. 

As  a  basis  for  writing  a  report,  an 
outline  should  be  prepared  and,  to 
guard  against  omissions  in  estimates, 
a  drawing  of  this  or  a  similar  enter- 
prise showing  every  possible  varia- 
tion should  be  followed. 

Methods  Of  Presenting  Information. 
— Information  can  be  presented  in 
three  forms — text,  tables,  and  illus- 
trations. 

All  data  to  be  used  in  the  report 
should  be  carefully  studied  in  order 
to  determine  which  of  these  three 
forms  affords  the  clearest  and  best 
method  of  presentation.  Choice 
should  be  made  primarily  from  con- 
siderations of  conciseness  and  clear- 
ness, but  the  abiilty  of  the  probable 
readers  of  the  report  to  understand 
one  or  the  other  of  these  forms  must 
also  be  considered. 

Text. — The  matter  of  the  text 
should  be  presented  in  logical  order 
and  in  simple  and  concise  language. 
It  should  be  divided  into  topics  desig- 
nated by  center  and  if  necessary  by 
side  headings  under  which  the  mat- 
ter should  be  appropriately  divided 
into  paragraphs.  References  to  in- 
formation outside  the  report  or  to 
authorities  cited  should  be  made  by 
footnotes.  Citations  of  data  within 
the  report  should  be  made  by  cross 
references,  giving  page  numbers.  Di- 
rect quotations  should  be  exact  as 
to  wording,  but  errors  in  punctuation 
and  other  obvious  printer's  errors 
should  be  corrected.  Proper  credit 
for  quotations,   either   direct   or  indi- 
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rect,  should  be  given  in  the  text  or 
in  footnotes. 

Tables. — Tables  offer  a  convenient 
and  effective  method  of  presenting 
statistical  data  and  may  also  be  used 
to  present  facts  that  are  common  to 
several  units  or  groups,  in  order  to 
disclose  common  or  special  character- 
istics or  to  make  desirable  compari- 
sons. For  example,  the  industrial  or 
other  features  of  the  cities  of  a  state 
may  be  presented  more  effectively  bj 
grouping  them  in  tables  under  appro- 
priate headings  than  by  describing 
them  in  text. 

All  headings  for  tables  should  be 
clear  and  concise.  There  may  be  a 
choice  not  only  as  to  the  wording  of 
headings  of  columns  but  as  to  their 
grouping  as  side  heads  or  top  heads. 
A  proper  choice  of  these  headings 
may  make  it  possible  to  combine  two 
tables  in  one,  or  to  present  a  table 
in  more  condensed  and  convenient 
form.  A  transposition  of  side  and  top 
heads  may  improve  a  table  both  in 
appearance  and  in  clearness. 

Each  table  should  have  an  appro- 
priate title  and  in  some  reports  the 
numbering  of  tables  may  increase  the 
ease  and  definiteness  with  which  ref- 
erences may  be  made  to  them. 

Illustrations. — Illustrations  may  be 
used  to  amplify  the  text  or  tables  or 
as  an  independent  means  of  present- 
ing information.  In  general,  they  may 
be  grouped  in  two  classes — phono- 
graphs and  drawings.  Photographs 
may  show  either  general  features  or 
details  of  specific  features.  Drawings 
may  be  used  to  present  data  graphic- 
ally or  plans  to  features  of  the  work, 
or,  as  maps,  to  show  the  locality  and 
the  positions  of  important  features. 
A  number  and  appropriate  title  should 
appear  immediately  below  each  illus- 
tration. The  title  of  a  photograph 
should  always  include  the  date  on 
which  it  was  taken. 

Form  of  a  Report. — All  material  in 
the  report  should  be  bound  in  regular 
book  form.  The  first  impression  made 
by  a  report — a  result  of  its  general 
appearance — may  determine  its  effect 
on  the  reader,  and  the  ease  with 
which  it  can  be  handled,  read,  and 
studied — a  result  of  its  general  ar- 
rangement and  make-up — may  deter- 
mine to  a  large  extent  its  value  and 
usefulness. 

The  manuscript  should  be  typewrit- 
ten on  letter  paper,  with  liberal  mar- 
gins and  preferably  with  no  visible 
corrections  either  by  typewriter  or 
pen.    Except  for  quotations  and  tables. 
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which  may  be  single  spaced,  the  lines 
should  be  double  spaced.  Pages 
should  be  numbered  in  the  upper  right 
hand  corner.  Tables  and  illustrations 
should  be  inserted  in  the  text  at  or 
immediately  after  the  place  of  first 
reference  to  them. 

Not  only  the  title  page  but  the  first 
page  of  text  should  bear  the  title  of 
the  report  and  the  name  of  its  author. 
A  blank  page  should  precede  the  title 
page  and  follow  the  last  page  of  the 
report. 

So  far  as  possible,  tables  and  il- 
lustrations should  be  reduced  to  the 
size  of  a  page.  If  this  is  impossible, 
the  sheet  should  not  exceed  twice  the 
height  of  the  page,  as  only  one  hori- 
zontal fold  can  be  conveniently  han- 
dled in  a  bound  report.  The  length, 
however,  is  not  thus  limited  as  the 
bellows  system  of  folding  permits  the 
ready  use  of  several  vertical  folds. 

So  far  as  possible  all  drawings 
should  be  bound  in  the  report  but 
large  sheets  that  must  be  folded  hori- 
zontally more  than  once  may  be  more 
conveniently  used  if  placed  in  a 
pocket  portfolio  accompanying  the  re- 
port. A  careful  study  of  scales  and 
a  proper  arrangement  of  matter  may 
enable  the  writer  to  present  informa- 
tion on  sheets  that  may  be  bound  in 
the  report.  Under  no  consideration 
should  rolls  of  drawings  accompany 
a  report,  as  they  are  inconvenient  both 
for  handling  and  filing. 


Note. — The  following  publications  will 
be  found  of  special  assistance  in  connec- 
tion with  report  writing: 

Style  Manual  of  the  Government  Print- 
ing Office. 

Suggestions  to  Authors  of  papers  sub- 
mitted for  publication  by  the  U.  S.  Geo- 
logical Survey  with  directions  to  type- 
writer operators. 

The  Preparation  of  Illustrations  for  re- 
ports of  the  United  States  Geological 
Survey. 


Technologists  Wanted  for  U.  S.  Bu- 
reau of  Standards.— The  U.  S.  Civil 
Service  Commission  has  announced 
the  following  open  competitive  exami- 
nation: Technologist,  $2,800  to  $4,000 
a  year;  associate  technologist,  $2,000 
to  $2,800  a  year;  assistant  technolo- 
gist, $1,500  to  $2,000  a  year.  Applica- 
tions will  be  rated  as  received  until 
further  notice.  The  examination  is  to 
fill  vacancies  in  the  Bureau  of  Stand- 
ards, Department  of  Commerce,  for 
duty  in  Washington,  D.  C,  or  else- 
where, and  vacancies  in  positions  re- 
quiring     similar      qualifications. 


Filing    Engineering    Litera- 
ture 

A  useful  system  of  filing  engineer- 
ing articles,  developed  by  A.  F.  Ga- 
nier,  Assistant  Engineer  Designer, 
Nashville,  Chattanooga  &  St.  Louis 
Ry.,  and  used  in  his  office,  is  de- 
scribed in  Railway  Engineering  and 
Maintenance.  We  quote  from  Mr. 
Ganier's  article  as  follows: 

Secure  from  a  dealer  a  standard 
vertical   letter   file,   such   as   is   used 
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90— Miscellaneous 

91 — New  railways. 

95— Organization. 

92 — Foreign    rail- 

96— Historical. 

roads. 

97 — Instruments  and 

93 — Drafting    room 

surveys. 

practice. 

98— Personnel. 

94— Filing  systems,  fi  99— Miscellaneous. 

Key  to  Clip   File. 

for  filing  correspondence.  They  may 
be  obtained' in  wood  or  metal  and  in 
units  of  one  or  more  skeleton  drawers 
which  slide  back  into  a  cabinet  case 
to  keep  out  dust.   With  the  file  should 
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be  purchased  at  least  100  tagboard 
folios  with  blank  tabs  projecting  on 
top.  On  these  tabs  may  be  written 
a  key  number,  described  below,  and 
if  desired  a  brief  description  of  the 
contents. 

The  most  important  part  is  making 
a  key  or  index  of  the  subjects  which 
are  to  be  clipped.  The  most  satis- 
factory key  and  the  one  which  per- 
mits of  unlimited  expansion  will  be 
an  adaptation  of  the  Dewey  decimal 
system.  Briefly,  this  consists  of  di- 
viding the  field  of  interest  into  nine 
parts,  each  of  these  is  again  divided 
into  nine  parts,  and  so  on  indefinitely 
until  each  subject  is  covered  com- 
pletely. 

In  the  table  is  shown  the  method 
of  classifying  the  subjects  of  interest 
in  the  engineering  department  of  a 
railway.  For  lack  of  space  the  list  of 
expansions  into  the  third  unit  is 
not  shown. 

For  small  files,  two  units  (drawers) 
are  usually  sufficient  to  cover  the 
field,  and  it  is  rarely  necessary  to 
divide  beyond  the  third  figure.  For 
example,  the  above  key  will  give  No. 
72  as  the  proper  one  to  mark  on  an 
article  covering  "Steel  Highway 
Bridges." 

Now  take  the  periodicals  to  be 
clipped  and  with  a  sharp  knife  cut 
out  the  article  to  be  kept,  fixing  to- 
gether those  of  two  or  more  pages 
with  a  pin  through  the  upper  left- 
hand  corner.  Next,  underscore  with 
colored  pencil  the  title  of  the  article 
and  mark  the  key  number  on  the  up- 
per right-hand  corner.  It  is  then 
ready  to  be  dropped  into  its  proper 
folio  and  requires  no  further  atten- 
tion. 

In  choosing  the  subject  for  the  nine 
major  divisions  it  is  well  to  divide 
the  field  so  that  each  will  expand 
uinformly  with  the  others.  A  copy 
of  the  "Key"  should  be  hung  on  the 
side  of  the  case  for  easy  reference. 
It  is  apparent  that  the  above  system 
is  self-indexing,  thus  eliminating  the 
work  of  indexing  on  cards. 

In  filing  catalogs,  I  put  them  in  the 
same  kind  of  vertical  file,  with  tag- 
board  separators,  arranged  alphabet- 
ically. These  alphabetical  separators 
or  guides  come  printed,  in  sets  of 
25,  40,  60,  80  and  up  to  240,  depend- 
ing on  whether  few  or  many  catalogs 
are  to  be  filed.  The  catalogs  are 
dropped  into  their  proper  place  ac- 
cording to  the  name  of  the  manufac- 
turer. If  this  does  not  appear  on  the 
cover    it    may    be    typewritten    on    a 


strip  of  paper  and  pasted  on,  at  the 
top:  Supplementing  this,  a  card  in 
dex  should  be  prepared  to  cover  the 
various  materials  and  commodities. 
Thus  on  the  card  entitled,  "Concrete 
Mixers,"  there  would  be  a  number  of 
manufacturers'  names.  Usually,  how- 
ever, when  one  goes  to  the  catalog 
file  he  has  in  mind  the  name  of  the 
manufacturer  and  does  not  have  to 
refer  to  the  cards. 


Operation  of  Seagoing  Hop- 
per Dredges  in  New 
York  Harbor 

During  the  past  two  years  the  First 
New  York  District  of  the  U.  S.  Corps 
of  Engineers  has  undertaken  a  de- 
tailed compilation  and  analysis  of  all 
elements  entering  into  the  operation 
of  the  two  seagoing  hopper  dredges, 
Atlantic  and  Raritan,  employed  in  the 
maintenance  and  improvement  of  the 
channels  in  the  New  York  Harbor 
with  a  view  to  increasing  the  efficien- 
cy and  economy  of  operation.  Such 
modification  or  correction  of  working 
methods  has  been  made  from  time  to 
time  as  the  analysis  indicated  to  be 
desirable.  The  system  has  thoroughly 
justified  itself  as  shown  by  the  re- 
sults obtained.  An  interesting  sum- 
mary of  the  results  obtained  is  given 
in  the  March-April  Military  Engineer, 
from  which  the  notes  following  are 
taken. 

The  analysis  of  the  results  obtained 
during  the  calendar  year  1921,  in  con- 
nection with  similar  facts  for  the  year 
1919,  are  of  interest  in  evidence  of  the 
effect  of  the  methods  on  improving 
the  economic  efficiency  of  hopper 
dredge  operations  dredging  mud  with 
a  long  haul.  The  figures  in  Table  I 
below  are  those  for  the  dredge  Rari- 
tan, which  is  selected  for  this  purpose 
since  no  material  change  has  been 
made  in  this  dredge  since  1919,  ex- 
cepting the  addition  of  one  new  pump 
of  the  Dent-Worthington  type,  the 
other  pump  being  of  that  type  in  1919, 
and  newer  and  better  than  in  1921. 

Consideration  of  these  selected 
facts  is  illuminating  in  various  ways. 
The  basic  fact  is  that  notwithstanding 
the  increase  shown  in  total  cost  of  op- 
erating this  dredge  in  1921,  as  com- 
pared to  1919,  the  cost  per  cubic  yard 
in  1921  was  $.187  as  compared  to  $.236 
in  1919.  It  should  be  stated  that  the 
season  of  1921  was  an  unusually  fav- 
orable one,  with  a  larger  percentage 
of  working  time  due,  in  part,  to  that 
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TABLE    I. 

Item.  1919. 

Total  loading  time    3,052  hrs.  55  min. 

Total    disposal   time    2,093  hrs.  58  min. 

Cost,    including-   rental    $188,379.20 

Cu.  yd.  dredged  and  dumped    799,502 

Distance   to  dump,    miles 27 

Cost  per  cu.  yd.   (cents)    23.56 

Days  worked Ill 

Working  time,   percentage    59.18 

Number  loads  dredged   309 

Average  time,  per  load,  loading v 9  hrs.  53  min. 

Dredged  per  minute  of  loading  time  (cu.  yd.)..  4.36 

Average  load,   cu.   yd 2,587.3 

Miles    run    17,500 

Average  disposal  time  per  load  6  hrs.  46  min. 

Average  speed,  miles  per  hour  . 9.6 
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1921. 
2,700  hrs.     0  min. 
3,245  hrs.  27  min. 
$246,299.17 
1,313,862 
28 
18.74 
296 
67.9 
508 

5  hrs.  19  min. 

8.11 
2,586.3 
32,300 

6  hrs.  24  min. 

8.5 


condition.  The  true  reasons  for  the 
saving  are  shown  in  the  above  table. 
While  the  distance  to  the  dump  was 
practically  the  same  for  two  years,  508 
loads  were  dredged  in  1921,  as  against 
309  loads  for  1919.  This  result  was 
accomplished  through  a  reduction  in 
the  dredging  time  per  load  from  9 
hours  and  12  minutes  to  4  hours  and 
42  minutes,  while  at  the  same  time 
the  average  cubic  yardage  per  load 
was  practically  the  same.  The  dredg- 
ing rate  was  increased  from  2.6  to  8.75 
cu.  yd.  per  minute. 


peated  applications  of  pressure  is  ap- 
plied; the  frequency  of  which  is  3,600 
per   minute,    or   60   per   second.     The 


Electric  Tie  Tamper 

An  innovation  in  tie  tamping 
equipment  is  shown  in  the  illustration 
herewith.  It  has  been  subjected  to  a 
3  years'  test,  and  is  pronounced  a 
success.  The  following  items  are 
taken  from  a  statement  by  its  mak- 
ers, the  Electric  Tamper  and  Equip- 
ment Co.,  1400  W.  Adams  St.,  Chi- 
cago : 

The  tamper  is  designed  and  con- 
structed for  use  by  rough  and  ready 
unskilled  labor.  It  is  rain,  dust  and 
dirt  proof. 

The  device  consists  of  a  special 
electric  motor  to  which  is  attached 
the  tamping  bar  and  handle.  There 
is  but  one  moving  part.  The  rotor, 
'or  revolving  element,  is  mounted 
upon  a  nickel-steel  shaft  with  ball 
bearings.  Upon  the  end  of  the  rotor 
shaft  next  to  the  tamping  bar  is  a 
steel  unbalanced  weight,  which,  re- 
volving at  3,600  r.p.m.,  sets  up  power- 
ful vibrations  on  the  end  of  the  motor 
casing  to  which  the  tamping  bar  is 
securely  bolted.  The  forces  set  in 
motion  by  this  unbalanced  weight  are 
transmitted  through  the  tamping  bar, 
thereby  forcing  the  ballast  beneath 
the  tie.  The  action  of  the  tamper  is 
similar  in  principle  to  shovel  tamp- 
ing. A  hammer  blow  is  not  utilized 
for  moving  and  compacting  the  bal- 
last, but  a  series  of  pulsations  or  re- 


Jackson    Electric    Tie    Tamper. 

estimated  force  of  each  impulse  is 
approximately,  200  pounds.  As;  an 
illustration  of  the  ability  of  this 
tamper  to  tamp  rock  or  other  ballast, 
a  stock  machine  when  operating  with 
the  bar  held  against  a  1,000-pound 
weight,  will  move  it  across  a  cement 
floor  at  a  rate  of  8  to  10  ft.  per  min- 
ute. Due  to  the  high  frequency  of 
the  impulses  delivered  by  the  tamper, 
it  is  only  necessary  to  allow  the 
tamping  bar  to  rest  upon  the  ballast 
4  or  5  seconds  at  one  time. 

The  tamper  operates  with  110  volt, 
3  phase,  60  cycle  current  and  requires 
about  200  watts..  Very  light  portable 
gasoline  driven  power  plants  are  pro- 
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vided  in  sizes  to  supply  either  2  or 
4  tampers.  Where  it  is  desired  to 
take  power  from  a  550  volt  direct  cur- 
rent trolley,  a  very  small  and  com- 
pact rotary   convertor   is  available. 


Co-operative  Effort  to  Solve 

Welded  Rail  Joint 

Problems 

The  American  Electric  Railway  As- 
sociation and  the  American  Welding 
Society  with  the  National  Research 
Council,  have  united  in  an  authorita- 
tive investigation  on  various  types  of 
welded  rail  joints  in  commercial  use. 
A  Committee  on  Welded  Rail  Joints 
was  organized  early  in  1922,  has  devel- 
oped a  program,  secured  financial  sup- 
port, and  has  experimental  work  well 
started  on  a  large  scale. 

The  statement  is  familiar  to  all 
"that  the  life  of  the  track  is  the  life 
of  the  joint."  It  is  also  true  "that 
the  life  of  the  pavement  is  the  life 
of  the  track." 

Besides  the  indirect  value  of  good 
joints,  the  direct  cash  expenditures  on 
account  of  the  bad  ones  are  so  great 
as  to  comprise  a  large  proportion  of 
the  expense  of  the  way  department. 
The  welded  rail  joint  as  a  general 
type,  gives  promise  of  ultimately 
greatly  lessening  track  maintenance 
cost,  but  at  present  is  being  installed 
with  few  or  no  scientific  data  as  to 
correct  procedure.  Moreover,  the 
welded  type  of  joint  offers  large  sav- 
ings in  the  electrical  and  power  de- 
partments. First  cost  of  bonding  is 
avoided  and  the  steady  drains  due  to 
waste  of  power  and  low  voltage  are 
practically  eliminated  if  the  joints  re- 
main good. 

Welding  processes  are  highly  tech- 
nical, and  owing  to  their  comparative 
newness,  application  to  rail  joint  man- 
ufacture has  not  yet  been  thoroughly 
worked  out. 

Large  Scale  Co-operation  Required. 
— The  solution  of  the  problems  in- 
volved require  co-operation  on  a  large 
scale.  Electric  railway  companies  all 
over  the  country  are  installing  thou- 
sands of  joints  every  year,  in  many 
cases  using  methods  and  variations  in 
processes  which  have  been  tried  else- 
where and  found  unsatisfactory,  or  the 
ultimate  effects  of  which  are  entirely 
unknown. 

Following  a  plan  adopted  by  Nation- 
al Research  Council  in  attacking  other 
problems,  a  committee  was  organized 
including  members  from  electric  rail- 


way  companies,  rail  and  equipment 
manufacturers,  and  technical  labora- 
tories. The  aims  of  the  committee 
are:  (1)  To  determine  the  present 
state  of  the  art;  (2)  to  improve  upon 
existing  practices  by  the  aid  of  all 
obtainable  knowledge  of  the  subject; 
(3)  by  carefully  directed  scientific 
tests  and  experiments  to  learn  the 
best  way  of  making  each  type  of  weld- 
ed rail  joint. 

In  order  to  compile  a  summary  of 
the  present  state  of  the  art  a  question- 
naire was  prepared  on  the  four  types 
of  joints  in  commercial  use.  Answers 
to  the  questionnaire  were  correlated 
and  a  progress  report  of  73  pages 
printed.  Typical  problems  needing 
further  investigation  were  also  includ- 
ed in  the  report. 

An  $80,000  Program. — The  work  out- 
lined in  the  program  developed  by 
the  committee  will  involve  a  sum  of 
the  order  of  $80,000.  Co-operation  has 
been  offered  from  all  sides;  the  rail 
manufacturers  will  furnish  rail  for 
testing  purposes,  electric  railway  com- 
panies and  rail  joint  manufacturers 
will  furnish  joints  for  testing,  the  U. 
S.  Bureau  of  Standards,  Purdue  Uni- 
versity, and  University  of  Illinois  will 
supply  laboratory  facilities.  Some  cash 
expenditures  are  necessary,  and  $20,- 
000  has  been  placed  at  the  disposal  of 
the  committee  by  the  American  Elec- 
tric Railway  Association  and  various 
companies. 

The  Testing  Machines. — To  supple- 
ment the  tensile  drop,  repeated  impact 
and  conductivity  tests,  a  rotary  serv- 
ice testing  machine  will  be  built  at 
the  Bureau  of  Standards,  in  which  the 
joints  will  undergo  wear  in  one  month 
similar  to  that  which  they  would  re- 
ceive in  ten  years  of  service. 

Rails  have  been  shipped  by  the 
steel  companies  to  the  street  railways 
and  manufacturers  who  are  to  make 
up  the  test  joints.  Progress  has  been 
made  in  the  design  of  the  rotary  serv- 
ice testing  machine.  A  number  of 
very  interesting  factors  enter  into  the 
design  of  such  a  machine,  among 
which  may  be  mentioned  the  enormous 
centrifugal  force  which  will  be  devel- 
oped, the  effect  of  sprung  and  jn- 
sprung  weight,  the  question  of  brak- 
ing, whether  flanged  or  flangeless 
wheels  shall  be  used,  whether  the 
track  shall  be  curved  uniformly 
through  rails  and  joints,  or  whether 
the  joints  should  be  straight  and  ad- 
ditional curve  given  to  rail  on  either 
side,  and  the  manner  of  constructing 
and  safeguarding  the  observation  pit. 
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Progress    has    also   been    made    in  Development  began   in  April,   1922, 

standardizing      methods     of     making  and  regular  production  commenced  45 

other   physical  tests.  days   later.     The  coal   averages   5  ft. 

The  officers  of  the  committee  are:  thick  and   has  a  slate   cover  of  1  to 

Chairman,  George  K.   Burgess,   Chief,  18    ft.;    the    total    overburden    ranges 

Division     of     Metallurgy,     Bureau     of  from    4    to   80    ft.,   the   upper,  portion 

Standards,  Washington,    D.    C;    vice-  being  a  loose,  easily  handled  soil;  the 

chairman,  E.  M.  T.  Ryder,  Way  Engi-  greatest    depth    considered    profitable 

neer,  Third  Ave.  Railway  System,  New  to  strip  is  55  ft.    Blasting  has  not  yet 

York;    secretary,   William    Spraragen,  been  necessary. 

secretary,    Division     of     Engineering,  A  225-B  Bucyrus  shovel  is  used  for 

National  Research  Council,  29  W.  39th  stripping,   making   a   first   cut   225   ft. 

St.,  New  York.  wide  close  to  the  outcrop;    when  the 

coal  has  been  removed  from  the  bot- 

Cost   of    Coal  Stripping   in   Hop-  tom  of  this  cut,  the  stripping  shovel 

Hn«  fniintv    Konf-iir*!™  starts   back    on   the    second    cut,    and 

Kins  county,  is^entucKy  deposits  its  material  in  the  first.   The 

Coal  mining  in  the  regular  manner  shovel   can  move  4,000   cu.   yd.  in   10 

has  been  conducted  in  the  vicinity  of  hours,  the  labor  cost  being  as  follows: 

Dawson  Springs,  Sunlight,  and  other      Shovel  runner  $  12  00 

towns  in  Hopkins   County,  Kentucky,      Two  firemen  at  $9 18.00 

for  about  20  years,  but  owing  to  the       Craneman    10.00 


Stripping    Operations    Showing    Cover    on     Right,  Coal  Seam  in  Which  Shovel  Is  Oper- 
ating,   and    the    Waste    Dump   on    the    Left. 

relatively  thin  cover  it  has  been  pos-      Oiler    9.00 

sible    to    extract   not   more    than   one.  ^5en  Srers"  at  'VM.".'. ::::: . ".'I     52.50 

half    of    the    coal,    and    most    of    the  

mines  could  not  operate  at  all  except  '  $105.52 
during  periods  of  high  coal  prices.  or  2-6  ct-  Per  CUD1C  yard- 
Strip  mining  began  four  years  ago,-  The  coal-loading  shovel  is  a  Bucyrus 
and  was  so  successful  that  seven  such  35-B,  caterpillar  type,  and  can  load 
operations  are  now  active  in  the  dis-  1,500  tons  in  10  hours.  With  one  run- 
trict  and  12  others  are  under  develop-  ner,  one  fireman,  and  two  laborers,  at 
ment.  The  following  notes  on  the  the  wages  stated  above,  the  total 
work  of  the  Hawley-Mclsaac  Co.,  at  'abor  cost  for  this  shovel  is  $36  per 
Dawson  Springs,  are  given  by  R.  H.  10  hours,  or  2.4  ct.  per  ton-  of  coal. 
Whittlesey,  in  Mining  and  Metallurgy.  The  coal  is  hauled  about  1  mile  in 
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a  train  of  ten  4-ydM  side-tip  cars  by 
an  18-ton  locomotive,  of  which  two 
are  now  in  service;  each  locomotive 
burns  1  ton  of  coal  in  10  hours,  and 
the  engineer  ($9  per  day)  does  his 
own  firing. 


Production  of  Explosives  in  1922 

The  quantity  of  explosives  sold  in 
the  United  States  during  the  calendar 
year  1922  was  greater  by  more  than 
16  per  cent  than  the  amount  sold  in 
1921,  according  to  the  Department  of 
the  Interior.  Reports  received  by  the 
Bureau  of  Mines  show  that  the  total 
sales  amounted  to  431,772,077  lb.  as 
compared  with  372,107,503  lb.  the  year 
before.  Of  the  total  amount  sold 
178,866,225  lb.  was  black  blasting 
powder,  209,476,084  lb.  high  explosives 
other  than  permissible  explosives,  and 
43,429,768  lb.  permissible  explosives. 
Permissible  explosives  are  those  that, 
because  of  having  passed  certain 
tests  prescribed  by  the  Bureau  of 
Mines,  are  considered  reasonably  safe 
for  use  in  gaseous  and  dusty  coal 
mines. 

Railroad  and  other  construction 
work  in  1922  consumed  22,434,206  lb. 
of  dynamite  and  other  high  explosives 
as  compared  with  18,317,333  lb.  in 
1921.        

Handling    Creosoted    Piling    for 
Marine  Structures 

In  connection  with  a  committee  re- 
port presented  last  month  at  the  24th 
annual  convention  of  the  American 
Railway  Engineering  Association,  a 
sub-committee  on  "Marine  Piling — At- 
lantic and  Gulf  Coasts"  submitted  the 
following  recommendations  for  han- 
dling and  installing  creosoted  piling 
and  timbers  in  Atlantic  Coast  waters 
infested  with  marine  borers: 

(1)  Do  not  use  cant  hooks  or  dogs 
in  handling.    Use  rope  slings. 

(2)  Do  not  drop  the  piles  when  un- 
loading so  as  to  crack  them  or  injure 
them. 

(3)  Frame  and  bore  all  timbers  be- 
fore treatment,  whenever  practicable. 

(4)  Whenever  it  is  necessary  to  cut 
the  piles,  or  timbers,  or  whenever 
they  become  scarred  or  abraded,  care- 
fully trim  the  abrasions  and  coat  the 
cut  surfaces  with  hot  creosote  oil  and 
cover  with  roofing  pitch. 

(5)  Bore  bolt  holes  1/16  in.  smaller 
than  the  bolt  and  pour  in  hot  creosote 
oil  before  driving  bolts. 

(6)  Pour  hot  creosote  oil  into  all 
unfilled  holes  and  plug  with  treated 
plugs. 


(7)  Particularly  avoid  cutting  or 
boring  below  high  water  mark. 

(8)  Drive  piles  as  soon  as  possible 
after  treatment.  If  necessary  to  store 
them  cover  with  earth  to  prevent 
checking. 

(9)  These  particular  marine  borers 
live  and  breed  in  wood  exclusively.  It 
is,  therefore,  probable  that  a  great 
deal  can  be  accomplished  in  checking 
their  attacks  by  destroying  their 
breeding  places.  It  is  recommended 
that  all  unused  or  untreated  piles  or 
timber  be  removed  from  the  water  in 
the  vicinity. 

(10)  The  purpose  of  the  heavy  treat- 
ment and  care  in  handling  recom- 
mended here  is,  first  of  all,  to  prevent 
the  borers  from  gaining  foothold,  and, 
therefore,  really  applies  only  to  that 
part  of  the  pile  between  high  water 
mark  and  the  mud  line. 


Strength   of   Timber   and   Rate    of 
Growth 

The  establishment  of  a  definite  rela- 
tion between  the  rate  at  which  a  tree 
has  grown  and  the  strength  of  the 
lumber  obtained  is  one  of  the  many 
interesting  results  of  about  45,000 
tests  made  at  the  Forest  Products 
Laboratories  of  Canada,  Forestry 
Branch,  Department  of  the  Interior, 
according  to  Natural  Resources,  a 
publication  of  the  Department. 

The  rate  of  growth  of  a  tree  is  in- 
dicated by  the  thickness  of  the  annual 
rings  which  are  seen  when  a  log  is  cut 
across.  The  stem  of  a  tree  grows  by 
adding  every  year  a  layer  of  wood 
around  the  existing  stem  and  if  this 
layer  is  thick  the  tree  is  growing 
rapidly.  Thin  layers  denote  slow 
growth.  Three  or  four  layers  or  rings 
per  inch  seen  on  a  piece  of  lumber 
would  therefore  show  that  the  tree 
was  growing  rapidly  when  that  part 
of  it  was  formed  and  20  or  30  rings 
per  inch  would  show  that  only  a  small 
increase  was  effected  every  year. 

The  effect  of  rapid  or  slow  growth 
on  the  strength  of  timber  varies  with 
the  kind  of  tree.  The  strength  of  oak 
or  ash  is  reduced  if  the  growth  is  re- 
tarded but  the  strength  of  spruce  or 
fir  is  increased.  Extremely  rapid  or 
very  slow  growth  are,  however,  weak- 
ening to  all  kinds  of  timber.  Douglas 
fir  from  the  Pacific  Coast  showed  an 
increase  in  strength  of  45  per  cent 
where  the  rate  of  growth  was  reduced 
from  %  inch  to  1/16  in.  per  annum 
but  where  only  1/25  in.  was  added  the 
strength  was  reduced  again. 
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Sub   Contracts   to   Let 

The  John  Marsch  Co.,  1307  Wright- 
wood  avenue,  Chicago,  has  150,000  yd. 
of  new  double  track  work  on  the 
I.  C.  R.  R.,  near  Paducah,  Ky.,  to  sub- 
let. Material  is  all  in  two  cuts  with 
very  short  haul.  This  job  is  suitable 
for  a  good  dinkey  plant.  Free  trans- 
portation for  labor  and  outfits  over 
I.  C.  R.  R. 

Mulvill  Bros.,  Alton,  111.,  have  200,- 
000  yd.  of  grader  and  side  borrow 
work  to  let  on  the  C.  &  A.  R.  R., 
between  Shipman  and  Plainview,  111. 
Will  sublet  this  in  quantities  to  suit 
outfits.  Free  transportation  over  C. 
&  A.  R.  R.  for  labor  and  outfits. 

Cameron,  Joyce  &  Co.,  Keokuk,  la., 
have  30,000  yd.  of  grading  on  Bur- 
lington R.  R.,  near  Sorento,  111.,  to 
sublet.  Work  is  suitable  for  a  ma- 
chine outfit. 


Great   Northern    to    Spend   $800,000   in 
Willman  Division 

The  Great  Northern  Ry.  will  spend 
approximately  $800,000  in  construc- 
tion work  on  the  Willmar  (Minn.) 
division  this  summer.  This  includes 
the  laying  of  7  miles  of  double  track 
between  Kandiyohi  and  Atwater, 
Minn.,  costing  $350,000,  enlarging  the 
Willmar,  Minn.,  stockyards  at  a  cost 
of  $25,000,  and  the  new  block  signal 
system  which  is  being  installed  from 
Delano  to  Breckenridge.  This  proj- 
ect will  cost  about  $400,000.  Several 
hundred  men  are  already  employed 
on  these  jobs. 


New    Logging    Line    in    Wisconsin 

The  Langlade  Lumber  Co.,  Antigo, 
Wis.,  has  the  right-of-way  cleared  and 
ties  distributed  to  lay  from  five  to  six 
miles  of  new  logging  railway.  The 
•new  line  will  tap  the  Pickerel  Lake 
branch  one  mile  west  of  Pearson  and 
extend  in  a  southerly  direction  into 
the  southern  half  ol  Pearson  town- 
ship. With  its  spurs  this  line  will 
reach  practically  all  the  unlogged 
timber  lands  of  the  company. 


Frisco    Bridge    and    Culvert    Renewal 
Contract 

J.  W.  McMurry  Contracting  Co.  of 
Kansas  City,  Mo.,  has  been  awarded 
contract  by  the  Frisco  R.  R.  for  re- 
newing concrete  bridges  and  culverts 
on  the  River  and  Southern  divisions. 

(2 


N.  C.  &  St.  L.  Ry.  $3,750,000  Program 

The  Nashville,  Chattanooga  &  St. 
Louis  Ry.  has  announced  an  improve- 
ment program  for  1923  calling  for  an 
expenditure  of  $3,750,000,  of  which 
$1,225,000  will  be  spent  on  track  and 
like  improvements,  $2,500,000  on  cars 
and  locomotives,  ordered  in  1922  but 
delivered  this  year. 


Chattanooga  Street  Railway  to  Spend 
$355,000 

The  Chattanooga  Street  Ry.  Co.  has 
announced  a  program  of  improve- 
ments to  cost  $335,000,  which  is  to  be 
devoted  to  the  railway  department. 


Double  Track   Work   on   Louisville   & 
Nashville 

The  Louisville  &  Nashville  R.  R. 
will  lay  double  tracks  from  Pineville, 
Ky.,  to  Harlan,  approximately  40 
miles,  completing  the  double  track  of 
the  Cumberland  Valley  division  from 
Corbin  to  the  center  of  the  southeast- 
ern Kentucky  coal  fields. 


Baton  Rouge  Street  Railway  to  Spend 
$1,000,000 

The  Baton  Rouge  Electrical  Ry. 
Co.,  Baton  Rouge,  La.,  has  plans  for 
spending  $1,000,000  for  general  im- 
provements to  be  made  during  the 
balance  of  this  year. 


Frisco     to     Build     7     Mile     Line     at 
Henryetta,  Ohio 

The  St.  Louis  &  San  Francisco  R. 
R.  is  reported  contemplating  building 
a  short  line  of  road,  about  7  miles, 
from  Pleasant  Valley  mine,  north  of 
Henryetta,  Okla.,  circling  west  of  the 
city  about  two  miles,  and  coming  into 
the  main  line  near  the  Creek  mine 
two  miles  southwest.  This  would 
cover  large  coal  fields  lying  imme- 
diately west  of  the  city,  deep  veins 
hitherto  undeveloped. 


Southern     Pacific     to     Build    21     Mile 
Line  in  California 

The  Southern  Pacific  Co.  has  been 
authorized  by  the  Interstate  Com- 
merce Commission  to  begin  construc- 
tion of  a  new  line  of  railroad,  21  miles 
long,  running  out  of  Bakersfield,  Cal., 
to  cost  500,000,  designed  to  furnish 
transportation  to  tributary  agricul- 
tural territory. 
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C.  &  A.  to  Spend  $1,000,000  for 
Improvements 

The  Chicago  &  Alton  R.  R.  will  ex- 
pend $1,000,000  for  improvements  on 
its  Springfield  division.  The  work  in- 
cludes the  following:  Building  a 
double  track  between  Murrayville  and 
Roodhouse,  a  stretch  of  12  miles  on 
the  main  line;  revamping  the  track 
between  Lawndale  and  Atlanta.  This 
also  includes  rebuilding  of  the  bridge 
on  this  section.  Erection  of  new  sta- 
tions at  Mason  City,  Normal,  and  half 
a  dozen  points  on  the  Western  divi- 
sion not  yet  announced.  The  new  sta- 
tions at  Normal  and  Mason  City  will 
cost  between  $10,000  and  $15,000,  it 
was  stated.  Completion  of  the  laying 
of  double  track  between  Brighton  and 
Carlinville  and  from  Carlinville  to 
Nilwood.  Laying  of  heavy  steel  on 
the  stretch  between  Dwight  and 
Peoria.  Building  of  five  new  tele- 
graph wires  between  Springfield  and 
Peoria  and  between  Springfield  and 
Bloomington.  Laying  of  60  miles  of 
new  rail  between  Sherman  and  Bloom- 
ington. 


Rock   Island    Has   Extensive   Improve- 
ment Program 

The  Chicago,  Rock  Island  &  Pacific 
Ry.  has  a  comprehensive  program  of 
additions  and  betterments  for  the 
year.  Included  in  this  program  are 
the  following  improvements,  which 
will  directly  affect  operating  condi- 
tions: Construction  of  second  main 
track  between  Herington  and  Latimer 
and  between  Paxico  and  Bishop.  In- 
stallation of  Regan  automatic  train 
control  device  between  Joliet  and 
Rock  Island,  which  will  give  auto- 
matic train  control  system  of  operat- 
ing between  Blue  Island  and  Rock 
Island,  111.  New  rail,  involving  an  ex- 
penditure of  $1,240,000.  Additional 
yard  tracks  and  sidings,  $5,000,000. 
Improvements  to  shops  and  engine 
houses,  which  will  expedite  the  han- 
dling of  equipment,  $575,000.  Gen- 
eral improvements  to  existing  equip- 
ment, including  additional  shop  ma- 
chinery and  tools,  $5,000,000. 


Contracts    Let    for    Southern    Pacific 
Line   in   Mexico 

Twoky  Bros.,  Seattle,  Wash.,  have 
been  awarded  the  contract  for  grad- 
ing for  the  completion  of  the  line  of 
the  Southern  Pacific  of  Mexico  from 
Tepic  to  La  Quemoda,  where  connec- 
tion will  be  made  with  the  National 
Railways  of  Mexico.  The  work  covers 


3,600,000  cu.  yd.  of  excavation,  and 
includes  33  tunnels  aggregating  about 
26,000  ft.  in  length.  E.  B.  Sloan, 
Tepic,  Nayarit,  Mexico,  is  chief  engi- 
neer in  charge  of  construction  for  the 
railway. 


New  Round  House  at  Madison,  Wis., 
for  C.  &  N.  W.  Ry. 

Work  will  start  about  June  1  on  con- 
struction of  a  new  roundhouse  and 
other  division  point  equipment  for  the 
North-Western  R.  R.  in  the  Monona 
yards  at  Madison,  Wis.  General  con- 
tracts for  foundations,  buildings,  sew- 
age and  fire  lines  have  been  let  to 
the  C.  W.  Gimble  Co.,  Chicago.  Con- 
tracts for  grading  and  tracking  have 
been  awarded  to  Duffy  &  Jutton,  Mil- 
waukee. Total  cost  of  the  construc- 
tion has  been  estimated  to  exceed 
$500,000.  This  firm  will  start  work 
about  the  first  of  next  month,  hauling 
material  from  the  Williams  pit,  near 
Verona,  to  fill  the  large  area  of  low 
ground  in  the  Monona  yards,  covering 
about  60  acres.  The  concern  will  lay 
about  five  miles  of  new  track  in  the 
yards.  The  Gimble  Co.  will  start  work 
shortly  after  the  graders  begin. 


Railway     Bridge      Reconstruction     in 
Pennsylvania 

The  Pennsylvania  State  Water  Sup- 
ply Commission  has  approved  ap- 
plications for  the  reconstruction  of  six 
bridges  by  the  Wheeling  to  Pittsburgh 
branch  of  the  Baltimore  &  Ohio  R.  R. 
in  Allegheny  and  Washington  coun- 
ties. The  bridge  in  Allegheny  county 
is  across  Lick  Run,  near  Bruceton 
station,  and  those  in  Washington 
county  are  as  follows:  Across  Small 
Run,  near  Finleyville  station;  across 
Peters  Creek,  near  Gastonville;  across 
Hacketts  Run,  west  of  Hackett  sta- 
tion; across  Peters  Creek,  near  Ander- 
son station,  and  across  Chartiers 
Creek,  west  of  Clokey  station.  The 
Pennsylvania  R.  R.  Co.  was  granted 
permission  to  reconstruct  three 
bridges  across  Coal  Lick  Run,  south 
of  the  Uniontown  passenger  station. 


Stronger  Bridges  Planned  on  B.  &  O. 

The  Baltimore  &  Ohio  R.  R.  has 
awarded  a  contract  to  the  Seaboard 
Construction  Co.,  Real  Estate  Trust 
building,  Philadelphia,  for  the  erec- 
tion of  new  superstructures  at  five 
bridges  in  the  Ohio  River  district, 
Wheeling  division,  between  Brooklyn 
Junction    and    Benwood.      The    recon- 
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struction  of  these  bridges  is  part  of 
the  program  undertaken  for  the  pur- 
pose of  extending  the  territorial  op- 
erating limits  of  heavy  power. 


Grading    and    Track-laying    Contracts 
Let  to  St.  Louis  Firm 

The  Industrial  Track  Construction 
Co.,  St.  Louis,  Mo.,  is  placing  two 
shovel  outfits  on  the  grading  recently 
awarded  it  by  the  General  Motors  Co. 
in  northwest  part  of  St.  Louis.  This 
firm  was  also  awarded  a  contract  for 
grading  and  track  laying  a  1-mile  spur 
for  the  Missouri  Pacific  R.  R.  in  the 
southwest  part  of  city.  Also  grading 
and  addition  to  the  Wabash  R.  R. 
yards  at  Adrian,  Mich.  They  have 
also  placed  3  large  track-laying  out- 
fits on  the  Wabash  R.  R.  in  northern 
Illinois,  Indiana  and  Michigan,  relay- 
ing and  surfacing  track. 


Union    Pacific    to    Move    Tracks    for 
Irrigation  Project 

The  Union  Pacific  system  is  willing 
to  bear  one-half  of  the  total  expense 
of  moving  its  tracks  in  order  to  per- 
mit the  North  Powder  Irrigation  Dis- 
trict to  proceed  with  its  contemplated 
project,  it  has  been  announced  by 
Arthur  P.  Davis,  director  of  reclama- 
tion service  of  the  United  States.  The 
approximate  cost  of  the  relocation  of 
the  railroad  company's  tracks  in 
Baker  County,  Oregon,  the  site  of  the 
proposed  reservoir,  would  be  $380,000, 
and  the  Union  Pacific's  share  would 
be  $190,000.  Final  decision  on  the 
matter  has  been  held  up  pending  full 
considertaion  of  this  offer  by  the  Sec- 
retary of  the  Interior  at  Washington. 


Rochester,  N.  Y.,  Opens  Bids  on  Rapid 
Transit  Line 

Bids  were  opened  May  9  by  the 
Board  of  Contract  and  Supply  of  Ro- 
chester, N.  Y.,  for  Contract  No.  2  of 
the  Canal  rapid  transit  railway.  The 
bids  received  were  as  follows:  I.  M. 
Ludington  Sons,  Inc.,  Powers  Bldg., 
•  Rochester,  N.  Y.,  $1,654,765.  Empire 
Engineering  Co.,  of  Tonawanda,  $1,- 
723,469;  Adam  Freiderich  Sons,  $1,- 
797,576;  T.  A.  Gillespie  Company  of 
New  York  City,  $2,004,967;  Whitmore, 
Rauber  &  Vicinus,  $2,042,435.  The  es- 
timate of  cost  made  by  the  City  En- 
gineering Department  was  $1,897,516. 
Contract  3,  from  Oak  St.  to  the  west- 
ern city  line,  will  not  be  let  at  the 
present  time  because  of  shortage  of 
funds.  The  ordinance  authorizing  both 
Contracts  2  and  3,  estimated  the  total 


cost  of  completing  the  railway  at  $3,- 
600,000.  

A  330-Mile  Railway  Contract 

It  has  been  many  years  since  we 
had  the  pleasure  of  noting  a  railway 
contract  such  as  that  let  recently  in 
Montana.  A  330-mile  railway — a  mile- 
age greater  than  all  new  first  track 
completed  in  the  United  States  in  1922 
— is  by  far  the  largest  railway  job  let 
for  many  years.  This  new  railway — 
the  Montana- Wyoming  North  &  South 
— will  give  the  Wyoming  oil  fields  a 
connection  with  the  Chicago,  Burling- 
ton &  Quincy  R.  R.  and  the  Chicago  & 
North-Western  Ry  near  Bucknum, 
Wyo.  The  line  will  extend  from  Miles 
City,  Mont.,  via  the  Tongue  River,  to 
Sheridan,  Wyo.,  thence  to  Buffalo, 
Wyo.,  and  the  Salt  Creek  'oil  fields. 

Grading  for  the  new  line  was  started 
at  Sheridan,  Wyo.,  on  March  31,  and 
it  is  planned  to  complete  the  greater 
part  of  the  work  before  winter.  The 
work  involves  some  heavy  construc- 
tion and  includes  one  tunnel  700  ft. 
in  length.  It  is  estimated  that  10 
steam  shovel  outfits,  70  elevating 
grader  and  wagon  outfits  and  a  large 
number  of  fresno  outfits  will  be  used 
on  the  job.  Most  of  the  bridges  will 
be  timber  but  some  will  be  of  steel. 

The  contract  was  awarded  to  Peter- 
son, Shirley  &  Gunther,  Omaha,  Neb. 
Among  the  subcontractors  are  the 
following: 

Sheridan,  Wyo. 
Criss  Noehren,  Calgary,  Can 

"Y"  at  Sheridan 

Miles. 

Nels    "Roman,    Belt,    Mont 12 

White-Johnson  Const.  Co.,   Denver, 

Colo 8 

Dowd  &  Paulson,  Omaha,  Neb 

"Tunnel    Cut' ' 

Tom  Higgins,  Fairbury,  Neb 10 

Connelly  &  Knowlton,  Denver,  Colo.     10 

Buffalo,  Wyo. 
Connelly  &  Knowlton,  Denver,  Colo.       5 

Lee  Hillard,  Lewistown,  Mont 10 

Nels  Roman,  Belt,  Mont 5 

Geo.  Collins,  Lewistown„  Mont 10 

Shirley    Construction    Co.,    Omaha, 

Neb. 20 

Maney  Bros.,  Omaha,  Neb 56 

Floyd  Anderson,   Sidney,  Neb 4 

Knowlton  &  Terry,  Denver,  Colo 4 

E.  A.  Sprague,  Casper,  Wyo 4 

Sharrock  &  Perry,  Casper,  Wyo 14 

Miles  City,  Mont.,  South. 

J.  E.  Hilton,  Custer,  Mont 50 

E.  J.  Prahl,  Miles,  City,  Mont 50 

Chas.  R.  Hurst,  Miles  City,   Mont..     10 

L.  T.  Lawler,  Butte,  Mont 20 

Knowlton  &  Sharrock,  Denver,  Colo.     10 
Hersberger,  Lindgren  &  Thompson, 

Hardin,    Mont 20 

J.  M.  H*askell,  347  Madison  avenue, 
New  York  City,  is  president  of  the 
Montana-Wyoming  North  &  South  R. 
R„  and  George  M.  Huss,  Sheridan, 
Wyo,.  is  chief  engineer. 
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Jitney   Operation  in   Connecticut  posted  in  each  car,  for  the  benefit  of 

the   public,   the  rates  of  fare,  sched- 

Extract  from  Address  of  Charles  C.  El-  uleg    etc      A11  operators  are  licensed 

well,    Connecticut    Public    Utilities   Com-  , '         ,    ,  „  „,„„,•«„„   ^^^i^!^ 

mission,  presented  Feb.  16  before  Amer-  and  governed  by  various  commission 
lean  Electric  Railway  Association.  rules.  By  virtue  of  the  law,  electric 
The  jitney  made  its  appearance  in  railways  may  operate  buses  without 
Connecticut  in  1915,  and  for  about  six  a  certificate  from  the  commission, 
years  ran  over  the  streets  and  high-  0ur  Jitney  operators  have  a  state 
ways,  and  the  general  public  as  well.  organization,  headed  by  a  president 
They  were  unrestricted  and  uregulat-  who  is  a  lawyer.  Different  districts 
ed.  They  operated  when  and  where  of  the  state  are  represented  on  the 
they  pleased,  and  finally  became  so  board  of  directors,  which  meets 
numerous  that  they  fought  among  monthly.  It  was  prophesied  there 
themselves,  seeking  in  some  way  to  would  be  bills  presented  to  the  Legis- 
reduce  their  own  ranks  in  order  that  *ature  now  in  session  providing  for 
a  reasonable  number  might  survive.  the  repeal  of  the  jitney  law  or  a  modi- 
The  routes  chosen  by  the  jitney  usual-  fication  whereby  many  of  the  old  jit- 
ly  paralleled  the  street  railway  and  ney  lines  might  be  restored.  The 
steam  railroad  lines,  causing  a  sub-  limit  set  for  presenting  bills  has 
stantial  decrease  in  the  revenue  of  passed  without  any  such  requests  ap- 
D0th.  pearing.  The  few  bills  affecting  jit- 
Two  years  ago  the  perplexing  ques-  ney  transporation  which  have  been 
tion  of  regulating  this  seething  mass  introduced  were  first  submitted  to  the 
was  placed  in  the  hands  of  our  com-  commission  for  its  criticism  and  ap- 

missions.     Hearings   on  the   question      proval.     

of   public   convenience   and   necessity  Construction      Underway     on     New 

were  held  in  all  parts  of  the  state,  re-  Union  Station  at  Cleveland.— Work  on 

suiting  in  a  reduction  of  the  number  the   new  union   station   at  Cleveland, 

of  jitney  operators  from  1,000  to  225.  0.,    has    finally    begun,    following    a 

Today,  in  place  of  reckless,  independ-  recent    court    order    empowering    the 

ent  and  irresponsible  drivers,  we  have  terminals  company  to  condemn  the  re- 

a  very  respectable  lot  of  jitney  man-  maining    land    necessary.      Harry    D. 

ag^s*     **.'■«.«      TTi.,.x.        „         .     •  Jouett  is  chief  engineer  of  the  Clevs- 

The     Public     Utilities     Commission  land  project.     The  work  will  require: 

has  a  superintendent  of  its  jitney  de-  „            .                  .                            10rnnA 

partment,  who  has  general  charge  of  SSSSSSSTrtS*  "ton." ' '. '. '.  I '.  I '. ! !  I .     ItS 

their  regulation.     At  the  present  time      Common   brick    10,000,000 

there    are   11    companies    or    corpora-      Face  brick   4,625,000 

tions  and  49  single  operators  running  g^VSlt  4x8x12 " ! ! '. '. ! ! ! ! .' ! ! !  l.woffl 

jitneys  in  Connecticut.     All  have  been  Tile  arches  and  partitions,  tons.      130,000 

given   certificates   by  the   commission      Concrete,  cu.  yd 51,000 

when   as  a  result  of  hearings   it   de-      Cement>   »»l 150,000 

veloped  that  public   convenience  and  The    entire    project,    including    Hotel 

necessity  required  them.     These  cer-  Cleveland,  already  completed,  will  av- 

tificates    are    good    until    revoked    by  erage   13    stories   in   height    and   will 

the  commission  for  cause.     There  are  cover  10  city  blocks. 

Railways  Have  Let  Many  Construction  Contracts 

Realizing     the     necessity     for     the  Already   many   contracts    have    been 

greatest  improvement  and  expansion  awarded  and  many  more  will  come  up 

possih.e   of  the   country's   transport.  J»  'etUng  ^  U.^ar^n^Not 

tion    facilities    to    meet    the    growing  much    activity    in    the     railway     cort- 

demands  of  commerce,  the  railroads  struction  field. 

now  have  on  order  more  cars  and  lo-  Some  notably  large  contracts  have 

comotives   than   ever  before   in   their  been    let,    among    them    being   a    125- 

history.  In  1922  they  actually  expend-  mile   line   for  the   Illinois   Central  R. 

ed  $440,000,000  for  cars,  locomotives,  R.,   the   completion   of   a   line   of   the 

trackage    and    other    facilities,    while  Southern    Pacific   of   Mexico    in    Mex- 

they  have  authorized  expenditures  for  ico,  and  the  building  of  330  miles  of 

equipment  and  other  facilities  amount-  new  railway  in  Montana, 

ing     to     approximately     $1,100,000,000  The  accompanying  tabulation  shows 

for  the  year  1923.  some    of   the     contracts    (mostly     for 

Of  this  latter  sum  $425,000,000  is  to  earth  moving)  that  have  been  let  dur- 

go   for   trackage   and  other  facilities.  ing  the  past  two  or  three  months. 
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22-Mile      Railway      Carries     One-  Statement    of    the    Ownership,    Manage- 
c.         .1          e       Aii      d    »i         j  ment,   Circulation,    Etc.,    Required    by 
°5S    1°     t  w        KalV°ad  the  Act  of  Congress  of  Aug.  24,  1912, 
Freight  of  Venezuela  of   Railways   Monthly   issue   of  Engineer - 
Aithnno-h    it    i«    nnp   of   th»   eb^rtoaf  in&  &  Contracting,  published  monthly  at 
Although    it    is    one    Ot   the    Shortest  Chicago,   111.,   for  April  1,   1923. 
lines  in  Venezuela  (22  miles),  the  La  Mi  .       4  _„.     ,„*_,«, 
Giinira    ^    CararaQ    R     R      whiVh    ha«  state  of  Illinois,   County  of  Cook,   ss^— 
Guaira    &    Caracas    K.    K.,    Which    has  Before   me,    a   notary   public    in    and    for 
been  in   operation   since   1883,  is  con-  the  state  and  county  aforesaid,  personally 
sidered  the  most  important  and  best  appeared  Halbert  P.  Gillette,  who,  having 
:„     +v.«     Dnn„v,iin      -Z~.~-At.~~     +~     +u~  been    duly   sworn    according    to    law,    de- 
in    the     Republic,     according    to     the  poses  and  says   that  he  is  the  editor  of 
Transportation  Division   of  the   U.   S.  the  Railways  Monthly  issue  of  Engineer- 
Department  of  Commerce.  It  operates  \nS  &  Contracting   and  that  the  following 
f,      -r,    ,        ,  --..   ,    .   ,                  ,.        ,,  is,  to  the  best  of  his  knowledge  and  be- 
in  the  Federal  District,  connecting  the  ijef,  a  true  statement  of  the  ownership, 
capital  of  the  country  with  the  prin-  management    (and  if  a  daily  paper,   the 
cipal  seaport,  about  4%   hours  being  ^"rVe' date'  ihoVn'Tn^e  585™ 
required  to  traverse  its  entire  length.  caption,   required  by  the  Act  of  August 
In  crossing  the  Coast  Range  to  reach  24,  1912,  embodied  in  section  443,  Postal 
pnrfl»fl„     tv,p    rno/q     piimhcj     frnm     cpq  La»vs  and  Regulations,  printed  on  the  re- 
uaracas    tne    road    climbs    trom    sea  verse  of  this  fo        to-wit: 

level   at  La   Guaira  to   a   pass   about  ,  -™.  *  „                     ,,     „„ 

*?  000    ft     in    altitndp       Rppanop    nf   it«  1-  Tnat  the  names  and  addresses  of  the 

6,WV    It.    in   altitude.      .Because    ot    its  publisher,    editor,    managing     editor    and 

route  along  the  mountain  side  the  line  business  managers  are: 

appears   dangerous,   but   it   is    so   well  Publisher-Engineering    &    Contracting 

constructed  and    so   closely   inspected  Publishing  Co.,  9  S.  Clinton  St.,  Chicago, 

that  accidents  are  rare,  none  involv-  m- 

ing  loss  of  life  having  occurred  in  the  afEd^.r— Hal^rt  R  Gillette,  9  S.  Clinton 

history  of  the  line.  bt"  °hlca^0'  UL 

Notwithstanding     the     competition  9  ^cfi^fon  If U ChTSl^lll  ^^    GilIette' 

offered  by  the  Caracas-La  Guira  high-  BusineSs   Manager-Lewis   S.    Louer,    9 

way  with  its  mule  carts,  pack  animals  s.  Clinton  St.,  Chicago,  Rl. 

and  automobiles,  the  La  Guaira-Cara-  2.  That  the  owners  are:    (Give  names 

cas  R.  R.  carries   approximately  one-  and  addresses  of  individual  owners,  or,  if 

fnnrth    nf   thp    milrnnrl    frPiVht    nf   thp  a    corporation,    give    its     name     and     the 

tourtn   ot   the   railroad   treignt  ot  the  names    and    addresses     of     stockholders 

country.     The  freight  consists  princi-  owning  or  holding  1  per  cent  or  more  of 

pally  of  imports  received  at  the  port  the  total  amount  of  stock.)— Halbert  P. 

„f    t~     r»„«L„     „„a iA,.u„^i     „^^  Gillette,    9    S.    Clinton    St.,    Chicago,    Rl.; 

of    La    Guaira    and    agricultural    and  Lewis  S.  Louer,  9  S.  Clinton  St.,  Chicago, 

manufactured  products  of  the  Caracas  111.;   R.   E.  Brown,   507  Fifth  Ave.,  New 

commercial  district.  York  city- 

Trnffip  QtnH<5tiV«  fnr  thp   vpar  pndprl  3-  That   the    known    bondholders,    mort- 

1  rathe  statistics  tor  the  year  ended  gagees  and  other  security  holders  owning 

Dec.  31,  1920,  are  as  follows:  or    holding   1   per   cent  or  more   of   total 

Freight  carried,   metric  tons   91,971  ^rnount  of  bonds,  mortgages  or  other •  se- 

Passengers   carried    92,401  cu^ies  are:  <If  there  are  none'  so  state.) 

Gross  revenue,  Bolivars   3,549,058  — Ihere  are  none. 

Freight  revenue,  Bolivars   2,860,100  4.  That  the  two  paragraphs  next  above, 

Passenger  revenue,  Bolivars  688,958  giving  the  names  of  the  owners,  stock- 
Operating  expenses  1,895,386  holders  and  security  holders,  if  any,  con- 
Net  gain  1,653,672  tain  not  only  the  list  of  stockholders  and 

m.  ,  .  „  ,,  security  holders  as  they  appear  upon  the 
The  railroad  is  one  of  the  most  books  of  the  company  but  also,  in  cases 
prosperous  in  Venezuela.  In  late  years  where  the  stockholder  or  security  holder 
a  dividpnd  nf  fi  npr  ppnt  ha<?  hppn  naid  appears  upon  the  books  of  the  company 
a  dividend  or  0  per  cent  nas  Deen  paid  as  trustee  or  in  any  other  fiduciary  rela- 
regularly  on  capital  shares.  Dividend  tion,  the  name  of  the  person  or  corpora- 
rates  on  ordinary  shares  for  1910  to  tion  for  whom  such  trustee  is  acting,  is 
1Q9H  inrOnoi^o  -urc^o  Ki/  7  fi  fi  c  «  given;  also  that  the  said  two  paragraphs 
1920,  inclusive,  were  5y2,  7,  8,  8,  8,  6,  contain  statements  embracing  affiant's 
6,  6,  6,  7,  and  8,  including  a  bonus  of  full  knowledge  and  belief  as  to  the  cir- 
1  ner  cent  cumstances  and  conditions  under  which 
y           _J stockholders  and  security  holders  who  do 

Metal     Mine     Explosives     Investiga.  "a^uS  VV^VanK?!: 

tions. — The    Department    of    the    Inte-  ties  in  a  capacity  other  than  that  of  a 

rior,  through  the  Bureau  of  Mines,  is  bona  fide  owner;  and  this  affiant  has  no 

continuing  experiments  at  metal  mines  ItTo^J^f^r^t&^^ln/t^?: 

in  Arizona  for  the  purpose   of  noting  est  direct  or  indirect  in  the  said  stock, 

and   rating   the    factors    affecting   the  bonds    or    other    securities    than    as    so 

efficiency  of  powder  used  in  blasting.  stated  w  himH        GILLETTE    Editor 

Successive  charges  in  talc  were  deto-  0        '          *?•  p'       ,^1*?'     d  °r« 

„„+~/i  *™™   ~n~J^n-„  ~~a-  „„/i  *i,«  „:„„  Sworn  to  and  subscribed  before  me  this 

nated  from  opposite  ends  and  the  size  nth  day  of  April,  1923. 

and    shape    of   the    resulting    cavities  (Seal.)                KITTIE  C.  WOULFE. 

measured.  (My  commission  expires  Feb.  9,  1926.) 
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The  Number  of  Builders  Compared  With  the 
Number  of  Apprentices 


The  1920  census  gives  the  following: 

Architects    18,185 

Draftsmen 52,865 

Builders  and  building  contractors..   90,109 

Of  course  a  large  number  of  these 
draftsmen  are  engaged  in  engineering 
offices  and  not  in  architectural  offices. 
Probably  20  per  cent  of  the  "builders 
and  building  contractors"  are  engaged 
in  construction  other  than  erecting 
buildings. 

The  1910  census  showed  nearly 
twice  as  many  "builders  and  building 
contractors,"  probably  because  fore- 
men and  small  sub-contractors  were 
included. 

The  building  trades  are  given  as  fol- 
lows for  1920: 

Brick  and  stone  masons 131,264 

Ditto  apprentices    1,434 

Carpenters    887,379 

Ditto  apprentices    4,805 

Electricians    212,964 

Ditto  apprentices    9,562 

Painters   (building  only) 248,497 

Ditto  apprentices 1,616 

Paper  hangers 18,746 

Ditto  apprentices 172 


Plasterers    38,255 

Ditto  apprentices   398 

Cement  finishers  7,621 

Plumbers  and  fitters 206,718 

Ditto    apprentices     7,386 

Roofers    and    slaters 11,378 

Ditto  apprentices    250 

Stone  cutters    22,099 

Structural  iron  workers  (building)  18,836 


Total    skilled    workers 1,829,380 

Laborers  (building)    623,203 


Total    2,452,583 

There  were  242,096  "stationary  engi- 
neers," and  37,888  "cranemen,  derrick- 
men  and  hoistmen,"  an  unknown  num- 
ber of  whom  were  engaged  on  building 
work. 

It  will  be  noted  that  the  apprentices 
in  each  of  the  building  trades  are  so 
few  in  number  as  to  be  almost  negli- 
gible. This  is  a  sad  commentary  on 
labor  union  restrictions  relative  to  ap- 
prentices. 

There  are  approximately  25,000  ar- 
chitects and  draftsmen,  75,000  building 
contractors,  1,800,000  skilled  workers 
and  600,000  laborers,  making  a  grand 
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total  of  2,500,000  men  engaged  directly 
in  structural  work. 

Since  labor  constitutes  approximate- 
ly one-half  the  cost  of  building  (mate- 
rials and  transportation  constituting 
the  other  half),  there  are  nearly  5,000,- 
000  men  engaged  in  building  and  in 
supplying  the  builders  with  materials. 
This  is  approximately  one-eighth  of 
the  41,614,000  persons  "engaged  in 
gainful  occupations"  in  1920. 


era  of  building  activity  will  continue 
indefinitely. 


Why    Building    Costs 
Should    Not    Be    Al- 
lowed to  Increase 

During  the  summer  of  1919  the  av- 
erage price  of  building  materials  (U. 
S.  Dept.  of  Labor  "index")  increased 
25  per  cent,  in  three  months.  During 
the  last  three  months  the  increase 
has  been  nine  per  cent.,  or  about  one- 
third  as  rapid  a  rate  of  increase  as 
the  maximum  rate  atttained  in  the 
great  price  boom  that  reached  its 
apex  just  three  years  ago,  and  was 
followed  by  the  disastrous  collapse  so 
fresh  in  our  memory.  A  price  in- 
crease of  nine  per  cent,  in  three 
months,  while  not  portentous,  is 
nevertheless  very  disconcerting;  for 
it  shows  that  many  dealers  in  build- 
ing materials  failed  to  learn  the  bitter 
lesson  of  1920. 

On  the  other  hand,  it  is  encourag- 
ing to  read  that  in  many  cities  there 
is  a  slackening  of  building  activity 
because  of  high  prices.  The  building 
material  price  index  is  now  204,  as 
compared  with  300  three  years  ago. 
Considering  the  price  level  of  other 
classes  of  commodities,  a  building 
price  index  of  200  is  not  out  of  rea- 
son. But  owners,  architects  and  engi- 
neers have  doubtless  regarded  with 
apprehension  the  rapidly  mounting 
price  index.  Perhaps  even  more 
ominous  has  been  the  rising  wage 
scale  with  the  danger  of  concomitant 
decrease  in  labor  efficiency. 

A  compilation  of  wages  paid  930,000 
members  of  organized  trades  in  63 
cities  shows  that  in  May,  1921,  week- 
ly pay  was  93  per  cent,  higher,  and 
hourly  pay  105  per  cent,  higher,  than 
in  1913. 

The  time  has  arrived  to  call  a  halt 
on  further  increases  in  building  costs, 
if  there  is  to  be  a  continuation  of 
building  activity.  Evidently  this  fact 
is  becoming  clear  to  owners  and  to 
their  professional  and  banking  advis- 
ors. If  building  costs  can  be  held  to 
or  below  the  present  level,  the  great. 


Does  Shortage  of  Labor 

Imperil    American 

Prosperity? 

Several  industrial  leaders,  notably 
in  steel  manufacturing,  have  recently 
expressed  the  opinion  that  shortage 
of  labor  imperils  American  prosper- 
ity. A  common  argument  is  that 
unless  the  immigration  bars  are 
lowered,  wages  will  continue  to  rise, 
and  that  this  will  ultimately  cause 
a  business  recession. 

This  argument,  while  plausible,  is 
unsound.  Average  money  wages,  as 
we  have  shown  repeatedly,  have  al- 
ways been  proportioned  to  the  per 
capita  money;  and  real  wages  (i.  e., 
wages  measured  in  goods)  have  al- 
ways been  proportional  to  per  capita 
productivity.  Hence,  the  general 
wage  level  or  index,  is  not  appre- 
ciably affected  by  immigration.  It  is 
true  that  the  wage  of  common  labor 
and  of  semi-skilled  labor  is  often  af- 
fected by  immigration,  for  an  exces- 
sive inflow  of  the  lower  types  of  la- 
bor tends  to  glut  the  common  labor 
market  and  to  lower  the  wages  of 
that  class  of  workers.  But  is  this 
glutting  of  the  labor  market  desir- 
able?   We  think  not. 

It  seems  to  us  that  the  common 
laborer  has  never  had  his  share  of  the 
rational  income  until  very  recently, 
and  that  even  yet  his  share  is  prob- 
ably inadequate.  If  the  immigration 
bars  are  not  lowered,  appreciably, 
wages  of  common  labor  will  rise 
somewhat,  and  wages  of  skilled  labor 
may  even  decrease  slightly.  For  per 
capita  money  controls  the  average 
wage  and  when  one  class  secures 
higher  money  wages  some  other  classes 
must  secure  lower  wages,  so  long 
as  per  capita  money  does  not  in- 
crease. But  in  the  past,  per  capita 
money  has  increased  almost  propor- 
tionately to  the  increase  in  per  capita 
efficiency  of  production,  when  only 
the  general  wage  trend  is  considered. 
Of  course,  there  have  been  many 
surges  both  in  the  per  capita  money 
curve,  and  in  the  wage  curve,  but  the 
two  curves  have  shown  an  almost 
parallel  trend,  and  this  trend  has  also 
been  almost  parallel  with  the  curve  of 
per  capita  efficiency  of  production. 

If  not  another  immigrant  were  to 
enter  America  our  prosperity  would 
not   be   affected,   except   through   the 
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exclusion  of  some  brilliant  minds  who 
might  have  aided  in  increasing  our 
per  capita  productivity. 

Minimum    Floor    Load    Re- 
quirements 

The  Building  Code  Committee  of  the 
U.  S.  Department  of  Commerce,  of 
which  Ira  H.  Woolson,  76  William  St., 
New  York  City,  is  chairman,  is  mak- 
ing good  progress  in  its  efforts  to 
standardize  building  law  requirements 
in  the  United  States  and  so  remove 
many  existing  incongruities  and  aid  in 
more  efficient  utilization  of  materials. 


upon  well  established  facts.  Up  to 
quite  recently  actual  floor  load  data 
have  been  exceedingly  scarce.  The 
variations  in  existing  code  require- 
ments are  wide  and  give  ample  evi- 
dence of  years  of  copy  work. 

During  the  last  few  months  some 
careful  studies  of  office  building  load- 
ing have  been  made  for  the  committee 
and  a  summary  of  these  was  given  to 
seven  technical  periodicals  for  publi- 
cation in  the  hopes  of  securing  simi- 
lar data  (preferably  on  different  occu- 
pancies) from  other  sources;  also  to 
stimulate  others  to  make  studies  for 
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The  committee  has  issued  its  first  re- 
port entitled  "Recommended  Minimum 
Requirements  for  Small  Dwelling  Con- 
struction" and  has  a  qualified  sub-com- 
mittee at  work  drafting  similar  re- 
quirements covering  plumbing  installa- 
tions. 

The  main  committee  is  planning  to 
have  its  next  report  cover  various  gen- 
eral details  applicable  to  all  buildings 
other  than  private  dwellings.  Among 
these  is  the  question  of  allowable 
floor  loads  for  different  occupancies. 
Many  strong  requests  have  been  re- 
ceived for  the  committee  to  make  rec- 
ommendations on  this  subject.  The 
task  is  being  undertaken  but  the  com- 
mittee desires  to  base  its  suggestions 


the  committee's  use.  As  all  members 
of  the  committee  are  giving  voluntary 
service  to  this  work,  they  feel  they 
are  justified  in  taking  the  liberty  of 
making  such  appeals  for  information 
which  is  to  be  used  for  public  benefit. 
The  results  of  the  investigation  of  live 
loads  on  several  floors  of  the  Equitable 
Bldg.,  New  York  City,  were  given  in 
the  April  25  issue  of  Engineering  and 
Contracting. 

As  a  part  of  the  committee's  study, 
it  has  prepared  the  accompanying 
table  summarizing  the  floor  load  re- 
quirements as  found  in  109  city  build- 
ing codes,  these  being  selected  to  fair- 
ly represent  practice  in  all  parts  of 
the  country. 
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How  Decaying  Ends  of  Heavy  Timber  Trusses  Were  Replaced  by 

New  Construction 


Problems  of,  repair  work  not  in- 
frequently prove  of  very  decided  in- 
terest and  importance  to  the  engineer, 
calling,  as  they  often  do,  for  the  ex- 
ercise of  considerable  ingenuity  in 
their  solution.  A  problem  illustrative 
of  this  point  recently  presented  itself 
to  the  city  architect's  department, 
Toronto,  Ont.,  in  connection  with  cer- 


discovered  in  1920,  upon  inspection  of 
the  roof  and  supports,  that  certain  of 
the  trusses  were  commencing  to  rot 
rather  seriously  at  tie  point  of  their 
bearing  upon  the  walls,  due  to  defects 
in  the  roof  which  allowed  alternate 
wetting  and  drying.  In  one  case,  the 
end  of  the  truss  had  settled  about  1 
in.,  the  padstone  having  crushed  into 


-JxS  on  eoch  side 


ip/ofe- 
PART  SIDE  ELEVATION  OF  TRUSS 


^-L^lnslde  face  of 
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m 
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Fig.   1. — Details  of   Repairs  to   Truss  No.  39,  48  Ft. 


Span. 


tain  roof  trusses  of  the  city  hall.  This 
structure  was  completed  in  1892,  hav- 
ing taken  five  years  to  build.  The  ori- 
ginal heavy  tile  roof  was  supported 
by  timber  trusses  of  Georgia  pine. 
During  1921-22  the  tile  roofing  was 
replaced  by  copper  sheeting.     It  was 


the  decayed  section.  Three  trusses 
called  for  immediate  attention,  and 
the  plan  adopted  in  the  case  of  the 
two  most  interesting  of  these  is  de- 
scribed as  follows  in  The  Canadian 
Engineer: 
The  principle  adopted  was  the  same 
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for  both,  but  the  details  differed  some- 
what. The  trusses  under  considera- 
tion were  known  as  No.  39  and  No. 
28,  the  former  being  the  first  repaired. 
Both  rested  on  padstones  set  in  brick 
bearing  walls  about  2y2  ft.  below  the 
top  of  the  wall.  In  neither  case  was 
it  possible  to  support  the  trusses  on 
the  floor  during  repairs,  as  the  load- 
ing would  have  been  much  too  heavy, 
so  the  following  methods  were 
adopted. 

Repairing  Truss  No.  39. — This  truss 
had  a  clear  span  of  48  ft.  and  is  simi- 
lar in  design  to  No.  28.  The  brick- 
work was  removed  from  around  the 
end  of  the  truss  down  to  the  level  of 
the  top  of  the  padstone.  Channels  12 
in.  deep,  at  20y2  lb.,  were  then  bolted 
to  the  sides  of  the  end  post,  as  shown 


buckle  was  then  placed  above  and 
parallel  to  the  center  line  of  the  bot- 
tom chord  and  as  close  to  it  as  pos- 
sible, connecting  the  end  post  and  the 
first  vertical  member  of  the  truss  (see 
Fig.  1).  The  tension  in  the  tie  rod 
was  transferred  to  the  end  post  by 
means  of  a  nut  and  two  4  by  3  by  %- 
in.  angles  riveted  together^ to  form  a 
channel,  which  was  countersunk  into 
the  end  posts,  and  at  the  other  end  by 
an  arrangement  of  angles  and  plates 
at  the  junction  of  the  vertical  mem- 
ber and  the  bottom  chord,  as  shown 
in  Fig.  1.  The  turnbuckle  was  tight- 
ened up  until  the  creaking  sounds  in- 
dicated that  the  tie  rod  was  taking 
up  the  tension  off  the  bottom  chord. 
The  end  of  this  latter  was  then  sawed 
off    and    the    part    indicated    by    the 


PAR T  PLAN  OF  BOTTOM  CHORD 
(bokrnf  up) 


Fig.  2.— Details  of  Repairs  to  Truss   No.  28,  74  Ft.  Span. 


in  Fig.  1,  extending  far  enough  up 
the  member  to  secure  a  firm  grip  on 
the  solid  portion  of  it,  and  the  lower 
ends  of  these  channels  were  cut  off 
horizontally  about  1  in.  above  the 
padstone.  The  two  channels  were  con- 
nected at  intervals  by  4  by  4  by  ^$-in. 
angles,  thus  practically  forming  a 
steel  casing  around  the  end  post.  Four 
5  by  4  by  %-in.  angles  were  then 
riveted  to  the  lower  ends  of  the  chan- 
nels (see  Fig.  1)  and  the  brick  work 
was  brought  up  to  the  bottom  of  the 
horizontal  legs  of  these  angles  and 
grouted  with  cement.  The  steel  cas- 
ing was  then  in  position  to  assume 
the  loading.  The  reaction  for  design 
purposes  was  taken  as  16,000  lb. 
A   1%-in.    steel   tie   rod    with   turn 


dotted  lines  in  Fig.  1  removed.  The 
steel  casing  of  the  end  post  and  the 
tie  rod  had  then  completely  replaced 
the  original  members  at  those  sec- 
tions, and  were  taking  the  stress. 

An  additional  plate  was  placed  hori- 
zontally between  the  channels  and 
wedged  against  the  angles  bolted  to 
the  channels,  as  shown  in  Fig.  1.  The 
space  between  this  plate  and  the  pad- 
stone was  grouted  in  with  cement,  and 
the  space  above  the  plate,  between  it 
and  the  end  of  the  timber  of  the  end 
post  was  filled  with  wooden  wedges, 
thus  giving  a  good  bearing  for  the 
new  end  post. 

Although  this  work  was  designed 
on  safe  theoretical  lines,  the  abrupt 
ending  of  the  bottom   chord   and  its 
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replacement  by  a  tie  rod,  not  along 
the  line  of  the  neutral  axis  perhaps 
does  not  satisfy  the  eye,  but  it  has 
already  stood  for  three  years,  and 
hence  this  objection  may  be  waived. 

During  the  sawing  off  of  the  bottom 
chord,  a  vertical  rod  resting  on  the 
floor  beneath,  was  held  so  that  its 
upper  end  could  just  barely  move  free- 
ly under  the  remaining  part  of  the 
bottom  chord,  to  detect  any  possible 
settlement  upon  completion  of  the 
sawing,  but  none  whatever  was  de- 
tected. 

Repairing  Truss  No.  28. — This  truss 
has  a  clear  span  of  74  ft.  3  in.  and  the 
estimated  maximum  reaction  is  34,000 


Fig.   3. — Completed    Repairs  on   Truss 
No.  28. 

lb.  The  general  method  of  handling 
the  work  was  similar  to  that  described 
for  No.  39,  but  it  will  be  noted  from 
Fig.  2  that  the  channels  are  consider- 
ably heavier,  being  12-in.,  40-lb.  chan- 
nels, and  two  tie  rods  are  used  in- 
stead of  one,  placed  at  either  side  of 
the  bottom  chord,  in  the  plane  of  the 
neutral  axis.  The  method  of  connect- 
ing these  rods  is  also  quite  different. 
Angles,  4  by  4  by  %  in.  are  set  into 
the  bottom  chord  on  all  four  sides 
about  4  ft.  from  the  end,  with  stiffen- 
ers  and  bolts  through  the  timber,  as 
shown  in  Fig.  2,  and  the  tension  in  the 
tie  rods  is  transferred  to  these  angles. 
Failure  would  therefore  have  to  occur 
by  longitudinal  shearing  in  the  bottom 
chord,  which,  as  can  be  seen,  is  amply 
guarded  against.  At  the  other  ends, 
the  tie,  rods  pass  through  angles 
riveted  to  the  webs  of  the  channels, 
supported  by  stiffeners.  The  whole 
appearance  in  this  case  is  more  satis- 
factory than  for  truss  No.  39,  and,  as 
in  the  case  of  the  latter,  it  has  not 
been  in  place  nearly  three  years.  Fig. 


3   gives   a   photographic   view   of   the 
work  done  on  this  truss. 

The  work  was  carried  out  by  the 
city  architect's  department,  of  which 
G.  F.  W.  Price  is  head.  K.  S.  Gillies 
was  directly  responsible  for  the  de- 
sign and  execution  of  the  work. 


Handling  and  Setting  of  Cut 
Stone 

In  an  appendix  to  the  standard 
specifications  issued  by  a  Service  De- 
partment of  the  Indiana  Limestone 
Quarrymen's  Association  some  valu- 
able suggestions  on  the  "Handling, 
Setting  and  Protection  of  Cut  Stone" 
are  given.  The  following  is  taken 
from  the  above  mentioned  document. 

Stacking. — Cut  stone  should  not  be 
stacked  in  a  manner  that  will  permit 
its  entire  weight  to  rest  on  the  arises. 
Soft  wood  strips  and  excelsior  should 
be  used  to  properly  separate  the  fin- 
ished faces  when  packed  in  piles  and 
in  addition  to  being  placed  on  a  plat- 
form raising  it  free  from  the  ground 
it  should  be  barricaded  or  fenced  in 
when  stored  for  long  periods.  Joints 
are  an  important  element  in  design 
and  snipped  arises  will  impair  the 
effect  of  the  finished  work. 

Skilled  workmanship  in  setting  also 
is  important,  for  it  is  frequently  the 
case  that  stone  of  a  lower  grade  if 
carefully  cut  and  set  will  be  made  to 
appear  equal  in  every  way  to  the 
finest  product  of  the  quarry.  It  is 
equally  true  that  improper  handling 
of  the  high  grade  stone  will  result 
in  it  having  the  appearance  of  a  lower 
grade    material. 

Setting.  —  While  some  architects 
specify  that  all  stone  weighing  80  lbs. 
shall  be  set  by  derrick,  this  is  rather 
a  low  limit  and  it  is  considered  safe 
in  practice  to  allow  the  exact  methods 
of  handling  to  an  experienced  setting 
contractor.  A  difference  of  opinion 
exists  as  to  whether  stone  weighing 
around  100  lbs.,  or  more,  should  be 
Lewis  holed.  Some  building  codes 
require  that  all  stone  of  100  lbs.,  or 
more,  in  weight  be  lifted  with 
Lewises,  while  other  cities  permit 
grab  hooks  to  be  used  generally  for 
the  setting  of  ashlar  and  most  other 
stone  weighing  up  to  300  to  400  lbs. 
In  view  of  these  varying  practices  it 
is  always  well  to  consult  local  build- 
ing codes  before  making  specifications 
on  this  point. 

Wedges. — Practice  has  determined 
that  soft  pine,  white  wood  or  spruce 
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make  the  best  wedges  for  use  in  set- 
ting limestone.  These  wedges  should 
be  2V2  to  2%  in.  long  and  %  in.  wide 
and  y2  in.  thick  at  the  butt  and  taper- 
ing to  an  edge  of  1/16  to  Vs  in.  It  is 
also  important  that  these  wedges  be 
thoroughly  soaked  in  water  before  use 

»so  that  they  will  shrink  with  the  dry- 
ing out  of  the  mortar.  Dry  wedges,  on 
the  other  hand,  will  swell  by  the  ab- 
sorption of  moisture  from  the  mortar, 
sufficiently  in  many  cases  to  lift  the 
stone  and  destroy  the  mortar  bond  in 
joints  or  to  spall  off  the  face  of  the 
stone,  or  they  may  cause  spalling  of 
the  stone  later  on  by  the  difficulty  of 
removal  when  the  building  is  being 
cleaned  down  and  pointed.  Thorough- 
ly soaked  wedges  of  soft  wood  will 
shrink  sufficiently  to  make  their  re- 
moval easy  and  without  damage  to  the 
stone. 

Lead  Buttons  or  Pads. — For  the  set- 
ting of  large  columns  and  drums, 
bases  for  statuary  and  other  large 
stones,  lead  buttons  or  pads  have 
been  found  to  be  more  satisfactory 
than  wood  wedges.  These  buttons  are 
made  from  square  or  circular  pieces  of 
sheet  lead  which  are  cut  from  3/16 
to  %  in.  thick  sheets  of  lead  accord- 
ing to  the  thickness  of  the  joint  de- 
sired. For  columns  they  are  usually 
about  iy3  in.  square  set  3  in.  back 
from  the  face  of  the  column.  These 
buttons  serve  to  arrest  the  uneven 
descent  of  the  block  and  assure  the 
proper  and  even  bedding  without  the 
possibility  of  snipping  the  edges  and 
to  prevent  the  improper  squeezing 
out  or  crushing  of  mortar  during  the 
process  of  hardening.  All  large 
blocks  should  have  the  joints  thor- 
oughly filled  with  a  mortar  sabre  or 
saw  blade,  or  other  tool,  until  the 
block  appears  to  be  floating  on  the 
mortar  bed. 

Setting  Cornices. — In  setting  cor- 
nices, belt  courses  and  copings  it  is 
highly  important  that  the:  vertical 
joints  projecting  from  the  face  of  the 
building,  the  top  members  of  all  main 
cornices  and  copings  and  balustrade 
rails  be  thoroughly  filled  with  setting 
mortar,  or  otherwise  the  passage  of 
water  is  almost  certain  to  disfigure 
an  otherwise  fine  piece  of  work.  As 
these  vertical  joints  cannot  be  prop- 
erly filled  simply  by  slushing  up  at 
the  time  of  setting  they  should  always 
be  grouted  solid,  and  it  is  a  mistake 
to  make  these  joints  less  than  the 
full  V±  in.  regardless  of  the  thick- 
ness of  the  joints  elsewhere  on  the 


work.  The  stone  should  be  set  with 
the  vertical  joints  dry  and  the  ex- 
terior profile  of  the  members  caulked 
with  picked  oakum  or  newspapers 
soaked  in  water  and  the  joint  poured 
full  with  as  thick  grout  as  can  be 
properly  worked  into  them,  allowing 
the  usual  %  in.  of  depth  at  the  top 
of  joint  for  pointing  up  later.  The 
caulking  is  later  removed,  providing 
the  necessary  space  for  pointing  up 
the  joints. 


Concrete    Strength    Tests    on 
Actual  Building  Operation 

An  extensive  series  of  concrete 
strength  tests  on  an  actual  building 
operation  under  the  combined  auspices 
of  the  Joint  Committee  on  Concrete 
and  Reinforced  Concrete,  the  Portland 
Cement  Association,  the  U.  S.  Bureau 
of  Standards,  and  a  committee  repre- 
senting the  contracting  industry  has 
just  been  undertaken.  In  general  the 
tests  are  to  thoroughly  demonstrate 
the  practicability  under  job  conditions 
of  the  principles  of  concrete  mixtures 
recently  evolved  in  various  labora- 
tories. 

The  tests  are  to  be  carried  out  on 
an  8-story  building  operation  which 
Stone  &  Webster,  Inc.,  has  under  way 
for  the  Victor  Talking  Machine  Co., 
at  Camden,  N.  J.  Delaware  River  ag- 
gregates, common  to  the  Philadelphia 
market,  will  be  used. 

Strict  water  control  which  will  be 
accomplished  by  accurate  water  meas- 
urement at  the  mixer,  checked  by 
slump  and  flow  table  tests,  will  be  re- 
quired. Numerous  6-in.  x.  12-in.  cylin- 
ders (3  every  hour  of  mixing  time)  will 
be  taken  for  28-day,  90-day  and  1-year 
breaks,  which  are  designed  to  show 
the  uniformity  of  strength  obtainable 
with  accurate  water  control  under  job 
conditions. 

Another  line  of  investigation  re- 
quires the  cutting  of  cylinders  from 
actual  structural  concrete,  to  demon- 
strate whether  molded  specimens  cor- 
rectly represent  the  actual  material  in 
the  building.  It  is  also  the  intention 
to  make  several  batches  of  especially 
designed  proportions  to  test  out  the 
latest  principles  derived  from  labora- 
tory investigation. 

A  comparison  between  field  made 
and  laboratory  made  concrete  with 
identical  materials  is  also  to  be  made, 
as  well  as  a  thorough  study  of  the 
cements  used.  The  technique  of  job 
testing  will  also  receive  attention. 

W.  A.  Slater,  Engineer  Physicist  of 
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the  Bureau  of  Standards,  is  director  of 
tests.  He  will  be  assisted  by  Stanton 
Walker,  a  concrete  technician  from 
Lewis  Institute  in  Chicago,  who  is  in 
direct  charge  of  the  field  testing  work. 
Richard  L.  Humphrey  is  chairman  of 
the  joint  committee,  and  M.  J.  Whitson 
of  Stone  &  Webster,  with  M.  M.  Up- 
son of  Raymond  Concrete  Pile  Co.,  are 
joint  chairmen  representing  the  con- 
tracting industry. 


Standard    Dimensions    for    Face 
Brick 

At  a  preliminary  meeting  at  the  De- 
partment of  Commerce  May  11  be- 
tween a  committee  of  the  American 
Face  Brick  Association;  J.  W.  Ginder, 
chairman,  Specifications  Committee  of 
the  Supervising  Architect's  Office, 
Treasury  Department;  A.  L.  Harris, 
American  Institute  of  Architects, 
Washington,  D.  C;  Paul  E.  Holden,  U. 
S.  Chamber  of  Commerce,  and  R.  M. 
Hudson  of  the  Division  of  Simplified 
Practice,  it  was  resolved  that  the  De- 
partment of  Commerce  be  asked  to  call 
a  general  conference  consisting  of  rep- 
resentatives of  face  and  common  brick 
manufacturers,  architects,  contractors, 
builders  and  federal  representatives 
some  time  during  the  week  of  June  18 
to  consider  the  adoption  of  the  fol- 
lowing standard  dimensions  for  face 
brick:  Rough  face  brick  "approximate- 
ly 8  in.  x  2%  in.  x  3%  in."  Smooth  face 
brick  "approximately  8  in.  x  2%  in.  x 
%%  in." 

R.  M.  Hudson,  acting  chief  of  the 
Division  of  Simplified  Practice,  who 
conducted  the  meeting  for  the  Depart- 
ment of  Commerce,  said  that  a  partial 
survey  recently  conducted  by  the 
American  Face  Brick  Association, 
showed  that  167  plants  throughout  the 
United  States  manufactured  39  differ- 
ent sizes  of  rough  brick  during  1922, 
and  that  141  plants  manufactured 
smooth  brick  in  36  varieties.  If  the 
committee's  recommendation  is  adopt- 
ed at  the  coming  conference  but  two 
sizes  of  brick  will  be  made,  thus  elimi- 
nating at  least  38  rough  and  35  smooth 
brick  varieties.  Mr.  Hudson  estimated 
that  from  80  to  90  per  cent  of  the 
brick  made  in  the  United  States  is  of 
the  average  dimensions  covered  in  the 
recommendation. 

The  members  of  the  Committee  on 
Standard  Sizes  of  the  American  Face 
Brick  Association  who  attended  the 
meeting  at  the  Department  of  Com- 
merce were:  P.  B.  Belden,  chairman, 
Belden  Brick  Co.,  Canton,  O.;  Spencer 


M.  Duty,  Metal  Paving  Brick  Co., 
Cleveland,  O.;  A.  B.  Adam,  Key-James 
Brick  Co.,  Alton  Park,  Tenn.;  Eben 
Rodgers,  Alton  Brick  Co.,  Alton,  111.; 
T.  P.  Mahoney,  Ballou  Brick  Co., 
Sioux  City,  Iowa;  W.  S.  Degenhart, 
Clay  Products  Co.,  Jewettville;  R.  T. 
Hollowell,  secretary,  American  Face 
Brick  Association,  Chicago,  111. 


War  Department  Sales  of  Build- 
ings at  Army  Camps 

The  disposal  of  army  surplus  ap- 
pears to  be  nearing  completion,  judg- 
ing by  reports  from  competent 
sources.  More  than  $1,000,000,000  have 
been  recovered  by  the  War  Depart- 
ment through  these  sales  of  surplus 
since  the  ending  of  the  war,  in  addi- 
tion to  the  immense  quantities  of  sur- 
plus retained  for  the  use  of  the  regu- 
lar army,  national  guard  and  their  re- 
serve organizations. 

Several  large  projects  have  been 
among  those  offered  the  public,  such 
as  the  Norfolk,  Port  Newark  and 
Charleston  Bases,  as  well  as  numerous 
buildings,  easements  and  improve- 
ments sold  from  various  army  reserva- 
tions and  cantonments. 

Many  other  projects  are,  however, 
to  be  disposed  of  before  the  War  De- 
partment withdraws  from  its  jobbing 
business,  and  the  indications  are  that 
these  will  be  placed  on  the  market 
within  the  coming  four  months. 

Among  those  scheduled  for  early 
sale  are  approximately  1,000  buildings, 
improvements  and  utilities  at  Camp 
Grant,  Illinois ;  land  and  easements,  or 
buildings  and  improvements  for  wreck- 
ing, or  both,  at  the  following  points: 
Rochester  Gun  Plant,  New  York; 
Woodbury  Ordnance  Reserve  Depot, 
New  Jersey;  Camp  Humphreys,  Penni- 
man  Ordnance  Reserve  Depot,  and 
Richmond  Air  Intermediate  Depot,  all 
in  Virginia;  ~Carlstrom  and  Dorr 
Fields,  Florida;  Camp  Jackson,  South 
Carolina;  Park  Field,  Tennessee,  and 
Ellington  Field,  Texas. 

The  task  confronting  the  War  De- 
partment has  been  a  large  one  when 
it  is  considered  that  the  disposals 
were  made  so  as  not  to  interfere  un- 
duly with  established  industry  and  yet 
to  reclaim  for  the  United  States  Treas- 
ury as  large  a  portion  of  the  war  cost 
as  possible.  The  amount  thus  reclaimed 
represents  slightly  more  than  40  per 
cent  of  the  cost  of  materials  disposed 
of,  which  speaks  volumes  in  view  of 
the  prices  prevailing  when  the  ma- 
terial was  bought,  and  the  steady  de- 
crease in  prices  since. 
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Index  Numbers  of  Wholesale  Prices 

An  "index  number"  is  really  a  per-  the  indexes  for  other  periods  are  those 

centage,  and  in  the  case  of  an  "index  calculated  by  the  U.  S.  Department  of 

price"  shows  the  relative  price  level  Labor. 

at  different  times.    In  the  accompany-  The  index  for  building  materials  is 

ing   table  the   price   level,   or   "index  a   weighted  average   of  the  principal 

price,"  is  100  for  the  year  1913;   and  building  materials  except  steel. 
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Determinations  of  Lateral  Earth  Pressures 


Results  of  Tests  Using  Large  Sized  Apparatus  for  Measuring  Directly 

Components  of  Active  Pressure  on  Model  Wall, 

6  Ft.  High  and  5  Ft,  Wide 

By  JACOB  PELD, 

Civil    Engineer,    Brooklyn,    N.    Y. 


There  is  a  great  need  for  experi- 
mental research  in  the  engineering 
field,  and  especially  is  this  true  of 
civil  engineering.  One  reason  for  the 
dearth  of  experimental ,  data  in  the 
applied  sciences  is  exemplified  by  the 
work  described  in  this  article,  which 
is  a  summary  of  a  paper  read  before 
the  American  Society  of  Civil  Engi- 
neers on  March  7,  1923.  Three  full 
years  of  work  as  a  Baldwin  Fellow  in 
Civil  Engineering  at ,  the  University 
of  Cincinnati  resulted  in  the  solution 
of  but  a  part  of  a  single  problem,  the 
accurate  determination  of  the  lateral 
pressure  of  granular  materials.  The 
results,  however,  cover  the  special 
field  thoroughly  and  are  of  practical 
use  for  the  design  of  such  structures 
as  retaining  walls,  bins  for  storage, 
docks  and  quays. 

Early  Theories  of  Earth  Pressure. — 
The  problem  is  a  very  old  one.  As 
far  back  as  1687,  Vauban  published 
theoretical  and  empirical  formulae  for 
the  design  of  military  revetments, 
Although  no  older  reference  has  been 
found,  it  is  known  that  the  Romans 
built  retaining  walls  and  fortifications 
according  to  some  definite  rules.  The 
theories  of  earth  pressure,  both  from 
a  theoretical  and  experimental  point 
of  view,  were  developed  by  the  French 
military  engineers  in  the  17th  and 
18th  and  early  part  of  the  19th  cen- 
tury. The  most  notable  contributions 
are  those  of  Couplet  (1727)  and  Cou- 
lomb (1773).  The  theory  of  the  wedge 
of  maximum  pressure,  that  not  the 
whole  mass  of  earth  behind  a  wall 
exerts  pressure,  but  only  a  wedge  or 
prism  having  its  apex  at  the  heel  of 
the  wall,  its  base  on  the  surface  of 
the  filling  material,  one  face  coincid- 
ing with  the  back  of  the  wall,  and  the 
other  face  at  a  slope  which  is  steeper 
than  the  natural  repose  of  the  filling 
material  when  not  retained,  is  now 
called  Coulomb's  theory.  It  has  been 
generalized  and  modified  and  is  at 
present  the  best  known  and  most 
used  theory  for  the  design  of  struc- 
tures acted  upon  by  granular  mate- 
rials. 

Another    theory,     based    upon    the 


mathematical  theory  of  elasticity,  was 
first  enunciated  by  Rankins  in  1856, 
and  developed  by  Levy,  Schefller,  St. 
Venant  and  Boussinesq.  Although  this 
group  of  mathematical  scientists  at- 
tacked the  problem  in  a  more  rigorous 
way  than  the  supporters  of  the  wedge 
theory,  the  resulting  general  formulae 
are  too  complicated  for  ordinary  use. 
Factors  Necessary  for  Complete  De- 
termination of  Earth  Pressure. — Three 
factors  must  be  found  for  the  com- 
plete determination  of  lateral  earth 
pressure: 

1.  Its  magnitude,  which  may  vary 
from  that  of  a  fluid  having  a  density 
equal  to  that  of  the  filling  material  to 
that  of  a  solid  which  is  self-supporting 
and  exerts  no  lateral  pressure. 

2.  Its  direction.  Rankine's  theory 
(tor  the  case  of  a  vertical  wall)  gives 
a  direction  always  parallel  to  the  top 
surface.  Coulomb,  for  the  same  case, 
assumes  a  horizontal  pressure.  Most 
of  the  modern  theories,  including  the 
general  wedge  theory,  assume  that 
the  resultant  is  inclined  to  the  back 
of  the.  wall,  deviating  from  the  wall- 
normal  by  an  angle  equal  to  the  angle 
of  friction  between  the  wall  and  the 
earth. 

3.  Its  point  of  application.  Al- 
though usually  assumed  as  one-third 
the  height,  analogous  to  the  case  of 
hydrostatic  pressure,  experiments 
show  that  it  is  above  the  third  point. 

The  Cincinnati  Testing  Apparatus. 
— To  establish  a  corelation  between 
the  present  earth  pressure  theories 
and  the  actual  existing  pressures,  an 
apparatus  to  determine  these  three 
factors  was  constructed  at  the  Uni- 
versity of  Cincinnati.  The  design  of 
the  apparatus  was  conceived  by  G.  M. 
Braune,  one  time  professor  of  civil 
engineering,  and  C.  C.  Meyers,  one 
time  professor  of  industrial  engineer- 
ing; the  details  of  the  design  have 
been  worked  out  by  B.  H.  Wolfkoet- 
ter.  fellow  in  civil  engineering  (1916- 
]7),  and  the  writer  (1919-22),  the 
latter  being  responsible  for  the  pres- 
ent design  and  for  the  successful  in- 
stallation of  the  apparatus.  Tests 
were  begun  in  May,  1920,  and  the  first 
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series  (covered  by  this  article),  using 
as  a  filling  material  a  sandy  earth 
excavated  from  the  subway  cut  on 
Canal  street,  Cincinnati,  was  com- 
pleted in  the  spring  of  1922.  The 
preliminary  tests  were  reported  in 
"Engineering  News-Record"  Aug.  25, 
1921,  and  Jan.  19,  1922.  Both  of  these 
articles  were  reprinted  in  full  (in 
translation)  in  Germany,  the  first  by 
"Der  Bauingenieur,"  March  15,  1922, 
and  the  second  by  "Der  Eisenbau," 
July,  1922. 

The  method  of  obtaining  the  pres- 
sure of  earth,  or  any  other  granular 
material,  is  to  measure  the  horizontal 
and  vertical  components  of  the  ac- 
tions of  the  granular  material  upon  a 
"free  body."  The  wooden  wall,  6  ft. 
high  and  5  ft.  wide,  fits  into  the  open 
front  of  a  concrete  bin,  5  ft.  wide 
and  9  ft.  long,  and  6  ft.  high  at  the 
front  and  12  ft.  high  at  the  rear.  The 
vertical  action  of  the  earth  is  trans- 
mitted by  two  vertical  rods  to  2,000-lb. 
platform  scales  and  there  registered 
(see  Fig.  1).  The  horizontal  action, 
transmitted  by  bell-crank  levers,  is 
measured  on  three  1,000-lb.  scales,  one 
of  which  receives  the  part  taken  by 
the  top  of  the  wall,  each  of  the  others 
receives  half  the  action  at  the  bottom 
of  the  wall.  It  is  therefore  possible 
to  determine  the  total  horizontal  and 
vertical  components,  the  direction  of 
the  resultant,  which  is  the  ratio  of  the 
total  vertical  to  the  total  horizontal 
pressure,  and  the  point  of  application, 
found  from  the  percentage  of  the 
total  horizontal  pressure  taken  by  the 
top  support.  Special  attachments  to 
the  scales  allow  the  limitation  of  the 
movements  of  the  wall  to  any  de- 
sired amount.  Theoretically  some  dis- 
placement is  necessary  for  the  regis- 
tration of  pressures;  and  the  maxi- 
mum* movements  allowed  are  1/2,000 
in.  vertically  and  1/4,000  in.  horizon- 
tally. Such  small  values  prevent  dis- 
turbance of  the  positions  of  grains  be- 
hind the  wall.  Previous  experimenters 
have  had  difficulty  in  controling  the 
movements  of  the  wall. 

This  apparatus  is  by  far  the  largest 
ever  designed  and  built  for  this  pur- 
pose. The  closest  to  it  is  that  of 
Mueller-Breslau  (1906)  with  a  measur- 
ing gate  750  mm.  high  by  1,015  mm. 
wide  (29.6  in.  by  40  in.).  Many  sets 
of  experiments  have  been  conducted 
since  the  time  of  Vauban,  but  the  re- 
sults of  most  of  them  are  not  ap- 
plicable either  because  of  the  small 
scale  apparatus  or  else  errors  in  the 
method.     The  results  of  the  present 


tests  agree  quite  closely  with  the  data 
of  previous  experimenters  who  used 
large  sized  apparatus.  The  present 
apparatus  tends  to  approximate  as 
closely  as  possible  the  actual  condi- 
tion of  a  retaining  wall  and  has 
proven  to  be  very  consistent  in  its 
data. 

How  the  Tests  Were  Made. — Tests 
were  performed  with  glass  and  sheet 
metal  directly  fixed  to  the  back  of  the 
wooden  wall.  For  walls  sloping  to- 
wards the  fill,  a  "false"  wall  was  at- 
tached  to   the   wall   at   three   points. 


Fig.    1 — Front    View    of     Earth    Pressure 
Apparatus,   Showing   Scales  in   Position. 

At  the  foot  it  was  spiked  to  the  main 
wall  and  at  the  mid-point  and  at  the 
top  the  two  walls  were  connected  by 
heavy  timber  struts.  Similar  connec- 
tions were  used  for  the  wall  sloping 
away  from  the  fill.  Because  of  the 
large  vertical  components  in  the  latter 
case,  16  wires  were  also  run  from  the 
lowest  point  of  the  overhanging  wall 
to  various  points  in  the  main  wall  to 
aid  in  transmitting  the  vertical  com- 
ponent and  in  decreasing  deflection  of 
the  "false"  wall.  In  both  these  cases 
the  additional  parts  were  inside  the 
bin,  and  care  was  taken  to  prevent 
binding  at  the  sides  or  contact  on  the 
floor. 

A  sample  of  the  material  used  in 
each  test  was  taken.  Air-tight  cans, 
holding  about  15  lb.  of  the  material, 
were  filled  when  each  test  was  about 
half  finished.  The  density,  natural 
slope,  coefficient  of  internal  friction, 
coefficient,  of  internal  resistance,  and 
moisture  content  of  this  material  was 
carefully  determined.  The  coefficients 
of  friction  and  resistance  (kinetic  and 
static  friction)  of  the  fill  on  the  wall 
were  also  found.     The   coefficient  of 
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Fig.  2 — Curves  for  Vertical  Wall  and   Horizontal   Fill.  Pressures  Plotted  Are  the   Hori- 
zontal  Component   of  the  Lateral    Pressure   Per   Foot  Width   of   Wall. 

Experimental  Curves —  0  =  40°,  angle  of  repose. 

+  Test  No.  1.  0  =  37°,  angle     of     internal 

O  Test  No.  2.  resistance. 

Theoretical  Curves —  • 0=;  34°,  angle     of     internal 

H  =  %  yh2  tan2  y2  (90°  —  0).  friction. 
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internal  resistance  was  determined 
by  measuring  the  force  required  to 
start  in  motion  a  weighed  quantity  of 
the  material  resting  on  a  horizontal 
surface  of  the  same  material.  The 
force  required  to  keep  the  mass  in  uni- 
form motion  gave  the  coefficient  of 
internal  friction.  The  material  was 
placed  in  a  bottomless  cubical  box 
that  held  about  5y2  lb.  of  sand,  and 
the  lower  edges  were  beveled,  so  that, 
practically,  only  the  sand  was  in  con- 
tact. The  coefficient  of  internal  re- 
sistance was  taken  as  a  measure  of 
the  combined  effect  of  friction  and 
cohesion;  whereas  the  coefficient  of 
internal  friction  was  due  to  friction 
alone,  since  cohesion  cannot  act  dur- 
ing motion.  The  angles  correspond- 
ing to  these  coefficients  are  called  the 
angles  of  internal  resistance  and  in- 
ternal friction,  respectively.  The  angle 
of  internal  resistance  of  sand  for 
moisture  content  from  0  to  9  per  cent 
was  found  to  be  about  90  per  cent  of 
that  of  natural  repose. 

Conclusions  for  Tests  with  Vertical 
Walls  and  Horizontal  Fills, — The  con- 
clusions for  all  the  tests  with  vertical 
walls  and  horizontal  fills  (see  Fig.  2) 
were:  It  is  evident  that  a  vertical 
component  exists.  The  average  of  all 
the  readings  with  the  wood  wall  gives 
33°  for  the  inclination  of  the  resultant 
pressure.  The  fill  was  quite  moist, 
and  the  wall,  when  it  was  exposed 
after  the  test,  was  quite  damp.  The 
coefficient  of  friction  between  the 
sand  and  a  wetted  yellow  pine  board, 
across  the  grain  (identical  with  the 
case  of  the  test  wall),  corresponded 
to  an  angle  of  32°  30'. 

The  point  of  applictaion  varies  from 
0.350h  to  0.400h,  depending  on  the  age 
of  the  fill.  For  this  case,  the  Coulomb 
and  Rankine  theories  give  the  same 
formula,  which  seems  to  give  the 
amount  of  the  horizontal  component 
very  closely,  if  the  value  of  $  is  the 
angle  of  internal  resistance.  Low 
values  are  obtained  if  $  is  taken  as 
the  natural  slope.  Using  <i>  as  the 
angle  of  internal  friction  gives  high 
values,  which  is  to  be  expected,  since 
the  cohesion  is  disregarded.  The 
curves  shown  on  Fig.  2  give  a  graphi- 
cal comparison  between  the  experi- 
mental results  of  two  tests  with  a 
wooden  wall  and  the  theoretical  for- 
mula, where  $  is  taken  as  the  natural 
slope,  the  angle  of  internal  friction 
and  the  angle  of  internal  resistance. 
The  close  agreement  between  the  two 
tests,  and  with  the  middle  theoretical 
curve,  is  easily  seen.     Similar  results 


were  obtained  with  the  walls  backed 
by  glass  and  sheet  metal. 

Determination  of  Lateral  Pressure 
of  Non-Horizontal  Fills. — Two  tests 
with  each  type  of  wall  were  run  to  de- 
termine the  lateral  pressure  of  non- 
horizontal  fills  against  a  vertical  wall. 
In  the  first  test,  the  bin  was  filled  to 
a  definite  height  (5  ft.  with  the  wood 
wall),  with  the  surface  sloping  at  the 
maximum  possible  angle  below  the 
horizontal.  The  slope  was  then 
changed  by  intervals  of  about  3°  until 
the  greatest  possible  slope  above  the 
horizontal  was  obtained.  In  this  man- 
ner a  comparison  is  had  of  all  pos- 
sible surfaces  with  a  fixed  height  of 
wall.  In  the  second  test,  the  surface 
slope  was  kept  constant,  and  different 
heights  of  fill  were  tested.  It  was 
found  to  be  impractical  to  use  the 
angle  of  repose  as  this  slope  (as  had 
been  planned),  because  the  larger  par- 
ticles would  roll  down  to  the  wall.  A 
slope  as  steep  as  possible  was  used. 

From  the  results,  it  may  be  conclud- 
ed that  for  a  vertical  wall,  with  any 
inclination  of  the  surface,  the  value 
of  the  lateral  earth  pressure  is  given 
in: 

(a)  Magnitude,  by  the  formulas  de- 
rived by  the  wedge  theory  for  the  hor- 
izontal component,  assuming  that  the 
friction  on  the  wall  has  no  effect.  The 
vertical  component  is  equal  to  the 
horizontal  component  times  the  coeffi- 
cient of  friction  between  fill  and  wall. 

(b)  Direction,  by  the  angle  of  fric- 
tion between  fill  and  wall. 

(c)  Point  of  application,  by  the 
value  of  0.33h  to  0.40h  depending  upon 
the  surface  of  the  fill,  the  higher 
values  corresponding  to  the  slopes 
above  the  horizontal.  These  tests 
prove  conclusively  that  the  Rankine 
assumption,  the  resultant  pressure 
acts  parallel  to  the  top  surface,  has 
no  experimental  foundation.  The  in- 
clination of  the  resultant  is  independ- 
ent of  the  nature  of  the  top  surface. 
An  attempt  to  correlate  the  acting  pres- 
sure with  the  area  of  the  theoretical 
wedge  of  rupture  showed  that  the 
pressure  varied  much  more  than  the 
area  of  the  wedge  and  so  it  could  not 
be  expressed  as  a  constant  times  the 
area. 

Tests  with  Sloping  Walls. — In  the 
tests  with  sloping  walls,  wooden  walls 
only  were  used.  To  determine  the 
pressure  of  horizontal  fills,  four  cases 
of  positive  batter  (the  usual  case), 
1:12,  1:8,  1:6,  and  1:4,  and  five  cases 
of  negative  batter  (overhanging  top), 
1:12, 1:6, 1:4,  1:3,  and  1:2,  were  tested. 
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The  results  were  quite  consistent,  the 
pressure  in  every  case  was  inclined 
to  the  wall  normal  by  an  angle  equal 
to  the  angle  of  friction  on  the  wall, 
the  resultant  acted  at  about  .37h,  and 
the  magnitude  of  the  resultant  approx- 
imated the  general  (Poncelet)  wedge 
theory  somewhat  closer  than  the  Cou- 
lomb wedge  theory.  The  former  gives 
slightly  smaller  values.  For- the  over- 
hanging walls  the  older  wedge  theory 
requires  an  upward  component,  for 
the  resultant  is  assumed  to  act  nor- 
mal to  the  wall.  For  these  walls,  the 
agreement  with  the  Poncelet  theory 
(inclined  resultant)  was  very  close,  an 
average  variation  of  3  per  cent. 

The  effect  of  sloping  fills  was  tested 
on  two  sloped  walls,  one  with  positive 
batter  of  1:4,  the  other  with  negative 
batter  of  1:6.  The  inclination  of  the 
resultant  from  the  normal  was  again 
equal  to  the  angle  of  wall  friction  for 
all  cases.  In  the  first  case,  the  point 
of  application  of  the  resultant  varied 
from  .33h  to  .44h,  increasing  with  the 
slope,  and  the  magnitude  was  about 
82  per  cent  (average)  of  the  values 
as  given  by  the  general  wedge  theory. 
The  theoretical  values  for  the  cases 
of  large  inclination  of  either  wall  or 
surface  are  found  to  be  unduly  large; 
the  assumptions  of  the  theory  for  the 
general  case  probably  do  not  hold  sc 
closely  for  the  extreme  cases.  In  the 
test  with  the  overhanging  wall,  the 
point  of  application  varied  between 
.35h  and  .39h,  and  the  experimental 
values  were  about  5  per  cent  higher 
than  the  theoretical,  except  for  the 
very  steep  fills,  when  the  experimen- 
tal values  were  much  lower  than  the 
theoretical. 

Tests  to  determine  the  presence  or 
absence  of  a  wedge  of  rupture,  by 
placing  loads  at  various  distances  in 
back  of  the  wall,  show  that  a  wedge 
or  prism  of  rupture,  closely  approxi- 
mating the  theoretical  wedge,  does  ex- 
ist. Loading  beyond  the  theoretical 
plane  of  rupture  had  practically  no  ef- 
fect on  the  pressure.  As  soon  as  the 
load  crossed  the  plane  of  rupture,  the 
horizontal  and  vertical  components  in- 
creased, the  vertical  somewhat  faster 
than  the  horizontal.  The  height  of 
the  resultant  remained  practically  un- 
changed. It  is  evident  that  all  the  ma- 
terial above  the  plane  of  repose  does 
not  contribute  to  the  pressure.  Wheth- 
er or  not  the  surface  of  rupture  is  a 
plane  was  difficult  to  determine,  for 
there  was  no  break  in  the  surface  of 
the  fill  in  any  of  the  tests.     Such  a 


break  could  hardly  be  expected  from 
the  small  movements  of  the  wall. 

Effects  of  Temperature,  Humidity 
and  Settling. — Several  tests  were  con- 
ducted to  determine  the  effects  of 
changes  in  temperature,  humidity, 
etc.,  and  to  investigate  the  effect  of 
settling.  Readings  were  taken  about 
one  hour  apart.  One  test  consisted 
in  taking  readings  of  the  pressure  of 
6  ft.  of  fill  acting  on  a  vertical  wood 
wall  for  a  period  of  8  days,  during 
which  there  was  a  temperature  varia- 
tion of  23°  F.  and  several  rains.  Read- 
ings were  so  distributed  as  to  cover 
the  maximum  variation  in  tempera- 
ture (day  and  night)  and  humidity. 
The  conclusions  from  this  set  of  tests 
may  be  stated  as  follows: 

1.  The  pressure  just  after  filling  is 
the  maximum. 

2.  A  rise  in  temperature  is  accom- 
panied by  a  rise  in  both  components 
and  an  increase  in  the  height  of  the 
resultant. 

3.  A  drop  in  temperature  is  accom- 
panied by  a  decrease  in  these  factors. 

4.  The  inclination  of  the  resultant 
or  the  ratio  of  the  components  is  not 
affected  by  the  temperature  or  by  the 
age  of  the  fill.  It  is,  however,  affected 
by  the  humidity,  because  of  changes 
in  the  water  content. 

5.  The  height  of  the  resultant  va- 
ries as  just  noted,  and  also  slowly 
rises  as  the  age  of  the  fill  increases. 
For  a  fill  with  a  horizontal  surface, 
the  maximum  is  0.38h. 

6.  Settling  of  the  fill  is  accompa- 
nied by  a  slight  decrease  in  pressure, 
with  intermittent  small  increases,  due 
to  small  ruptures  in  the  fill.  These 
increases,  however,  soon  vanish. 

7.  The  minimum  pressure  occurs 
soon  (within  24  hours)  after  filling  is 
completed.  The  total  variation  in  165 
hours  was  11.8  per  cent. 

8.  The  average  daily  variation  was 
0.15  per  cent  per  degree  of  Centigrade. 

A  similar  fill  was  loaded  with  a  uni- 
form load  of  100  lb.  on  each  square 
foot,  with  a  resulting  increase  in  the 
acting  pressure  of  5.0  per  cent  and 
an  increase  in  the  height  of  the  re- 
sultant from  .367th  to  .380h. 

Subsequent  rolling  with  a  100-lb. 
keg  of  nails  seemed  to  have  little  ef- 
fect, the  pressure  rose  an  additional 
0.7  per  cent.  After  the  fill  was  al- 
lowed to  settle  96  hours,  the  horizon- 
tal component  increased  8.9  per  cent 
(over  the  original),  while  the  vertical 
component  fell  back  to  practically  its 
original  value.  And  22  hours  later, 
the  fill  seemed  to  have  come  back  to 
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its  original  state.  The  horizontal  com- 
ponent was  still  1.4  per  cent  higher 
than  the  original,  but  the  vertical 
component  had  fallen  7.1  per  cent  due 
to  the  dry  weather.  The  height  of 
the  resultant,  however,  did  not  go 
back  to  normal.  There  seems  to  be 
a  retarded  elasticity  in  the  soil,  but 
the  effect  is  greatly  influenced  by  the 
variations  due  to  temperature  and 
other  changes. 

General  Conclusions. — As  general 
conclusions  from  all  the  tests,  the  fol- 
lowing points  are  established  beyond 
doubt : 

1.  The  fill  does  not  act  like  a  liquid. 
The  transmission  of  pressure  does  not 
obey  the  Pascal  law. 

2.  The  fill  does  not  act  like  an  elas- 
tic solid.  Loads  on  the  fill  cause  a 
change  in  the  physical  properties  as 
well  as  a  deformation.  These  changes 
slowly  disappear  but  not  according  to 
any  definite  law. 

3.  There  is  no  sharply  defined 
wedge  of  rupture,  nor  can  any  sur- 
face of  rupture  be  detected  at  the 
surface  of  the  fill.  However,  loads  be- 
yond the  wedge  of  rupture  have  prac- 
tically no  effect  on  the  pressure,  but 
loads  on  the  wedge  do  not  increase 
the  pressure  by  as  much  as  is  re- 
quired by  theory. 

4.  The  lateral  earth  pressure,  for 
all  kinds  of  walls  and  all  types  of 
loading  and  fill,  is  inclined  from  the 
normal  to  the  wall  by  an  angle  equal 
to  the  angle  of  wall  friction.  The 
height  of  the  resultant  varies  be- 
tween ys  and  4/9  of  the  height  of  the 
wall. 

5.  For  a  vertical  wall  with  horizon- 
tal fill,  the  value  of  the  horizontal 
pressure  is  given  by  the  formula: 

E=%  y  h*  tanf  y2(90°  — *), 
where  y  is  the  weight  of  the  fill  per 
cubic  foot,  in  pounds; 

h  is  the  height  of  the  wall  in  feet; 
and 

$  is  the  experimentally  determined 
angle  of  internal  resistance  of  the  fill, 
corresponding  to  the  static  friction  of 
the  material  on  itself.  The  value  of 
the  vertical  component  is  easily  deter- 
mined from  a  consideration  of  conclu- 
sion 4.  The  formula  for  E  is  a  special 
case  of  both  the  Coulomb  and  Ran- 
kine  theories. 

6.  For  all  general  cases,  the  pres- 
sure is  obtained  closest  from  the  gen- 
eral wedge  'theory: 

E  =  y2  y  h2  C;   C  = 


cos    (<f> —  oc) 


\  (n  -f  1)  cosoc/     cos  (*',+  cc) 
H  =  E  cos  ($'  +  oc ) ,  n  = 


4 


sin  (<£  +  $')  sin  ($  —  E) 


cos  ($'  +  oc )  cos  ( oc  —  E) 
where  E  is  the  total  pressure, 

H  is  the  horizontal  component;  y,  h 
and  <i>,  as  before; 

$'  is  the  angle  of  friction  between 
wall  and  fill; 

E  is  the  angle  of  inclination  of  the 
top  surface  from  the  horizontal,  posi- 
tive if  above  the  horizontal; 

oc  is  the  angle  of  inclination  of  the 
back  of  the  wall,  negative  if  the  top 
overhangs  the  heel  of  the  wall. 

The  wedge  theory  that  disregards 
wall  friction  gives  too  high  results  ex- 
cept for  a  vertical  wall,  in  which  case 
is  gives  results  closer  to  the  experi- 
mental results  than  the  general  wedge 
theory. 

7,  The  general  wedge  theory  gives 
low  results  for  a  vertical  wall,  and  it 
is  better  to  use  the  older  wedge  the- 
ory, disregarding  the  wall  friction. 
The  formula  of  conclusion  5  is  a  spe- 
cial case  of  this  theory. 

H  =  y2  y  h2  N; 

cos  ($ —  oc) 
N=  ' 


(n  +  1)  cos  oc 


)  . 


E  =  H  sec  $'; 


=  V 


sin  $  sin  ($  —  E) 


cos  oc  cos  (oc  — E) 

8.  The  experimental  results  are  not 
in  agreement  with  the  Rankine  the- 
ory, except  as  noted  in  conclusion  5. 

9.  The  effect  of  settling  is  to  in- 
crease the  pressure  exerted  by  the 
fill,  the  maximum  being  attained  with- 
in two  hours  of  placing  the  fill.  The 
pressure  then  decreases  to  a  mini- 
mum within  24  hours,  after  which  it 
oscillates  to  equilibrium  between  the 
values  of  maximum  and  minimum. 

10.  The  pressure  is  a  direct  func- 
tion of  the  temperature. 

11.  The  pressure  is  only  slightly  af- 
fected by  the  humidity,  except  that  in 
dry  weather  evaporation  of  the  moist- 
ure from  the  fill  along  the  wall  and 
along  the  surface  causes  a  decrease  in 
the  internal  resistance  of  the  material 
and  in  the  wall  friction,  consequently 
an  increase  in  the  horizontal,  and  a 
decrease  in  the  vertical  component. 

12.  Surcharges,  both  static  and  dy- 
namic, compress  the  fill  and  increase 
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the  resulting   pressure.     Such  an  in-  Hardened  gloss  oil  and  air-slaked 

crease  disappears    in     time,     usually  SH^SH^^  38SM 

within  seven  days.  lime)    .Very  cheap 

Chinawood  oil  and  barytes  Cheap 

Liinseed  oil  and    white    lead    (very 

Coatings  That  Prevent  End  L1hnS>  6a^a-^-\kkf0^ecOBt 

Chicle*  in  WrkCkA  heavy)    Moderate  cost 

viiccas  in    vyuuu  High-grade  spar  varnish  and  barytes 

Technical  Note    US    Forest  Products  The'  ftt'  ^  --  ^ffectiVe  in  XTfS- 

Laboratory.  lowing  order: 

Wood  dries  more  rapidly  from  the  gJlJSgSJ  gg:{£  ggg  [-'-y.^Sil 

end   grain  than  from   the   side   grain,  Rosin  and  lampblack   (100  parts  of 

,    .                       ,       .          .        *..    -      .  rosin  to  7  parts  of  lampblack) .... 

and  is  apt  to  check  and  split  during  Moderate  cost 

seasoning    unless    end    drying    is    re-  Some  asphalts  are  highly  moisture- 

tarded  by  some  means.     For  this  rea-  resistant,  but  they  are  hard  to  apply 

son  it  is  advisable  to  use  a  water-re-  because  of  the  high  temperatures  re- 

.  .      .       ,        ..                    ,  ,     .  quired  to  make  them  drastic, 

sistant  end  coating  on  wood  during  air  Paraffine  has  proved  very  satisfac- 

seasoning   or    kiln    drying,    especially  tory  as  an  end  coating  for  stock  dur- 

on   woods   which   are  difficult   to  dry  ing  air  seasoning,  but  cannot  be  used 

and  on  short  kiln  samples.  in  the  kiln  because  of  its  low  melting- 

The  coatings  ordinarily  used  can  be  point, 

divided   into   two    classes.     The   first  Excessive    shrinkage    of   the    wood 

are   liquid   at   ordinary   temperatures  and  rough  handling  often  cause   the 

and  can  be  applied  cold.    The  second  end  coating  to  chip  or  shear  off,  and 

are    solid    at    ordinary    temperatures  a    fresh    application    of    the    coating 

and  must  be  applied  hot.     Cold  coat-  must  be  made. 

ings    have    the    advantage    that    they  To    reduce    end-drying    sufficiently, 

may  be  used  as   easily  on  logs   and  there   must   be   a  thick  coating  over 

lumber  as  on  kiln  samples  and  dimen-  the    entire    end    surface.     When    hot 

sion  stock;    hot   coatings,  because  of  dips   are    used,   the   wood    should   be 

the   method   of  application    (end   dip-  dipped   half  an   inch  into  the   liquid. 

ping),  are  not  easy  to   use  on  large  

stock. 

Either  the  cold  or  the  hot  coatings  Building  Contracts  in  April 
can  be  used  effectively  for  drying  The  rate  of  increase  in  building  op- 
temperatures  up  to  140°  F.  Tern-  erations  showed  signs  of  slackening 
peratures  much  above  this  cause  blis-  in  A  n  according  to  F.  W.  Dodge 
tering  in  the  cold  coatings,  but  make  '  m,  .  _,  , 
the  hot  coatings  plastic  enough  to  Corporation.  The  increase  over  March 
form  new  surfaces  as  fast  as  the  old  in  36  eastern  states  was  only  7  per 
ones  break.  For  this  reason  the  hot  cent,  whereas  April  normally  shows 
coatings  are  apt  to  be  more  effective  an  increase  of  15  per  cent  to  20  per 
than  the  cold  coatings  for  tempera-  cent  over  March.  Total  contracts 
tures  from  140  up  to  170°  F.,  where  awarded  during  April  in  the  36  east- 
they  liquefy  to  such  an  extent  that  ern  states  amounted  to  $399,243,000. 
they  run  off.  No  coating  has  been  in  27  of  these  states,  the  record  shows 
found  which  is  entirely  satisfactory  an  increase  of  1  per  cent  over  April  of 
for  temperatures  above  170°  F.  Cold  iast  year.  Construction  started  from 
coatings  are  perhaps  somewhat  bet-  jan.  l  to  May  1  shows  an  increase  of 
ter  than  hot  coatings  for  tempera-  15  per  cent  over  the  corresponding  pe- 
tures  above  170°  F.  and  for  use  on  ri0d  of  1922.  On  April  1,  the  record 
kiln  samples  when  the  temperatures  showed  an  increase  of  23  per  cent 
are  high  enough  to  cause  the  loss  over  the  corresponding  period  of  last 
of  part  of  a  hot  coating.  year.  The  April  record  in  detail  in- 
Cold  coatings  to  be  effective  should  eluded  the  following  items:  $175,129,- 
have  about  the  consistency  of  heavy  000,  or  44  per  cent,  for  residential 
syrup.  The  amount  of  filler  required  buildings;  $67,228,000,  or  17  per  cent, 
ranges  from  two  to  four  parts  by  for  public  works  and  utilities;  $53,- 
weight  to  one  of  the  vehicle.  Cold  826,000,  or  13  per  cent,  for  business 
coatings  used  at  the  Forest  Products  buildings;  $39,803,000,  or  10  per  cent, 
Laboratory  have  been  found  effective  for  educational  buildings;  and  $33,335,- 
about  in  the  following  order,  the  most  000,  or  8  per  cent,  for  industrial 
effective  being  placed  first.  buildings. 
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Results   of  Experimental   Investigation   of   Beams  at  University   of 

Toronto  as  Described  in  Engineering  Research 

Bulletin  of  the  University 

By  C.  R.  YOUNG,  W.  L.  SAGER  AND  C.  A.  HUGHES. 


In  planning  the  investigation,  it  was 
thought  desirable  to  make  up  the  test 
beams  so  as  to  throw  light  on  the 
following : 

(1)  Effect  of  varying  the  ratio  of 
the  long  and  short  sides  of  the  cross- 
sections; 

(2)  Effect  of  adding  longitudinal 
reinforcement  only; 

(3)  Effect  of  adding  longitudinal 
reinforcement  and  light  spiralling; 

(4)  Effect  of  adding  longitudinal  re- 
inforcement and  heavy  spiralling; 

(5)  Value  of  torsional  modulus  of 
elasticity  of  plain  concrete. 

Twelve  test  beams  in  all  were  made. 
They  were  of  three  sizes,  5  by  5,  5  by 
iy2  and  5  by  10  in.,  all  beams  being 
5  ft.  long.  For  each  size,  one  beam 
was  made  of  plain  concrete;  one  con- 
tained light  longitudinal  reinforce- 
ment only;  one  contained  medium 
longitudinal  reinforcement  and  light 
spiralling;  and  a  fourth  heavy  longi- 
tudinal steel  and  close  spiralling.  De- 
tails of  the  reinforcement  are  given 
in  Table  I  and  in  Fig  1. 

Materials. — The  Portland  cement 
used  in  the  tests,  consisted  of  one 
of  the  recognized  brands  on  the  Cana- 
dian market.  Complete  examination 
of  this  cement  showed  it  to  be  in  ac- 
cordance with  the  specifications  of  the 
Engineering  Institute  of  Canada. 

The  coarse  aggregate  consisted  of 
a  high  grade,  screened,  crushed  lime- 
stone. Before  using,  the  stone  was 
screened  and  only  material  which 
passed  a  %-in.  sieve  and  remained  on 
a  %-in.  sieve  was  retained. 

The  fine  aggregate  was  a  clean, 
coarse,  well  graded  bank  sand. 

Water  used  in  the  tests  was  from 
the  city  water  supply  obtained  from 
Lake  Ontario. 

Sieve  analyses  of  samples  of  the 
coarse  and  fine  aggregate  were  made 
with  Tyler  standard  screens.  For  the 
coarse  aggregate  the  fineness  modulus 
was  6.047,  and  for  the  fine,  aggregate 
it  was  3.208. 

The  material  employed  for  reinforc- 
ing   consisted    of    longitudinal    mild 


steel  rods,  and  also  in  certain  cases, 
as  shown  in  Table  I  and  Fig  1,  a  soft 
iron  wire  for  spiralling.  Three  sizes 
of  rods  depending  on  the  sizes  of 
beam  were  used,  viz.:  *4  in.,  5/16  in., 
and  %  in.  diameter.  The  usual  stand- 
ard tensile  test  was  carried  out  on 
all  three  sizes  and  also  on  the  iron 
wire  for  spiralling.  For  the  results 
see  Table  II. 

Proportioning  and  Mixing  Concrete. 
" — In  all  the  tests  the  concrete  con- 
sisted of  a  1:6  mix  by  volume;  that 
is  1  volume  of  cement  to  2  volumes 
of  fine  aggregate  to  4  volumes  of 
coarse  aggregate. 

The  concrete  was  mixed  by  hand  in 
the  manner  followed  in  making  test 
specimens  in  the  University  labora- 
tory. Each  specimen  was  made  from 
an  individual  batch  which  was  pro- 
portioned separately. 

The  consistency  was  judged  by  eye. 
It  was  found  that  by  taking  2.4  cu. 
ft.  of  stone,  1.2  cu.  ft.  of  sand  and  0.6 
cu.  ft.  of  cement,  and  adding  0.5  cu. 
ft.  of  water,  that  a  good  workable 
mix  was  obtained  which  had  a  "dry" 
appearance;  that  is  it  was  not  sloppy. 
These  quantities  made  two  beams, 
one  of  the  smaller  and  one  of  the 
intermediate  size.  The  same  propor- 
tions were  used  for  all  beams. 

Fabricating  Reinforcement  Units. — 
For  spirally  reinforced  specimens,  the 
reinforcement  was  made  up  as  a  unit 
and  placed  as  such  in  the  forms. 
Considerable  difficulty  was  experi- 
enced in  obtaining  the  exact  pitch 
desired  in  the  spirals,  but  by  secur- 
ing the  3/16-in.  wire  spiralling  to  the 
longitudinal  rods  at  each  intersection 
with  No.  16  wire,  the  reinforcement 
units  were  finally  made  to  correspond 
with  sufficient  accuracy  to  the  plans. 
Care  was  taken  to  arrange  the  spiral- 
ling so  that  it  would  be  subjected  to 
tension  by  the  rotation  of  the  head 
of  the  testing  machine  when  the  spec- 
imens were  loaded.  To  provide  an- 
chorage for  the  longitudinal  rods  and 
means  of  attaching  the  spiralling  to 
them  at  their  ends,  a  nut  and  washer 
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TABLE  L 


|     \i  lil.ll  M/i 

Percent. 

Specl- 

Nominal 

Vert  xHorl 

1  oiHEiui.lin.il 

Spiral 

•teot 

Tien  No 

Site.  In 

In. 

K.  infon  .  iii.[ii 

Reinforcement 

Spiralling 

Al 

SxS 

4  98x5 

None 

None 

\2 

5x7  5 

5  0x7  5 

A3 

5x10 

5  0x10  09 

m 

5x5 

5  06x5  0 

1  rods  K-t  in.   Ii.i 

- 

H2 

5x7  5 

5  06  x  7  59 

1     '     5t6.n.  du 

B3 

5x10 

5  Ox  10  19 

1    "     |  in    <li.i 

4-45  deg  «piral«of 

" 

CI 

5x5 

S  13x5  19 

1           |  in.  du 

3  16-in.  iron  wire 

0  94 

c: 

5x7  J 

5  13x7  68 

4         5.  16  in.  du 

C3 

ixlO 

5.18x10  31 

4         J  m.  du. 

8-45  deg.  spirals  of 

0  39 

Dl 

5x5 

5  19x5  31 

4    "     i  in   du 

3  Hi  i.i.  iron  wire 

1  88 

02 

.1x7  5 

B  19x7  81 

4    '    5/16  in.  dia. 

D3 

5XIO 

5  13x10  38 

4   "     i  in.  du. 

0  78 

until  the  form  was  full,  when  the 
top  was  levelled  off  with  a  trowel. 
When  molding  the  beams  containing 
reinforcing  steel,  it  was  necessary  to 
tamp  carefully,  so  that  there  would 
be  no  pockets  left.  Care  was  also 
taken  that  the  steel  was  covered  by 
at  least  y2  in.  of  concrete.  All  the 
test  beams  were  allowed  to  remain 
in  the  forms  approximately  48  hours. 
Upon  removal  they  were  stored  in 
damp  air  in  a  storage  room,  where 
they  remained  until  tested.  The  spec- 
imens were  all  tested  when  28  days 
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Fig.   1 — Test  Specimens  Showing   Also    Details  of  the   Reinforcement. 


was  used  at  each  end  of  each  rod,  as 
shown  in  Fig  1. 

Molding  and  Curing  of  Specimens. — 
The  beams  were  molded  in  wooden 
forms,  which  were  well  oiled  before 
using.  In  addition,  the  corners,  and 
all  other  places  where  there  might  be 
leakage,  were  covered  with  thin  sheets 
of  paraffined  tissue   paper. 

In  molding  the  plain  beams,  the 
form  was  filled  about  one-third  full 
and  the  concrete  puddled  with  two 
%-in.  steel  bars  about  18  in.  long. 
Filling  and  puddling  were   continued 


old.  At  the  time  of  molding  the  test 
beams,  cylinders  were  also  made  so 
that  an  idea  of  the  average  strength 
of  the  concrete  in  comparison  migllt 
also  be  obtained.  The  cylinders  were 
6  by  12  in.  Crushing  tests  gave  an 
average  ultimate  strength  for  the  con- 
crete in  28  days  of  1,700  lb.  per  square 
inch.  A  spherical  bearing  block  or 
seat  was  used. 

Methods  of  Testing. — The  torsion 
tests  were  carried  out  in  an  Olsen 
torsion  machine  with  a  capacity  of 
140,000  in.-lb.     In  order  to  apply  tor- 


TABLE  n.— TENSILE   TESTS   OP  REINFORCEMENT. 


Actual 
Specimen,    dia.,  in. 

%    in 0.390 

5/16   in 0.322 

%    in 0.261 

3/16-in.  spiral- 
ling  wire    .  0.191 


Load  at  Elastic 

Ultimate      % 

% 

elastic      limit, 

Ultimate 

strength,  elonga- 
lb.  per      tion  in 

con- 

Area, 

limit,      lb.  per 

load, 

traction 

sq.  in. 

lb.         sq.  in. 

lb. 

sq.  in.         8  in. 

in  area. 

0.1195 

4,450           37,200 

7,670 

64,200           21.0 

59 

0.0813 

2,950           36,300 

4,800 

59,100           23.5 

64.5 

0.0535 

1,850           34,600 

3,120 

58,300           23.5 

69.2 

0.0287 

905           31,550 
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72 

1923 


Engineering  and  Contracting 


1169 


sion  to  rectangular  sections  of  the 
sizes  employed  it  was  necessary  to 
design  special  grips  for  the  purpose. 
Each  of  these  consisted  of  an  iron 
casting  with  a  head  13  in.  sq.  and  2y2 
in.  thick  from  the  center  of  which 
projected  a  3^-in.  diameter  spinale 
10y2  in.  long.  This  spindle  was,  for 
each  grip,  keyed  into  the  hole  pro- 
vided for  the  regular  grip  chuck  in 
the  head  of  the  machine.  On  the 
face  of  each  casting,  two  6  by  3y2 
by  %-in.  angles,  1  ft.  iy2  in.  long  were 
bolted,  with  eight  1-in.  bolts,  as  shown 
in  the  illustration.  Two  transverse 
bolts,  %  in.  in  diameter,  were  pro- 
vided in  each  grip.  These,  when 
placed  in  the  appropriate  holes,  helped 
to  center  the  specimen  and  facilitated 
the  packing. 

The  test  beam  was  placed  in  the 
machine  and  any  movement  due  to 
unevenness  of  the  specimen  in  the 
grips  was  taken  care  of  by  packing 
with  sheet  lead  shims.  All  specimens 
were  placed  in  the  machine  with  the 
5-in.  dimension  vertical,  so  that  the 
stresses  arising  from  the  bending  due 
to  weight  would  be  the  same  for  all 
specimens.  By  so  doing,  the  compari- 
son of  the  torsional  strengths,  of  dif- 
ferent beams  was  simplified. 

To  measure  angular  distortion,  two 
small  mirrors  were  placed  on  the  up- 
per side  of  the  beam  40  in.  apart.  The 
planes  of  these  mirrors  were  at  right 
angles  to  the  upper  longitudinal  sur- 
face and  passed  through  the  axis  of 
the  specimen. 

Two  telescopes  with  scales  attached 
in  such  a  position  that  their  reflec- 
tions could  be  read  in  the  mirrors, 
were  placed  on  a  bench  7  ft.  from 
the  center  of  the  beam.  The  load 
was  then  applied  in  equal  increments 
of  generally  about  1,000  in.-lb.  and 
telescope  readings  taken.  Tests  were 
carried  to  failure  and  in  general  it 
was  possible  because  of  the  small 
deformation  to  read  the  angular  dis- 
tortion up  to  the  ultimate  load. 

Calculations  showed  that  no  appre- 
ciable error  in  the  measured  torsional 
deformation  was  involved  in  placing 
the  mirrors  2%  in.  above  the  axis  of 
the  specimen.  No  correction  of  the 
telescope  readings  was  required,  there- 
fore, by  reason  of  the  motion  of  trans- 
lation  of  the   mirror. 

All  reinforced  concrete  specimens 
were  tested  at  the  age  of  28  days. 

Plain  concrete  beams  when  broken 
in  torsion  gave  characteristic  spiral 
fracture.     The  first  evidences  of.  fail- 


ure in  reinforced  speciments  were 
diagonal  cracks  crossing  the  faces  of 
the  beams  at  approximately  45  deg. 
with  its  axis.  These  cracks,  for  the 
most  part,  originated  near  the  center 
of  the  span,  where,  by  reason  of  the 
combination  of  the  torsional  and  flex- 
ural  stresses  they  would  be  most  like- 
ly to  start. 

Test  Results. — Three  plain  con- 
crete test  beams  (Al,  A2,  and  A3) 
were  made  up  and  tested  (1)  to  dis- 
cover the  torsional  strength  of  plain 
concrete,    and    (2)    to   determine   the 
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Fig.    2— Effect    of    Pitch    of   Spiralling    on 
Torsional    Strength. 

torsional  modulus  of  elasticity  of  this 
material. 

The  .torsional  moment  under  which 
each  of  these  members  failed,  together 
with  the  apparent  or  combined  maxi- 
mum torsional  shearing  stress  for 
both  plain  and  reinforced  specimens 
is  given  in  Table  III.  This  apparent 
fibre  stress  at  failure  was  calculated 
by  applying  the  exact  torsion  theory 
to  these  rectangular  cross  sections 
on  the  assumption  that  the  material 
was  homogeneous  and  isotropic  and 
that  the  proportionality  of  stress  and 
deformation  obtained  up  to  the  mo- 
ment of  failure.  For  rectangular 
cross  sections,  the  maximum  torsional 
shearing  stress  which  arises  at  the 
center  points  of  the  long  sides  of  a 
rectangular,  or  at  the  center  points 
of  each  of  the  four  sides  of  a  square, 
may  be  conveniently  expressed  by 
the  formula  of  R.  J.  Woods,  rear- 
ranged : 

q— T/kb2h 
where    qj^maximum    shearing   stress 
at  the  center  of  the  long  sides; 

T=torsional  moment  or  torque  in 
in.-lb.; 

b=length  of  short  side  of  rectangle 
in  inches; 

h=length  of  long  side  of  rectangle 
in  inches; 

k=a  coefficient  depending  in  the 
i-atio  of  h  to  b. 
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TABLE    III— ULTIMATE    TORSIONAL    SHEARING    STRENGTH    OF 
RECTANGULAR  BEAMS. 

Computed  Average,   or 
Actual                                   maximum  Ratio  to  tor-        Secant,  tor- 
ratio                                      torsional  sional  strength  sional   modulus 
h          Torque  at            shearing  of  plain  con-       of  elasticity, 
Specimen                     —             failure,             stress,  lb.  crete  sped-           F,   lb.  per 
No.                                b              in. -lb.              per  sq.  in.  mens.                    sq.  in. 

Al 1.00             13,900                      539  1,580,000 

A2 1.50             20,200                      467  1,625,000 

A3 2.02             37,400                      602  1,352,000 

Average   536  Av'g    1,519,000 

Bl 1.01             14,000                      532  0.99 

B2 1.50             22,700                      506  0.95 

B3 2.04             36,700                      584  1.09 

,         Average   541  Average    1.01 

CI 1.01             19,000                   ~~668  ~T~25~ 

C2 1.50             29,000                      621  1.16 

C3 1.99             36,000                      530  0.99 

Average   645  Average  1.21 

omitting  C3  omitting  C3 

Dl 1.02             25,000                   ~~838~~  1.56 

D2 1.50             36,000                      740  1.38 

D3... 2.02             53,400                      790  1.47 

Average   789  Average  1.47 


A  comparison  of  the  relative 
strength  of  torsional  members  vari- 
ously reinforced  may  be  made  by  con- 
sidering the  figures  in  the  fifth  column 
of  Table  III.  At  the  same  time,  the 
value  of  each  type  of  reinforcement 
may     be     seen     by     comparing     the 
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Reinforced. 

strength  of  the  member  in  which  it 
occurs  with  the  strength  of  a  plain 
concrete  member  of  the  same  size. 

From  the  fourth  column  of  Table 
III,  it  is  seen  that  the  average  com- 
puted maximum  torsional  shearing 
stress  for  the  plain  concrete  speci- 
mens is  536  lb.  per  square  inch. 
Since  the  tensile  strength  of  1:2:4 
concrete  varies  from  about  180  to  440 
lb.  per  square  inch  and  the  true  shear- 
ing strength  is  over  1,400  lb.  per 
square  inch,  the  torsional  approaches 
the  tensile  strength  more  nearly  than 
the  shearing  strength.  This  is  to  be 
expected  when  it  is  remembered  that 
at  any  face  of  the  specimen  the  stress 


condition  resembles  that  in  the  web 
of  a  concrete  beam,  that  is,  me  gov- 
erning stress  is  diagonal  tension. 

A  consideration  of  the  results,  for 
the  specimens  of  series  B,  which  were 
reinforced  with  longitudinal  steel 
only,  shows  that  corner  reinforcement 
has  apparently  little  value,  since  the 
computed  stresses  developed  at  the 
points  of  maximum  stress  average  but 
little  higher  than  for  unreinforced 
specimens.  The  same  general  prin- 
picle  was  disclosed  in  the  Deutscher 
Ausschusz  fur  Eisenbeton  experi- 
ments, although  side  rods  added  ma- 
terially to  the  strength  of  the  spec- 
imens in  the  latter  tests.  The  angular 
distortion  of  a  concrete  beam  is  not 
great  enough  up  to  the  point  of  fail- 
ure to  bring  corner  longitudinal  re- 
inforcement into  play  as  a  factor  in 
resisting  the  applied  torque. 

Benefits  from  Spiral  Reinforcement. 
— Some  benefits  is  derived  from  spiral 
reinforcement,  as  will  be  seen  by  con- 
sidering the  results  for  the  specimens 
of  series  C  and  D.  The  wide-pitched 
spiralling  of  series  C  does  not,  how- 
ever, strengthen  the  member  to  the 
extent  that  might  be  expected,  the 
strength  as  compared  with  a  plain 
concrete  specimen  being  only,  on  an 
average,  21%  more,  excluding  in  the 
average  the  value  for  beam  C3  which 
obviously  is  erroneous  and  unreliable. 

The  spiralling  of  series  D,  being 
only  half  the  pitch  of  that  of  series 
C  might  be  expected  to  strengthen  the 
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members  proportionately.  The  addi- 
tion averages  47  per  cent  of  the 
strength  of  the  plain  concrete  mem- 
bers or  somewhat  more  than  double 
the  percentage  increase  for  series  C. 
Considerably  less  benefit  from  spiral 
reinforcement  is  indicated  in  the 
series  of  tests  here  reported  than 
was  found  in  the  tests  for  the  Deut- 
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Fig.    4 — Torque-Twist    Curves    for    5    by 
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scher  Asschusz  fur  Eisenbeton.  With 
8  spirals,  giving  a  spiral  reinforce- 
ment of  about  0.5  per  cent  the  latter 
tests  gave  an  increase  in  strength 
of  from  129  to  156  per  cent.  In  the 
latter  tests  there  were  from  6  to  8 
longitudinal  rods  employed  and  the 
size  of  specimens  was  considerably 
greater  than  in  the  tests  carried  out 
by  the  authors.  Doubtless  the  use  of 
longitudinal  rods  in  the  middle  of  the 
sides  of  the  German  specimens  con- 
tributed substantially  to  their  tor- 
sional strength.  The  greater  size  of 
the  specimens  at  the  same  time  ren- 
dered the  irregularities  of  the  fabri- 
cated reinforcement  units  much  less 
important.  Particularly  with  the  5 
by  5-in.  University  of  Toronto  spec- 
imens the  difficulty  of  securing  a  re- 
inforcement unit  to  full  plan  dimen- 
sions at  the  center  cross-section  was 
great.  However,  no  better  work  could 
be  expected  in  actual  practice,  and 
probably  it  could  be  much  worse.  It 
is  not  known  whether  special  care 
was  taken  in  making  the  German 
specimens,  but  the  authors'  specimens 


TABLE    IV- 

-STRESS    IN 

SPIRALLING 

AT  FAILURE  OF  SPECIMENS. 

Excess  of 

torsional  mo- 

ment over 

Stress  in 

Specimen 

that  for  cor- 

spiralling, 

No. 

responding 

lb.  per 

plain  con- 

sq.   in. 

crete  speci- 

men,  in. -lb. 

CI 

5,100 

18,000 

C2 

8,800 

31,000 

C3 

Unreliable 

Dl 

11,100 

19,500 

D2 

15,800 
16.000 

27,900 

D3 

28,200 

were  made  under  typical,  commercial 
conditions.  Attachment  of  the  spiral- 
ling to  the  side  rods  may  have  further 
accounted  for  the  high  strengths  given 
in  the  German  tests. 

Computation  of  the  stresses  in  the 
spiralling  of  the  specimens  of  series 
C  and  D  shows,  according  to  Table 
IV,  that  the  breakdown  is  not  nec- 
essarily coincident  with  the  passing 
of  the  yield  point  which  was  31,550 
lb.  per  sq.  in.  For  the  5  by  7%  and 
5  by  10  in.  specimens,  however,  the 
yield  point  in  the  spirals  was  closely 
approached  at  the  point  of  failure. 

Morsch's  method  of  calculating  the 
stress  in  the  spiralling  was  adopted. 
According  to  this,  the  steel  spirals  are 
assumed  to  develop  the  difference  be- 
tween the  ultimate  torsional  moment 
of  the  reinforced  specimen  and  the 
ultimate  torsional  moment  of  a  cor- 
responding plain  concrete  specimen. 
Half  of  the  shearing  resistence  is  as- 
sumed to  be  taken  up  by  the  reinforce- 
ment which  lies  at  an  angle  of  45 
deg.  to  the  torsional  shear  plane,  and 
half  by  the  compressive  resistance 
of  the  concrete  acting  at  right  angles 
to  the  direction  of  the  reinforcement. 

The  value  of  closer  spiralling  in 
series  D  is  evident  from  an  examina- 
tion of  Fig.  2.  Where  four  spirals 
only  are  used,  as  in  (a),  there  is  a 
longitudinal  zone  of  length  DS,  in 
which  a  transverse  plane  will  cut  only 
one  diagonal  wire  or  rod  on  the  near 
face  of  the  specimen.  Further,  there 
is  a  depth  D^S1  in  which  torsional 
shearing   stresses   may   act   on    plain 
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Fig.  5. — Torque-Twist    Curves    for    5    by 
10-ln.   Specimens. 

concrete.  The  corresponding  dis- 
tances for  a  specimen  with  eight 
spirals  are  shown  in  (b),  and  are  very 
much  less.  As  much  smaller  zones 
are  left  unreinforced  with  close  spiral- 
ling, its  advantage  is  evident. 
Inclined    stirrups    or   bent   up   rods 
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in  a  reinforced  concrete  beam  may 
be  counted  upon,  if  their  area  is  in 
excess  of  ordinary  shear  require- 
ments, to  help  resist  the  torsional 
shear  on  the  face  next  the  loading. 
On  the  other  face,  unfortunately,  they 
run  in  the  wrong  direction.  If  the 
net  shearing  stress  on  this  face  due 
to  the  combination  of  vertical  shear 
and  torsion  be  in  excess  of  the  shear- 
ing strength  of  plain  concrete,  special 
torsional  reinforcement  would  need 
to  be  added.  Anchorage  for  -such 
steel  is  most  readily  provided  by  utiliz- 
ing it  in  the  form  of  a  spiral,  thus 
increasing  the  torsional  resistance 
through  the  presence  of  steel  on  the 
horizontal  faces. 

Torsional  Rigidity. — The  angular  de- 
formations observed  for  the  various 
specimens  are  plotted  in  Figs.  3,  4 
and  5.  In  these  diagrams  the  degrees 
of  twist  in  a  length  of  40  in.  are 
shown  for  various  torsional  moments 
nearly  up  to  the  point  of  failure. 

Examination  of  the  curves  shows 
that  the  rigidity  of  a  specimen  of 
any  given  size  is  but  little  increased 
by  the  addition  of  reinforcement, 
whether  it  be  longitudinal  or  spiral. 
Such  deformation  as  can  occur  before 
the  breakdown  of  the  specimen  is  ap- 
parently not  affected  by  reinforcement 
of  the  type  and  quantity  used  in  the 
specimens. 

For  plain  concrete  specimens  the 
torque-twist  curve  is  substantially 
straight.  The  average  or  secant  tor- 
sional modulus  of  elasicity,  F,  has 
been  computed  for  the  portion  of  the 
curves  up  to  practically  the  last  plot- 
ted points  and  is  given  in  the  last 
column  of  Table  III.  The  formulae 
used   were   as   follows: 

F=410  Tl/ab4,  for  square  specimens. 

F=205  Tl  (b2+h  sup.  2)/ab3h3,  for 
rectangular  specimens. 

Where  T=torque  in  in.-lb.; 

l=length  of  specimens  in  inches  be- 
tween gauge  points; 

a=angle  of  twist  in  degress; 

b=short  side  in  inches; 

h=:long  side  in  inches. 

The  curvature  of  the  torque-twist 
curves  for  the  spirally  reinforced  spec- 
imens is  more  marked  than  for  the 
plain  specimens  for  those  containing 
only  longitudinal  reinforcement.  For 
those  containing  the  close  spiralling 
the  addition  to  the  toughness  of  the 
specimen  is  marked. 

Conclusions. — Study  of  the  behavior 
of  rectangular  beams  of  concrete  un- 
der torsion,  as  evidenced  by  the  spec- 


imens tested  by  the  authors,  appears 
to  warrant  the  following  conclusions: 

(1)  Rectangular  specimens  of  plain 
concrete  with  various  ratios  of  long 
to  short  sides  develop  substantially 
the  same  computed  maximum  tor- 
sional shearing  stress  at  the  center 
of  the  long  sides.  For  1:2:4  concrete 
one  month  old  this  is  about  540  lb. 
per  square  inch. 

(2)  Longitudinal  reinforc  e  m  e  n  t 
alone  is  of  little  value  in  reinforcing 
concrete  beams  for  torsion. 

(3)  Spiral  reinforcement  increases 
the  torsional  strength  of  beams,  the 
increment  in  strength  being  approxi- 
mately proportional  to  the  amount  of 
such  reinforcement.  Spiralling  to  the 
amount  of  from  0.4  to  1.0  per  cent 
may  be  expected  to  increase  the  tor- 
sional strength  of  a  member  with  or 
without  straight  longitudinal  rods 
from  20  to  50  per  cent. 

(4)  The  torsional  modulus  of  elasti- 
city of  plain  concrete  of  1:2:4  mix 
one  month  old  average  about  1,500,000 
lb.   per   square  inch. 


Strength  of  Ordinary  Brickwork 

That  ordinary  brickwork  laid  in  the 
ordinary  way  by  an  ordinary  brick- 
layer has  just  as  great  strength  as 
brickwork  laid  specially  for  testing  in 
a  laboratory,  is  shown  in  an  exhaus- 
tive report  by  Mr.  Rudolph  P.  Miller, 
the  well  known  consulting  engineer, 
formerly  superintendent  of  buildings 
for  the  borough  of  Manhattan,  and 
just  issued  in  a  mamphlet  entitled 
"The  Strength  of  Ordinary  Brick- 
work" by  the  Common  Brick  Manu- 
facturers' Association  of  America, 
Cleveland,  O.  Mr.  Miller  took  some 
old  brick  piers  out  of  a  New  York 
building  being  demolished  and  found 
that  the  average  load  sustained  by 
this  old  brickwork  was  1,555  lb.  per 
square  inch. 

According  to  a  paper  read  before 
the  recent  Common  Brick  Manufactur- 
ers' Association  by  Dr.  A.  H.  Stang, 
associate  physicist  of  the  U.  S.  Bu- 
reau of  Standards,  and  reported  also 
in  the  pamphlet  mentioned,  the  ideal 
wall  8  in.  thick  is  24  per  cent  stronger 
than  the  8-in.  solid  brick  wall,  each 
being  built  in  panels  6  ft.  long  and  9 
ft.  high,  laid  in  cement-lime  mortar, 
and  tested  with  a  load  applied  with 
2  in.  of  eccentricity.  Loaded  concen- 
trically, the  two  types  of  wall  carried 
about  the  same  load.  The  walls  were 
also  equally  strong  in  side  thrust. 
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New   Instrument   Designed  by  English  Engineer   Described   in  The 
Tech  Engineering  News 

By  MAJ.  F.  JOHNSTONE-TAYLOR, 
British  Army. 


An  instrument  has  recently  been 
designed  for  the  purpose  of  recording 
rapidly  the  varying  stresses  in  a 
structure,  such  as  those  produced, 
for  instance,  by  a  train  traveling  at 
high  speed  over  a  bridge,  or  in  the 
hull  or  other  parts  of  a  ship  at  sea, 
in  fact,  the  stresses  in  any  structure 
produced  by  moving  loads.  The  neces- 
sary magnification  can  be  obtained 
with  a  beam  of  light  reflected  from  a 
small  oscillating  mirror,  whose  weight 
is  negligible,  the  inertia  of  the  mov- 
ing parts  thus  being  reduced  to  a 
minimum. 

Records  Fluctuating  Stresses  as 
Great    as    350    Times    per    Second. — 


bridge  members  and  the  like  cannot 
be  over-estimated.  It  must  be  appar- 
ent to  every  engineer,  whether  design- 
er, builder  or  superintendent,  con 
nected  with  such  work. 

Especially  would  this  be  the  case 
in  old  structures,  for  by  the  use  of 
this  instrument  it  is  possible  to  ascer- 
tain whether  the  bridge  can  be 
strengthened  or  whether  the  stresses 
are  such  that  would  demand  its  re- 
placement. 

Many  of  the  older  bridges  have  re- 
dundant members  in  them,  and  by  any 
method  of  calculation  the  stresses 
therein  are  difficult  to  ascertain,  but 
apart  from  this,  even  in  well-designed 
bridges    the    stresses    are    difficult    to 


PLAN     SHOWING    PATH   Or  LIGHT   TROM    BOJH    MIRRORS 


Elevation    showing   path  of  light 


Figs.   1    and   2. — Plan   and    Elevation   of   Instrument. 


Fluctuating  stresses  varying  as  much 
as  350  times  per  second  can  be  rec- 
orded under  ordinary  illumination  and 
high-speed  film  winding. 

The  instrument  can  be  used  for 
recording  the  stresses  on  a  photo- 
graphic film  which  passes  in  front  of 
a  vertical  slit,  or  they  can  be  observed 
on  a  glass  screen  provided  for  visual 
observation  which  can  be  inserted  in 
place  of  the  vertical  slit. 

It  is  designed  to  take  a  standard 
film  roll  such  as  No.  2  Brownie,  but 
any  film  about  24  in.  long  and  2  7/16 
in.  wide  may  be  used. 

Value  of  Determining  Stresses  in 
Bridge  Members. — The  value  of  being 
3,ble    to    determine    the    stresses    in 


obtain  with  an  assured  accuracy,  par- 
ticularly as  it  is  now  well  known  that 
the  secondary  or  deformation  stresses 
are  all  of  great  importance. 

It  is  therefore  found  that  the  read- 
ings of  the  instrument  rarely  agree 
with  those  calculated,  even  if  placed 
on  the  axis  of  a  member  in  a  truss 
span. 

Calculated  Stresses  and  Actual 
Stresses. — Instruments  of  this  class 
have  been  used  for  a  large  number 
of  experiments  on  bridges  in  India, 
in  every  case  the  stresses  calculated 
by  statics  being  greater  than  the 
recorded  stresses.  This  is  no  reflec- 
tion on  the  accuracy  of  the  instru- 
ment  or  the   validity  of  the   calcula- 
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tions.     There   is   a   good    reason   for 
the  discrepancy. 

When  a  live  load  comes  on  to  a 
bridge  a  certain  amount  of  work  is 
stored  up  in  the  structure.  It  is  stored 
up  in  two  ways,  one  by  producing 
longitudinal  deformation  in  the  mem- 
bers themselves  and  the  other  in 
producing  bending  deformation  in 
every  part  of  the  bridge.  In  the  ag- 
gregate these  deformations  produce 
the  deflections  in  the  span  and  the 
observed  deflection  is  a  measure  of 
the  work  done. 

As  the  axial  deformation  in  a  mem- 
ber of  a  span  is  a  measure  of  the  total 
stress  in  it  and  as  statics  take  no 
account  of  elasticity,  it  follows  that 
the  static  calculations  must  be  greater 
than  the  actual,  because  they  include 
the  deformation  stresses. 

It  is  found  in  every  case  that  the 
deflection  as  calculated  by  the  "prin- 
ciple of  least  work"  based  on  Casti- 
gliano's  theorem  is  always  greater 
than  the  observed  deflection.  If  the 
stresses  in  a  member  as  calculated 
by  statics  be  multiplied  by  the  ratio 
of  the  observed  deflection  over  the 
calculated  deflection  the  result  will 
approximate  very  closely  to  the  ob- 
served axial  stresses  in  the  member. 

Thus  calculated  stresses  may  be 
the  means  of  condemning  a  bridge, 
whereas  the  actual  stresses  as  rec- 
orded on  the  instrument  may  give  the 
bridge  a  new  lease  of  life. 

Details  of  Instrument. — The  general 
construction  is  shown  in  Figs.  1  and 
2.  The  vertical  slit  marked  (a)  has 
projected  on  it  two  images  of  an  illu- 
minated horizontal  slit  marked  (b). 
One  of  these  images  is  reflected  from 
a  mirror  (c)  which  oscillates  on  a 
horizontal  axis  and  is  thus  able  to 
form  an  image  of  the  horizontal  slit 
(b)  at  the  back  of  the  vertical  slit 
(a),  the  intersection  forming  a  spot 
of  light. 

The  pivots  of  mirror  (c)  are  at- 
tached to  a  leg  (e).  This  leg  is  fixed 
to  the  main  body  of  the  instrument 
at  its  upper  end  where  its  section  is 
reduced  to  render  it  flexible  in  order 
that  it  can  oscillate  when  the  milled 
nut  (e)  is  screwed  back. 

The  lower  end  of  leg  (e)  is  provided 
with  a  hard  steel  point  (f)  identical 
with  the  two  points  fi,  h  at  the  other 
end  of  the  instrument.  These  are  the 
three  contact  points  that  transmit  the 
stresses  from  the  members  under  test 
to  the  mechanism  of  the  instrument. 
They  make  their  own  centers  after 
any  paint  is  cleaned  off  the  metal. 


As  the  stress  varies  in  the  member 
under  test  the  leg  (e)  will  oscillate 
and  carry  mirror  (c)  with  it.  The 
angular  movement  of  this  mirro  is 
increased  by  causing  a  fixed  point 
(z)  to  bear  against  the  back  of  the 
mirror  case  which  is  pressed  against 
(z)  by  a  spring.  The  vertical  posi 
tion  of  (z)  is  alterable  for  calibrating 
the  instrument  and  is  adjusted  by 
simultaneously  turning  screws  (x)  ana 
(y)  through  the  same  angle  thus 
bringing  point  (z)  nearer  to  or  further 
from  the  axis  of  oscillation  of  mirror 
(c).  The  horizontal  adjustment  of  (z) 
is  effected  by  merely  turning  screw 
(x),  which  by  altering  the  tilt  of  mir- 
ror (c)  enables  the  operator  to  bring 
the  moving  spot  of  light  into  any 
required  position. 

The  other  image  of  the  horizontal 
slit  (b)  on  the  back  of  the  vertical 
slit  (a),  also  forming  a  spot  of  light  is 
reflected  by  the  fixed  mirror  (d).  It 
is  this  spot  of  light  from  the  fixed 
mirro  that  forms  a  base  line  on  the 
record,  when  a  film  is  used. 

If  the  recording  spot  moves  upwards 
from  its  zero  position  it  will  indicate 
compression  in  the  member  under 
test;  any  movement  downwards  from 
zero  position  denoting,  of  course,  ten- 
sion. 

For  visual  observation  the  slit  (a) 
is  removed  and  the  glass  scale  sub- 
stituted, thus  permitting  images  of 
the  illuminated  slit  to  be  seen  on  the 
scale  as  two  horizontal  bars  of  light, 
one  of  which  is  fixed  and  forms  the 
base,  and  the  other  moving  up  or 
down  and  denoting  tension  or  com- 
pression as  the  case  may  be  as  before, 
according  to  circumstances. 

The  reflex  viewing  window  (h)  is 
for  inspecting  the  spots  of  light  that 
make  the  record,  while  a  simple  device 
consisting  of  button  (j)  and  mirror  (k) 
permits  of  the  position  and  intensity 
of  the  spots  of  light  being  viewed  at 
any  time  without  fogging  the  films 
exposed  in  the  instrument. 

A  battery  is  provided  with  a  resist- 
ance which  permits  of  the  current 
being  varied  according  to  the  speed  of 
film  winding,  while  the  measuring  of 
the  vibrations,  frequency  and  the  rate 
of  change  of  stress  is  effected  by  a 
disk  connected  with  a  clock  escape- 
ment, thus  the  base  line  is  broken  as 

,  each  dash  and  each 

space  representing  one-fourth  second 
of  time.  This  is  irrespective  of  the 
rate  of  film  winding. 

The  latter  can  be  done  either  by 
hand  or  by  a  motor  of  special  design 
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worked  from  the  accumulators  in  the 
battery  box.  The  latter  has  the  ad- 
vantage of  a  greater  speed  variation 
and  instant  starting  up.  The  variable 
speed  winder  for  hand  operation  is 
provided  also,  and  connected  to  the 
instrument  by  a  flexible  cable,  com- 
posed of  short  lengths  of  shaft  con- 
nected by  universal  joints. 

It  is  arranged  on  the  assumption 
that  the  operator  will  turn  at  a  con- 
stant speed  of  150  r.p.m.  The  speed 
of  this  flexible  shaft  and  consequently 
the  rate  of  film  traverse,  can,  however, 
be  varied. 

Determining  Speed  of  Filming. — 
The  time  required  for  taking  a  record 
of  stress  in  a  bridge  member  depends 
on  the  length  of  the  span,  upon  the 
length  and  speed  of  the  train,  and 
upon  allowance  for  the  approach  of 
the  train  or  other  load.  This  varia- 
tion in  speed  of  filming  is  made  by 
moving  a  pointer  on  the  scale  at  the 
end  of  the  speed  winder  to  a  number, 
N,  which  can  be  found  by  the  follow- 
ing formulae: 

Let  B  —  the   overall   length    of    the 
bridge  in  feet. 
T  — :  the  overall  length  of  the  train 

in  feet. 
V  =  the   velocity   of   the   train   in 

miles  per  hour. 
N  zs  the  index  number  on  the  va- 
riable gear-box  and  the  bav 
tery-box. 
X  —  the    allowance     for     the    ap- 
proach of  the  train  in  feet. 
The    allowance    made    for    the    ap- 
proach of  the  train  to  give  time  for 
transmitting  a  flag  signal  to  the   op- 
erators works  out  in  practice  as  about 
10  +  2V. 

144  V 

Then  N  = 

B  +  T  +  2V  +  10 
Example  (1) : 

Take  V  =  20,  B  =  100,  and  T  =  120. 
Therefore 

2880  2880 

N  = ; = =  10.7 

100+120+40+10       270 
The  pointer  must  be  put  on  No.   10, 
and  the  record  would  take  up 
10 

X20"=18.7"  of  the  film. 

10.7 
Example  (2): 

Take  V  =  2,  B  =  100,   and  T  =  120. 
Therefore 

288  288 

N  = = =  1.23 

100+120+4+10       234 
The  pointer  must  be  put  on  No.  1,  and 
the  record 'would  take  up 


X20"=16.2"  of  the  film. 

123 
Example  (3): 

Take  V  =  i,  B  =  100,  and  T  =  120. 
Therefore 

144  144 

N  = = =  .62 

100+120+2+10  232 
Now  if  the  pointer  were  put  on  No. 
1,  the  record  would  be  longer  than  the 
film,  therefore  in  this  case  for  hand- 
winding  the  handle  must  be  turned 
.62  X  150  ==  90  revolutions  per  minute, 
say,  instead  of  the  normal  150. 

Each  instrument  is,  of  course,  cali- 
brated by  a  standard  calibrator.  A 
portable  calibrator  forms  part  of  the 
equipment  for  field  calibration  if  nec- 
essary. Permanent  adjustment  of  the 
fixed  spot  of  light  to  zero  on  the  scale 
can  be  made  while  the  instrument  is 
standing  on  one  of  the  calibrators. 

Method  of  Attaching  Instrument  to 
Test  Member. — As  regards  fixing  the 
instrument  to  the  member  under  test. 
This  can  be  done  in  any  position,  that 
is  upside  down,  on  a  diagonal,  inside 
a  chord,  etc.,  three  methods  of  attach- 
ment being  provided  for. 

The  clamp  arrangement  is  that  most 
generally  used,  as  it  does  not  require 
any  holes  to  be  drilled  in  the  bridge 
work,  and  a  large  number  of  members, 
such  as  flanges  of  plate  girders,  verti- 
cal webs  of  chords  and  booms,  dia- 
gonals and  vertical  trusses,  etc.,  are 
within  its  scope. 

Various  other  methods  requiring 
small  holes  will  be  necessary  when  it 
is  desired  to  fix  the  instrument  in 
deep  trough-shaped  chords  or  on 
plates  over  twenty  inches  wide  and 
for  other  similar  situations. 

Variations  of  atmospheric  tempera- 
ture have  little  influence. on  the  read- 
ing of  the  instrument  when  used  on 
bridge  work.  A  cloudy,  dry  and  wind- 
less day  is  best. 

It  is,  however,  advisable  to  allow 
the  instrument  to  take  up  the  same 
temperature  as  the  bridge  before  a 
record  is  taken,  otherwise  the  read- 
ings may  be  somewhat  affected  and 
this  will  be  shown  by  the  recording 
spot  not  finishing  at  the  same  dis- 
tance from  the  zero  line  as  it  was  at 
the  commencement  of  the  reading; 
an  error  which  can  be  corrected  be- 
fore scaling  the  record,  by  drawing  a 
new  baseline  on  the  print.  No  tem- 
perature error  can  occur  when  taking 
a  record  of  a  fast  train  passing  over 
a  short  span. 

This   interesting  and  useful  instru- 
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ment  was  designed  by  Mr.  H.  J.  Fere-  show  an  increase  in  the  number  of 
day,  a  well-known  English  civil  engl-  persons  engaged,  with  the  number  of 
neer,  and  is  made  in  England  by  apprentices  decreasing,  with  one  ex- 
Cookes  of  York.  ception.  The  electricians  show  an  in- 
crease    in    the    number    entering    the 

Skilled  Labor  in  the  Building  ^u^TS"  £^d£h  T 

Industry  crease    for    the    10-year    period    from 

1910   to  1920  are  shown  in  Table   II. 

Facts  Regarding  Wage  Scales,  Num-  Decrease    in    Skilled    Labor    Due   to 

ber  of  Craftsmen  and  Apprentices  Lack      of      Apprentices.  —  Generally 

Outlined   in   Paper   Presented  speaking,  the  year  1922  witnessed  an 

at     Annual     Meeting     of  acute    situation,    and    in    numbers    of 

National      Association  instances    the    situation    has    become 

of     Builders'     Ex-  serious.     With    the    depletion    in   the 

changes  ranks   of   mechanics   increasing  at   a 

rapid  rate,  and  with  far  too  few  ap- 

By  J.  B.  LANDERS,  prentices    entering    the    trades  to  fill 

Manager  Builders'  Exchange  of  Oklahoma  the   places   of   those    dropping   out  be- 

City,  Okla.  cause   of  age  and  other  reasons,  we 

Forty-eight  organizations  which  are  have  witnessed  more  than  usual  the 

members  of  the  National  Association  unreasonable  demands  upon  those  en- 

of  Builders'  Exchanges,   representing  gaged  in  the  industry. 

cities  from  all  sections  of  the  United  The    decrease    of   men   engaged    in 

States,  reporting  wage   scales  in  the  these  trades  is  attributed  to  various 

building   trades   in   January   and   De-  reasons,   chief  among  which  are   the 

cember,  1922,  show  an  average  in  10  apprentice  rules   of  the  unions.     We 

trades,  to  be:  nnd  apprenticeship   limited,   more  or 

Average  wage  less,    in    every    craft    in   the    building 

scale.  industry,    and   in   some    cases   where 

1922        1922  apprentices    are    engaged,    the    older 

Carpenters    $0.87%    $0.87%  men    are    not   taking    an    interest   in 

Electricians 92%       .94  the  apprentice  or  assisting  in  his  mas- 

Painters  and  paper  hangers    .84%        .84%  .   _  *;#  \?ta   „-hn„n„   ™„„™+i™ 

Plasterers    ....  .7 1.06         1.14  tery  of  his  chosen  occupation. 

Masons,  brick  and  stone...  1.07%  1.16  From  a  careful  survey  of  the  pub- 
ShUe?tbmltaV  workers'.V.V.::  ^O  ^O  Ji.c  schools  and  from  personal  inter- 
Structural  steel 96          .97  views     with     students     leaving    high 

Roofers    84%       .86  school,  it  is  evident  that  the  American 

Hodcarners    61           .66  youth  of  today  nas  no  inclination  to 

The  average  wage  scales  from  rates  enter  into  the  trades  under  the  re- 
reported  through  private  investigation  quirements  demanded  of  him  in  most 
by  131  cities,  from  all  states  in  the  localities — that  he  obligate  himself  to 
union,  and  representing  cities  of  all  abide  by  arbitrary  rulings  and  sub- 
classes, as  of  December,  1922,  are:  ject  himself  to  fines  and  dues  for  the 

Carpenters  $0.91  privilege    of    selecting    and    following 

Electricians    .  / 93%  the   trade   or   occupation    of   his    per- 

Painters  and  paper  hangers 88  „^„„i    „i,«i„« 

Plasterers     1.06  sonal   choice. 

Masons,  brick  and  stone 1.16  Training    Young    Men    for    Building 

IKmetal  'workers ' ! .' .'  I .'  I ! ! ".  1 1 1 1  ^O  Trade—There  are  only  two  ways  to 

Structural  steel   produce  or  secure  men.  One  is  through 

Roofers the     channels     of     immigration — the 

Hodcarners 60  otherj   train  the  youth  of  today      We 

Number    of    Employes    in    Building  have    tried    immigration,    and    it    has 

Crafts. — The  year  has  shown  a  grad-  flooded    the   country   with   foreigners 

ual  upward  tendency.    In  some  locali-  who  are  susceptible  to  the  arguments 

ties  little  or  no  regard  has  been  paid  of  the   agitator  and   peace   disturber, 

to  the  prevailing  wage  scale.  In  some  It  is  not  best  that  we  tear  down  the 

instances  mechanics   are   drawing  as  barrier  and  permit  an  influx  of  more 

much  as  50  per  cent  to  75  per  cent  of    the    same    element    while    we    sit 

above   the   scale,   due  to   the   rapidly  idly  by  and  neglect  to  give  the  youth 

increasing   shortage  of  mechanics  as  of  the  land  a  chance.    We  have  never 

shown  by  Table  I  based  on  the  U.  S.  taken  the  proper  interest  in  the  high 

census  of  1920.  school   boy,   or  the   boy   who   cannot 

Four    trades    of    the    10    concerned  go  on  through  high  school  but  who  is 
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TABLE  I.— COMPARATIVE   STATEMENT  OP  PERSONS  ENGAGED   IN   CERTAIN 
CRAFTS  IN  THE  BUILDING  TRADES  FROM  1910  TO  1920. 

Decrease  Average 

in        decrease 

i        t~  r^"**       1910.  1920.  1922.        12  years,  per  year. 

Brick  and  stone  masons 169,402        131,264        123,638  45,764  3,813 

Apprentices    2,503  1,434  1,222  1,381  ..... 

Note — The  number  of  apprentices  annually  entering  this  trade  decreased 
over  a  like  period,  1,381,  leaving  only  1,222  mechanics  to  take  the  place  of  3,813 
— which  condition  will  become  more  acute  with  the  aging  of  the  craftsmen  at 
present  engaged,  while  the  number  of  apprentices  grows  less. 

Painters   273,442        248,497        243,509  29,932  2,494 

Apprentices    2,662  1,616  1,408  n  int 

Annual  loss  to  craft  2,494 

Apprentices    1,408 

Annual  net  loss   1,086 

Paper  hangers 25,577  18,646  17,380  8,197  683 

Apprentices    444  172  118  

Annual  loss  to  craft 683 

Apprentices    118 

Annual  net  loss  , 565 

Plasterers    47,682  38,255  36,371  11,311  942 

Apprentices    699  398  344  

Annual  loss  to  craft 942 

Apprentices   344 

Annual  net  loss  598 

Roofers  and  slaters   14,078  11,378  10,838  3,240  253 

Apprentices    304  250  240  

Annual  loss  to  craft 253 

Apprentices 240 

Annual  net  loss 13 

All  1922  figures   estimated  at  proportionate  rate  of  decrease  for  ten-year  period 
between  1910-1920. 

TABLE  II. 


Carpenters     

Electricians 

Plumbers    

Structural  iron  workers    

Tinsmiths  and  sheet  metal  workers 

Carpenter  apprentices   

Plumber   apprentices    

Electrician  apprentices   


Increase  in 

1910. 

1920. 

1922. 

12  years. 

817,120 

887,379 

901,429 

84,309 

120,241 

212,964 

231,508 

111,267 

148,304 

206,718 

218,300 

69,996 

11,427 

18,836 

20,316 

8,889 

56,423 

69,735 

72,397 

15,974 

6,069 

4,805 

4,553 

•1,516 

9,903 

7,386 

6,884 

•3,019 

2,661 

9,562 

10,982 

8,322 

•Decrease. 

Note — Authentic  figures   on   sheet  metal  and  structural  iron  worker  apprentices 
not  available. 

forced  to  discontinue  with  or  before  enter  the  trades  without  restrictions 
the  completion  of  the  grammar  or  limitations.  In  localities  where 
grades.  We  have  permitted  the  labor  proper  interest  in  these  matters  is 
leader  and  the  agitator  to  say  who  being  displayed  and  where  every  man 
shall  learn  a  trade.  We  have  for-  is  permitted  to  work  and  earn  the 
gotten  to  look  to  tomorrow.  We  have  highest  wage  according  to  his  ability, 
seen  good  American  boys  turned  loose  they  do  not  feel  the  existing  shortage 
on  the  streets  when  we  could  have  or  have  the  disturbances  to  the  ex- 
guided  them  in  the  right  direction.  tent  that  localities  do  where  opposite 
It  is  true  that  some  have  succeeded  conditions  prevail." 

unassisted,    but    of   those    who    have 

not,   had   they   been   properly   looked 

after  and  given  the  opportunity  of  Demands  of  New  York  Building 
a  choice  of  occupation  in  the  building  Trades  Workers  for  $1  Increase  Re- 
trades,  how  many  more  could  have  fused. — Demands  of  the  New  York 
become  respected,  self-reliant  men  and  Building  Trades  Council,  which 
a  benefit  to  humanity,  instead  of  going  claimed  90,000  members,  for  a  blanket 
through  life  untrained,  unskilled,  and  pay  increase  of  $1  a  day  and  a  col- 
without  sufficient  knowledge  of  any  iective  agreement  for  a  year,  were 
trade  or  occupation  to  provide  for  refUsed  at  a  conference  May  17  by 
the  future  and  old  age?  the  executive  committee  of  the  Build- 
We  owe  it  to  the  industry  to  see  ing  Trades  Employers'  Association, 
that  the  present  and  coming  genera-  The  refusal  may  result  in  a  general 
tions    are    given    the    opportunity    to  strike  effective  June  1. 
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Contractors'    Overhead    Ex- 
pense 


Address  Presented  Before  Convention 
of    Associated    Building    Con- 
tractors of  Illinois 

By  GERHARDT  F.  MEYNE, 

Vice-President,    Associated    Building 
Contractors    of   Illinois. 

Aside  from  the  actual  construction 
of  the  building,  the  preparation  of  esti- 
mates is,  of  course,  one  of  the  most 
important  functions  in  the  contractors' 
business,  although  sometimes  it  is 
merely  looked  upon  as  a  necessary 
evil.  Builders  who  make  the  mistake 
in  considering  that  estimating  is  a 
necessary  evil  overlook  the  fact  that 
it  is  a  most  important  factor  toward 
making  the  business  a  success  or  a 
failure. 

It  is  needless  to  say  that  proper 
listing  of  materials  is  essential.  The 
methods  used  by  so  many  builders  in 
lump  estimates  is  a  very  serious  mis- 
take, and  usually  ends  up  with  a  con- 
tractor going  to  the  "great  beyond" 
without  leaving  any  visible  means  of 
support  for  his  family,  after  a  life  of 
slavery. 

The  Surety  Bond. — Managers  of 
bonding  companies  are  very  careful  to 
scrutinize  the  business  methods  of  a 
contractor  or  building  corporation  be- 
fore they  are  willing  to  furnish  a  sure- 
ty bond.  It  is  not  often  that  the  very 
responsible  builder  with  a  good  repu- 
tation and  long  record  of  fair  dealings 
is  requested  to  furnish  a  bond.  Archi- 
tects, engineers,  material  dealers  and 
owners  usually  know  something  about 
the  business  methods  of  a  contractor, 
and,  therefore,  the  bonding  companies 
are  usually  only  asked  to  bond  the 
low  or  irresponsible  bidder. 

The  first  question  the  companies 
must  have  answered  is  something 
about  the  builder  requesting  the  bond: 
whether  or  not  he  understands  his 
business  thoroughly — whether  or  not 
he  is  capable  of  preparing  a  correct 
estimate  himself.  They  also  ask  about 
the  figures  of  his  estimator  or  other 
help,  and  if  the  builder  is  competent 
to  check  them  and  has  good  judgment. 

In  the  second  place,  the  bonding 
company  is  most  anxious  to  know 
about  the  general  reputation  of  the 
builder,  his  honesty  in  meeting  his 
financial  obligations,  and  his  reputa- 
tion among  those  with  whom  he  does 
business,  such  as  sub-contractors  and 


material  men,  and  how  he  stands  with 
his  colleagues  in  the  business. 

Thirdly,  one  of  the  prime_  requisites 
of  a  builder  when  he  requires  a  bond 
is,  of  course,  his  financial  ability.  Not 
only  is  his  capital  scrutinized,  but  his 
business  efficiency  and  general  execu- 
tive ability.  Needless  to  say,  it  creates 
a  bad  impression  when  builders  appear 
in  the  office  of  the  bonding  company 
with  their  figures  on  the  back  of  an 
envelope.  Probably  they  have  cubed 
a  job,  or,  worse  yet,  have  taken  some 
figures  that  some  architect  or  owner 
has  told  them  they  could  get  the  job 
done  for.  Needless  to  say,  the  man 
with  a  good  appearing  sheet,  his  items 
all  properly  itemized,  showing  that  the 
plans  and  specifications  have  been 
carefully  surveyed,  will  have  consider- 
ably less  trouble  to  be  bonded  than 
the  sloth. 

Overhead  Item  of  Considerable  Im- 
portance.— The  item  of  overhead  ex- 
pense is  one  that  has  long  been  neg- 
lected by  the  smaller  builders,  but  it  is 
an  item  of  such  considerable  impor- 
tance that  it  should  have  the  most 
careful  considerable  of  every  builder, 
little  or  big.  I  caution  and  admonish, 
as  well  as  counsel,  advise  and  com- 
mand, that  out  of  every  building  op- 
eration undertaken  you  get  back  in 
money  at  least  the  actual  cost  of  its 
complete  production  plus  the  over- 
head. 

The  item  of  profit  is  one  which  your 
own  avariciousness  demands,  or  the 
competition  of  colleagues  permits,  or 
your  conscience  will  allow  you  to  take, 
but  you  are  at  least  entitled  to  all  the 
money  you  put  into  an  operation.  This 
money  is  the  cost  of  labor  and  mate- 
rials, permits,  liability  insurance, 
bonds,  owners'  contingency  insurance, 
fire  insurance,  miscellaneous  contin- 
gency, such  as  cutting  for  other 
trades,  removing  of  debris,  field  over- 
head and  general  overhead. 

What  Overhead  Is. — I  will  come  di- 
rectly to  the  explanation  of  what  I 
mean  by  field  overhead  and  general  or 
administrative  overhead.  When  the 
estimate  has  been  made  and  after  the 
cost  of  the  building  has  been  totaled, 
a  certain  percentage  for  overhead 
should  be  allowed.  This  is  sometimes 
called  the  cost  of  doing  business.  This 
percentage  is  calculated  in  various 
ways,  but  it  is  usually  determined  by 
each  contractor  according  to  the  size 
of  his  operations  and  personal  efforts. 
Administrative  Overhead. — Adminis- 
trative overhead  or  expense  is  that 
charge     which     cannot     be     directly 
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charged  to  a  project  or  job,  and 
should  be  again  divided  into  two 
classes;  fixed  office  expense  and  mis- 
cellaneous expense.  Fixed  office  ex- 
pense consists  of  salaries  to  execu- 
tives (meaning  that  the  builder  should 
put  himself  on  the  payroll),  estima- 
tors and  clerks,  rents,  plant  deprecia- 
tion, furniture  and  fixture  deprecia- 
tion, interest  on  equipment,  cost  keep- 
ing and  the  helpers  involved  therein, 
bookkeeping  and  its  involved  cost, 
yard  men  and  tool  men.  Miscella- 
neous expense  is,  of  course,  invisible, 
and  is  usually  composed  of  stationery, 
billheads,  advertising,  interest  on  bor- 
rowed money,  office  supplies,  tele- 
phone, telegraph,  postage,  business 
travel,  automobile  upkeep,  taxi  fares, 
charity,  business  insurance,  legal  ex- 
pense, tool  and  equipment  mainte- 
nance, team  account,  etc. 

Field  Overhead. — Field  overhead,  as 
I  regard  it,  should  also  be  divided  into 
two  classes — non-productive  labor  and 
its  kindred  expense  and  such  invisible 
overhead  as  accrues  on  the  job  wheth- 
er or  no.  Sometimes  it  cannot  be 
avoided,  no  matter  how  much  en- 
deavor or  effort  the  builder  may  put 
forth  to  stop  it. 

Coming  back  to  field  overhead  of  the 
first  class,  which  we  shall  call  the  non- 
productive field  labor  overhead,  this  is 
made  up  of  superintendents'  salaries 
or  wages  for  the  time  of  timekeepers 
and  material  clerk,  also  the  expense  of 
equipment,  rentals,  setting  up  equip- 
ment, removing  and  putting  equip- 
ment in  good  order  and  hauling  it  back 
to  the  yards,  temporary  offices,  tool 
shed,  cement  shed,  temporary  power 
and  light,  temporary  enclosures  and 
fences,  sidewalk  protection,  water  con- 
nection, tarpaulins,  machinery  pro- 
tection equipment,  hauling,  etc.  (Of- 
fices, sheds,  etc.,  should  be  considered 
cost.) 

Invisible  Overhead  and  Lost  Time. — 
Invisible  overhead  arises  on  a  job 
or  project,  and  is  very  often  incurred 
by  negligence,  sometimes  sabotage. 
More  often  the  best  efforts  cannot  pre- 
vent it  and  it  should  be  taken  into 
consideration  when  making  up  an  esti- 
mate. 

Lost  time  is  the  bottomless  pit  into 
which  more  money  than  can  be  esti- 
mated has  been  dumped  by  contrac- 
tors. A  day  free  from  delays  will  pro- 
duce twice  as  much  as  an  average  day. 
To  attain  the  ideal  production  means 
cost  keeping  and  system — hence  over- 
head. 

Invisible   overhead  is  usually    com- 


posed of  more  or  less  the  following 
items:  Interference  of  inclement 
weather,  time  lost  by  breakdowns, 
time  lost  by  shifting  plants,  time  lost 
waiting  for  other  parts  of  the  project 
to  be  made  ready,  time  lost  waiting 
for  material,  time  lost  by  shifting  men 
to  other  jobs,  efficiency  lost  by  put- 
ting on  new  men,  crews  too  small  to 
be  effective  in  relation  to  superintend- 
ents, foremen,  etc.  This  last  item 
was  the  case  with  a  certain  bricklay- 
ing and  plastering  situation  last  sum- 
mer. The  builder  often  had  his  fore- 
men working  with  two  or  three  brick- 
layers and  as  many  laborers.  Could 
he  have  obtained  20  bricklayers,  his 
overhead  would  have  been  the  same 
per  diem.  The  importance  of  includ- 
ing this  invisible  expense  in  the  esti- 
mate as  a  contingency  or  overhead  is 
readily  apparent. 

Making  Up  of  Overhead. — The  mak- 
ing up  of  overhead  is,  of  course,  not 
alike  in  every  office,  but  if  the  gross 
expense  for  the  year,  including  the 
contractor's  own  salary,  is  $15,000  and 
the  business  amounts  to  $300,000  per 
year,  evidently  the  overhead  is  5  per 
cent.  There  are  a  number  of  books  of 
more  or  less  value  written  on  the  sub- 
ject of  "Cost  Keeping  Systems"  on 
construction  work.  Nevertheless,  the 
builder  neglects  the  opportunity  of 
familiarizing  himself  with  and  study- 
ing the  systems  offered,  and  will  con- 
tinue his  lamentations  over  unfair 
competition  and  his  complaints  about 
the  contracting  business  being  the 
worst  business  on  the  earth  to  use  up 
men  and  money. 

In  going  through  the  State  of  Illi- 
nois last  year,  I  had  many  talks  with 
former  contractors  and  realized  that 
they  were  very  quick  to  criticise  and 
damn  their  colleagues  in  the  same 
town  and  nearby  towns,  but  that  they 
had  little  understandings  of  the  real 
system  of  the  business.  They,  as  a 
rule,  had  been  excellent  mechanics 
and  sometimes  foremen,  and  had  been 
content  to  let  their  laurels  rest  on 
these  achievements.  I  also  found  con- 
tractors unwilling  to  sit  down  and  talk 
over  operations  and  costs  with  their 
competitors,  and  to  generally  organize 
for  their  own  good. 

The  Need  for  System. — Taking  the 
iirst  step  in  system  is  to  map  out  the 
object  desired  and  also  to  map  out  the 
results  to.  be  obtained  and  preferably 
always  on  paper.  It  is  astonishing  what 
cold  figures,  on  paper,  will  analyze  after 
a  job  has  been  completed.  System 
includes  the  keeping  of  records  and 
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costs,  such  as  bookkeeping,  filing  sys- 
tem and  estimating.  The  contractor 
sometimes  objects  to  a  system  and 
calls  it  red  tape,  but,  somehow  or 
other,  the  operators  who  have  sur- 
rounded themselves  with  some  red 
tape  do  not  seem  to  make  assignments 
in  bankruptcy  as  often  as  the  man 
who  will  have  none  of  it. 

The  small  contractor  objects  to  sys- 
tem because  it  takes  up  so  much  of 
his  time.  If  the  small  contractor's 
business  has  grown  to  such  an  extent 
that  he  must  work  more  than  ten 
hours  to  keep  abreast  with  his  work, 
then  it  is  absolutely  necessary  for  him 
to  acquire  some  help,  so  that  he  may 
keep  his  business  records  correct  as  to 
the  income  and  the  outgo  of  money, 
the  records  of  his  banking  accounts, 
the  condition  of  his  equipment  and 
tools,  etc.  He  then  at  once  acquires 
overhead  in  addition  to  his  own  salary. 
As  to  what  a  builder's  salary  should 
be,  his  competitor,  his  conscience  and 
his  avariciousness  will  have  to  be  his 
guide. 

Sub-Contractors'  Overhead.  —  We 
have  been  discussing  the  overhead  of 
the  general  contractor,  usually  known 
as  the  carpenter  or  mason  contractor. 
His  overhead  is,  of  course,  consider- 
ably less  than  the  overhead  of,  for  ex- 
ample, the  plumbing  contractor  or  the 
painting  contractor.  The  average  over- 
head of  the  painting  contractor  is  ap- 
proximately 20  per  cent,  consisting  of 
the  usual  fixed  expenses  and  miscella- 
neous expenses,  use  and  depreciation 
of  brushes,  paint  pots,  step  ladders, 
drop  cloths,  jack  ladders,  small  cloths, 
auto  trucks,  etc.  It  has  been  found 
that  22y2  per  cent  is  an  average  over- 
head for  the  plumber  and  it  ranges 
from  18  to  20  per  cent  in  small  estab- 
lishments where  the  proprietor  puts  in 
his  time  in  the  evening,  making  out 
calculations,  bills,  rent,  use  of  tools, 
etc. 

Cost  Keeping  and  Bookkeeping. — 
Just  one  word  about  cost  keeping  and 
bookkeeping.  The  psychology  of  hav- 
ing a  cost  keeping  system  tends  to 
bring  out  efficiency  in  one's  crews, 
and,  if  employed  for  no  other  reason, 
would  pay  for  itself  on  each  job, 
whether  cost-plus  or  straight  contract. 
An  owner  who  objects  to  paying  for 
a  cost-keeping  system,  having  a  cost- 
plus  job,  is  cheating  himself,  and  is 
very  apt  to  have  surprises  before  the 
job  is  done,  and,  quite  often,  an  exist- 
ing friendship  is  broken  up  by  ugly 
charges. 

Uncle  Sam,  in  his  desire  for  money, 


has  foisted  upon  us  the  income  tax, 
and.  has  taught  us  all  how  to  keep 
books  or  go  to  jail.  But  I  would  like 
to  caution  contractors  to  constantly 
urge  their  bookkeepers  to  have  their 
bills  ready  and  get  their  accounts  ren- 
dered, and  insist  upon  payments.  The 
man  who  has  his  accounts  up  to  the 
minute  and  is  up  on  his  collections 
seldom  has  to  go  to  court  or  employ 
the  mechanics'  lien  law.  Red  tape  has 
saved  him  a  loss  on  cost-plus  work. 
Where  it  is  known  that  the  contractor 
has  a  real  system  or  an  overhead 
which  shows  up  every  item  of  cost  on 
the  project,  he  will  have  no  trouble 
with  his  statements,  and  90  per  cent 
of  the  time  Mr.  Owner  will  never  send 
in  an  auditor.  Again  I  caution  you 
that  the  cost  of  the  building  is  made 
up  of  its  labor,  material,  its  various 
contingencies,  and  OVERHEAD. 


Determining   Rental   Profits 
of  Office  Buildings 

Useful  data  regarding  the  invest- 
ment sides  of  office  buildings  are 
given  by  Douglas  G.  Scott  in  a  recent 
issue  of  Buildings  and  Building  Man- 
agement, from  which  we  quote  the  fol- 
lowing : 

The  company  whose  buildings  I 
manage  has  for  20  years  owned  and 
operated  never  less  than  $30,000,000 
worth  of  property;  "owned  and  op- 
erated," I  contend  to  be  only  a  figure 
of  speech,  for  in  reality  they  have 
built  and  marketed  fifteen  hundred 
thousand  square  feet  per  annum. 
Through  its  principal  subsidiary  it  has 
erected  hundreds  of  millions  of  dol- 
lars' worth  of  buildings  for  other  peo- 
ple. We  have  not  only  learned  by  go- 
ing through  the  most  expensive  school 
in  the  world,  "experience,"  but  we 
have  to  render  quick  judgment  upon 
propositions  brought  in  by  others  for 
the  reason  that  we  have  been  fre- 
quently called  upon  to  help  finance  a 
project  so  as  to  secure  the  building 
contract.  Invariably  they  attempt  to 
prove  by  the  prospective  earnings 
that  the  second  mortgage  can  be 
easily  amortized,  that  being  the  man- 
ner in  which  we  are  to  receive  most 
of  our  profit.  So  I  take  the  privilege 
of  bringing  before  you  one  of  our 
thumb  rules — a  result  either  of  my  in- 
genuity or  analysis,  or  perhaps  my 
fancy  and  imagination — that  is  for  you 
to  decide,  the  premise  of  the  rule  be- 
ing in  the  original  production  cost  of 
every  net  rentable  square  foot.  I  at- 
tempt to  handle   a   square   foot,  rela- 
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tively,  the  same  as  if  we  manufac- 
tured and  marketed  fish  hooks,  lawn 
mowers  or  locomotives. 

I  take  first  the  square  foot  cost  of 
the  land  and  add  to  it  all  moneys  ex- 
pended on  a  square-foot  basis.  For  in- 
stance, I  find  that  office  buildings  (so- 
called,  many  of  them  being  monu- 
ments for  decorative  purposes  or 
tombstones  of  departed  ambitions) 
vary  in  cost  from  $10  to  $30  a  square 
foot,  and  are  usually  assessed  at  a 
rate  20  per  cent  less.  We  now  have 
the  original  cost  and  are  ready  to 
start  manufacturing.  It  is  universal 
knowledge,  and  I  substantiate  it  by 
the  remark  of  the  late  Russell  Sage, 
that  "we  begin  by  borrowing  the  other 
fellow's  money,  at  no  more  than  a 
legal  rate  of  interest."  I  have  as- 
sumed that  we  use  50  per  cent  of 
our  own  capital,  and  50  per  cent 
loaned  to  us  on  mortgage,  provided 
our  building  is  a  success.  The  more 
money  we  can  borrow,  the  greater 
percentage  of  net  profit,  and  in  the 
hypothetical  case  I  have  just  set  up, 
I  have  amortized  the  mortgage  on  a 
iy2  per  cent  basis,  which  .  you  will 
learn  is  practically  the  same  as  allow- 
ing 2  per  cent  per  annum  for  the  de- 
preciation on  the  cost  of  your  build- 
ing. For  the  year  1922,  I  have  allowed 
70  ct.  a  square  foot  to  cover  all  op- 
erating costs,  including  supervision. 
Some  of  you  operate  for  less,  and  the 
profits  vary  accordingly.  I  have  based 
taxes  upon  80  per  cent  total  cost,  and 
you  are  liable  to  find  the  answer  will 
be  the  same  in  all  parts  of  the  coun- 
try, no  matter  by  what  method  you 
arrive  at  it. 

Now,  another  point  I  desire  to  bring 
out  right  here.  I  believe  that  capital 
invested  in  such  a  product  as  ours  is 
entitled  to  earn  not  less  than  10  per 
cent.  The  equity  I  construe  purely  as 
capital.  If  you  have  $1,000,000  of  your 
own  money  invested  in  a  building, 
that  is  your  capital.  Any  capital  in- 
vestment that  borders  on  the  hazard- 
ous is  entitled  to  a  greater  yield  than 
government  bonds  or  savings  bank  in- 
terest. A  man  should  be  repaid  for 
his  foresight  and  benefit  to  mankind, 
for  it  is  a  benefit  when  we  make  it 
possible  for  industries  or  professions 
to  conduct  their  business  upon  land 
more  valuable  than  they  can  afford  to 
own. 

I  find  on  possessing  a  $10  a  square 
foot  building  in  New  York,  the  manu- 
facturing cost  before  profit  would  be 
$1.32  a  square  foot.  If  we  sell  our  en- 
tire  output   to   make   10   per   cent   on 


our  capital,  we  must  sell  at  $1.82  a 
square  foot;  if  we  are  only  going  to 
get  rid  of  90  per  cent  of  our  output, 
we  must  sell  at  $2.02  a  square 
foot;  80  per  cent  of  our  output, 
$2.28;  70  per  cent  of  our  output,  $2.60. 
Of  course,  it  is  understood  that  these 
prices  bring  the  average  rate  for  the 
whole  building,  from  basement  to 
rqof,  to  the  aforesaid  mentioned  figure 
Naturally,  the  top  floor  and  the  cigar 
stand  are  not  sold  at  the  same  rate. 
I  believe  that  to  become  the  best 
soothsayer  one  must  become  the  best 
student  of  history.  For  a  period  of 
years  we  never  sell  more  than  90  per 
cent  of  our  output,  hence  selling 
prices  must  be  gaged  upon  this  de- 
duction. 

I  find  on  possessing  a  $15  a  square 
foot  building,  the  manufacturing  cost 
before  profit  would  be  $1.63.  If  we 
sell  our  entire  output  to  make  10  per 
cent  on  our  capital,  we  must  sell  at 
$2.38  a  square  foot;  if  we  are  only  go 
ing  to  get  rid  of  90  per  cent  of  our 
output,  we  must  sell  at  $2.65  a  square 
foot;  80  per  cent  of  our  output,  $2.98, 
70  per  cent  of  our  output,  $3.40.  I  find 
on  possessing  a  $20  a  square  foot 
building,  the  manufacturing  cost  be- 
fore profit  would  be  $1.94.  If  we  sell 
our  entire  output  to  make  10  per  cent 
on  our  capital,  we  must  sell  at  $2.94  a 
square  foot;  if  we  are  only  going v  to 
get  rid  of  90  per  cent  of  our  output, 
we  must  sell  at  $3.26  a  square  foot; 
80  per  cent  of  our  output,  $3.68;  70 
per  cent  of  our  output,  $4.20. 

I  find  on  possessing  a  $25  a  square 
foot  building,  the  manufacturing  cost 
before  profit  would  be  $2.25.  If  we 
sell  our  entire  output  to  make  10  per 
cent  on  our  capital  we  must  sell  at 
$3.50  per  square  foot;  if  we  are  only 
going  to  get  rid  of  90  per  cent  of  our 
output,  we  must  sell  at  $3.89  a  square 
foot;  80  per  cent  of  our  output,  $4.38; 
70  per  cent  of  our  output,  $5  a  square 
foot.  I  find  on  possessing  a  $30  a 
square  foot  building,  the  manufactur- 
ing cost  before  profit  would  be  $2.56. 
If  we  sell  our  entire  output  to  make 
10  per  cent  on  our  capital,  we  must 
sell  at  $4.06  a  square  foot;  if  we  are 
only  going  to  get  rid  of  90  per  cent  of 
our  output,  we  must  sell  at  $4.51  a 
square  foot;  80  per  cent  of  our  out- 
put, $5.08  a  square  foot;  70  per  ceut 
of  our  output,  $5.80  a  square  foot. 

I  have  carried  these  figures  out  on 
buildings  costing  as  high  as  $30  a 
square  foot.  Beyond  $30,  we  had  bet- 
ter not  go,  or  all  of  us  who  manage 
buildings    will    want   to    change    jobs 
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with  the  other  fellow.  Buildings  be- 
yond $30  a  square  foot  are  liable  to 
earn  on  their  capital  investment  the 
same  rate  as  shipping  board  boats 
that  were  sold  during  the  war  at  $200 
a  ton,  competing  with  boats  costing 
$50  a  ton,  traveling  to  the  same  ports 
and  getting  the  same  rates  for  carry- 
ing freight;  and  the  manager  of  this 
type  of  building  cannot  be  expected, 
irrespective  of  his  ability  and  energy, 
to  produce  the  same  results  as  a  man 
marketing  the  space  of  a  $15  a  square 
foot  building.  The  $25  buildings  I 
have  just  referred  to,  it  so  happens, 
have  recently  been  marketing  their 
space  at  approximately  $5  a  square 
foot.  Other  buildings  costing  as  low 
as  $15  have  been  securing  the  same 
rate,  and  others  costing  as  high  as 
$30  have  secured  no  more.  In  fact, 
I  know  of  two  buildings  in  the  finan- 
cial district,  no  more  than  100  yd. 
apart  as  the  crow  flies — and  that  is 
sometimes  a  Jong  distance  in  New 
York — one  costing  $14  and  the  other 
$40,  both  supplying  space  to  the  pub- 
lic at  the  same  rate  per  annum.  It  is 
easy  to  understand  that  one  of  these 
buildings  is  an  artistic  success  and 
the  other,  as  it  were,  at  the  box  office. 


Building   Trades  Schools  of   In- 
dustrial Assn.  of  San  Fran- 
cisco Train  700  Apprentices 

During  the  year  ending  May  1,  1923, 
the  Industrial  Association  of  San  Fran- 
cisco, Calif.,  trained  a  total  of  ap- 
proximately 700  apprentices  through 
its  schools  for  plasterers,  plumbers, 
bricklayers,  painters  and  paper  hang- 
ers, and  iron  and  brass  molders.  As 
the  wages  of  all  apprentices  are  based 
strictly  on  merit,  and  each  paid  ac- 
cording to  what  he  can  actually  prod- 
uce, the  daily  wage  these  young  men 
are  receiving  is  the  most  convincing 
proof  of  their  proficiency.  Details  as 
to  number  of  graduates,  progress 
made,  wages  paid,  etc.,  are  as  follows: 

Plasterers'  School.  —  In  operation 
since  May  15,  1922;  210  graduates  from 
25  still  attending  night  classes  for  in- 
struction in  ornamental  work.  Grad- 
uate apprentices  being  paid  following 
wages:  Five  at  $12,  six  at  $10,  three 
at  $9,  twenty-four  at  $8,  twenty-five  at 
$7,  forty  at  $6,  twenty-five  at  $5,  ten 
at  $4,  and  the  remainder  at  the  start- 
ing wage  of  $3.50  per  day.  Further- 
more, many  of  these  apprentices  have 
been  engaged  on  the  very  best  class 
of  construction,  handling  everything 
from  scratch  coating  to  ornamental 
plastering. 


Plumbers'  School.  —  In  operation 
since  May  15,  1922;  210  graduates  from 
day  course;  122  have  taken,  and  32 
now  attending  night  courses  which 
give  advanced  instruction.  The  others 
will  be  required  by  their  employers 
to  attend  the  night  classes.  Appren- 
tices all  start  at  $2.50  per  day.  Wages 
are  then  increased  as  rapidly  as  in- 
dividuals pass  required  tests,  which 
are  given  by  a  committee  of  the  Mas- 
ter Plumbers'  Association  at  frequent 
intervals.  Many  of  first  graduates  of 
day  course  are  now  receiving  from  $5 
to  $7  a  day. 

Bricklayers'  School.  —  In  operation 
since  Jan.  1,  1923.  Thirty-five  gradu- 
ates to  date,  all  of  whom,  before  going 
out  on  jobs,  were  required  to  pass  the 
following  production  test:  1,200  bricks 
in  8  hours  on  a  12-in.  wall;  800  bricks 
in  8  hours  on  main  corners;  600  bricks 
in  8  hours  on  17-in.  piers.  These  rates 
are  maintained  for  a  minimum  of  5 
hours  continuously,  with  all  work  of 
such  character  as  would  pass  inspec- 
tion for  permanent  installation.  Knowl- 
edge of  usual  trade  methods  and 
terminology  also  required  of  grad- 
uates. Starting  wage  of  graduates 
$3.50  per  day. 

Painters'  School. — Operated  in  co- 
operation with  Master  Painters'  As- 
sociation, one  full  day  a  week.  In- 
struction given  to  apprentices  already 
in  the  trade.  Course  designed  to  train 
men  for  both  painting  and  paperhang- 
ing.  Provides  for  steady  progress 
from  simple,  rough  work,  to  the  more 
complicated  phases  of  fine  interior 
work;  the  men  to  be  kept  in  the 
school  as  long  as  possible.  About  25 
graduates  with  similar  number  still  in 
training. 

Molders'  School. — In  operation  since 
Jan.  1,  1923.  Conducted  in  operating 
commercial  foundry.  Men  placed  on 
actual  production  work  as  soon  as 
they  have  acuired  rudiments  of  the 
trade,  and  paid  $2.50  per  day  after 
approximately  two  weeks  in  the 
school.  Graduates  start  work  at  $4 
per  day.  Fifteen  graduates  to  date, 
with  equal  number  in  training. 


Apprentice  School  for  Bricklayers. 
— An  apprentice  committee  of  con- 
tractors and  journeymen  of  Cleveland, 
O.,  is  conducting  a  school  for  brick- 
layer apprentices.  About  200  boys  are 
now  attending  the  school.  It  is 
planned  also  to  start  a  school  along 
similar  lines  for  carpenter  appren- 
tices. 
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Practice  of  Michigan  State  Highway  Department  Described  in  Paper 

Presented  February  15  at  Highway  Engineering 

Conference,  University  of  Michigan 

By    C.   A.    MELICK, 

Bridge  Engineer  Michigan  State  Highway  Department. 


The  general  design  for  a  bridge 
structure  is  governed  by  four  impor- 
tant conditions:  The  physical  charac- 
teristics of  the  site,  the  requirements 
of  traffic,  the  money  available  for  con- 
struction, and  the  ideas  of  the  owner 
or  purchaser  as  regards  type,  orna- 
mentation and  special  treatment.  In 
a  state  such  as  ours,  it  does  not  then 
seem  at  all  strange  that  when  the  en- 
tire list  of  structures  on  our  public 
highways  is  scrutinized  with  the  idea 
of  reconstruction  in  mind,  there 
should  be  a  call  for  quite  a  varied 
list  of  types  of  structures  to  meet 
these  conditions.  Were  time  and 
means  available,  there  would  no  doubt 
be  as  great  a  variety  of  types  of  struc- 
tures as  the  conditions  would  warrant. 
Indeed  if  the  smaller  political  units 
directly  controlling  highway  struc- 
tures, were  to  handle  the  design  of 
all  of  these  structures,  the  types  and 
variety  of  treatments  adopted  would 
far  exceed  the  number  for  which  there 
might  be  any  legitimate  need. 

On  the  other  hand  whenever  the  re- 
sponsibility for  design  of  a  large  and 
varied  group  of  structures  is  suddenly 
turned  over  to  one  organization  to 
handle,  the  "economic  necessity"  aris- 
ing from  the  provision  of  a  small  and 
undeveloped  organization  for  handling 
of  such  a  large  "problem  will  bring 
about  the  exercise  of  a  great  deal  of 
ingenuity  in  the  endeavor  to  reduce 
the  number  of  types  to  a  minimum 
and  further,  for  each  type,  to  provide 
designs  which  may,  in  their  scope, 
take  care  of  the  greatest  range  of  con- 
ditions. This  soon  leads  to  the  pro- 
vision of  the  so-called  "Standard  Plan" 
showing  a  general  drawing  with  a  key 
marking  system  referring  to  tables 
which  enable  the  Drawing  or  "Stand- 
ard Plan"  to  be  applied  to  quite  a 
range  of  conditions. 

The  Evil  of  the  Standardized  Bridge. 
— The  evil  of  such  a  standardized 
bridge  lies  in  the  temptation  to  use 
it  for  cases  outside  of  the  narrow  lim- 
its to  which  the  design  applies  and 
particularly  to  use  it  in  cases  where 


economy  would  dictate  a  radically  dif- 
ferent structure.  From  the  stand- 
point of  construction,  it  is  also  a 
hazardous  matter  not  to  have  draw- 
ings to  scale  and  when  tables  are 
used,  many  blunders  have  been  made 
by  reading  dimensions  or  quantities 
from  the  wrong  line  in  the  table.  The 
allograph  or  similar  scheme  for  mak- 
ing multiple  copies  of  tracings  with 
such  figures  and  drawings  as  are  char- 
acteristically common  to  the  entire 
group  and  tables  kept  in  the  office  and 
from  which  dimensions,  quantities, 
etc.,  are  lettered  directly  on  the  allo- 
graphs, is  no  doubt  the  most  nearly 
ideal  of  such  standard  drawing,  since 
this  means  furnishes  all  of  the  effect 
of  a  special  drawing  for  each  job,  with 
the  exception  that  it  is  out  of  scale. 

Common  temptations  arising  from 
such  standard  plans  are  to  build  too 
narrow  bridges,  due  to  lack  of  stand- 
ards for  the  particular  width  re- 
quired; to  build  high  abutments  in 
plain  concrete  due  to  greater  difficulty 
of  standardizing  reinforced  abut- 
ments; to  build  wing  abutments  when 
stubs  are  not  only  economical  but  re- 
quired by  physical  conditions;  to 
omit  sidewalks  or  provisions  for  same 
due  to  lack  of  standards;  failure  to 
provide  for  possibility  of  a  wider  road- 
way in  the  future;  and  the  common 
case  of  building  square  spans  where 
skews  are  both  economical  and  essen- 
tial. 

Whenever  standardized  plans  are 
used,  it  is  highly  essential  that  the 
very  plainest  of  designs  be  used  since 
the  plans  are  intended  for  wide  dis- 
tribution to  township  and  county  offi- 
cials for  the  purpose  of  construction 
under  local  organizations.  The  de- 
partment found  it  highly  important  on 
all  of  its  earlier  standards  to  place 
on  each  drawing  a  perspective  draw- 
ing which  would  show  accurately  and 
clearly  both  front  and  rear  details, 
due  to  the  inability  of  many  users  of 
the  plans  te  properly  read  them. 

Whether  it  is  wise  to  thus  provide 
for  a  large  number  of  bridges  at  a 
saving  of  a  little  drafting  room  work 
in  the   face   of  the  facts     that     such 
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structures  are  uneconomical  and  are 
lacking  in  both  beauty  and  a  natural 
fitness  for  their  location,  is  a  matter 
of  state  wide  importance  and  one 
which  is  worthy  of  much  considera- 
tion. There  is  a  feeling  that  the 
state  should  exercise  a  greater  con- 
trol over  bridges  on  our  public  high- 
ways which  do  not  come  under  our 
trunk  line  or  reward  system.  There 
is  at  the  present  time  a  legal  require- 
ment', that  the  state  shall  furnish  ad- 
vice and  plans  in  such  cases  if  they 
are  requested,  but  the  state's  invest- 
ment in  a  bridge  department  is  inade- 
quate to  any  more  than  provide  for 
its  own  needs  on  trunk  line,  Federal 
aid  and  reward  bridges.  Our  bridge 
requirements  have  piled  up  on  us  for 
several  years  and  it  is  all  too  often 
the  case  that  the  road  is  built  before 
the  bridge  contract  is  let. .  The  ar- 
teries of  design  become  clogged  quite 
easily  because  of  the  fact  that  with 
a  small  working  force  of  some  eight 
or  nine  men,  just  one  special  struc- 
ture such  as  a  movable  bridge  or  a 
particularly  complicated  grade  separa- 
tion will  tie  up  about  half  of  the  force 
for  a  whole  season. 

The  Standard  Abutments. — Stand- 
ard abutments  are  drawn  for  a  given 
height  from  bottom  of  footing  to  road- 
way and  for  a  given  roadway  width 
and  type  of  structure  with  provison 
for  greater  width  by  special  tables 
showing  changes  for  each  foot  change 
in  width.  It  is  evident  that  the  length 
of  span  to  be  carried,  and  whether 
span  is  concrete  or  steel,  and  the  na- 
ture of  the  soil  conditions  require  va- 
riable treatments  and  if  suitable  for 
long  spans  and  soft  foundations,  there 
must  of  necessity  be  waste  in  both 
abutments  and  piling  for  shorter 
spans  or  for  hard  bottom  or  for  light 
structures.  Contractors  are  very  liable 
to  bid  on  quantities  picked  from  the 
tables  from  the  wrong  column. 

Any  abutment  standard  must  as- 
sume a  certain  wing  treatment.  Most 
of  these  have  assumed  a  45°  flare 
with  a  sloping  wing  cut  off  at  a 
height  at  tip  of  wings  of  one-half  the 
height  from  top  of  footing  to  crown 
of  roadway,  this  type  being  chosen 
because,  for  a  square  span  it  can  be 
mathematically  shown  that  it  is  most 
economical  for  the  ordinary  type  of 
abutment  with  natural  soil  level  and 
at  a  height  but  little  above  the  top 
of  footing.  As  a  result,  when  the  nat- 
ural level  of  the  ground  is  higher  than 
the  tip  of  these  wings,  the  wing  is 
buried,   giving   a   very  unsightly   and 


unnecessarily  expensive  job.  Field 
men  have  committed  serious  blunders 
due  to  the  necessity  of  having  to  re- 
fer for  each  dimension  from  the  draw- 
ings, which  gives  a  key  letter  for  a 
dimension,  to  the  table  which  gives 
the  value  of  the  dimension  under  a 
given  column  on  a  given  line,  some- 
times with  still  further  corrections 
due  to  caring  for  special  conditions. 
It  would  seem  essential  that  field  men 
in  these  cases  should  have  unlimited 
powers  to  vary  the  construction  from 
the  standards  and  this  is  an  evil 
which  should  never  be  tolerated,  as 
field  men  are  seldom  designers  or 
noted  for  aesthetic  qualities  and  as 
the  terms  of  a  contract  are  quickly 
brought  into  conflict  with  the  field 
man's  orders  and  settlements  and 
claims  are  the  rule  and  not  the  excep- 
tion, i 
When  standard  plans  are  used,  it 
then  becomes  necessary  in  preparing 
drawings  for  a  structure  to  prepare 
merely  a  simple  "Situation  Plan" 
showing  the  general  layout  and  a 
tabulation  of  the  list  of  standard 
drawings  applying  and  of  the  quan- 
tities required.  The  drawing  is  ex- 
tremely simple,  so  much  so  that  some 
state  highway  departments  furnishing 
such  plans  to  townships  and  counties 
have  the  work  done  by  girls  without 
technical  training  and  operating  at 
low  salaries.  In  my  opinion,  there  is 
no  place  for  such  help  in  a  depart- 
ment making  real  bridge  plans. 

Factors  Governing  Design  of 
Bridges. — This  now  leads  up  to  a  de- 
termination of  just  how  far  it  is  desir- 
able and  feasible  to  go  in  the  matter 
of  standardization  of  bridge  designs. 
The  factors  governing  the  design  of 
bridges  may  be  classed  as  Funda- 
mental Factors  and  Secondary  Fac- 
tors. The  Fundamental  Factors  may 
be  listed  as — 

1.  The  Clear  Span. 

2.  Clear  Roadway  at  Curbs  and  Hubs. 

3.  Height    from    Crown    of    Roadway    to 

Bottom  of  Footings. 

4.  Angle  of  Crossing. 

The  Secondary  Factors  may  be  list- 
ed as: 

1.  Necessary  Depth  from  Crown  of  Road- 

way to  Bridge  Seat. 

2.  Provision  for  Maintaining  Traffic. 

3.  Lighting  Requirements. 

4.  Aesthetic   Treatment   Required. 

5.  Street,    Property   and    Protection   Ar- 

rangements. 

6.  Limitations  in  Elevations  Due  to  High 

and  Normal  Water  Level  and  Log- 
ging and  Ice  Conditions  and  Road- 
way Grade. 

7.  Necessity   of   Building    Bridge     on     a 

Grade. 
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8.  Provision  for  Public  Utilities,  Unusual 

Loading  and  Widths,  etc. 

9.  Accessibility  of  Materials  and  Trans- 

portation  Conditions. 

10.  Height    from    Crown    of    Roadway    to 

Natural  Elevation  of  Banks. 

11.  Adequacy  of  Present  Proposed  Width 

of  Structure. 

12.  Character  of  Foundations. 

13.  Wing    Treatment    for    Protection    or 

Economy. 

If  we  were  to  suppose  that  we  could 
neglect  all  secondary  factors  (and  this 
is  far  from  being  the  case),  it  can 
easily  be  seen  that  the  probability  of 
a  combination  of  any  given  values  of 
the  four  foundamental  factors  being 
requested  more  than  once  is  small  in- 
deed. Ln  our  practice  we  find  that 
up  to  July  1,  1920,  the  department  had 
put  under  contract  240  bridges  of 
which  131  were  concrete  girders  (55 
per  cent).  Of  the  total  bridges  put 
under  contract  to  this  date,  Feb.  1, 
1923,  viz.,  366,  it  is  found  that  86  have 
been  skew  spans,  or  23^  per  cent. 
On  this  basis,  of  the  131  bridges  noted 
above,  100  would  be  square  spans.  It 
is  found  that  of  these  100  bridges, 
there  were  six  35-ft.  girders,  with  18- 
ft.  roadway,  12-ft.  abutment  height,  on 
a  90°  crossing,  three  15-ft.  girders,  18- 
ft.  roadway,  15-ft.  abutment  height,  on 
a  90°  degree  crossing,  or  with  only  3 
factors  considered,  the  plan  might  be 
used  only  from  3  to  6  times  in  100  sim- 
ilar cases.  If  the  number  of  factors  be 
reduced  to  two,  say  span  and  roadway, 
thus  covering  superstructures,  it  is 
found  as  above  that  there  were  22 
35-ft.  girders,  with  18-ft.  roadway,  18 
40-ft.  girders  with  18-ft.  roadway,  and 
14  40-ft.  girders  with  20-ft.  roadway. 
This  would  seem  to  indicate  plainly 
that  when  the  secondary  factors  are 
considered,  the  probabilities  of  dupli- 
plication  become  much  smaller  and 
the  economy  of  standardization  be- 
comes doubtful.  Secondary  factors  af- 
fect design  greatly.  Thus  a  90-ft.  con- 
crete girder  must  have  8  ft.  deptn 
from  crown  of  roadway  to  bridge  seat 
while  a  50-ft.  girder  may  take  only 
3  ft.  6  in.  This  calls,  aside  from  load- 
ing, aesthetic  treatment,  etc.,  for  an 
entirely  different  design  of  abutments. 
A  steel  superstructure  requires  rad- 
ically different  bridge  seat  and  back- 
wall  arrangements  and  parapet  wing 
treatment  from  a  concrete  girder  job. 
Widening  requirements  demand  the 
provision  of  long  bridge  seats  and  a 
wing  treatment  of  their  own  and  bar 
the  use  of  splayed  wings.  Property 
development  up  to  the  bridge  require 
the  use  of  U  wings  at  full  height  with 
either   temporary   or   permanent   rail- 


ings thereon.  Straight  and  high 
banks  with  full  spans  will  call  for  stub 
abutments.  When  sidewalks  are  to  be 
added  in  the  future  face  walls  must 
be  long  to  take  care  of  future  slopes. 
What  the  Michigan  Standardization 
Covers.— It  is  apparent  from  the  above 
figures  that  it  would  be  economical  to 
standardize  superstructures  since  of 
the  variables  of  span  and  roadway, 
there  are  comparatively  few  widths 
used  and  sidewalk  requirements  are 
comparatively  few.  We  therefore  have 
concluded  that  standardization  must 
be  restricted  to  the  following: 

1.  Prepare  standard  superstructure 
designs  for  common  roadway  widths 
(18-20-22-24),  with  and  without  walks 
and  providing  for  future  walks. 

2.  Prepare  standardized  methods  for 
supplementing  standard  square  span 
superstructures  for  skew  conditions 
(for  use  of  draftsmen  only). 

3.  Prepare  standard  details  of 
bridge  seat  and  backwall  treatment 
for  the  various  standard  cases  (for 
use  of  draftsmen). 

4.  Prepare  a  record  of  all  of  the 
fundamental  and  secondary  factors 
applying  to  each  job  drawn  up,  and 
cross  index  and  use  for  purpose  of 
combining  and  compiling  similar  jobs 
(for  use  of  chief  dratsman  and  bridge 
engineer).  This  list  should  also  in- 
clude quantities  in  various  units  of 
the  job  for  estimating  purposes  and 
for  studying  the  economy  of  the  de- 
sign with  reference  to  the  need  for 
revising  the  plans  at  the  first  breath- 
ing spell.  This  permits  the  use  of 
green  men  on  fairly  difficult  jobs  and 
conserves  the  designers'  and  check- 
ers' time  and  promises  the  job  in  a 
minimum  of  time. 

5.  Standardization  of  certain  details 
for  use  in  the  drafting  room,  such  as 
design  charts,  railing  spindles,  pilas- 
ter and  other  details,  backwall  wings 
and  bridge  seats,  pier  noses,  belt 
courses,  moulding,  standard  notes  and 
titles,  standards  of  drafting,  standard 
arrangements  and  sizes  of  drawings, 
guard  rail  and  fill  shoulder  relations 
to  structures  and  fills  around  wings, 
standard  panels,  methods  of  design, 
standard  clearances,  floor  details,  and 
tabulation  of  properties  of  design  fre- 
quently used. 

Selecting  Standard  Type  of  Super- 
structure.— Before  preparing  standard 
superstructure  designs,  it  first  be- 
comes necessary  to  decide  on  the  type 
or  types  of  superstructure  which  are 
to  be  adopted.  Aesthetically  the  pub- 
lic eye  demands  an  arch.     However, 
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an  arch  is  most  peculiarly  unsuscep- 
tible of  standardization.  It  requires 
hard  pan  or  rock  bottom  and  a  full 
knowledge  .of  this  fact  beforehand, 
and  also,  a  full  knowledge  of  the  lay 
of  the  ledge.  The  span  is  inseparably 
linked  with  the  height  and  thus  de- 
creases to  a  small  percentage  the 
probability  of  re-use  of  the  span.  The 
type  of  abutment  is  inseparably  linked 
with  the  height  and  span  and  rise.  In 
addition  to  the  lack  of  .economy  of 
standardization,  the  time  necessary 
for  arch  analysis  and  details  is  about 
twice  to  three  times  that  for  any  other 
special  plan  and  the  probability  of 
wfSening  such  a  span  economically  is 
far  inferior  to  a  girder  design.  In 
addition  to  all  of  the  above  unfavor- 
able points,  is  the  fact  that  the  great- 
er portion  of  our  Michigan  bridges  re- 
quire piling,  and  further  require  more 
waterway  than  can  be  secured  for 
equal  spans  of  arches  as  compared 
with  girders,  and  further  our  valleys 
are  too  low  and  flat  to  furnish  suffi- 
cient rise  for  arch  spans  without  re- 
sorting to  very  flat  rise  ratios.  It 
would  seem  then  that  the  arch  should 
be  considered  for  special  occasions 
where  it  may  prove  appropriate  and 
desirable.  Prior  to  July,  1920,  the  de- 
partment's construction  list  shows  13 
per  cent  of  its  2*0  bridges  as  arches, 
but  of  this  13  per  cent,  many  were 
built  on  piles  on  extremely  poor  bot- 
tom and  but  few  of  them  on  founda- 
tions which  come  under  the  hardpan 
or  rock  classification,  showing  the  ef- 
fect of  the  public  clamor  for  the 
"Arch  Beautiful." 

Having  eliminated  the  arch  as  our 
standard  superstructure,  we  should 
next  turn  to  the  most  economical  of 
all  structures,  the  deck  superstructure. 
It  will  take  but  a  moment's  considera- 
tion to  eliminate  this  type  from  the 
field  for  Michigan  valleys  are  too  flat 
and  its  stream  level  variations  too 
great  to  permit  depths  under  the  road- 
way to  underclearance  in  excess  of 
3  ft.  This  would  apply  to  fully  90 
per  cent  of  all  our  structures.  In  fact 
road  requirements  usually  have  to  be 
greatly  sacrificed  in  order  to  comply 
with  this  limitation  of  3  ft.  and  many 
cases  arise  when  24  ft.  roadway  re- 
quirements have  to  be  sacrificed  in 
favor  of  22  ft.  to  permit  the  use  of 
slab  floors  with  consequent  shallow 
depths  to  under  clearances.  To  this 
date  the  department  has  built  but  one 
deck  concrete  girder  bridge  and  but 
a  few  deck  steel  structures,  much  less 
than  5  per  cent  of  our  program.    Log- 


ging operations  and  ice  jams  form  a 
still  further  ban  on  the  deck  type  of 
structure.  It  is  felt  that  our  longer 
concrete  girders  now  in  common  use 
furnish  all  the  advantages  of  cheap 
substructures  in  addition  to  their 
other  numerous  advantages. 

The  Through  Concrete  Girder 
Bridge. — The  discussion  conclusively 
indicates  that  the  type  of  superstruc- 
ture which  must  be  chosen  for  stand- 
ardization is  the  through  concrete 
girder  and  that  aside  from  standards 
for  such  superstructures,  we  should 
prepare  standard  details  and  methods 
as  previously  outlined. 

It  has  long  been  the  general  prac- 
tice in  this  country  to  use  a  propor- 
tion of  1:2:4  for  reinforced  concrete 
structures,  but  it  is  apparent  that 
if  we  are  to  make  concrete  gird- 
ers the  backbone  of  our  design,  we 
must  secure  the  greatest  strength  pos- 
sible and  as  small  a  dead  load  in  pro- 
portion to  the  carrying  capacity  as  is 
consistent  with  such  strength.  We 
have  therefore  increased  our  mix  to 
1:1%:  3  increasing  our  allowable  unit 
stresses  25  per  cent  with  an  increase 
of  only  0.4  bbl.  of  cement  per  cubic 
yard  of  concrete  or,  say,  90c  per  cu- 
bic yard.  Since  our  average  price  for 
concrete  in  place  in  these  structures 
is  about  $32  per  cubic  yard,  at  this 
time,  this  25  per  cent  increase  in 
strength  is  obtained  at  a  cost  increase 
of  not  more  than  2.8  per  cent  and 
when  the  workabilty  and  ease  of  fin- 
ish is  considered  the  cost  increase  is 
certainly  not  over  2.5  per  cent.  This 
would  be  still  further  decreased  by 
*he  fact  that  the  decrease  in  quanti- 
ties required  would  decrease  our  dead 
load  stresses. 

It  has  been  felt  for  some  time,  that 
in  designing  our  girders  we  should 
pay  more  attention  to  aesthetic  treat- 
ment and,  without  going  into  ostenta- 
tious adornment,  this  can  probably 
best  be  done  by  the  use  of  end  pilas- 
ters, deep  belt  courses  and  heavily 
shadowed  panels. 

Roadway  Widths  for  Bridge. — The 
next  consideration  in  preparation  of 
our  standards  was  the  roadway  widths 
for  which  it  was  advisable  to  prepare 
standards.  There  is  still  considerable 
call  for  18-ft.  roadways  (inside  of 
curbs)  on  township  and  minor  roads 
and  since  costs  must  always  be  borne 
uppermost  in  mind  on  such  roads,  it 
was  necessary  to  provide  18-ft.  road- 
ways for  such  uses.  The  department 
has  adopted  a  tentative  standard  on 
its  busy  trunk  line  roads  of  24  ft.  road- 
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ways  in  spans  up  to  and  including  40 
ft.  and  22  ft.  roadways  in  the  larger 
spans  up  to  and  including  90  ft.  and 
18  to  20  ft.  roadways  in  greater  spans. 
In  general  it  seems  desirable  to  have 
a  width  inside  of  curbs  of  at  least  2 
ft.  more  than  the  width  of  the  pave- 
ment. The  narrowing  of  roadways 
for  longer  spans  is  partly  due  to  the 
fact  that  the  dead  weight  per  foot  of 
span  increases  rapidly  as  the  span  in- 
creases and  thus  causes  a  sharp  in- 
crease in  cost.  This  narrowing  of 
roadways  with  longer  spans  is  fur- 
ther explained  by  the  assumption  that 
a  long  span  means  a  large  structure, 
the  massiveness  of  which  appeals  to 
an  approaching  driver  as  an  obstacle 
thus  calling  for  decreased  speed  in 
which  case  a  narrow  road  is  not  so 
objectionable.  How  long  this  reason- 
ing will  hold  good  is  problematical. 
On  trunk  line  roads  with  lighter  traffic 
and  on  the  majority  of  county  roads 
the  20-ft.  roadway  will  probably  con- 
tinue as  a  standard  for  some  years 
yet.  On  heavy  traffic  federal  aid  roads 
the  Bureau  of  Public  Roads  is  uni- 
formly insisting  on  24  ft.  roadways. 
Thus  it  will  be  seen  that  we  must  pro- 
vide standards  in  roadways  of  18,  20, 
22  and  24  ft.  Our  concrete  girders 
actually  provide  an  additional  clear 
width  of  1  ft.  between  end  pilasters 
and  1  ft.  9  in.  between  girders  over 
and  above  the  clear  widths  inside 
curbs  as  noted  above. 

Deciding  on  Span  Limits  for  Con- 
crete Girders. — It  now  becomes  neces- 
sary to  decide  the  span  limits  in  which 
our  concrete  girders  can  safely  and 
economically  be  built.  After  deciding 
on  a  maximum  depth  from  crown  of 
roadway  to  low  concrete  of  3  ft.  as 
noted  above,  it  is  apparent  that  the 
maximum  permissible  span  will  de- 
pend upon  the  maximum  permissible 
height  to  which  the  girder  may  be  ex- 
tended above  the  crown  of  roadway. 
In  addition  to  this  must  be  taken  into 
consideration  the  matter  of  obstruc- 
tion of  view  from  the  roadway.  We 
have  adopted  a  height  of  4  ft.  above 
crown  of  roadway  (3  ft.  5  in.  above 
sidewalks  or  curb  elevation)  as  the 
standard  height  of  all  short  span  gir- 
ders (including  45-ft.  spans)  with 
straight  horizontal  top  chords.  For 
the  longer  spans  it  is  necessary  to 
increase  this  at  the  center  of  span, 
tapering  this  depth  off  to  the  stand- 
ard depth  in  a  curve  closely  resem- 
bling the  "Probability  Curve"  of  the 
mathematical  family.  We  find  that 
when  our  spans  reach  60  ft.  that  this 


depth  at  mid  span  has  increased  to 
5  ft.  6  in.  Our  spans  then  jump  to 
75  ft.  and  then  to  90  ft.,  the  corres- 
ponding depths  being  8  ft.  6  in.  and 
11  ft.  6  in.  respectively  for  such  cases. 
When  the  heights  are  so  great  as 
given  for  75  and  90-ft.  spans,  it  be- 
comes necessary  to  provide  window 
openings  to  avoid  the  general  "tunnel" 
effect  which  would  otherwise  result 
and  these  openings  have  been  pro- 
vided with  the  sills  at  the  standard 
girder  height  of  4  ft.  and  5  window 
openings  per  girder  provided  with  a 
size  of  opening  of  about  4  ft.  by  2  ft. 
5  in.  height  at  the  central  window. 
These  window  openings  occur  in  mere- 
ly the  central  portion  of  -.the  span 
where  the  shears  are  relatively  light 
and  easily  taken  care  of  by  two  1-iri. 
U  stirrups  between  the  window  open- 
ings. It  was  decided  that  a  maximum 
width  of  girder  of  2  ft.  6  in.  should 
not  be  exceeded  due  to  the  massive 
appearance  of  a  wider  rib. 

It  was  further  felt  that  a  height  of 
11  ft.  above  the  roadway  was  about 
the  maximum  desirable  for  a  compres- 
sion chord  without  lateral  supports  in 
a  span  of  90  ft.  This  gives  a  slender- 
ness  ratio  for  the  top  chord  of  125  as- 
suming the  entire  chord  in  compres- 
sion and  acting  as  a  strut  or  probably 
not  over  60  for  the  portion  which 
might  be  said  to  be  really  nonsup- 
ported. For  a  90-ft.  girder  with  a  20-ft. 
roadway,  the  superstructure  would 
contain  255  cu.  yd.  of  concrete  which 
at  an  average  price  of  $32  would  cost 
$8,180.  A  90x20-ft.  steel  structure  of 
our  modern  type  would  weigh,  includ- 
ing shoes,  etc.,  120,000  lb.  This  steel 
would  cost  us  6%  cts.  per  pound 
erected  or  a  total  of  $8,200.  To  this 
we  must  add  a  concrete  floor  which 
would  contain  40  cu.  yd.  which  would 
cost  us  $40  per  cu.  yd.,  let  as  a  sep- 
arate contract,  or  a  total  for  the  floor 
of  $1,600,  making  a  total  charge  for 
the  steel  as  against  the  concrete  struc- 
ture of  $9,800  against  $8,180.  In  addi- 
tion the  abutments  for  the  concrete 
girders  are  much  cheaper  since  the 
bridge  seats  extend  to  a  depth  of  8  ft. 
and  above  this  elevation  the  abutment 
is  merely  a  12-in.  curtain  wall  joining 
the  two  girders  together  with  very 
thin  sloping  parapet  wings  outside  of 
the  girders.  The  economy  of  the 
concrete  spans  up  to  and  including  90 
ft.  is  therefore  unquestioned. 

In  order  to  care  for  the  flexure  and 
shear  at  and  near  the  supports,  it  is 
necessary  that  cured  brackets  be  used 
and   a    comparatively   large   depth   to 
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bridge  seat  as  noted  above.  Even  so, 
it  is  found  that  the  maximum  stresses 
occur  at  the  haunch  on  the  top  chord 
at  about  the  point  where  the  top  chord 
stresses  have  their  greatest  inclina- 
tion from  the  horizontal.  We  have  to 
use  about  %  per  cent  of  compression 
steel  at  this  point  and  even  so  find  our 
stresses  figure  about  25  per  cent  high- 
er here  than  at  mid  span.  We  have 
made  tests  on  three  of  these  90-ft. 
girders  to  date  and  find  that  they  have 
ample  margin  of  strength  and  possess 
made  tests  on  three  of  these  90-ft. 
girder  with  20-ft.  roadway  is  approxi- 
mately 516  tons.  At  Riverdale  on  our 
bridge  we  placed  an  extraneous  load 
of  220  tons  composed  of  sand  fill  uni- 
formly distributed  over  the  span  and 
found  that  after  knocking  out  all 
wedges  and  leaving  the  structure  free, 
at  an  age  of  60  days  the  girder  de- 
flected at  mid  span  an  amount  of  0.09 
,in.  under  this  extraneous  load.  The 
design  capacity  of  one  of  these  spans 
is  100  lb.  per  sq.  ft.  or  90  tons  total 
or  a  gross  design  load  of  606  tons.  The 
gross  load  with  maximum  test  load  on 
was  736  tons.  For  this  gross  load  the 
deflection  at  mid  span  figures  about 
0.69  in.  of  which  the  220-ton  load 
should  cause  220/736x0.69  or  0.207  in. 
It  will  be  noted  that  only  about  one- 
half  of  this  value  was  obtained.  These 
results  were  verified  by  similar  tests 
on  a  90-ft.  span  at  Hamburg  our  file 
number  470701.  We  find  that  when 
falsework  wedges  are  removed  that 
the  deflection  of  the  structure  at  mid 
span  for  a  90-ft.  girder  is  consistently 
about  0.075  in.  whereas  by  the  ratios 
above  this  should  have  been  516/736  X 
0.69  or  0.484  in.  Very  evidently  the 
major  portion  of  the  dead  load  deflec- 
tion was  absorbed  by  falsework  sub- 
sequent to  casting  and  prior  to  our 
tests.  Our  strain  gage  readings  show 
that  the  stresses  in  these  girders  are 
not  distributed  just  as  we  figured  the 
girders.  For  example,  it  seems  likely 
that  the  floor  slab  is  acting  with  the 
girder  in  longitudinal  tension,  thus 
pulling  down  the  neutral  axis,  and  it 
further  seems  that  the  concrete  in  the 
bottom  flanges  of  the  girders  is  taking 
tension.  Our  calculations  show  that 
on  these  assumptions  and  under  de- 
sign loading  of  90  tons  there  would 
result  a  tension  at  the  bottom  fiber  at 
mid  span  of  297x606/516  or  348  lb. 
ner  square  inch,  and  a  compression  at 
the  center  of  top  chord  of  563x606/516 
or  660  lb.  per  sq.  inch.  The  latter  unit 
is  almost  exactly  the  amount  used  in 
our  design  figures  (650).  We  found  by 


strain  gage  readings  that  our  stresses 
at  the  haunch  checked  uniformly  high 
er  than  those  at  mid  span  as  would  be 
expected  from  the  design  and  as  here- 
tofore noted. 

We  have  often  been  asked  why  we 
do  not  use  a  smaller  unit  stress  for 
our  steel,  say  14,000  lb.  instead  of 
16,000  lb.  so  as  to  provide  a  margin 
for  increased  future  loadings  due  to 
the  fact  that  as  the  concrete  ages  its 
strength  increases,  while  the  strength 
of  the  steel  remains  constant,  and  our 
design  must  necessarily  be  based  on  a 
28-day  strength.  It  may  be  noted  that 
the  increase  in  strength  of  the  con 
crete  is  partially  offset  by  the  increase 
in  its  modulus  value  and  also  in  gird- 
ers such  as  these  a  50  per  cent  in- 
crease in  live  load  would  only  affect 
our  stresses  7.4  per  cent.  It  does  not 
seem  advisable  for  structures  with 
such  great  dead  load  ratios  to  invest 
in  the  additional  steel. 

Impact  Test  of  90-ft.  Girders. — We 
had  occasion  to  try  out  one  of  the 
90-ft.  girders  for  impact.  Two  5-ton 
trucks  with  a  gross  load  of  about  11 
tons  each  and  with  rear  axle  loads  of 
about  8  tons  on  hard  rubber  tires 
badly  worn  were  placed  on  the  River- 
dale  bridge,  facing  in  opposite  direc- 
tions with  the  rear  axles  of  each  truck 
opposite  mid  span  and  with  one  truck 
as  close  to  the  south  girder  curb  as 
possible  and  with  the  other  truck  as 
close  to  the  first  truck  as  possible.  A 
2xS-in.  (full  dimension)  oak  block  was 
placed  under  the  real  wheel  next  to 
the  curb  and  this  truck  then  moved 
backward  and  forward  over  this  block. 
The  strain  gage  dial  was  held  at  both 
top  and  bottom  gage  points  at  mid 
span  and  steadily  observed  during  this 
movement.  Hardly  a  tremor  of  the 
Ames  dial  was  noted,  the  maximum 
movement  during  the  entire  procedure 
being  between  *4  and  V2  of  the  small- 
est division  amounting  to  a  unit  stress 
of  from  7  to  15  lb.  per  square  inch. 
These  loadings  were  so  relatively 
small,  however,  that  the  impact  per- 
centage can  not  well  be  determined. 
We  would  conclude,  however,  that  the 
impact  in  this  case  was  probably  from 
15  per  cent  to  30  per  cent  of  the  static 
stress.  A  slight  tremor  could  be  felt 
through  the  structure  although  this 
was  not  objectionably  noticeable. 

We  are  now  getting  out  plans  for 
concrete  spans  of  100,  110,  and  120 
ft.  but  we  are  providing  3  bays  of  top 
struts  at  the  central  portion  of  the 
span  since  it  is  evident  that  compres 
sion  chords  of  this  length  should  have 
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intermediate  lateral  support.  It  is  ap- 
parent of  course  that  the  sudden  jump 
from  the  90-ft.  span  with  no  overhead 
bracing  to  a  120-ft.  span  with  overhead 
bracing  and  a  16-ft.  clearance  height 
will  be  somewhat  uneconomical.  For 
a  100-ft.  span  with  20-ft.  roadway  we 
estimate  that  the  superstructure  will 
contain  about  370  cu.  yd.  which  at  $32 
per  cu.  yd.  would  cost  $11,800.  An 
equivalent  steel  span  would  weigh 
146,000  lb.  and  at  6y2  ct.  erected  would 
cost  $9,500  while  the  concrete  floor 
would  contain  45  cu.  yd.  which  at  $40 
would  add  $1,800  making  a  total  for 
the  steel  span  of  $11,300.  The  matter 
of  economy  for  this  critical  span  is  a 
little  questionable,  but  field  painting 
would  add  $500  to  the  $11,300  and  in 
addition  the  saving  in  abutments 
would  seem  to  make  the  odds  in  favor 
of  the  concrete  span.  We  believe  that 
we  will  be  able  to  reduce  the  yardage 
somewhat  when  we  work  up  the  detail 
drawings.  The  110  and  120-ft.  spans 
will  prove  more  economical.  When 
our  roadway  widths  are  22  ft.  or  under 
we  use  a  slab  floor  but  for  24-ft.  road- 
ways we  feel  it  desirable  to  use  trans- 
verse floor  beams  in  about  10-ft.  panels 
with  slab  floors  and  no  stringers.  For 
spans  greater  than  120  ft,  we  have 
not  as  yet  worked  out  anything  in  con- 
crete and  will  continue  to  use  steel 
until  we  get  time  enough  to  give  con- 
crete more  thorough  consideration  and 
study. 

Provision  for  Sidewalks. — In  the  last 
two  years,  we  have  had  many  bridges 
on  which  sidewalks  had  to  be  pro- 
vided. These  calls  include  the  require- 
ment of  either  one  or  two  walks  and 
we  have  had  a  few  cases  where  it  was 
imperative  to  provide  so  that  one  or 
more  walks  might  be  added  in  the 
future.  We  therefore,  for  each  road- 
way width  designed  concrete  girders 
of  both  light  and  heavy  sections  so 
that  we  could  take  care  of  any  re- 
quirements. The  light  and  heavy  gird- 
ers differ  merely  in  width,  all  general 
dimensions  and  outlines  and  paneling 
remaining  the  same.  The  walks  are 
cantilevered  outside  of  the  girders 
and  are  5  ft.  in  clear  width.  Where 
future  walks  are  to  be  provided,  a 
recessed  belt  course  is  left  in  the 
outside  face  of  the  girder  and  the  re- 
inforcing steel  for  sidewalk  bracket 
connections  is  terminated  in  hooked 
ends  in  the  recessed  belt  course  and 
a  1-in.  bar  of  short  length  is  thrust 
through  and  wired  to  the  hooks.  These 
bar  ends  are  painted  with  asphalt  and 
then  the  recessed  belt  course  is  filled 


with  precast  belt  course  blocks  of 
about  3  ft.  in  length  and  of  a  thick- 
ness of  about  2V2  in.  laid  up  in  cement 
mortar.  When  it  becomes  desirable  to 
add  a  sidewalk  the  thin  belt  course 
blocks  are  broken  and  the  1-in.  bars 
slipped  aside  and  the  sidewalk  anchor- 
age bars  with  hooked  ends  slipped  in 
place  and  the  1-in.  bars  slipped  back. 
All  steel  is  then  firmly  wired  and 
when  all  old  steel  is  thoroughly  clean- 
ed the  sidewalk  is  cast.  When  walks 
are  used  or  provided  for,  it  is  usually 
desirable  to  use  U  abutment  and  con- 
tinue the  sidewalk  railing  along  the 
wing.  This  is  not  the  most  economical 
design.  We  have  proposed  a  standard 
drawing  showing  the  various  type  of 
wings  and  parapet  wing  treatment  for 
various  conditions.  In  case  a  parapet 
wing  on  a  1%:1  slope  is  used  and  a 
future  walk  should  be  added,  the  para- 
pet wing  would  be  dowelled  a"nd  ex- 
tended vertically  to  seat  the  sidewalk 
slab. 

Semi-U  Type  of  Abutment  Design. — 
We  are  now  using  almost  exclusively 
an  abutment  design  of  a  semi-U  type. 
That  is,  the  abutment  is  of  U  shape 
up  to  bridge  seat  elevation  and  from 
bridge  seat  to  roadway  the  backwall 
wings  extend  parallel  to  the  face  of 
the  abutment  fitting  the  1%:1  slope  of 
the  backfill.  For  square  spans  and 
for  low  abutments  this  type  is  very 
economical.  The  U  treatment  for  low 
abutments  is  secured  at  but  little 
greater  expense  than  a  stub  abutment. 
This  type  of  abutment  provides  for 
the  future  by  giving  a  wide  bridge 
seat  which  will  permit  of  a  widened 
superstructure  or  for  sidewalks  with- 
out alteration  of  the  original  work  be- 
low the  bridge  seat  elevation.  The 
wings  would  need  to  be  extended 
parallel  to  the  roadway,  but  this 
would  involve  no  alterations  nor  water 
work  as  a  rule.  This  provision  for 
widening  we  feel  is  of  the  utmost  im- 
portance at  this  stage  of  the  highway 
bridge  development  in  this  country. 
One  of  the  most  serious  provisions  for 
widening  for  future  traffic  growth 
which  faces  us  now  is  the  prospect  of 
a  40-ft.  paved  way  from  Lansing  to 
Detroit  on  T.  L.  16  and  also  the  fed- 
eral aid  road  from  Detroit  to  Toledo 
for  which  150-ft.  right  of  way  is  being 
secured.  It  must  be  evident  that  the 
state  can  not  build  spans  with  42-ft. 
roadway  widths  in  the  under  clearance 
limits  of  3  ft.  to  low  concrete  and  it 
is  also  certain  that  it  is  not  economi- 
cal or  feasible  to  place  piers  in  our 
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streams  and  use  short  slab  or  shallow 
T-beams  up  to  say  a  30  ft.  maximum. 

Provisions  for  Future  Widening  of 
Roadway. — We  have  concluded  that  it 
is  important  that  we  be  able  to  save 
our  investment  in  the  structures  we 
build  today  instead  of  scrapping  either 
substructure  or  superstructure  when 
the  day  of  widening  comes.  We  have 
arranged  to  build  our  structures  on 
these  roads  with  long,  straight  foot- 
ing walls  of  such  length  as  to  catch 
the  iy2:l  slopes  for  a  30-ft.  width  of 
grade  inside  of  shoulders.  These  foot- 
ing walls  will  extend  to  approximately 
the  low  water  elevation  for  streams 
or  to  a  height  of  5  ft.  above  top  or 
rail  for  grade  separations  in  which 
the  highway  is  carried  over  the  rail- 
road. These  footing  walls  will  be  of 
wide  sections  counterforted  and  will 
project  in  front  of  the  general  neat 
line  of  the  face  of  the  abutment  proper 
about  2  ft.  and  will  carry  in  the  top 
ledge  two  parallel  lines  of  60-lb.  T- 
rails  embedded  to  within  1  in.  of  the 
top  of  rail.  These  rails  will  serve  for 
carrying  timber  bents  and  jacking  ar- 
rangements carried  on  grooved  wheels 
for  raising  the  superstructure  which 
will  be  originally  built  in  the  axis  of 
the  existing  roadway,  and  moving 
these  superstructures  to  one  side,  thus 
permitting  the  erection  of  a  twin  span 
in  the  future  on  the  other  side.  The 
lift  will  be  made  with  about  six  50-ton 
jacks  on  each  abutment  with  a  raise 
of  not  over  iy2  in.  and  the  girder  span 
pushed  laterally  by  a  10-ton  jack  on 
each  abutment  operating  against  a 
shoulder  provided  in  the  top  course 
of  the  long  footing  wall.  The  present 
structures  will  provide  for  a  22-ft. 
roadway  inside  of  curbs  and  when 
shifted  for  future  widening  the  twin 
spans  will  be  separated  by  a  distance 
of  40  ft.  between  centers  of  roadway. 
This  will  provide  for  a  boulevarded 
approach  at  each  end  of  the  future 
structure  with  a  width  of  boulevard 
of  18  ft.  at  the  curb  and  a  clear  space 
between  girders  of  about  12  ft.  The 
twin  spans  are  joined  at  the  ap- 
proaches with  an  open  spindle  rail 
and  the  boulevard  is  planted  with 
shrubbery  and  sodded.  All  lighting 
arrangements  will  be  placed  in  this 
boulevarded  space.  The  boulevard  ap- 
proaches are  to  be  made  by  means  of 
reverse  curves  of  1,000  ft.  radius. 

Another  Solution  of  Demand  for 
Wider  Roadways. — We  also  have  an- 
other solution  to  the  demand  for 
wider  roadways  which,  however,  in- 
volves the  loss  of  the  existing  super- 


structure. The  old  B-l-A-5  abutments 
which  were  used  so  generally  until 
two  years  ago  will  be  cut  down  to  a 
horizontal  plane  extending  through 
the  tips  of  the  wings  at  their  top  sur- 
faces and  these  wings  and  body 
capped  with  a  belt  course  for  bridge 
seat,  the  old  superstructure  being  first 
removed.  A  superstructure  with  wider 
roadway  and  of  special  design  will 
then  be  built  on  the  new  bridge  seat 
and  in  order  to  avoid  any  foundation 
or -water  work  the  girders  will  be  con- 
tinued in  the  form  of  a  wall  of  curved 
outline  below  the  roadway  and  with 
concrete  slab  and  spindle  railing  on 
top.  This  wall  will  be  made  long 
enough  to  catch  the  slope  of  the 
widened  fill  and  retain  the  natural 
slope  of  1^:1  from  this  point  to  the 
tip  of  the  existing  wing.  These  walls 
will  have  shallow  footings  and  will  be 
founded  in  the  compacted  soil  of  the 
old  roadbed.  To  widen  an  existing 
structure  from  a  17-ft.  roadway  to  a 
24-ft.  roadway,  these  walls  will  noi 
ordinarily  be  longer  than  12  ft.  and 
four  such  walls  with  shallow  footings 
is  much  cheaper  than  rebuilding  the 
structure.  It  is  not  believed  that  the 
practice  of  cutting  off  the  wings  of  the 
old  structure  and  extending  the  old 
abutment  is  a  desirable  way  of  han- 
dling this  problem  since,  in  addition 
to  being  very  expensive  and  entailing 
full  length  cofferdams  the  new  super- 
structure load  will  come  partly  on  the 
new  and  partly  on  the  old  wall  sec- 
tions and  since  there  is  sure  to  be 
unequal  settlement  the  structure  will 
take  very  severe  strains. 

In  addition  to  the  concrete  stand- 
ards described  in  this  paper  we  have 
been  using  standard  low  truss  designs 
in  low  curved  chord  Pratt  trusses  with 
short  panels  of  about  13  ft.  in  spans 
of  100,  110  and  120  ft.  These  structures 
have  been  provided  in  roadways  of 
18,  20,  22  and  24  ft.  both  with  and 
without  walks.  All  chords  are  of  the 
open  laced  type  without  cover  plates 
and  with  two-rivet  bar  lacing.  This 
type  of  structure  is  very  satisfactory 
and  of  good  appearance  but  will  no 
doubt  become  of  slight  use  to  us  when 
our  concrete  standards  in  these  spans 
are  ready.  The  department  has  not 
prepared  standard  bridge  plans  for 
longer  spans  than  120  ft.  because  of 
the  infrequency  of  the  demand  for 
such  structures.  We  have  prepared 
special  plans  for  all  such  cases  and  at 
the  present  time  have  under  contract 
a  150-ft.  span  and  another  175-ft.  span 
through  truss  bridge. 
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Developments  in  Surface  Treated  Concrete 


Extracts  from  a  Paper  Presented  Jan.  22  at  Annual  Convention  of 
American  Concrete  Institute 

By    ROBERT    F.    HAVLIK, 

Engineer    and    Vocational    Director    Mooseheart. 


I  feel  I  can  discuss  the  develop- 
ments in  surface  treatment  of  con- 
crete without  bias,  because  of  the 
fact  that  at  Mooseheart  we  make  use, 
or  have  made  use  of  practically  all 
the  known  processes  of  surface  treat- 
ment of  concrete.  Our  primary  busi- 
ness is  to  educate  dependent  children 
and  teach  them  a  useful  trade  in  order 
to  make  them  self-supporting  when 
they  graduate  from  our  high  school. 
The  manufacture  and  sale  of  concrete 
products  is  but  incidental  to  this  great 
work. 

Among  the  many  trades  that  we 
teach  at  Mooseheart  is  that  of  the 
manufacture  of  ornamental  concrete. 
By  this  term  we  mean  decorative  con- 
crete for  building  purposes  and  deco- 
rative purposes  in  parks,  gardens,  etc. 
We  naturally  include  some  instruction 
in  the  manufacture  of  plain  concrete 
trim  stone  and  concrete  blocks,  but  we 
do  not  spend  much  time  on  these  be- 
cause we  feel  that  any  man  who  is 
competent  to  manufacture  high  grade 
decorative  building  stone  is  also  com- 
petent to  manufacture  the  plain  trim 
stone,  concrete  building  blocks  and 
other  similar  products.  That  part  of 
the  work  can  be  taught  a  student  in 
a  few  weeks  at  most,  but  it  takes 
several  years  to  turn  out  a  first  class 
mechanic  qualified  to  make  models, 
moulds  and  the  finished  concrete 
products. 

The  principal  products  that  we 
"sell"  are  our  graduates,  if  you  will 
pardon  this  expression,  and  the  only 
selfish  motive  that  I  have  in  discuss- 
ing this  subject  is  the  hope  that  con- 
crete products  plants  will  add  trim 
stone  departments  to  their  business, 
and  thus  provide  additional  positions 
for  competent  men  who  are  thor- 
oughly trained  in  this  work. 

As  stated  above,  at  Mooseheart  we 
use  practically  every  known  process 
of  surface  treatment,  using  whichever 
is  best  suited  to  the  particular  job  at 
hand.  Because  of  the  fact  our  boys 
are  likely  to  work  in  plants  using  any 
of  the  better  known  methods  we  must 
train  them  in  all.  Each  method  of 
surface  treatment  has  its  own  pecu- 
liar  advantages    and    oftentimes    sev- 


eral methods  can  be  used  to  excellent 
advantage  on  the  same  job — at  least 
that  has  been  our  experience. 

Surface  Treated  Trim  Stone  and 
Building  Blocks. — The  selection  of 
concrete  clocks  and  trim  stone  for  all 
the  permanent  buildings  at  Moose- 
heart was  a  very  significant  occur- 
rence and  a  tribute  to  the  enduring 
and  pleasing  qualities  of  this  product. 
Mooseheart  is  thronged  throughout 
the  warm  months  of  the  year  with 
visitors,  principally  members  of  the 
order,  from  all  over  this  country,  and 
even  in  the  colder  weather  hardly  a 
day  passes  but  that  we  have  several 
visitors.  Practically  every  visitor  to 
Mooseheart  becomes  an  enthusiastic 
believer  in  surface  treated  trim  stone 
and  building  blocks  before  he  leaves. 
We  attribute  this  high  regard  for  our 
building  material  to  the  fact  that 
nearly  all  of  our  buildings  are  con- 
structed of  surface  treated  concrete 
blocks  and  trim  stone.  All  the  blocks 
used  in  our  buildings  are  surface 
treated  and  are  faced  with  crushed 
granite.  The  trim  stone  used  in  the 
buildings  up  to  1916  was  made  with 
a  smooth  surface  of  white  cement, 
white  sand  and  white  marble.  This 
checked  more  or  less,  but  since  1916 
the  trim  stone  also  has  been  made  of 
surface  treated  concrete  faced  with 
crushed  granite  and  white  Portland 
cement.  From  1913  to  1916  gray  ce- 
ment was  used  in  the  blocks  and 
white  Portland  cement  in  the  trim 
stone,  but  since  1917  both  blocks  and 
trim  stone  were  faced  with  white 
Portland  cement.  The  granite  used  is 
known  as  "Crown  Point  Spar."  Nu- 
merous visitors  from  the  east,  where 
granite  is  used  much  more  commonly 
than  in  the  central  states,  have  re- 
marked that  our  product  is  just  as 
attractive  as  the  natural  material. 
One  group  of  men,  when  examining 
one  of  our  buildings,  thought  it  was 
natural  granite  and  wondered  how  we 
could  use  it  so  far  from  the  source 
of  supply,  and  was  greatly  surprised 
to  learn  it  was  surface  treated  con- 
crete instead. 

What  has  been  done  at  Mooseheart 
can  be  done  in  any  of  the  larger  cities 
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in  this  country.  I  And  that  architects, 
as  a  rule,  are  highly  in  favor  of  good 
concrete,  but  do  not  use  it  to  any 
great  extent  because  they  cannot  find 
competent  manufacturers  to  furnish 
it.  But  for  surface  treatment  of  con- 
crete, concrete  blocks  would  be 
doomed  for  use  in  foundations  under 
inexpensive  buildings  and  for  backing 
up  in  high  grade  buildings.  Surface 
treatment  has  done  more  to  promote 
the  greater  use  of  concrete  in  various 
forms  than  any  other  one  factor. 
Therefore,  too  much  stress  cannot  be 
laid  on  the  importance  of  producing 
attractive  surfaces  in  both  mass  con- 
crete and  concrete  products. 

My  remarks  pertain  principally  to 
surface  treatment  of  concrete  prod- 
ucts but  can  be  applied  also  to  mass 
concrete. 

Requirements  for  Concrete  Prod- 
ucts.— In  order  to  find  a  ready  sale 
for  concrete  products  they  must  meet 
three  requirements: 

1.  Be  sufficiently  strong  for  the  pur- 
pose intended. 

2.  Must  have  an  attractive  appear- 
ance. 

3.  Must  stand  outside  weather  con- 
ditions without  checking  or  crazing. 

In  the  larger  cities  the  building 
ordinances  protect  the  consumer  on 
the  strength  requirements.  The  cus- 
tomer can  determine  for  himself  the 
attractiveness  of  the  product,  but  he 
f  cannot  so  easily  determine  whether  or 

not  the  product  will  stand  outside 
weather  conditions  without  checking 
or  crazing.  The  only  products  known 
today  that  will  not  hair  check  are 
those  that  have  been  faced  with  se- 
lected aggregate,  containing  no  dust 
or  fine  material  below  about  a  No.  20 
mesh,  and  have  been  surface  treated. 
The  manufacturer  who  can  guarantee 
his  product  to  meet  all  three  of  these 
requirements  can  do  a  volume  of  busi- 
ness that  will  only  be  limited  by  the 
capacity  of  his  plant.  Modern  ma- 
chinery and  the  comparative  low  cost 
of  cement  and  concrete  aggregates  as 
compared  to  other  materials  make  it 
easy  to  compete  with  other  building 
materials. 

During  the  next  few  years  we  will 
undoubtedly  enjoy  the  biggest  boom 
that  this  country  has  had  in  the  last 
15  to  20  years,  so  manufacturers  will 
do  well  to  market  a  product  at  this 
time  which  will  meet  these  conditions, 
and  in  later  years,  when  times  may 
not  be  as  good,  it  will  be  the  best  sort 
of  a  guarantee  as  to  the  quality  of 
their  product. 


Preventing  Checking  in  Trim  Stone. 
— It  has  been  a  very  common  practice 
to  imitate  Bedford  stone,  and  in  doing 
so  manufacturers  have  been  tempted 
to  use  white  silica  sand  and  other 
similar  fine  material.  The  result  has 
been  that  when  made  into  trim  stone 
the  product  has  invariably  checked  to 
a  greater  or  lesser  extent — usually  to 
a  very  great  extent.  Stone  of  this 
character  hurts  the  industry  beyond 
measure. 

A  surface  which  has  been  treated  to 
expose  the  aggregate  will  not  check, 
providing  no  fine  material  has  been 
used  in  the  facing.  By  "fine  material" 
I  mean  dust  and  all  material  that  will 
pass  a  No.  20  screen.  If  the  owner  or 
architect  insists  on  a  surface  that 
would  be  smoother  than  what  would 
be  produced  by  material  of  this  char- 
acter the  wise  manufacturer  will  let 
his  competitor  take  the  job  rather 
than  run  the  risk  of  the  surface  of 
the  material  checking  and  thus  hurt- 
ing his  reputation.  Although  it  is  true 
that  stone  has  been  made  with  finer 
material  than  the  above  without 
checking,  it  is  the  exception  and  not 
the  rule,  and  only  goes  to  prove  that 
finer  material  had  better  not  be  used 
in  the  facing.  The  best  results  will 
be  obtained  by  using  specially  se- 
lected coarse  sand  and  fine  pebbles, 
crushed  granite  and  other  similar  ag- 
gregates, from  which  all  dust  and  fine 
material  has  been  removed. 

Mixtures  for  Building  Blocks  and 
Trim  Stone. — For  our  regular  building 
blocks  and  trim  stone  we  use  1  part 
of  white  Portland  cement  to  1 '  part 
each  of  Nos.  3,  3%  and  4  Crown  Point 
Spar.  For  lamp  posts  we  use  one  part 
cement  to  one  part  each  Nos.  3,  3% 
and  4  Crown  Point  Spar  and  one-half 
part  of  crushed  pink  granite.  These 
mixtures  produce  stone  which  posi- 
tively will  not  check  when  exposed  to 
outdoor  weather  conditions,  regard- 
less of  the  process  used  in  producing 
the  stone,  it  being  understood,  of 
course,  that  in  all  cases  we  expose 
the  surfaces  of  the  aggregate  by  some 
special  treatment,  which  I  will  de- 
scribe later. 

For  garden  furniture  we  use  similar 
mixtures,  sometimes  substituting  a 
little  crushed  white  marble  for  some 
of  the  Crown  Point  Spar,  and  occa- 
sionally using  the  next  smaller  size 
Crown  Point  Spar  if  the  ornaments 
on  the  articles  have  very  fine  detail. 
We  refrain,  however,  as  much  as  pos- 
sible, from  the  use  of  the  finer  ag- 
gregates. 
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We  have  always  treated  the  surface 
of  our  blocks,  but  for  the  first  few 
years  we  made  our  trim  stone  with 
a  smooth  finish  similar  to  that  of 
Bedford  stone.  Most  of  this  stone 
checked  considerably.  In  1916  we 
started  treating  the  surface  of  both 
the  trim  stone  and  blocks,  with  the 
result  that  since  then  we  have  elimi- 
nated hair  checking  entirely  in  all  of 
our  trim  stone.  The  blocks  never  hair 
check.  It  is  a  peculiar  fact  that 
blocks  produced  by  any  process  will 
seldom  check  on  the  surface  regard- 
less of  the  type  of  surface  produced 
and  facing  material  that  is  used.  Yet 
the  same  facing  material,  if  used  in 
trim  stone,  will  cause  considerable 
checking.  There  are  many  theories 
for  this — the  most  common  of  which 
is  that  in  manufacturing  trim  stone — 
especially  when  made  by  the  tamped 
process,  the  workman  is  likely  to 
smooth  the  stone  with  a  trowel,  and 
thus  bring  an  excess  of  cement  to  the 
surface,  which  ultimately  causes  hair 
checking,  but  frequently  the  same  ma- 
terial that  will  not  cause  hair  check- 
ing in  blocks  will  produce  hair  checks 
in  cast  stone,  which  would  seem  to 
contradict  the  idea  that  the  checking 
is  caused  by  troweling  the  surface  of 
the  stone.  The  safest  procedure  is  to 
avoid  the  use  of  the  fine  aggregates 
entirely,  and  treat  the  surface  of  all 
products.  The  surface  produced  is  the 
most  pleasing  obtainable,  and  will 
build  up  a  permanent  future  for  such 
products. 

Methods  of  Surface  Treatment.— 
There  are  several  methods  of  surface 
treating  concrete  products.  In  one 
method  the  product  is  usually  made 
of  cast  concrete.  When  it  has  hard- 
ened sufficiently  the  exposed  surface 
of  the  stone  is  ground  with  carborun- 
dum wheels.  Special  machines  are 
made  for  that  sole  purpose.  This 
treatment  produces  a  very  pleasing 
surface,  and  if  the  concrete  is  com- 
posed of  the  proper  aggregates,  the 
surface  will  not  hair  check  or  craze. 
This  method  is  employed  by  three  or 
four  of  the  most  reliable  manufac- 
turers in  the  eastern  states.  When 
this  method  is  employed  the  product 
is  frequently  cast  in  sand  moulds,  but 
not  always. 

Another  method  for  surface  treat- 
ing concrete  is  to  spray  the  surface 
of  the  green  product  with  a  very  fine 
spray  of  water  under  pressure  just  as 
soon  as  the  product  is  removed  from 
the  mould.  The  effect  of  this  is  to 
wash  off  the  surface  cement  and  drive 


it  into  the  concrete,  thus  exposing  the 
natural  surface  of  the  aggregate.  The 
product  is  then  cured  until  it  is  hard 
enough  for  use.  Sometimes  the  sur- 
face of  the  product  is  further  treated 
by  scrubbing  it  with  muriatic  acid 
and  water.  This  will  brighten  the 
surface  and  remove  all  traces  of  ce- 
ment from  the  surface  of  the  aggre- 
gate. Some  prefer  this  to  the  sprayed 
surface  because  the  surface  is  bright- 
er. When  crushed  granite  or  marble 
is  used  in  the  surface  the  stone  glit- 
ters more  than  if  the  surface  has 
merely  been  sprayed  and  not 
scrubbed.  In  another  method — partic- 
ularly when  the  product  is  cast  by  the 
wet  process,  the  stone  is  allowed  to 
cure  thoroughly,  and  is  then  dipped 
in  a  strong  solution  of  muriatic  acid 
and  Water.  High  grade  garden  furni- 
ture is  practically  always  manufac- 
tured by  this  method.  It  is  also  found 
to  be  very  economical  in  the  manufac- 
ture and  treatment  of  high  grade  trim 
stone — particularly  when  the  product 
is  highly  ornamented. 

The  best  way  to  build  an  acid  tank 
is  to  make  it  of  concrete  and  then  line 
it  with  sheet  lead.  The  joints  in  the 
lead  have  to  be  burned  by  a  lead 
burner.  Solder  will  not  withstand  the 
action  of  the  acid.  The  lead  lining 
should,  in  turn,  be  protected  with  a 
lattice  work  of  thin  wooden  strips  fas- 
tened together  with  wooden  pegs.  No 
metal  of  any  kind  should  be  used  in 
the  lining  of  the  tank  as  the  acid  will 
eat  it  up. 

Plain  trim  stone  is  usually  made 
by  the  tamped  process,  and  even 
though  it  is  made  very  wet,  such 
stone  can  be  treated  very  economic- 
ally by  first  spraying  with  water  and 
then  scrubbing  it  slightly  with  muri- 
atic acid  and  water  after  it  has  been 
cured. 

One  kind  of  concrete  block,  when 
made  with  a  granite  or  similar  sur- 
face, is  allowed  to  cure  for  24  hours 
and  the  surface  of  the  block  is  then 
scrubbed  with  water.  This  is  one  of 
the  simplest  and  earliest  forms  of 
surface  treatment,  and  also  one  of  the 
most  economical.  This  method,  how- 
ever, only  works  well  with  blocks  that 
are  set  face  down  on  a  pallet.  In 
practice  it  is  found  that  blocks  In 
which  the  face  is  exposed  to  the 
atmosphere  while  curing  cannot  be 
scrubbed  in  this  manner  with  satis- 
factory results,  apparently  because 
the  surface  of  the  block  is  too  hard 
when  the  back  of  it  is  sufficiently  hard 
to   stand    handling,   and    if   scrubbed 
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earlier,  the  surface  is  too  soft  and 
crumbles  at  the  edges.  The  setting  of 
a  block  face  down  on  a  pallet  appears 
to  retard  the  setting  of  the  facing 
without  having  the  same  effect  on  the 
rest  of  the  block,  and  the  result  is 
that  the  surface  can  be  scrubbed  sat- 
isfactorily the  day  after  the  block  is 
made,  without  spoiling  the  edges  of 
the  block. 

These  various  methods  have  been 
used  to  a  greater  or  lesser  extent 
since  the  early  part  of  the  century — 
as  far  back  as  1903.  In  my  opinion, 
it  helps  considerably  to  spray  the 
face  of  the  block  while  it  is  still  in 
the  machine,  or  just  after  it  is  re- 
moved from  the  machine.  In  such 
cases  the  block  should  be  scrubbed  as 
I  described  above,  viz.:  the  following 
day.  We  find  this  treatment  reduces 
the  cost  of  scrubbing,  and  also  pro- 
duces a  surface  that  sparkles  more 
than  if  it  is  only  scrubbed  and  not 
sprayed. 

Facing  Materials. — Very  beautiful 
effects  are  obtained  by  screening  out 
the  right  size  pebbles  from  specially 
selected  sands,  but  unless  one  is  for- 
tunate enough  to  have  his  plant  lo- 
cated in  the  immediate  vicinity  of 
sands  that  are  suitable,  the  manufac- 
turer is  limited  to  the  use  of  crushed 
granite  and  marble,  because  these  are 
the  only  materials  suitable  for  facing 
purposes  that  are  being  marketed  on 
a  big  scale.  There  is  no  one,  to  my 
knowledge,  marketing  specially  se- 
lected sand  for  facing  purposes.  Sev- 
eral eastern  firms  obtain  a  granite 
effect  by  mixing  crushed  marble  with 
crushed  slag  in  the  proper  propor- 
tions. One  well  known  manufacturer 
uses  specially  selected  pebbles.  In 
the  central  states  the  material  that  is 
most  easily  obtained  for  this  purpose 
is  the  crushed  granite  shipped  in  from 
the  east,  Wisconsin  and  Minnesota. 
Stone  that  is  faced  with  crushed 
granite  and  sprayed  or  scrubbed,  pro- 
duces a  surface  that  is  very  nearly 
the  same  as  that  of  bush  hammered 
granite.  When  the  surface  is  cut  with 
carborundum  wheels  a  sort  of  terraza 
effect  is  produced.  Those  who  use 
carborundum  wheels  use  coarser  ag- 
gregates than  those  who  spray  the 
surface  or  scrub  it  with  acid  or  water. 
Whenever  the  same  kind  of  aggre- 
gates are  used,  any  one  of  these  meth- 
ods will  produce  a  surface  very  sim- 
ilar to  that  produced  by  any  of  the 
other  methods,  excepting  in  the  case 
of  tamped  stone.  Tamped  stone,  when 
faced  with  white  cement  and  granite, 


can  be  made  wet  enough  to  produce 
a  surface  that  is  practically  the  same 
as  cast  stone,  but  as  a  rule,  manufac- 
turers make  it  drier  than  is  necessary, 
and  the  result  is  that  the  tamped 
stone  is  darker  in  appearance  than 
cast  stone.  When  both  have  to  be 
used  in  the  same  building  (as  is  fre- 
quently the  case  at  Mooseheart)  the 
tamped  stone  must  be  made  just  as 
wet  as  possible,  in  order  that  there 
may  be  no  noticeable  difference  in 
appearance  between  that  and  the  cast 
stone. 

Method  of  Constructing  Arches. — 
In  our  work  at  Mooseheart,  where  we 
produce  our  own  blocks  and  trim 
stone,  and  also  do  our  own  construc- 
tion work,  we  frequently  cast  arches 
over  windows  and  door  openings  right 
in  place  at  the  building,  facing  the 
surface  with  granite  and  white  cement 
to  match  the  other  stone.  This  re- 
quires considerable  skill  in  order  to 
make  the  two  kinds  of  stone  match 
perfectly.  Usually  we  remove  the  sur- 
face forms  within  a  few  hours  after 
the  forms  are  filled,  and  spray  the 
surface  of  the  stone.  The  next  day 
we  scrub  it  and  about  the  third  day 
we  cut  false  joints  in  these  arches  to 
match  up  with  the  other  blocks  and 
trim  stone.  The  false  joints  are  filled 
with  the  same  kind  of  mortar  as  is 
used  in  the  rest  of  the  building.  These 
are  matched  so  well  that  many  experi- 
enced men  who  examined  these  build- 
ings have  been  unable  to  see  any  dif- 
ference in  appearance  between  these 
arches  cast  in  place  and  the  adjoining 
blocks  and  trim  stone.  We  use  this 
method  as  a  matter  of  economy,  find- 
ing that  the  stone  cast  in  place  in  this 
manner  when  there  are  several  arches 
that  are  of  the  same  size,  can  be 
produced  at  less  cost  than  if  the  in- 
dividual pieces  were  pre-cast  in  the 
cement  plant  and  then  set  in  place  by 
the  masons.  From  a  manufacturer's 
standpoint,  however,  this  would  not  be 
practicable,  as  the -ordinary  building 
mechanics  are  not  competent  enough 
to  cast  such  arches  in  place  to  match 
stone  that  may  be  produced  else- 
where. The  largest  arch  we  cast  in 
this  manner  was  19  ft.  inside  diam- 
eter. 


Cost  of  Fire  Protection. — The  aver- 
age cost  of  fire  protection  to  city 
dwellers  is  $2.57,  according  to  the  Na- 
tional Budget  Committee.  Some  city 
figures  are  as  follows:  Hoboken, 
4.79;  Holyoke,  4.70;  New  York,  2.57; 
Chicago,    $1.99;     Philadelphia,    $1.69. 
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Engineer  or  Architect 

Abstract     of    an     Address     Presented 
Feb.  21  at  Second  Annual  Conven- 
tion of  the  Minnesota  Feder- 
ation of  Architectural  and 
Engineering    Societies 

By  THOMAS  R.  KIMBALL, 

Past    President,    American    Institute    of 
Architects. 

Of  course,  one  naturally  chooses  to 
please  his  hearers.  In  the  present 
case,  however,  I  am  even  more  anx- 
ious to  make  a  worth-while  use  of  this 
opportunity  to  speak  frankly  and 
intimately  to  a  group  of  engineers  and 
architects  on  some  of  their  common 
problems,  their  up-to-date  tendencies, 
their  joint  failures,  and  their  engross- 
ing hopes.  Possibly  this  will  come 
more  acceptably  from  me  when  you 
understand  my  position  on  the  rela- 
tionship of  engineer  and  architect. 
Frankly,  I  have  never  been  able  to 
determine  whether  architecure  is  not 
simply  a  branch  of  engineering;  or 
whether  those  branches  of  engineer- 
ing that  have  to  do  with  the  housing 
of  man  and  his  works  are  not  really 
branches  of  architecture.  I  am  indif- 
ferent, quite  indifferent,  as  to  which 
of  these  classifications  shall  prevail. 

The  literature  of  building  makes 
practically  no  distinction.  Up  to  with- 
in 300  years  of  the  present  time,  the 
engineer  and  the  architect,  the  painter 
and  the  sculptor  were  all  one  and  the 
same  person,  and  the  architect  today 
who  does  not  embrace  within  his  own 
person  at  least  a  very  broad  concep- 
tion of  these  four  arts  is  but  poorly 
equipped  to  practice  his  profession. 
The  same  is  true  of  the  engineer;  that 
is,  of  those  engineers  who  deal  with 
the  housing  of  man  and  his  works  and 
who  function  through  branches  of 
what  is  known  as  the  building  in- 
dustry. 

Engineering  and  Guiding  Principles 
of  Art. — We  architects  have  been  a 
bit  selfish  in  our  assumed  proprietor- 
ship over  the  art  involved  in  building, 
and  are  in  consequence  in  some  de- 
gree to  blame  for  the  engineer's  ap- 
parent joy  in  the  belittlement  of 
everything  classed  as  artistic.  The 
ridiculousness  of  these  attitudes  is 
apparent  the  moment  we  begin  to 
analyze  the  work  of  the  two  callings — 
for  in  that  of  the  engineer  we  im- 
mediately realize  reverence  for 
strength,  order,  craftsmanship  and 
finish  as  ever-present  factors   in   the 


work  of  the  ablest  among  his  craft — 
every  one  of  them  as  essential  of  art, 
whether  found  in  architecture  or  in 
any  of  the  countless  ways  art  mani- 
fests itself  in  all  forms  of  human  en- 
deavor. Let  me  cite  just  one  example, 
and  make  one  comparison.  The  sys- 
tem of  piping  that  underlies  the 
Northwestern  Station  in  Chicago — the 
work  of  a  really  great  modern  engi- 
neer— conforms  no  less  perfectly  to 
the  guiding  principles  of  art  than  does 
the  wrought  iron  lacework  that  begin- 
ning as  the  functioning  hinges  finally 
covers  the  whole  surface  of  the  great 
doors  of  Notre  Dame  Cathedral,  in 
one  of  the  most  beautiful  examples  of 
the  expression  of  art  through  iron. 

Joint  Problems  of  Architects  and 
Engineers. — Among  problems  that  we 
share,  it  seems  to  me,  the  problem  of 
how  and  what  to  charge  for  our  serv- 
ice, is  perhaps  the  most  important. 
To  the  architect  I  am  sure  it  is;  be- 
cause, under  the  present  system  of  a 
percentage  charge,  we  suffer  our 
greatest  handicap  and  most  complete- 
ly stand  in  our  own  light.  I  am  not 
so  familiar  with  the  prevailing  meth- 
ods among  engineers,  but  if  they  are 
based  on  percentages  they  must  have 
the  same  baneful  effects  that  they 
have  with  us,  and  I  feel  sure  that  no 
one  thing  that  we  could  do  for  each 
other  would  be  better  worth  doing 
than  to  help  each  other  to  a  better 
method  of  charging  for  our  services — 
some  way  in  which  suspicion  on  the 
part  of  client  and  public  will  not  be 
the  almost  certain  outcome. 

Among  the  common  troubles  grow- 
ing out  of  the  closer  relationship  of 
our  callings,  is  division  of  the  credit 
and  division  of  the  fee.  These  are, 
under  present  conditions,  difficulties; 
they  are,  however,  difficulties  that 
would  disappear  were  we  able  to  recog- 
nize each  other  as  full  partners  in  the 
work  of  building.  This  is  shown  by 
the  satisfactory  results  of  collabora- 
tion in  offices  where  the  brother  pro- 
fession is  accepted  on  terms  of  equal- 
ity— frankly  recognized  in  the  titles 
of  drawings  and  where  the  fees  are 
apportioned  according  to  the  relative 
contribution  of  each  to  the  whole  serv- 
ice. In  such  offices,  and  their  number 
is  growing,  I'm  glad  to  say,  the  rela- 
tive rank  of  the  partners  is  reflected 
in  their  capacities  as  employer  or 
employed-r-which  are  determined  by 
the  simple  fact  as  to  which  has  been 
the  work-getter  in  any  given  case. 
There  has  never  seemed  to  me  to  be 
any   more    justification    in   an    archi- 
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tect's  declining  service  under  an  engi- 
neer than  in  his  refusing  to  accept 
work  from  a  general  contractor,  where 
the  general  contractor  chances  to  be 
the  owner  of  the  work  in  question. 

Among  the  tendencies  of  today  I 
find  the  two  professions  prone  to  be- 
little each  other,  to  the  complete  dis- 
advantage of  both.  Every  particle  of 
effort  expended  in  mutual  opposition 
is  lost  through  cancellation,  whereas 
it  would  be  doubled  through  union. 
This  is  a  tendency  that  should  be  dis- 
couraged and  over  which  we  should 
exercise  vigorous  censorship  and 
control. 

I  fancy  that  the  engineer  has  been, 
and  still  is,  rather  the  greater  sinner 
in  this  regard.  I  may  be  wrong,  bur. 
it  would  do  no  harm  to  ask  the  engi- 
neer to  give  the  matter  his  sympathet- 
ic consideration,  and  in  case  I  am 
right,  to  take  some  steps  to  apply  a 
cure.  Regardless  of  which  is  more 
too  blame,  the  movement  for  a  cure 
for  anything  and  everything  that 
tends  to  separate  the  engineer  and 
the  architect  should  be  a  100  per  cent 
co-operation  affair  with  them  both. 

The  Public  Comes  First. — In  the 
engineer  who  handles  our  greatest 
physical  problems  I  insist  on  recogniz- 
ing a  professional  quality  that  disre- 
gards the  question  of  pay,  and  sub- 
stitutes therefor  that  wholly  profes- 
sional stand  of  serving  the  public 
first,  the  client  second,  and  self  last, 
with  a  service  that  cannot  elsewhere 
or  otherwise  be  obtained. 

Perhaps  the  most  notable  tendency 
of  our  times,  as  reflected  in  the  archi- 
tect's status  today,  is  his  tendency  to 
find  himself  without  work.  Owing  to 
the  growing  commercial  problem, 
more  and  more  does  the  god  of  com- 
merce demand  greater  accomplish- 
plishment  for  less  money,  and  more 
and  more  does  he  ignore  the  necessity 
for  considerations  of  quality  as  well 
as  quantity. 

The  recent  improvements  in  struc- 
tural methods,  prevalent  use  of  rein- 
forced concrete  for  instance,  would 
seem  to  have  anticipated  this  com- 
mercial tendency  and  demand.  On  the 
other  hand  the  too  great  consideration 
of  those  commercial  demands  has  al- 
ready aroused  a  lethargic  public  to  a 
realization  of  the  menace  that  lurks 
in  an  architecture  produced  without 
architects. 

Among  our  common  failures  I  feel 
that  the  one  that  overshadows  all  the 
others  is  the  failure  of  engineer  and 
architect  each  to  achieve  his  proper 


position  in  our  citizenship,  and  1 
ascribe  this  largely  to  our  own  failure 
to  clean  house — to  get  rid  of  the  com 
mercialism  reflected  by  our  method  of 
charging  and  to  really,  fully,  and 
frankly,  go  out  to  serve  the  public 
first,  the  client  second,  and  ourselves 
last.  Therefore,  if  our  failure  to  get 
proper  recognition  is  looked  at  square- 
ly and  fairly,  we  must  acknowledge 
that  to  a  large  extent,  at  least,  it  is 
because  of  our  failure  to  deserve  it. 

I  turn  to  our  common  hopes  as  em- 
bracing the  achievement  of  that  citi- 
zenship, the  loss  of  which  I  have 
called  our  greatest  failure.  Let  us 
achieve  it  in  a  way  that  will  admit 
of  realizing  a  truly  professional  atti- 
tude, an  attitude  in  which  we  serve 
by  selling  a  skilled  service  for  a  fee 
without  contingent  profit,  to  a  clientele 
having  a  clear  understanding  that 
public  interest  and  public  welfare 
must  not  be  disregarded  in  anything 
done  by  architect  or  engineer  as  a 
part  of  his  professional  calling. 

Advantage  of  Co-operation. — If  the 
pride  of  name  can  be  brushed  aside 
and  the  desire  for  accomplishment 
through  union  substituted,  why  may 
we  not  gather  in  one  group,  whether 
as  architects  or  as  engineers,  or  as 
both,  being  branches  of  one  great 
master-builder's  science,  for  the  pur- 
pose of  mutual  strength  and  effi- 
ciency? Getting  together  in  mutual 
respect  and  esteem,  cutting  out  all 
forms  of  envious  belittlement  and  un- 
worthy competition,  it  seems  to  me 
would  bring  about  immediate  and 
tremendous  advantages.  The  two 
callings,  whether  in  one  camp  or  act- 
ing jointly,  in  honoring  each  other, 
would  accomplish  the  downfall  of  all 
those  make-believe  architects  and  en- 
gineers against  whom  we  are  now 
striving  to  legislate — and  none  too 
sucessfully  at  that. 

Under  present  conditions  some  55 
per  cent  of  all  building  operations  in 
our  great  cities  is  done  without  the 
help  of  either  engineer  or  architect, 
and  so  is  a  total  loss  to  both  profes- 
sions. Joint  action  and  honest  col- 
laboration on  the  part  of  engineers 
and  architects  would  save  most  of 
that  great  loss,  to  the  advantage  of 
both  professions,  and  to  the  everlast- 
ing betterment  of  the  real  sufferer — 
the  public.  Such  accomplishment  lies 
wholly  beyond  the  separate  endeavor 
of  either  profession,  and  can  only  be 
hoped  for  through  heartfelt,  intelli- 
gent, and  unselfish  co-operation. 

It  may  be  that  the  accomplishment 
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of  an  actual  brotherhood  of  all  those 
callings  that  jointly  produce  the  hous- 
ing of  man  and  his  works,  and  which 
function  through  branches  of  the 
building  industry,  is  too  much  to  hope 
for  in  our  time — it  is  not,  however,  too 
much  to  look  forward  to  at  some  time, 
and  I  believe  the  permanent  welfare, 
safety,  and  ultimate  honor  of  engi- 
neering and  architecture  lie  in  that 
direction.  "In  union  there  is  strength," 
and  in  this  tremendous  commercial 
struggle  our  two  professions  can 
spare  none  of  the  strength  that  may 
be  ours  through  union.  The  co-opera- 
tion of  engineers  and  architects  in 
Nebraska  in  their  recent  effort  fcr 
parallel  registration  bills,  though  fail- 
ing completely  in  the  object,  brought 
the  two  professions  into  close  touch 
and  harmony  before  unknown  and 
which  seem  likely  to  remain  with  us 
permanently. 

The  Need  of  a  Joint  Commission. — 
The  problems  of  any  profession  grow 
difficult  through  their  habitual  study 
from  within;  the  same  problems 
would  meet  with  ready  solution 
through  a  friendly  consideration  from 
without.  With  this  in  view,  I  wish  to 
plead  for  a  joint  commission  of  engi- 
neers and  architects  to  study  their 
common  problems  and  work  them  out 
together,  in  the  belief  that  not  only 
would  the  problems  be  solved,  but  that 
out  of  such  an  effort  and  experience 
would  grow  a  much  closer  affiliation — 
one  destined  eventually  to  bring  about 
that  full  and  complete  equal  partner- 
ship that  is  implied  by  real  brother- 
hood of  those  prefessions  whose  chief 
responsibilities  to  the  public  are  the 
housing  of  man  and  his  works,  and 
the  intelligent  guidance  of  the  whole 
building  industry. 

The  City  of  the  Future. — For  those 
who  feel  the  reasons  I  have  offered 
in  favor  of  a  full  and  equal  partner- 
ship of  our  two  callings  to  be  inade- 
quate or  unconvincing,  I  venture  into 
the  realm  of  prophecy: 

There  comes  to  me  through  the 
mirage  of  a  not  too  distant  day,  the 
vision  of  a  beautiful  city,  with  wide, 
clean  streets  and  not  an  automobile 
parked  anywhere.  Streets  that  de- 
centralize through  radiating  avenues, 
yet  are  bound  together  by  encircling 
boulevards  everywhere  interrupted  by 
pleasant  open  spaces  where  the  green 
of  grass  and  trees  offer  color  and 
shade,  and  where  one  may  rest.  A 
city  not  wholly  noiseless,  but  where 
the  hum  of  human  activity  is  softened 
and  made  bearable  through  intelligent 


supervision,  and  where  the  smells  of 
packing-house  and  sewer  are  conspic- 
uous through  absence — where  even 
the  chimneys  have  become  smokeless. 
Where  the  homes  of  commerce  and  of 
people  are  alike  orderly  and  attrac- 
tive, and  where  even  the  sky  lines  are 
beautiful.  Yes,  it  is  an  American 
city,  and  of  the  Twentieth  Century — 
with  its  governing  group  of  commis- 
sioners, its  school-boards,  and  other 
agencies  for  the  welfare  and  care  of 
its  citizens.  Oh,  yes,  I  see  more!  In 
the  halls  of  government  of  this  city 
which  they  have  helped  to  make  ideal, 
I  see  as  commissioners  and  members 
of  the  school-boards,  too,  both  engi- 
neers and  architects,  recognized  at 
last  and  appreciated  as  safe  custod- 
ians of  public  welfare  and  as  worthy 
citizens — valued  by  an  intelligent  pub- 
lic for  the  priceless  contribution 
which  engineers  and  architects  alone 
can  make  to  human  life. 


Behavior   of   Stone    Under   Con- 
tinued Loading 

A  series  of  tests  has  been  started 
by  the  U.  S.  Bureau  of  Standards  to 
determine  whether  stone  breaks  or 
permanently  deforms  under  continuous 
stress  which  is  considerably  less  than 
the  breaking  stress.  In  structures  we 
frequently  see  broken  lintels  or  other 
members  which  are  entirely  under 
compression  and  where  the  load  could 
not  be  near  the  theoretical  breaking 
load.  This  would  seem  to  indicate  that 
stones  break  because  of  fatigue  at  a 
much  lower  stress  than  those  ob- 
tained when  a  test  is  made.  In  the 
tests  now  under  way,  a  series  of 
beams  is  being  loaded  to  approximate- 
ly two-thirds  of  the  breaking  load  and 
kept  under  this  stress  continuously 
for  a  long  period.  Deflection  measure- 
ments will  be  made  from  time  to  time 
to  determine  whether  there  is  a  con- 
tinuous sagging  and  if  there  is  a  per- 
manent deformation  due  to  the  load. 


Bond    of    Mortar   Joints    Between 
Stones 

Bond  tests  are  in  progress  by  the 
U.  S.  Bureau  of  Standards  to  deter- 
mine the  strength  of  joints  between 
stone  and  various  mortars.  It  is  ex- 
pected that  this  series  of  tests  will 
be  extended  later  to  determine  the 
effect  ol  various  treatments  or  the 
strength  of  the  bond,  such  as,  for  in- 
stance, waterproofing  the  backs  and 
sides  of  the  stone  with  pitch  or  color- 
less waterproofing  materials. 
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Before  Plasterers  Wore  Silk 
Shirts 

Building  a  castle  in  the  Middle 
Ages  seems  to  have  been  a  lark  com- 
pared with  building  a  6-room  house  to- 
day. A  lark,  that  is,  for  the  builder. 
The  laborer  had  many  of  the  same 
troubles  that  the  $16  a  day  laborer 
claims  to  suffer  under  now,  but  he 
bore  his  woes  more  docilely.  Professor 
George  Gordon  Coulton,  of  Cambridge 
University,  England,  made  it  plain  in 
a  recent  lecture  in  Boston  that  dock- 
ing of  wages  for  minor  cause,  strict 
discipline,  and  long  hours  may  have 
been  resented  by  the  workmen;  but 
they  took  a  pride  in  their  labor  all  the 
same.  In  odd  corners  of  cathedrals, 
in  the  stones  of  churches  or  the  wood- 
work of  old  castles — in  innumerable 
places  are  found  the  initials  or  names 
of  the  workmen  who  inscribed  their 
symbol  in  their  handiwork  that  it 
might  commemorate  them  to  future 
generations. 

Strikes  were  known  even  at  that 
comparatively  early  day,  but  they 
were  few  and  far  between.  On  the 
whole  the  workmen  were  pretty  well 
under  the  builders'  thumb.  From  1150 
A.  D.  on,  paid  laborers,  rather  than 
monks,  constructed  the  cathedrals  and 
castles,  receiving  wages  that — based 
on  the  purchasing  power  of  a  dollar 
today  in  the  United  tSates — would  ap- 
proximate from  $1  to  $2.50  a  day.  The 
master  builders  received  from  $3  to 
$4  a  day,  depending  on  the  locality 
and  the  disposition  of  their  employers. 
In  the  15th  century,  at  the  building 
of  St.  George's  at  Windsor,  the  archi- 
tect is  reported  to  have  received  the 
sum  of  $6  a  day  for  his  work. 

One  of  the  earliest  of  recorded 
strikes  is  described  in  the  biography 
of  St.  Stephen  of  Obazine,  who  was 
directing  the  work  on  a  great  church 
of  the  utmost  importance.  The  saint- 
ed man  and  the  Cistercians  in  his 
charge  were  vegetarians,  and  they  in- 
sisted that  the  paid  workmen  should 
subsist  on  a  vegetarian  diet  also.  For 
a  while  all  went  well;  but  then  the 
laborers  clandestinely  bought  a  pig, 
roasted  it,  ate  half,  and  hid  the  re- 
mainder. St.  Stephen,  on  learning  of 
the  outrage,  called  his  elders  together 
and  asked  them  their  advice  as  to 
what  should  be  done.  They  counseled 
leniency,  since  the  men  had  never 
taken  the  vows  of  the  order,  but  St. 


Stephen  was  firm.  The  workmen  inti- 
mated that  if  they  could  not  eat  meal 
when  they  desired,  they  would  not 
work.  St.  Stephen  responded  by 
threatening  to  hire  other  men  in  their 
places — an  early  example  of  lock-out. 
After  some  argument  the  men  again 
took  up  their  tools,  and  subsisted  on 
the  diet  described,  completing  the 
work  "in  good  order." 

With  all  the  building  that  was  going 
on  at  this  period  of  history,  there  was 
no  shortage  of  labor,  and  discipline 
was  very  strict.  Men  traveled  from 
place  to  place  with  their  familiies,  liv- 
ing in  the  squalid  inns  of  the  day; 
having  fresh  meat  to  eat  only  when 
it  was  killed  in  the  neighborhood  or 
when  the  weather  was  cold  enough  to 
preserve  it;  enduring  much  drudgery. 
In  Willis  and  Clark's  history  of  the. 
University  of  Cambridge  there  is  the 
statement  that  "discipline  was  very 
strict  and  system  of  fines  was  im- 
posed, by  which  men  who  misbehaved 
themselves  lost  a  whole  day,  or  a  halt' 
a  day,  for  each  misdemeanor.  A  few 
of  these  may  be  cited:  'for  he  lost  a 
showell';  'for  late  cumming';  'for  tell- 
ing of  tales';  'for  chiding';  'for  fight- 
ing' — (half  day);  'for  breaking  of 
shovell';  'for  playing' — (whole  day) ; 
'for  keeping  of  the  hole  owre' — (half 
day).  This  was  probably  the  dinner 
hour,  and  the  strict  observance  of  it 
by  the  men  seems  to  have  been  a 
grievance  with  the  clerk  of  the  works, 
for  Robert  Goodgrome  is  fined  'for  he 
wold  kepe  his  ouris  and  never  go  to 
werke  till  the  clocke  smyte.' " 

Robert  evidently  lived  about  a  thou- 
sand years  before  his  time. 

Even  the  professional  men  of  that 
day  often  had  hardships  to  bear.  This 
was  particularly  true  of  an  architect- 
named  Lanfred,  retained  by  a  certain 
Countess  of  Bayeux  and  Ivry.  It  is 
written  in  this  connection  that  "Men 
say  that  the  countess  aforesaid  caused 
the  castle  to  be  built  by  the  architect 
Lanfred,  whom  she  created  Master  of 
the  Works,  after  the  building  of  the 
tower  of  Pithiviers,  a  man  whose  skill 
was  praised  far  beyond  that  of  all 
other  artificers  of  his  time  in  France. 
Then,  when  Lanfred  had  completed 
this  castle  of  Ivry  with  much  labor 
and  at  great  cost,  she  caused  him  to 
be  beheaded  lest  he  should  build  an- 
other equal  to  it  elsewhere." 

You  might  remember  this,  remarks 
Commerce  and  Finance,  from  which 
this  note  is  taken,  when  your  neigh- 
bor copies  your  plans  and  builds  a 
house  just  like  yours. 
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Elimination  of  Irresponsible 
Bidder 


Abstract  of  Address  Presented  Feb.  1 

Before     Building    Division     of 

Associated    General 

Contractors 

We  all  have  a  different  idea  of  irre- 
sponsibility and  on  that  word  hinges 
everything — hinges  whether  we  are 
for  or  against  it. 

An  irresponsible  person  is  one  who 
fails  to  render  satisfaction  in  one  way 
or  another.  The  degree  of  irrespon- 
sibility depending  entirely  upon  the 
degree  of  ability  to  render  service  or 
satisfaction.  Therefore,  many  of  the 
contractors  who  now  pride  themselves 
on  being  100  per  cent  had  better  go 
over  every  item  which  constitutes  re- 
sponsibility and  see  if  there  is  not 
at  least  one  thing  in  which  they  are 
irresponsible. 

A  responsible  contractor  is  one  who 
offers  service,  not  only  in  one  or  two 
things,  but  in  every  possible  function 
comprising  the  contracting  business. 

What  are  these  important  essentials 
which  a  responsible  contractor  must 
have?  A  few  of  them  are:  Capital, 
Experience,  Business  Training,  Abil- 
ity to  Purchase  and  Hire,  Good  Judg- 
ment, Intelligence,  Self  Control,  Integ- 
rity, Faith,  Organization,  Equipment, 
Sense  of  Justice. 

A  responsible  contractor  visualizes 
a  project  and  then  carries  his  vision 
into  an  object  of  reality.  He  does  not 
allow  the  dollar  to  obscure  his  vision 
in  producing  a  commendable  structure. 
He  must  be  a  medium  through  which 
construction  work  is  economically  and 
accurately  done,  and  leave  to  posterity 
some  name  other  than  crook. 

A  responsible  contractor  interprets 
incomplete  plans  and  specifications  in 
the  light  of  his  practical  experience 
and  violates  no  confidence  placed  in 
him. 

Responsibility  must  include: 

Knowing  how  to  prepare  an  accurate 
estimate. 

Taking  care  of  all  overhead  ex- 
penses and  contingencies. 

Willingness  to  pay  for  an  accurate 
cost-keeping  system  so  as  to  better 
prepare  for  the  next  piece  of  work, 
and  also  to  become  acquainted  with 
his  own  mistakes. 

A  responsible  contractor  seeks  to 
gain  and  hold  public  confidence. 

Now  as  to  the  "Elimination  of  the 
Irresponsible  Contractor."  How  can 
this  be  done?     My  answer  is  by  edu- 


cation. By  that  I  mean,  not  a  broad 
education  of  technical  sciences,  but 
teaching  men  to  use  common  sense 
fairness  in  their  business. 

We  must  educate  the  contractor 
who  is  now  irresponsible,  so  that  he 
can  become  responsible  if  he  is  a  will- 
ing subject. 

Educate  the  Public— It  is  entirely 
possible  that  the  irresponsible  con- 
tractor may  be  indifferent  and  be  un- 
willing to  assume  any  of  the  better 
qualifications  of  a  contractor,  or  he 
may  be  beyond  our  reach.  In  either 
case,  we  must  educate  the  public  and 
the  bonding  companies. 

The  best  medium  through  which  to 
reach  the  public  is  the  architects.  If 
we  are  to  be  given  any  consideration 
at  all,  they  must  select  bidders  who 
are  responsible.  They  must  not  allow 
bids  of  men  who  are  not  responsible 
to  be  held  as  a  club  over  the  heads 
of  those  that  are,  in  order  to  get  the 
price  down.  We  are  up  against  it 
time  and  time  again  where  the  archi- 
tect does  not  pick  his  contractor.  He 
gets  little  men  to  figure  jobs  that  are 
beyond  them.  They  make  errors  and 
mistakes  all  the  way  through  and 
come  out  with  a  low  bid;  then  the 
architect  goes  to  some  contractor  with 
a  good  name  and  responsibility  and 
holds  over  him  the  price  of  the  other 
to  jew  him  down.  That  is  tried  hun- 
dreds of  times,  and  that  is  something 
as  to  which  we  must  educate  the 
architect.  The  architect  must  recog- 
nize the  efforts  we  are  putting  forth 
to  bring  irresponsible  men  to  their 
senses,  and  through  them  only  will 
we  reach  the  private  individual  who 
is  always  putting  all  contractors  in 
the  same  class. 

The  bonding  companies  can  be  of 
the  greatest  of  help  in  this  elimina- 
tion process.  With  all  due  respect  to 
the  bonding  companies'  representa- 
tives, when  they  state  that  the  prime 
requisite  for  a  surety  bond  is  honesty, 
every  one  of  us  knows  of  cases  where 
men,  utterly  without  principle  or 
pretense  of  honesty,  have  secured 
surety  bonds  because  they  had  a  large 
statement  or  a  silent  partner  who 
had.  Bonding  companies  stand  in  our 
way  for  a  general  clean-up  of  irrespon- 
sible contractors.  They  do  not  de- 
mand skill,  integrity  and  responsibil- 
ity as  a  primary  factor.  They  demand 
a  financial  statement.  Of  course,  they 
might  take  some  moral  chance  on  a 
man  who  has  all  first  class  qualifica- 
tions except  a  financial  statement. 
The  question  is,  what  percentage  do 
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they  refuse,  when  the  man  has  a 
first-class  statement  and  no  other 
qualifications?  Judging  from  my  ob- 
servation, I  will  say  it  is  very  small 
indeed. 

It  is  usually  easy  to  approach  every 
type  of  contractor  except  the  one  who 
believes  that  he  can  buy  and  hire 
every  qualification  necessary  to  make 
him  a  responsible  contractor. 

Factors  of  Failure. — If  you  trace  the 
failures  in  the  contracting  business, 
you  will  find  the  greater  part  of  them 
are  due  to  the  lack  of  experience, 
judgment,  and  honesty,  rather  than  to 
the  lack  of  capital.  Experience  and 
judgment  will  not  overstep  the  limits 
of  capital.  It  is  entirely  possible  to 
acquire  money  over  night,  but  most 
of  the  other  qualifications  must  be 
obtained  by  hard  and  honest  effort. 

A  great  deal  has  been  said  about 
the  Quantity  Survey.  There  are  strong 
arguments  for  and  against  it,  but  be 
sure  in  endeavoring  to  correct  one 
evil  we  do  not  tend  toward  the  promo- 
tion of  irresponsible  bidders.  It  is  a 
great  temptation  when  the  office  is 
full  of  work  to  use  the  Quantity  Sur- 
vey, without  a  check  on  it  or  a  com- 
plete study  of  plans. 


A  New  Alloy 

A  new  alloy  having  valuable  mag- 
netic properties  was  described  in  a 
paper  presented  April  20  at  the  annual 
meeting  of  the  American  Physical  So- 
ciety by  H.  D.  Arnold  and  G.  W.  El- 
man.  "Permolloy,"  the  new  alloy,  is 
composed  of  iron  and  nickel  and  was 
developed  in  the  research  laboratories 
of  the  American  Telephone  &  Tele- 
graph Co  and  the  Western  Electric 
Co.  The  permeability  of  this  new 
alloy,  it.  was  stated,  is  very  much 
greater  than  that  of  the  best  magnet 
iron.  It  is  being  tried  in  a  new  sub- 
marine cable  and  is  expected  to  in- 
crease the  speed  of  sending  with  the 
cable  about  four  times.  It  also  has 
valuable  uses  in  telephone  and  radio 
transformers  and  induction  coils.  In 
addition  to  its  high  permeability,  it 
has  a  very  small  hysteresis  loss.  The 
electrical  resistance  is  found  to  vary 
with  the  strength  of  the  magnetic  field 
in  which  the  alloy  is  placed,  so  that  a 
difference  amounting  to  three-tenths 
of  a  per  cent  is  caused  by  the  earth's 
magnetic  field,  the  resistance  being 
different  in  the  east  and  west  position 
from  what  it  is  in  the  north  and  south. 
Its  electric  and  magnetic  properties 
are  also  changed  by  the  application  of 
a  load. 


Investigations  of  Fatigue  of 
Metals 

Fatigue  of  metals  has  caused  an 
estimated  loss  of  millions  of  dollars 
annually  to  American  industry,  ac- 
cording to  a  report  to  Engineering 
Foundation  and  the  National  Re- 
search Council  by  Prof.  H.  F.  Moore, 
who  has  been  conducting  an  investi- 
gation at  the  materials  testing  labora- 
tory in  the  University  of  Illinois. 
Chiefly,  says  Prof.  Moore,  losses  are 
caused  not  by  spectacular  disasters 
but  by  large  numbers  of  minor  acci- 
dents. Idle  machinery  is  described  as 
a  principal  item  of  cost. 

Dealing  with  economies  possible  of 
accomplishment  as  a  result  of  the 
investigation,  which  has  been  in  prog- 
ress more  than  three  years,  Prof. 
Moore  says  that  losses  might  be  cut 
50  per  cent.    The  report  adds: 

Any  estimate  of  the  financial  loss 
caused  by  fatigue  failure  of  metal 
parts  must  be  very  rough.  In  general, 
the  principal  cost  of  fatigue  failure  is 
not  caused  by  spectacular  disasters, 
but  by  large  numbers  of  minor  acci- 
dents which  necessitate  replacement 
of  broken  parts,  and  which  put  ma- 
chinery out  of  commission  for  a  time. 

Fatigue  failures  are  not  uncommon 
in:  Rails,  car  axles  and  locomotive 
axles,  crank  shafts  and  steering 
knuckles  of  automobiles,  wire  cables, 
steam  turbine  blades  and  discs,  shaft- 
ing, springs,  rock-drill  rods,  and  deep- 
well  pump  rods. 

In  estimating  the  damage  done  by 
such  failures  probably  the  largest 
item  of  cost  is  the  loss  of  services 
caused  by  idleness  of  machines  dur- 
ing replacement  of  broken  parts.  A 
detailed  study  of  the  above  causes  of 
failure  would  in  itself  be  a  consider- 
able investigation,  but  it  does  not 
seem  unreasonable  to  estimate  the 
total  loss  per  year  due  to  the  above 
causes  as  several  millions  of  dollars. 
It  would  seem  that  a  careful  study  of 
the  phenomena  of  fatigue  failure 
might  reduce  this  loss  at  least  50  per 
cent. 

This  study  would  cover  not  only  a 
study  of  the  properties  of  ferrous 
metals,  but  would  also  include  a  study 
of  the  stresses  set  up  in  parts  with 
irregular  shapes.  The  loss  by  actual 
fatigue  failure  is,  however,  only  one 
phase  of  the  problem.    Another  phase, 
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probably  of  equal  financial  impor- 
tance, deals  with  the  possibility  of 
using  in  stress-carrying  machine  parts 
metals  which  are  not  now  used  be- 
cause their  fatigue  resisting  proper- 
ties are  not  known. 

Two  illustrations  are  given  by  the 
report   as   follows: 

It  would  be  very  desirable  in  many 
cases  to  use  non-corrosive,  non-fer- 
rous metals  for  making  steam  turbine 
blades.  At  the  present  time  the 
fatigue-resisting  properties  of  non- 
ferrous  metals  are  almost  entirely 
unknown,  and,  as  a  turbine  blade  is 
subjected  to  prolonged  fatigue  stress, 
the  non-ferrous  turbine  blade  has  a 
rather  limited  use.  A  study  of  the 
fatigue  resisting  properties  of  non- 
ferrous  metals  might  enable  a  great 
paving  to  be  made  in  the  cost  of  op- 
erating steam  turbines  to  be  made. 

The  use  of  steel  castings  to  replace 
expensive  steel  forging  is  becoming 
more  and  more  common.  One  of  the 
great  drawbacks  to  the  use  of  steel 
castings  is  a  lack  of  knowledge  as  to 
their  fatigue-resisting  qualities.  It  is 
a  well-known  fact  that  a  steel  casting 
with  the  same  chemical  composition 
as  a  steel  forging  may  have  quite  dif- 
ferent, strength  properties.  A  study 
of  the  fatigue  strength  of  steel  cast- 
ings offers  a  promising  field  for  the 
further  extension  of  the  use  of  steel 
castings  and  for  the  reduction  of  cost 
of  complicated  steel  parts. 

Detailing  the  progress  of  the  in- 
vestigation, to  answer  the  question, 
"Do  metals  get  tired?"  the  report  con- 
tinues : 

During  the  past  year  the  investiga- 
tion of  fatigue  of  metals  has  been  in 
full  progress.  The  main  lines  of  work 
covered  are:  (1)  The  investigation  of 
fatigue  of  wrought  ferrous  metals 
under  cycles  of  stress  repeated  but 
not  reversed;  (2)  study  of  the  effect 
of  heat  treatment  on  fatigue  strength 
of  steel;  (3)  the  obtaining  of  further 
evidence  for  the  existence  of  a  definite 
endurance  limit  for  wrought  ferrous 
metals,  and  (4)  the  beginning  of  work 
on  non-ferrous  metals. 

Under  (1)  a  fairly  extensive  series 
of  experiments  has  been  made,  a  ten- 
tative formula  developed  for  various 
ranges  of  stress,  and  a  second  series 
of  experiments  begun.  These  experi- 
ments have  involved  the  design  and 
construction  of  a  new  type  of  fatigue 
testing  machine.  Under  (2)  heat  treat- 
ment surveys  of  several  steels  have 
been  carried  out,  including  fatigue 
tests.     Under  (3)  additional  long-time 


test  data  have  been  accumulated  in- 
cluding one  test  of  steel  carried  to  one 
billion  repetitions.  There  has  been 
observed  a  distinct  increase  of  endur 
ance  limit  in  steels  subjected  to  mil- 
lions of  repetitions  of  stress  below 
the  original  endurance  limit.  Under 
(4)  fatigue  tests  on  monel  metal  are 
now  in  progress. 

During  the  year  the  investigation 
has  been  financed  almost  entirely  by 
the  contributions  of  the  General  Elec- 
tric Co.  Contributions  from  the  Allis- 
Chalmers  Co.,  the  Western  Electric 
Co.,  and  the  Copper  and  Brass  Re- 
search Association  have  just  become 
available,  and  a  study  of  fatigue  fail- 
ure of  non-ferrous  metals  will  be  a 
major  feature  of  the  investigation  in 
the  immediate  future. 

Reports  of  the  progress  of  this  in- 
vestigation have  been  given  in  Bul- 
letins 124  and  136  of  the  engineering 
experiment  station  of  the  University 
of  Illinois  and  in  Publications  4  and  6 
of  Engineering  Foundation.    ■ 


1923    Highway    Bridge    Program 
in  Indiana 

The  1923  bridge  building  program 
of  the  Indiana  State  Highway  Com- 
mission calls  for  227  bridges  in  59 
counties  to  cost  approximately  $3,214,- 
400,  of  which  $1,045,660  will  be  pro- 
vided by  the  federal  government,  ac- 
cording to  announcement  by  John  D. 
Williams,  highway  director.  Bridge 
plans  were  prepared  by  William  J. 
Titus,  chief  bridge  engineer,  and  as- 
sistants. Mr.  Williams  expressed  the 
belief  that  not  all  work  outlined  will 
be  started  this  year.  Ninety-six  bridge 
projects,  most  of  which  are  new  struc- 
tures, will  be  built  at  a  cost  of  $2,091,- 
200  by  the  state  and  federal  govern- 
ment, each  paying  half  the  cost.  The 
remainder  of  the  projects  will  be  paid 
for  by  the  state  alone.  Thirty-six  of 
the  federal  aid  bridges  will  cost  $15,- 
000  or  more,  the  largest  and  most  ex- 
pensive costing  $180,000.  Seventeen  of 
the  state  projects  will  cOst  $15,000  or 
more,  going  as  high  as  $100,000. 


Investment    Value   of    High    Buildings 

Extremely  high  office  buildings  are 
seldom  good  investments  and  Mr.  E. 
S.  Jewell  of  Omaha,  at  a  meeting  of 
the  National  Association  of  Building 
Owners  and  Managers,  states  that 
money  put     into     costly  foundations, 
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sub-basements,  elevators,  etc.,  would 
be  sufficient  to  erect  complete  4  to  6- 
story  buildings  on  the  same  piece  of 
ground,  thus  putting  capital  to  a  more 
useful  purpose.  Mr.  Jewell  asserted 
that  a  low  building  can  be  built  for 
14  ct.  per  cubic  foot  cheaper  than  a 
tall  building.  He  found  in  a  study  of 
revenues  of  143  high  office  buildings 
in  50  cities,  that  the  average  income 
was  about  $1.41  per  square  foot, 
whereas  it  would  require  $2.64  per 
square  foot  to  make  the  investment 
realize  6  per  cent. — A.  P.  Greensfelder 
in  The  Constructor. 


Plastering    School    Started   by    Phila- 
delphia Building  Congress 

Classes  in  plastering  are  being  con- 
ducted by  the  Philadelphia  Building 
Congress,  according  to  a  bulletin  of 
the  Congress.    The  plan  is  as  follows: 

All  apprentices  who  receive  instruc- 
tion in  these  plastering  classes  must 
be  indentured  apprentices  working  at 
the  trade. 

The  employers  of  the  apprentices 
have  agreed  to  pay  the  apprentices 
for  their  time  in  attendance  at  these 
classes  at  the  regular  apprenticeship 
rate.  The  classes  are  held  on  Satur- 
day from  8  to  12  M. 

The  outline  of  the  course  at  pres- 
ent is  as  follows: 

Shop  Work:  Use  of  tools.  Mixing 
of  materials.  Scratching  or  first  coat 
work.  Second  coat  work.  Straighten- 
ing up  or  lining  walls.  White  coat- 
ing. Finishing  plain  walls.  Simple 
ornamental  work.  Laying  out  and  run- 
ning work  in  place.  Advanced  orna- 
mental work.    Making  coatings,  etc. 

Related  Work:  Drawing,  plain  read- 
ing. Mathematics,  Estimating,  Busi- 
ness practice.  Specifications.  Lec- 
tures on  materials.  History  of  the 
trade.  General  Building  Construction. 
Civics.     English.    Hygiene. 


Draftsmen  Wanted  for  U.  S.  Light 
House  Service. — The  U.  S.  Civil  Serv- 
ice Commission,  Washington,  D.  C, 
announces  an  open  competitive  exam- 
ination for  draftsman,  architectural 
steel.  The  examination  is  to  fill  va- 
cancies in  the  Lighthouse  Service,  at 
Detroit,  Mich.,  and  Milwaukee,  Wis., 
at  an  entrance  salary  of  $1,800  a  year, 
plus  the  increase  granted  by  Congress 
of  $20  a  month,  and  vacancies  in  po- 
sitions requiring  similar  qualifications. 
The  receipt  of  applications  will  close 
on  June  12. 


Statement    of    the    Ownership,    Manage- 
ment,  Circulation,    Etc.,    Required    by 
the  Act  of  Congress  of  Aug.  24,  1912, 

of  Buildings  Monthly  issue  of  Engineer- 
ing &  Contracting,  published  monthly  at 
Chicago,  111.,  for  April  1,  1923. 

State  of  Illinois,  County  of  Cook,  ss. — 
Before  me,  a  notary  public  in  and  for 
the  state  and  county  aforesaid,  personally 
appeared  Halbert  P.  Gillette,  who,  having 
been  duly  sworn  according  to  law,  de- 
poses and  says  that  he  is  the  editor  of 
the  Buildings  Monthly  issue  of  Engineer- 
ing &  Contracting,  and  that  the  following 
is,  to  the  best  of  his  knowledge  and  be- 
lief, a  true  statement  of  the  ownership, 
management  (and  if  a  daily  paper,  the 
circulation),  etc.,  of  the  aforesaid  publi- 
cation for  the  date  shown  in  the  above 
caption,  required  by  the  Act  of  August 
24,  1912,  embodied  in  section  443,  Postal 
Laws  and  Regulations,  printed  on  the  re- 
verse of  this  form,  to-wit: 

1.  That  the  names  and  addresses  of  the 
publisher,  editor,  managing  editor  and 
business  managers  are: 

Publisher— Engineering  &  Contracting 
Publishing  Co.,  9  S.  Clinton  St.,  Chicago, 
111. 

Editor— Halbert  P.  Gillette,  9  S.  Clinton 
St.,  Chicago,  111. 

Managing  Editor— Halbert  P.  Gillette, 
9  S.  Clinton  St.,  Chicago,  111. 

Business  Manager — Lewis  S.  Louer,  9 
S.   Clinton  St.,   Chicago,   111. 

2.  That  the  owners  are:  (Give  names 
and  addresses  of  individual  owners,  or,  if 
a  corporation,  give  its  name  and  the 
names  and  addresses  of  stockholders 
owning  or  holding  1  per  cent  or  more  of 
the  total  amount  of  stock.) — Halbert  P. 
Gillette,  9  S.  Clinton  St.,  Chicago,  111.; 
Lewis  S.  Louer,  9  S.  Clinton  St.,  Chicago, 
111.;  R.  E.  Brown,  507  Fifth  Ave.,  New 
York  City. 

3.  That  the  known  bondholders,  mort- 
gagees and  other  security  holders  owning 
or  holding  1  per  cent  or  more  of  total 
amount  of  bonds,  mortgages  or  other  se- 
curities are:  (If  there  are  none,  so  state.) 
— There  are  none. 

4.  That  the  two  paragraphs  next  above, 
giving  the  names  of  the  owners,  stock- 
holders and  security  holders,  if  any,  con- 
tain not  only  the  list  of  stockholders  and 
security  holders  as  they  appear  upon  the 
books  of  the  company  but  also,  in  cases 
where  the  stockholder  or  security  holder 
appears  upon  the  books  of  the  company 
as  trustee  or  in  any  other  fiduciary  rela- 
tion, the  name  of  the  person  or  corpora- 
tion for  whom  such  trustee  is  acting,  is 
given;  also  that  the  said  two  paragraphs 
contain  statements  embracing  affiant's 
full  knowledge  and  belief  as  to  the  cir- 
cumstances and  conditions  under  which 
stockholders  and  security  holders  who  do 
not  appear  upon  the  books  of  the  com- 
pany as  trustees,  hold  stock  and  securi- 
ties in  a  capacity  other  than  that  of  a 
bona  fide  owner;  and  this  affiant  has  no 
reason  to  believe  that  any  other  person, 
association  or  corporation  has  any  inter- 
est direct  or  indirect  in  the  said  stock, 
bonds  or  other  securities  than  as  so 
stated  by  him. 

H.  P.  GILLETTE,  Editor. 
Sworn  to  and  subscribed  before  me  this 
11th  day  of  April,  1923. 

(Seal.)  KITTIE  C.  WOULFE. 

(My  commission  expires  Feb.  9,  1926.) 
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Our  New  Construction  Equipment  Issue 


Back  in  1918  Engineering  and  Con- 
tracting put  into  effect  an  innovation 
in  technical  journalism.  It  began  the 
practice  of  devoting  one  entire  issue 
to  descriptions  of  new  construction 
and  engineering  equipment  and  mate- 
rial. The  first  of  these  issues  ap- 
peared on  January  30,  1918,  the 
second  on  January  29,  1919,  and  the 
third  on  December  29,  1920.  Another 
policy  was  followed  in  1921  and  1922 
and  no  New  Equipment  Issues  were 
published  in  those  years. 

We  have  received  many  requests 
that  these  issues  be  continued.  As  a 
result  of  these  requests  and  taking 
into  consideration  the  many  recent 
advances  made  in  construction  equip- 
ment, it  now  seems  desirable  to  re- 
sume the  publication  of  the  New 
Equipment  Issues.  Accordingly,  this 
issue  is  given  up  entirely  to  descrip- 
tions of  new,  or  improvements  in  old 
machinery  and  equipment  and  mate- 
rials in  the  contracting  and  civil  en- 
gineering fields  brought  out  during 
the  past  year. 


The  issue  forms  a  review  of  recent 
progress  and  therefore  should  prove 
not  only  full  of  suggestions  to  most 
of  our  readers,  but  may  well  be  kept 
as  a  reference  catalog  of  the  latest 
enginering  equipment. 

Some  of  the  things  described  in 
this  issue  have  been  described  in  our 
columns  during  the  year,  but  to  these 
have  been  added  many  other  de- 
scriptions, so  that  the  whole  forms 
a  comprehensive  compendium  of  labor 
saving  devices.  The  advertising  pages 
also  will  be  found  instructive,  cover- 
ing as  they  do,  a  wide  range  of  prod- 
ucts of  the  latest  designs. 

In  these  pages — advertising  as  well 
as  editorial — are  brought  together 
many  machines  and  products  designed 
by  the  cleverest  of  engineers  and  in- 
ventors. America  leads  the  world 
in  the  manufacture  of  machines  for 
reducing  the  cost  of  construction. 
This  fact,  we  believe,  is  impressively 
demonstrated  in  the  pages  of  this 
issue. 
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Recent  Developments  in  Construction 
and  Engineering  Equipment 


New  Builders'  Hoist  with  Revers- 
ing Elevator  Sheave 

A  new  builders'  hoist  with  gasoline 
engine  drive  through  a  silent  belt 
chain,  and  with  reversible  elevator 
sheave  completely  independent  of  the 
drums,  has  been  placed  on  the  market 
by  the  Clyde  Iron  Works  Sales  Co., 
Duluth,  Minn.  The  hoist  is  built  with 
either  one  or  two  drums  and  an  inde- 
pendent clutch  elevator  sheave  which 
permits  double  cage  operation,  and  in 
addition,  leaves  the  friction  drum  free 
for  hoisting  forms,  reinforcing,  etc. 
One  exclusive  advantage  claimed  for 
this  hoist  is  that  while  the  driving 
gear  of  the  friction  drum  is  non-re- 
versible,    the     elevator     sheave,     by 


their  Imperial  Toncan  metal  culverts, 
it  is  stated  to  give  added  strength,  a 
longer  period  of  usefulness,  a  nicely 


New    Clyde    Builders'    Hoist. 

means  of  two  seperate  clutches,  is 
able  to  reverse  at  will,  absolutely  in- 
dependently. Patents  covering  this 
feature  have  been  applied  for.  Motive 
power  is  supplied  by  a  4-cylinder 
gasoline  engine. 


Reinforcement  of  Culvert  End. 

finished  appearance  as  well  as  elimi- 
nating the  chances  for  injury  to  the 
person  doing  the  work  of  installation. 


New  Semi-Trailers  for  Use  with 
Fordson 

A  semi-trailer  designed  especially 
for  use  with  the  Fordson  tractor  has 
been  brought  out  by  The  Trailmobile 
Co.,  Cincinnati,  0.  With  this  trailer 
there  is  no  alteration  in  the  standard 
Fordson,  or  in  the  method  of  taking 
the  draft.  The  entire  outfit  is  com- 
pact, and  can  be  easily  turned  and 
backed  by  one  man.  The  draft  is  in  a 
horizontal  line  from  the  regular  draw- 
bar cap.  There  is  no  weight  on  the 
drawbar  cap  because,  while  30  per 
cent  of  the  load  rests  on  the  Fordson, 


Reinforced  End  for  Culverts 

A  vehicle  is  sometimes  accidentally 
or  of  necessity  driven  so  near  the 
edge  of  the  road  that  it  slips  over  the 
bank.  If  this  happens  where  there  is 
a  corrugated  culvert  installation,  the 
result  may  be  a  damaged  culvert  end. 
An  improvement  intended  to  prevent 
such  damage  has  been  devised  by  The 
Canton  Culvert  &  Silo  Co.  of  Canton, 
0.  It  consists  of  folding  back  the 
metal  21/£  in.  on  each  end,  and  then 
rolling  this  double  end  into  a  substan- 
tial %-in.  bead.  When  this  double 
rolled    reinforced    end    is    applied    on 

(2) 


5-Ton  Dump  Model  Trailmobile. 

it  is  distributed  by  a  special  bridge 
directly  to  the  rear  Fordson  hubs. 
This  improves  the  traction,  but  puts 
no  weight  on  the  worm-gear  housing. 
The  trailmobile  can  quickly  be  coupled 
and  uncoupled.  A  good  hand  brake  on 
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the  Trailmobile,  operated  from  the 
driver's  seat,  is  part  of  the  regular 
equipment.  Seven  models  of  this 
Trailmobile  are  made,  consisting  of 
four  flat  body  types,  two  dump  body 
types,  and  one  special  lumber  dump 
type.  The  two  dump  models,  are  of 
5  and  2%  ton  capacities  respectively. 
The  5-ton  dump  model  makes  use  of 
the  force  of  gravity  in  dumping  its 
load.  The  2^ -ton  dump  model  is 
mounted  with  a  spur  geared  hand- 
hoist  dump  body,  such  as  is  used  on 
many  one-ton  trucks.  The  spur  gears 
control  a  dual  cable  lift.  The  return 
of  the  body  to  running  position  is  con- 
trolled by  a  hand  brake  on  the  hoist. 


A  Gasoline  Hammer  Drill 

A  gasoline  impact  drill  of  the  air 
hammer  type  has  been  brought  out  by 
the   Pennsylvania  Gasoline  Drill   Co., 


Somervell  Gasoline   Hammer  Drill. 

Land  Title  Bldg.,  Philadelphia,  Pa., 
The  mechanical  principle  of  this  gaso- 
line hammer  drill  is  stated  to  com- 
bine the  action  of  an  air  hammer  and 
a  gasoline  engine  in  such  manner  the 
drilling  unit  has  but  two  moving 
parts,  the  hammer  piston  and  the  fly 
wheel  assembly.  No  crank  shaft  or 
connecting  rod  is  employed  and  there 
is  no  spring  or  other  yielding  member 
used  in  the  internal  construction.  No 
inlet  or  exhaust  valves  or  cam  shafts 
are  used,  as  the  air  and  gas  passages 
are  fixed  ports,  cut  through  the  solid 


steel  of  the  cylinder.  The  down  or 
power  strokes  of  the  hammer  piston 
are  stated  to  be  made  with  approx- 
imately 900  lbs.  of  gasoline  explosive 
force  thrusting  it  forward  to  hit  the 
drill  bit.  The  fly  wheel  is  employed 
only  to  return  the  hammer  piston  on 
the  upward  or  compression  strokes. 
Approximately  1800  impacts  are 
claimed  to  be  struck  each  minute.  For 
carburetion,  a  gasoline  mixing  valve 
is  used  which  permits  the  drill  to  be 
worked  at  any  angle.  While  the  drill 
continues  to  run  at  full  speed,  the 
operator,  it  is  stated,  can  shift  it  from 
one  position  to  another  and  to  any  de- 
sired angle  without  affecting  its  oper- 
ation. To  start  the  drill,  the  operator 
gives  the  rim  of  the  fly  wheel  a  pull 
by  hand.  Lubrication  is  by  means  of 
scoops,  fixed  to  the  hub  of  the  fly 
wheel,  which  in  turn,  runs  in  a  reser- 
voir of  oil.  A  4  or  6  dry  cell  battery 
is  used  for  ignition. 


A  New  Mast  Hoist  Concrete 
Placing  Plant 

Following  its  initial  development 
work  along  the  lines  of  bringing  out 
equipment  which  could  be  used  on  the 
so-called  smaller  concrete  job  to  ad- 
vantage,   the    Insley    Manufacturing 


New  Insley  Mast  Hoist  Bucket  Equipment. 

Co.,  Indianapolis,  Ind.,  has  now  per- 
fected an  all-steel  plant  of  the  mast 
hoist  type.     The  new  plant  involves 
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the  use  of  a  steel  mast  made  in  20  ft. 
sections  and  of  sufficient  strength  to 
permit  of  the  supporting  directly  from 
the  mast  of  a  30  ft.  boom  hinge  chute 
as  well  as  the  head  section  of  a  second 
30  ft.  swivel  head  section.  This  pro- 
vides a  free  pouring  radius  of  self- 
supported  chuting  of  60  ft.  with  cor- 
responding economies  of  operation  as 
compared  with  the  equipment  where 
all  chutes  have  to  be  supported  on 
tripods.  The  bracket  which  takes  the 
thrust  of  the  boom  hinge  chute  and 
the  bracket  which  provides  for  the 
bridle  line  connection  are  tied  to- 
gether, the  entire  assembly  sliding  on 
the  front  face  of  the  mast  so  that 
there  is  the  same  ease  in  shifting 
from  one  vertical  pouring  position  to 
another  that  is  to  be  found  with  the 
Insley  steel  tower  quick  shift  equip- 
ment. An  important  accessory  that 
goes  with  the  plant  is  a  steel  gin  pole 
used  for  erection  purposes;  this  gin 
pole  footing  on  the  bridle  bracket  con- 
nection and  sliding  on  the  face  of  the 
mast  as  the  work  progresses  in 
height,  is  a  device  which  makes  it  pos- 
sible to  erect  a  100  ft.  plant  within 
one  or  two  days.  The  steel  mast  has 
the  additional  advantage  of  providing 
for  ready  shifting  from  one  job  to  an- 
other owing  to  the  convenient  lengths 
of  the  sections  and  has  the  same 
permanent  characteristics  that  are  to 
be  found  in  steel  tower  equipment. 


New  21  -E  Paver 

In  designing  its  new  21-E  paver  the 
Ransome  Concrete  Machinery  Co., 
Dunellen,  N.  J.,  has  taken  into  con- 
sideration the  fact  that  the  gears  that 
once  could  take  all  the  power  that  any 


is  built  to  really  develop  its  full  rated 
horsepower.  All  transmission  parts 
are  at  least  three  times  as  strong  as 
when  steam  was  the  only  power  avail- 
able. As  an  indication  of  how  siz- 
able transmission  gears,  shafting,  etc. 
are  built,  the  main  traction  shaft  driv- 
ing the  crawlers  has  a  diameter  of 
5%  in.  Other  parts  are  built  to  cor- 
respond and  some  parts  in  the  crawler 
gear  in  fact  are  stated  to  be  eight 
times  as  strong  as  the  gearing  needed 
when  steam  engines  were  the  only 
power  units  used  on  pavers. 


Ransome  7-S  Building  Mixer 

A  number  of  improvements  in  its 
7-S  Building  Mixer  are  announced 
by  the  Ransome  Concrete  Ma- 
chinery Co.,  Dunellen,  N.  J.  The 
individual  parts  of  this  machine  have 
been  made  unusually  strong  for  a 
mixer  of  this  size,  as  is  indicated  by 
the  following  figures:  3^ -in.  tank 
plate  used  in  the  all  steel  drum;  main 


Ransome  21-E  Paver. 

steam  engine  practical  for  paver  use 
could  give  them,  are  not  able  to  han- 
dle the  40  h.p.  developed  by  the 
modern  gasoline  engine  used  on  the 
Ransome  21-E.  Throughout,  this  paver 
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Ransome   7-S   Building   Mixer. 

rollers  12-in.  in  diameter  by  2% -in. 
face  with  8-in.  hub;  roller  shafts  and 
counter  shafts  lil-in.  in  diameter; 
traction  rings  2%xl:!4-in.  genuine  lo- 
comotive steel  tires,  forged,  rolled  and 
turned;  extra  heavy  gear  ring  2^ -in. 
face  by  l^-in.  pitch.  Fast  mix  and 
clean  quick  discharge  is  stated  to  be 
assured  by  the  patented  Ransome 
mixing  action.  (R.P.M.  of  drum,  22). 
There  is  a  choice  of  gasoline  engines 
between  Novo,  Fuller  &  Johnson  and 
2-cylinder  Le  Roi.  The  power  loader 
hoist  clutch  is  unusually  large  for  a 
7-S  mixer.  It  is  of  the  contact  band 
type  giving  more  than  ample  friction 
surface.  The  7-S  is  built  exactly  along 
the  lines  of  the  larger  14-S,  21-S  and 
28-S  Ransome  standard  building  mix- 
ers. 
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New  P.  &  H.  Gasoline  Operated  Shovel. 


A  New  Gasoline  or  Electric 
Operated  Shovel 

A  1-yd.  capacity  shovel,  operated 
either  by  gas  or  electricity,  has  been 
brought  out  by  the  Pawling  &  Har- 
nischfeger  Company  of  Milwaukee, 
Wis.  The  new  machine  is  very  sim- 
ilar in  design  to  the  P.  &  H.  V2  and 
%  yd.  machines.  Being  driven  by 
gasoline  or  electric  motor  the  machine 
is  operated  by  one  man,  no  fireman 
being  required.  The  crowding  motion 
of  the  1-yd.  shovel  is  of  the  standard 
P.  &  H.  design.  A  manganese  rack 
on  the  dipper  stick  is  driven  by  a 
heavy  thimble  roller  chain  from  a  set 
of  planetary  gears.  These  gears  are 
mounted  on  the  forward  drum  of  the 
machine.  This  gives  a  positive  crowd- 
ing motion  regardless  of  the  position 
of  the  dipper  and  enables  the  operator 
to  bite  into  the  heaviest  digging.  The 
machine  is  designed  to  come  within 
standard  railway  clearances  with  only 
a  minimum  amount  of  dismantling. 
The  shovel  is  mounted  on  the  well 
known  P.  &  H.  corduroy  traction.  The 
traction  is  very  rugged,  being  built 

(5) 


entirely  of  steel  and  is  non-cloggable 
even  in  the  heaviest  going.  In  addi- 
tion to  being  used  for  a  shovel,  by  a 
simple  change  of  booms,  this  machine 
is  used  with  dragline,  clam-shell,  pile- 
driver,  crane  hook,  etc. 


Portable  Magneto  Type  Electric 
Plant  for  Contractors 

To  serve  the  needs  of  those  whose 
requirements  call  for  a  powerful  elec- 
tric plant  that  can  be  easily  trans- 
ported from  one  place  to  another,  the 
Western  Electric  Co.,  Chicago,  111.,  has 
designed  and  built  a  magneto  type 
power  and  light  set.  This  magneto 
type  set  is  claimed  to  be  particularly 
suitable  for  lighting  road  building 
operations,  building  construction, 
dredges,  operating  telephone  battery 
charging  sets  and  for  use  in  any  place 
where  a  constant  load  is  needed.  The 
generator  is  built  up  on  the  engine 
crankshaft  thus  eliminating  belt  or 
coupling.  The  high  tension  magneto 
with  an  impulse  starter  coupling  con- 
nects to  the  end  of  the  cam  shaft. 
The    generator    is    compound    wound 
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and  a  field  rheostat  is  provided  to 
regulate  the  generator  voltage.  The 
impulse  starter  on  magneto  provides  a 
good  spark  at  cranking  speed  and  the 
engine  being  primed  with  gasoline  is 


New  Magneto  Type  15  D.C.  Electric  Power  and 
Light  Set. 

easily  started.  It  is  stopped  by  press- 
ing button  at  the  end  of  the  magneto 
breaker.  The  set  runs  on  kerosene. 
The  plant  can  be  readily  taken  down 
with  the  small  wrenches  furnished  as 
part  of  the  tool  equipment.  The  en- 
gine and  generator  on  one  base  with 
control  panel  measure  overall  35% -in. 
long,  24-in.  wide,  37% -in.  high.  The 
gross  weight  is  700  lbs.  The  specifi- 
cations of  the  set  are:  Engine,  4  cycle, 
bore  3V2,  stroke  4%,  R.P.M.  1000, 
H.P.  2*4,  throttle  governor,  air- 
cooled,  burns  kerosene  or  gasoline; 
Magneto,  Dixie  high  tension;  Gener- 
ator, 32  volts,  1250  watts,  compound 
wound,  4  pole,  laminated  field,  com- 
plete with  control  panel  and  pulley. 


New  Underbody  Hand  Hoist  for 
1-Ton  Trucks 

A  new  underbody  hand  hoist  for  use 
on  1-ton  trucks  has  been  developed  by 
The  Heil  Co.,  Milwaukee,  Wis.  The 
steel  dump  body  shown  in  the  picture, 
mounted  on  an  Avery,  is  a  Heil  stand- 
ardized unit  combined  with  the  under- 
neath hand  hoist.  It  has  a  gravel 
capacity  of  IY2  yards.    The  length  of 


the  body  is  7  ft.  It  is  slightly  tapered, 
being  3  ft.  11%  in.  at  the  front  and 
4  ft.  IV2  in.  at  the  rear.  The  height 
of  the  lower  sides  is  12  in.  with  a 
capacity  of  28  cu.  ft.;  the  height  of 
the  upper  sides  is  18-in.  with  a  result- 
ing capacity  of  42  cu.  ft.  The  double 
acting  tail  gate  may  be  fitted  with  a 
gravel  spreading-device.  The  under- 
the-body  hand  hoist  requires  but  30 
lb.  pressure  on  the  hoist  crank  handle 
to  lift  a  load  of  1%  tons.  The  hoist 
itself  consists  of  a  single  arrange- 
ment of  driving  gears  attached  to 
gear  segments  to  which  are  attached 
lifting  arms  with  rollers  traveling  in 
T  iron  rails  firmly  bolted  to  the  bot- 
tom of  the  body.  The  hoist  can  be 
locked  in  any  position  of  its  45  de- 
gree dumping  angle.    Both  steel  dump 


Heil   Hand   Dump    for    1-Ton   Truck. 


body  and  hand  hoist  are  manufactured 
on  a  standardized  plan  in  the  great 
volume  by  The  Heil  Co.  This  unit  can 
be  mounted  on  practically  any  make 
1-ton  truck.  There  is  special  equip- 
ment for  the  Ford  truck. 


Portable  Air  Compressor 

The  illustration  shows  a  100  cu.  ft. 
direct  current  portable  air  compressor 
equipment  complete.  This  compresor 
is  one  of  a  complete  line  of  air  com- 
pressors developed  by  the  Allis-Chal- 
mers  Mfg.  Co.,  Milwaukee,  Wis.  At 
the  present  time  these  compressors 
can  be  furnished  in  capacities  from  11 
cu.  ft.  to  150  cu.  ft.  of  free  air  per 
minute  piston  displacement.  They  are 
built  either  for  alternating  current  or 
direct   current    electric   drive   or   for 
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gasoline  engine  drive  as  desired.  They 
are  furnished  either  air  cooled  for  in- 
termittent service  or  water  jacketed 
for  continuous  service.  In  addition  to 
the  portable  equipment  illustrated, 
complete  stationary  equipments  as 
well  as  portable  equipments  for  mine 
service  are  furnished.  These  com- 
pressors are  all  self-contained  and  are 
designed  and  built  to  meet  the  de- 
mand for  high  grade  dependable 
equipment  of  this  character.  The 
control  is  automatic  and  the  lubrica- 
tion system  such  that  it  is  only  neces- 
sary to  maintain  a  supply  of  oil  in  the 
crank  case  of  the  compressor  and  in 
the  ring  oiled  motor  bearings.  The 
gears    are    of   the   herringbone   type, 


100  Cu.  Ft.  D.C.  Allis-Chalmer  Air  Compressor. 

mounted  on  the  inside  of  the  crank 
case,  and  run  in  a  bath  of  oil.  All 
parts  of  the  compressors  are  manu- 
factured on  the  interchangeable  plan 
and  a  complete  supply  of  repair  parts 
is  maintained  in  stock  by  the  manu- 
facturers at  all  times. 


supply  fails  as  is  often  the  case  due 
to  electric  storms  or  breakdown  at  the 
power  house  due  to  other  causes.  The 
sets  are  complete  with  all  accessories 


70   K.W.    Power   Plant. 

and  are  ready  for  operation  upon  the 
addition  of  gasoline,  oil  and  cooling 
water  same  as  an  autombile.  The 
larger  sizes  are  regularly  supplied 
with  electric  starters.  Upon  pressing 
the  starter  button  an  adequate  supply 
of  electric  current  is  instantly  avail- 
able.  , 

Power  Shovel  for  Mucking  in 
Small  Tunnels 

A  power  sholvel  designed  especially 
for  mucking  in  small  tunnels  has 
been  brought  out  by  the  Myers- 
Whaley  Co.,  Knoxville,  Tenn.  The 
shovel  is  36-in.  wide  and  can  be  used 
in  tunnels  as  small  as  5% -ft.  by  5%- 
ft.    It  cleans  up  space  7-ft.  wide  from 


Portable  Gasoline  Driven  Electric 
Power  Plant  for  Contractors 

During  the  war  Allis-Chalmers  Mfg. 
Co.,  Milwaukee,  Wis.,  furnished  a 
large  number  of  gasoline  driven  elec- 
tric power  plants  to  the  government. 
The  uniform  reliability  and  success  of 
those  units  under  exacting  service 
proved  their  utility  and  they  were 
placed  on  the  market  as  a  regular 
product.  The  line  has  now  been  ex- 
tended and  these  sets  are  now  fur- 
nished in  the  following  sizes:  5 
K.W.  to  125  K.W.  direct  current.  125 
to  250  volts.  50  to  125  K.W.  3  phase, 
60  cycles  in  240,  480,  600  or  2300 
volts.  The  illustration  shows  a  70 
K.W.  3  phase,  60  cycle,  240  volt  set 
complete.  These  sets  are  also  very 
useful  for  stand  by  service  in  indus- 
trial plants  when  the  regular  power 
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Shovel  Raised  and  Discharging  Its  Load   Onto 
Armored    Belt    Conveyor. 

one  track.  The  machine  is  stated  to 
have  thrusting  force  of  1,500-lb.  and 
to  be  capable  of  handling  15  shovels 
full  per  minute.  In  a  drift  tunnel 
6x6-ft.  the  machine  is  stated  to  have 
loaded  3-ton  cars  in  4  to  5  minutes 
each.  The  machine  is  operated  by  one 
man.  The  power  is  obtained  from  a 
12-H.P.  M-W  Co.  compressed  air  en- 
gine or  10-IjI.P.  electric  motor.  The 
principal  dimensions  are:  Length,  18 
ft.  over  all;  height,  5-ft.  over  all; 
width,  3-ft.  9-in.  over  all;  wheel  base, 
31% -in. 
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An  Improved  Hook  Gage 

Based  on  their  experience  in  observ- 
ing the  use  of  the  Gurley  hook  gage, 
W.  &  L.  E.  Gurley  of  Troy,  New  York, 
have  devised  certain  refinements 
which,  while  they  do  not  change  the 
general  operating  function  of  their 
hook  gage,  do  make  it  far  more  con- 
venient for  the  user.  The  new  Gurley 


(weighing  2100  lb.);  1  cu.  yc 
(weighing  2650  lb.).  While  the  ne^ 
bucket  is  designed  especially  for  ligl 
weight  and  speedy  operation,  it  hi 
ample  strength  as  long  as  it  is  us< 
for  material  handling,  such  as  the  ui 
loading  of  sand  and  gravel,  crushed 
stone,  coal,  etc.  When  used  on  this 
class  of  work,  the  "special  handling" 


Gurley  Improved  Hook  Gage. 


hook  gage  is  graduated  on  a  square 
tube.  The  change  from  the  usual 
round  tube  overcomes  the  possibility 
of  its  turning  in  the  bracket,  a  hap- 
pening which  often  turned  the  gradu- 
ated side  of  a  round  tube  out  of  line 
with  the  vernier.  At  the  same  time, 
the  new  construction  brings  the  read- 
ing face  flush  with  the  vernier  so  that 
there  is  no  shadow  to  handicap  an  ac- 
curate observation.  The  clamp  nuts 
have  been  changed  slightly  to  give  a 
little  extra  clearance  between  the 
knurled  heads  and  the  wall  on  which 
the  gage  is  mounted.  In  addition,  the 
clamps  have  been  made  larger  and 
more  positive,  as  well  as  easier  to  get 
at.  The  adjusting  screw  has  been 
brought  over  into  line  with  the  gradu- 
ated scale  of  the  gage  so  that  its  ver- 
tical movement  can  be  accomplished 
more  easily  and  a  fine  setting  arrived 
at  with  a  minimum  of  effort.  The 
hook  and  its  rod  are  still  of  a  round 
section  and  so  arranged  that  the  rod 
can  be  extended  as  necessary  to  get 
the  right  height  and  rotated  so  that 
the  tip  of  the  hook  breaks  the  surface 
where  light  reflection  is  the  best. 


Clamshell    Material    Handling 
Bucket  of  Light  Weight  Design 

A  special  light  weight  clamshell 
bucket  designed  particularly  for  han- 
dling road  materials  has  been  placed 
on  the  market  by  the  G.  H.  Williams 
Co.,  Erie,  Pa.  The  new  bucket  is  car- 
ried in  stock  in  three  sizes :  V2  cu.  yd. 
(weighing     1875     lb.);     %     cu.    yd. 


bucket  carries  the  regular  Williams' 
guarantee,  all  parts  being  guaranteed 
against  breakage  as  long  as  the  bucket 
is  used  for  the  purpose  intended.  The 
bucket  is  built  entirely  of  steel,  in- 
cluding the  sheaves.  Ample  power  for 


Williams  Special  Handling  Bucket. 

speedy  material  handling  is  obtained 
by  use  of  a  4-part  closing  line.  The 
cable  overhaul  is  cut  down  by  the  tan- 
dem arrangement  of  the  sheaves  on 
the  power  arm,  further  speeding  up 
the  operation. 
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Water  Column  Illuminator 

A  device  that  makes  the  water  level 
in  a  water  column  distinctly  visible 
from  all  parts  of  the  operating  aisle 
is  illustrated.  The  illuminator  de- 
pends, for  its  value,  upon  the  follow- 
ing features:  the  illumination  of  the 
gauge  glass  by  two  direct  light 
sources;  the  total  reflection  of  the 
directed  light  beam  by  the  meniscus 


.ft 
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Installation  of  Illuminator  in  New  England 
Power  Station. 

at  the  water  level.  The  unit,  consists 
of  an  aluminum  bracket,  steel  yoke, 
two  adjustable  steel  arms  and  two 
aluminum  lamp  housings.  The  lens 
used  is  of  special  heat-treated  glass, 
having  a  very  low  expansion  co- 
efficient. The  illuminator  is  made  by 
The  National  Co.,  Cambridge  Station 
39,  Boston,  Mass. 


New  Road  Form 

Strength  and  rigidity  due  to  greater 
thickness  of  steel  and  additional 
flanges  are  important  features  claimed 
for  the  new  steel  road  form  brought 
out  by  Heltzel  Steel  Form  &  Iron  Co., 


Warren,  0.  The  company  has  de- 
signed special  machinery  which  has 
made  possible  the  forming  of  *k-in. 
thick  open  hearth  steel,  not  only  in 


Heltzel    Improved 


'Armor   Plate' 
Form. 


Steel    Road 


the  shape  of  the  channel  form  form- 
erly used,  but  double  depending 
flanges  have  also  been  added.  The 
form  is  made  with  a  6-in.  base.  The 
pedestal  is  also  of  heavy  steel  con- 
struction, with  a  broad  bearing  sur- 
face throughout  and  a  deep  pressed 
rib  in  the  upright,  which  rigidly  rein- 
forces this  construction.  There  are 
no  bolts  or  rivets  in  the  forms,  the 
ends  simply  butting  together  in  a 
snug  joint.  In  staking,  a  flat  iron 
stake  is  fitted  into  a  slot  in  the  base 
of  the  pedestal,  and  can  be  driven  at 
any  angle  without  pulling  the  road 
rail  out  of  line.  There  are  no  keys, 
wedges,  clamps  or  other  small  parts 
of  any  kind  in  connection  with  the 
forms,  and  no  righthand  or  lefthand 
forms  to  cause  delay. 


Tractor  Trailers  and  Slow  Speed 
Trailers 

A  trailer  designed  especially  for 
use  in  connection  with  light  tractors 
has  been  placed  on  the  market  by  the 
Miami  Trailer  Co.,  Troy,  O.  The  body 
of  the  2^ -ton,  2-yd.  all-steel  trailer  is 
constructed  of  10  G.  material  hot  riv- 
eted throughout.  The  load  is  dumped 
by  means  of  a  large  rear  door  hinged 
at  the  top  and  controlled  by  a  chain 
extending  completely  around  the  bot- 
tom of  the  door  and  revolving  on  two 
drums  at  the  front  of  the  trailer. 
These  drums  are  controlled  by  two 
levers — one  to  dump  the  load,  the 
other  to  rewind  the  door.  The  frame 
is  of  generous  oversize  and  hot  riv- 
eted throughout.    The  springs  are  of 
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best  quality  spring  steel  equipped 
with  bronze  bushings  and  case 
hardened  and  ground  shackle  bolts. 
The  axle  is  2^ -in.  square,  5%  nickel 
steel,  heat  treated,  equipped  with  Tim- 
ken  taper  roller  bearings.  The  wheels 
are  34x5  wooden  artillery  on  which  are 
34x5  solid  rubber  tires.  As  optional 
equipment  8x%-in.  steel  tires  for  haul- 
ing over  soft  places  or  unimproved 
roads  can  be  furnished.  The  load 
can  be  spread  evenly  over  the  ground 
to  any  desired  depth  or  dumped  all  in 
one  spot  as  required  by  the  operator. 
A  stake  platform  of  body  can  also  be 
furnished  on  the  same  chassis — the 
platform  is  5x10  ft.  with  removable 
sides   and   ends   to  facilitate   loading 


standard  loading  bins  or  elevating 
graders.  A  spreading  attachment  is 
easily  installed  on  any  MR-3  dump 
trailer;  only  one  spreader  is  required 
for  the  entire  train.  The  load  can  be 
spread  evenly  over  the  road  to  the  de- 
sired depth  by  a  simple  adjustment. 
The  MR3-H  trailer  is  of  the  same 
chassis  construction,  but  is  mounted 
with  a  stake  platform  type  body, 
either  12,  14  or  16-ft.  long. 


Finishing  Machine  for  Concrete 
Roads 

A  tamping  and  finishing  machine 
unique  in  regard  to  the  fact  that 
should  engine  trouble  develop,  hand 
power  takes  the  place  of  the  motor, 
and  the  work  goes  on  undisturbed 
while  the  mechanic  makes  the  needed 
repair  has  been  recently  perfected  by 
The  Heltzel  Steel  Form  &  Iron  Co., 
Warren,  O.  The  machine  has  a  com- 
bination of  controls  to  cover  every  de- 
sirable finishing  requirement:  The 
strike-off,  tamp  and  belt  can,  any  one 


Miami  Trailer  Attached  to  Light  Tractor. 

and  unloading.  This  body  is  inter- 
changeable with  the  2-yd.  dump  body. 
The  chassis  only  can  be  furnished. 

The  above  company  also  has 
brought  out  "slow  speed"  trailers  de- 
signed for  any  type  of  hauling.  The 
two  models  for  use  in  road  building 
are  known  as  the  MR-3  and  MR3-H. 
The  first  is  of  5-ton  capacity  on  which 
is  mounted  an  all  steel  dump  body, 
capable  of  hauling  3  cu.  yds.  water 
level  or  4  cu.  yds.  rounded  load.  These 
trailers  are  used  in  trains  of  from  two 
to  six  according  to  road  conditions 
and  according  to  the  draw  bar  pull  or 
size  of  the  tractor.  The  loading 
height  is  only  60-in. — this  enabling 
the    contractor    to    use    them    under 
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Heltzel  Finishing  Machine. 

of  them,  be  operated  independently  of 
the  other  two,  or  any  two  of  them  can 
be  operated  independently  of  the  third 
member.  Or  in  case  of  hand  opera- 
tion, the  tamp  may  be  raised  one  side 
at  a  time  and  dropped  just  as  in  the 
old  hand  method,  thereby  requiring 
just  one-half  the  usual  power.  Pass 
ing  over  the  concrete  just  once,  the 
finisher  is  stated  to  turn  out  a  com- 
plete smooth  finished  job,  true  to  lin 
and  grade,  with  the  concrete  we 
packed.  This  is  due  largely  to  the 
kneeding  and  packing  action  of  the 
strike-off  and  to  the  fact  that  the 
tamp  never  hits  the  forms  when  in 
operation. 
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New  Tractor  Road   Grader  and 
Maintainer 

A  tractor  road  grader  and  main- 
tainer put  on  the  market  during  the 
past  year  by  the  Caswell  Manufactur- 
ing Co.,  Cherokee,  la.,  is  illustrated. 
The  machine  is  made  in  two  types,  one 
having  steel  wheels,  and  the  other 
solid  tired  wheels.  The  frame  is  de- 
signed and  built  so  that  the  flexibility 
of  the  frame  is  reduced  to  a  minimum 


roller,  tied  together  with  heavy  angle 
iron  sections  securely  riveted  in  place. 
The  rear  axle  and  cross  shaft  hous- 
ings are  machined  at  the  ends  to 
exactly  fit  between  the  boiler  plate 
sides  and  are  bolted  in  to  add  further 
rigidity  to  the  frame.  The  power 
plant  is  a  Huber  Midwest  4-cylinder 
engine  developing  practically  45-hp. 
This  power  is  transmitted  in  a  steady 
flow  through  machine-cut  steel  gears 
running  on  Hyatt  and  Timken  roller 


Caswell   Road   Grader   and  Maintainer. 


and  when  the  blade  strikes  a  high 
point  it  does  not  spring  the  frame  and 
ride  over  it.  The  steering  control  is 
quickly  attached  to  and  detached  from 
the  tractor,  gives  positive  and  com- 
plete control  of  the  steering  post, 
throttle,  gear-shift  and  clutch  at  all 
times.  There  is  no  lost  motion  to  the 
steering  post  extension.  The  tractor 
is  handled  as  easily  from  the  grader 
as  from  the  tractor  itself.  The 
grader  wheels  are  mounted  on  steer- 
ing knuckles  and  may  be  steered  the 
same  as  the  front  tractor  wheels.  The 
grader  may  be  drawn  in  an  offset  re- 
lation to  one  side  of  the  tractor  for 
ditch  work,  while  the  tractor  wheels 
remain  on  the  grade  where  the  foot- 
ing is  good.  The  hangers  for  the 
blade  carriage  are  all  long,  which 
permits  extreme  side  action,  so  that 
the  end  of  the  blade  may  be  operated 
at  least  2-ft.  outside  of  grader  wheel. 
The  circle  of  the  blade  carriage  is 
closely  fitted  inside  the  flanges  of  an 
I-beam  construction,  and  is  adjusted 
to  give  the  blade  the  proper  angle  by 
means  of  a  worm. 


bearings.  The  control  is  by  two 
clutches  with  cast  steel  expanding 
shoes  lined  with  Thermoid,  operated 
with  a  single  lever,  forward,  neutral 
and  reverse.  This  arrangement  elimi- 
nates the  necessity  of  shifting  gears. 
The  engine  is  connected  to  the  trans- 
mission with  a  clutch  of  the  same  type 
that  is  released  when  it  is  desired  to 
run  the  engine  without  running  the 
transmission  gears.  The  gears  pro- 
vide for  two  speeds  forward  and  two 
speeds  reverse.  The  travel  in  reverse 
is  at  the  same  rate  as  the  forward 
travel  in  each  speed.     The  speeds  are 
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New  10-Ton  Motor  Road  Roller 

A  new  motor  roller  of  somewhat 
radical  departure  from  conventional 
motor  road  roller  construction  was 
brought  out  this  year  by  The  Huber 
Manufacturing  Co.,  Marion,  0.  The 
main  frame  is  made  of  two  deep,  con- 
tinuous sections  of  heavy  boiler  plate 
extending   the    entire    length    of   the 
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Huber   Motor   Road   Roller. 

W-2.  m.p.h.  in  low  and  3  m.p.h.  The 
rear  rolls  are  cast  semi-steel  with  20- 
in.  face  properly  beveled  and  have  a 
diameter  of  69  in.  The  front  rolls 
have  a  diameter  of  44  in.  and  are  in 
two  sections  giving  a  total  width  of 
40  in.  The  extreme  width  of  the  roll- 
er is  72  in.,  the  length  including  scari- 
fier is  221  in.  and  the  height  is  86  in. 
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Improvements  in  Bay  City  Crane 
Excavator 

During  the  past  year  the  Bay  City 
Dredge  Works,  Bay  City,  Mich.,  made 
a  number  of  improvements  in  its 
Model    16   crane   excavator,   chief   of 
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Excavator  Loading  Itself  on  Flat  Car. 

these  being  changes  in  the  framework 
which  reduces  the  over-all  width  and 
height  so  that  the  excavator  loads  and 
unloads  itself  from  a  flatcar  without 
dismantling.  This  machine  is  unusu- 
ally convertible  and  all  attachments 
are  quickly  interchangeable.  It  will 
operate  a  %-yd.  clamshell;  %-yd. 
skimmer  scoop;  %-yd.  shovel  type  dip- 
per, and  a  %-yd.  ditcher  scoop  for 
sewer  and  trench  excavation  in  addi- 
tion to  the  dragline,  block  and  hook 
and  electric  magnet. 


New  Merriman  Asphalt  Plant  Has 
Many  Improvements 

The  East  Iron  &  Machinery  Co., 
Lima,  0.,  which  has  been  building  the 
Merriman  one-car  steam  melting  as- 
phalt plants  since  1905,  has  recently 
placed  the  improved  Merriman  No.  3 
on  the  market,  and  several  have  al- 
ready been  sold.  This  plant  possesses 
many  features  which  add  efficiency 
and  make  it  easier  to  transport  and 
handle.  The  new  plant  is  only  58  ft. 
over  all.  It  has  a  guaranteed  capacity 
of  2,000  sq.  yds.  of  2  in.  topping,  or 
2,800  yds.  of  asphaltic  concrete,  in  a 
10-hour  day.  The  side  sills  are  extra 
heavy  girder  construction  and  are  so 
constructed  that  they  cannot  sag  or 
warp  out  of  shape.  The  trucks  are 
extra  heavy,  M.  C.  B.  standard.  The 
boiler  is  of  the  locomotive  type, 
specially  built,  and  of  115  hp.,  with  a 
capacity  of  160  lbs.  pressure.  The 
power  equipment  is  specially  designed. 
The  engines  are  of  simplified  construc- 
tion, very  heavy,   and   all  parts  are 


readily  accessible.  Four  melting  ket- 
tles are  used,  and  to  insure  compact- 
ness and  solidity  they  are  constructed 
in  one  unit.  Each  kettle  is  equipped 
with  two  steam  coils,  made  of  elec- 
trically welded  pipe.  The  sand  drum 
is  of  a  special  type  of  construction, 
and  is  patented.  It  is  5  ft.  in  diam- 
eter and  25  ft.  long.  The  capacity 
is  approximately  25  tons  per  hour. 
The  mixer  has  a  capacity  of  12  cu. 
ft.,  and  is  equipped  with  special  pat- 
ented blades,  having  renewable  ends. 
This  mixer  is  so  arranged  that  the 
material  can  be  dumped  directly  into 
motor  trucks  which  run  under  the 
mixer  platform.  The  hot  material 
storage  bin  is  telescopic  and  holds  12 
cu.  yd.  The  working  platform  on 
which  the  mixer,  etc.,  is  located  is  a 
patented  arrangement.  When  extend- 
ed for  operation  it  permits  trucks  and 
wagons  to  pass  under  the  mixer  dump. 
When  packing  the  plant  for  shipment 


Improved  Merriman  No.  3  Asphalt  Plant. 

it  is  easily  drawn  within  shipping 
length  of  the  car,  and  clears  the  end 
of  the  car  frame.  Elevators  on  both 
sides  of  the  plant  feed  the  sand  drum, 
so  material  can  be  stored  on  either 
or  both  sides.  The  hot  material  ele- 
vator is  entirely  enclosed  in  dust- 
tight  sheet-steel  housing,  made  in  sec- 
tions, which  can  easily  be  removed  to 
facilitate  packing  for  shipment.  The 
fire  box  is  arranged  for  burning  coal, 
coke,  wood  or  fuel  oil. 


Steel  Dump  Body  for  Ford 
Trucks 

A  self-dumping  steel  body  unit  for 
use  on  the  Ford  truck  is  now  being 
built  by  the  Wood  Hydraulic  Hoist  & 
Body  Co.,  Detroit,  Mich.  The  body  is 
constructed  entirely  of  steel  and  of 
the  same  general  design  as  the  steel 
dump  bodies  which  the  Wood  Co.  has 
supplied  for  use  on  the  heavier  types 
of  trucks.  The  body,  with  its  mount- 
ing frame,  hinges  and  locking  device, 
is  a  complete  unit  ready  for  placing 
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on  the  truck  frame.  The  mounting  is 
accomplished  by  placing  the  body  in 
the  required  position  and  bolting  it 
accurately  in  place  with  the  bolts  fur- 
nished with  the  unit.  The  hinges  on 
which  the  body  tilts  are  of  ingenious 
design  embodying  two  hinge  pins  or 
fulcrums.      The    two    fulcrum    points 


Self-Dumping  Steel  Body  on  Ford  Truck. 

have  a  definite  effect  to  displace  the 
center  of  the  loaded  body  towards  the 
rear,  while  dumping,  assuring  quick 
action  and  obtaining  a  high  dumping 
angle  to  discharge  the  body  contents 
cleanly.  The  body  is  returned  to  the 
down  and  locked  position  by  a  handle 
attached  to  the  front  of  body;  only  a 
slight  effort  is  required  as  the  body 
when  empty  is  in  a  balanced  condition. 
The  releasing  handle  is  arranged  for 
convenient  operation  by  the  driver, 
and  positively  locks  the  body  against 
accidental  operation.  The  body  has  a 
"three  point  support."  The  tail  gate 
opens  and  closes  automatically,  re- 
quiring no  attention  from  the  driver. 


New  Self -Adjusting  Plumb  Bob 

A  rapid  automatic  self-adjusting 
plumb  bob  has  been  placed  on  the 
market  by  A.  S.  Aloe  Co.,  513  Olive 
St.,  St.  Louis,  Mo.  This  device  is  ad- 
justable to  any  height  by  means  of  an 
easy-working  mechanism,  enclosed 
within  the  bob.  A  strong,  braided, 
Irish  linen  cord  winds  automatically 
up  or  down  and  by  a  slight  turning 
of  the  cap  on  the  top  it  can  be  held  or 
released  for  retaining  or  adjusting  the 
measurement.  When  the  bob  is  not 
in  use  it  can  be  entirely  wound  up 
and  held  under  the  instrument,  a  de- 
cided advantage  over  the  old  type 
where  it  is  necessary  to  wind  the 
string  around  the  leg  of  the  tripod 
or  to   knot   the   string.     The  bob  is 


made  of  strong  brass  casing  with 
steel  point,  which,  adding  another 
new  feature,  is  removable  or  can  be 
easily  replaced.  The  mechanism  is 
simple  and  made  of  the  best  materials 
obtainable. 


New  "Steel  Mule"  Tractor 

The  tractor  illustrated  below  is  the 
latest  addition  to  the  "Steel  Mule" 
line  of  the  Bates  Machine  &  Trac- 
tor Co.,  Joliet,  111.  The  tractor  has 
three  speeds  forward  and  one  reverse. 
On  forward  speed  it  has  a  low 
speed  of  1  4/10  miles  per  hour,  an 
intermediate  of  2  5/10  miles  per  hour 
and  a  high  speed  of  4^  miles  per 
hour.  The  reverse  is  3%  miles  per 
hour.  This  tractor  is  stated  to  have 
over  6500-lb.  drawbar  pull.  It  weighs 
9500-lb.,  and  has  a  crawler  traction 
area  of  1680-sq.  in.  The  Midwest 
motor  is  used,  which  has  over  55 
brake  horse  power  at  950  r.p.m.  size 
4%  in.  x  6  in.  It  has  a  3-in.  crank- 
shaft and  an  oil  pressure  control 
whereby  the  oil  supply  to  the  bearings 
is  controlled  by  the  load  on  the  trac- 
tor instead  of  the  speed.    The  crawler 


The  Bates  "40." 

frames  are  spring  mounted  and  are 
free  to  oscillate  independently  of  each 
other  through  an  oscillating  bar  piv- 
oted in  center  of  the  tractor.  The 
frames  are  built  of  heavy  channel 
steel  and  are  rigidly  braced  thereby 
eliminating  any  chance  of  misalign- 
ment. The  crawlers  are  of  steel  with 
carefully  hardened  bushings  and  pins 
pressed  into  the  shoes.  The  radiator 
is  the  honey-comb  type  with  a  heavy 
cast  iron  shell,  equipped  with  heavy 
guard  bars.  The  radiator  is  guaran- 
teed to  have  a  "Freeze  Proof"  core. 
An  important  feature  is  the  great 
clearance  above  the  ground,  it  being 
14-in.  to  the  lowest  point. 
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New  Motor  Truck  Turntable 

A  new  motor  truck  turntable  that 
occupies  only  about  8  ft.  of  roadway 
and  is  easily  operated  by  one  man  has 
been  brought  out  by  the  Western 
Structural  Co.,  Moline,  111.    The  turn- 


New  Motor  Truck  Turntable. 

table  is  built  to  handle  2Vz  ton  and 
lighter  trucks.  It  weighs  5,000  lb., 
has  runways  15  in.  wide  and  16  ft. 
long  and  an  overall  width  of  8  ft.  2>xk 

in.  

A  Railway  Concrete  Mixer 

A  concrete  mixer  designed  especial- 
ly to  meet  the  requirements  of  rail- 
way maintenance  and  light  construc- 
tion has  been  brought  out  by  the 
Koehring  Co.  of  Milwaukee.  This 
machine,  whose  general  character  is 
shown  in  the  cut  herewith,  is  made  in 
4  and  7-cu.  ft.  sizes.  It  can  be  drawn 
by  a  gasoline  motor  car,  and  can  be 
moved  and  used  near  the  track  with- 


The  "Dandie"  Mixer  for  Railway  Use. 

out  the  laying  of  any  special  track  for 
the  purpose.  The  mixer  has  1-man 
control,  is  provided  with  steam  or 
gasoline  power  as  desired,  and  can  be 
furnished  with  low  charging  platform 
in  place  of  the  power  skip  here  shown. 


May, 
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Truck  Dump  Body  Hoist 

A  dump  body  hoist  that  can  be  ap- 
plied to  any  truck  is  illustrated.  The 
hoist  and  body  hinges  can  be  attached 
to  truck  frames  30  in.  to  39  in.  with- 
out charge.  No  holes  are  required  to 
be  drilled  in  the  frame,  the  attach- 
ment to  the  body  being  affected  by 
means  of  two  rolled  steel  angles  ex- 
tending back  under  the  front  and  bolt- 
ing to  the  first  two  bolsters.  The 
lifting  strains  thus  being  confined  to 
the  frame  of  the  body  no  special  re- 
inforcing of  the  front  end  is  required. 
The  mast,  by  an  arrangement  peculiar 
to  this  hoist,  automatically  follows 
the  movement  of  the  body  as  it  swings 
upward   and   backward.     This   is    ac- 


Rock  Type  H  Hoist. 

complished  wholly  by  the  arrange- 
ment of  the  cable  and  no  guides  or 
springs  are  required.  The  lifting 
force  is  always  applied  in  a  straight 
line  and  all  excess  strains  due  to 
angular  pull  are  avoided.  The  front 
of  the  body  is  suspended  freely  by  the 
cable  and  is  quite  free  to  accommo- 
date itself  to  any  disalignment  due 
to  the  truck  standing  on  uneven 
ground.  The  teeth  of  the  drum  gear 
are  cut  from  the  solid  metal,  and  it 
is  cast  with  the  drum.  The  pinion  and 
its  shaft  are  made  from  a  single  steel 
forging  and  the  teeth  also  are  cut 
from  the  solid  metal.  Both  drum  and 
pinion  shaft  are  mounted  in  such  a 
way  as  to  avoid  any  binding  or  cramp- 
ing from  disalignment  due  to  twisting 
of  the  truck  frame.  The  drum  and 
the  sleeve  which  carries  the  pinion 
shaft  are  cast  with  recesses  which  are 
filled  with  grease  when  the  hoist  is 
assembled  to  provide  lubrication  for 
the  bearings.  The  sheaves  as  well  are 
provided    with    recesses    filled    with 
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grease.  A  brake  and  ratchet  of  sim- 
ple and  light  design  are  provided  to 
hold  the  load  in  any  position  and  to 
enable  the  operator  to  lower  the  body 
quickly  and  with  little  effort.  The 
dumping  angle  attained  will  be  from 
35  degrees  to  45  degrees  depending 
upon  the  length  of  the  body.  This 
hoist  is  manufactured  by  the  Rock 
Manufacturing   Co.,  Waterloo,   N.   Y. 


New  Development  in  Manganese 
Steel  Track  Work 

A  process  for  preventing  the  initial 
pounding  down  of  the  points  and  ad- 
joining receiving  surfaces  and  the  fre- 
quent cracks  at  bottom  of  flangeway 
intersection  in  managanese  crossings, 
has  been  developed  by  the  American 
Manganese  Steel  Co.,  Chicago  Heights, 
111.  After  numerous  experiments  a 
process  was  evolved  which  consisted 
of  casting  extra  metal  on  the  receiv- 
ing surfaces  and  mechanically  com- 
pressing the  metal  at  the  manufactur- 
ing plant  so  that  the  metal  becomes 
fixed  on  true  surface  of  crossing.  In- 
spection of  more  than  100  manganese 
crossings  in  service  from  six  months 
to  1%  years  discloses  that  no  receiv- 
ing surface  was  depressed  more  than 
y&  in.  and  in  majority  of  cases  the  de- 
pression was  less  than  -bs  in.  With 
this  problem  solved,  attention  was  di- 
rected to  overcoming  unsoundness  in 
the  metal  due  to  excessive  thickness 
at  the  intersection.  This  was  accom- 
plished by  developing  the  tubular  con- 
struction formed  by  introducing  %  a 
series  of  cored  holes  in  the  under  side 
of  the  crossing,  whereby  a  solid  thick- 
ness of  1%  in.  of  metal  is  provided 
under  the  tread  and  1  in.  under  the 
flangeway s,  while  the  remaining  depth 
under  the  flangeways  and  tread  con- 
sists of  a  series  of  ribs  approximately 
%  in.  thick. 


the  air  to  uniform  centrifugal  force  of 
great  intensity.  The  air  is  brought  in 
at  the  top  of  the  cleaner  where  it  is 
passed  over  a  rapidly  revolving  rotor. 
The  whirling  action  of  the  rotor  in- 
creases the  initial  velocity  of  the  air 


United  Air  Cleaner. 

so  that  all  heavier  than  air  particles 
are  thrown  outward  to  the  inside  wall 
of  the  cleaner  shell  where  they  whirl 
and  are  forcefully  rejected  to  the 
outer  air.  The  weight  of  a  cleaner 
for  a  1-in.  carburetor  is  only  18-oz. 
and  it  measures  4  in.  in  diameter  and 
4%  in.  in  height.  The  device  is  known 
as  the  united  air  cleaner;  it  is  manu- 
factured by  the  United  Manufacturing 
and  Distributing  Co.  of  Chicago. 


Improvements  in  Universal  Cranes 

A  number  of  improvements  in  its 
cranes  were  made  during  the  past 
year  by  the  Universal  Crane  Co., 
Elyria,     O.       The     continuous     tread 


Device  for  Cleaning  Air  for 
Gasoline  Engines 

An  interesting  device  designed  to 
remove  the  dust  and  foreign  material 
from  the  air  sucked  into  an  engine 
through  its  carburetor  is  illustrated. 
The  device  cleans  the  air  auto- 
matically without  the  use  of  filtering 
materials,  screens  or  water.  Its  in- 
stallation on  an  engine  does  not  re- 
duce the  horsepower  output  nor  create 
any  other  operating  difficulties.  The 
removal  of  the  foreign  material  from 
the  air  is  accomplished  by  subjecting 
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Universal  Crane  with  drag  line  bucket  drums, 

fair    lead    attachment,    equipped    with    electric 

floodlight    for    working    at   night,    mounted    on 

continuous    tread   trucks. 

truck  built  In  the  company's  shops 
for  mounting  Universal  cranes  was 
improved  and  some  of  the  first  com- 
pleted   machines    were    brought    out. 
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This  now  equips  Universal  cranes  for 
work  on  very  soft  ground,  where  nec- 
essary to  climb  considerable  grades 
or  up  on  the  piles  of  coal  or  excavated 
material.  The  unit  has  power  steer 
and  can  turn  a  complete  circle  with 
one  tread  stationary  and  acting  as  a 
pivot.  A  rope  winding  capstan  to 
mount  on  the  crane  turn  table  at  the 
foot  of  the  boom  so  that  a  direct  pull 
may  be  exerted  from  any  direction  to 
move  cars,  snake  in  loads,  remove 
heavy  boulders  from  an  excavation, 
etc.,  has  been  brought  out.  Electric 
starting  equipment  for  the  crane  gaso- 
line engine  also  has  been  installed. 
This  consists  of  a  Bosch  12-volt  sepa- 
rate generator  and  starting  motor 
system  with  an  extra  heavy  Willard 
thread  rubber  insulated  battery.  The 
Bendix  drive  on  the  starting  motor 
meshes  with  a  ring  gear  bolted  to  the 
engine  flywheel.  All  cranes  likewise 
have  been  equipped  with  the  alemite 
system  of  lubrication. 


Light  Portable  Loader 

A  light  loader  designed  particular- 
ly for  conditions  where  portability  is 
an  important  advantage  has  been 
placed  on  the  market  by  George  Haiss 
Mfg.  Co.,  Inc.,  New  York.     This  ma- 


Haiss  Fordson   Loader. 

chine  consists  of  a  Haiss  loading  ele- 
vator equipped  with  Haiss  patented 
feeding  propellers  mounted  on  a 
frame  on  a  Fordson  tractor.  The 
operator  sits  on  the  seat  furnished 
with  the  tractor,  and  the  control  lev- 
ers are  within  easy  reach  for  him  to 
manipulate.  The  elevator  is  driven 
from  the  side  shaft  on  which  is  in- 
stalled a  sprocket  connected  to  a 
counter  shaft  with  Diamond  chain. 
This  mechanism  is  equipped  with  a 
clutch  so  the  machine  can  be  propelled 
without  running  the  elevator.  The 
total  weight  of  the  machine  is  ap- 
proximately 6,000  lb. 


New  Trench  Excavator 

A  new  trench  excavator,  designed 
to  meet  all  requirements  on  water 
main-  and  small  sewer  trenches  was 
brought  out  by  the  Parsons  Co.  of 
Newton,  la.  This  machine,  known  as 
the  Model  30,  is  equipped  to  dig  from 
18  to  30  in.  wide  and  to  a  depth  of 
12  ft.   The  Model  30  is  equipped  with 


Parsons  Model  30  Trench  Excavator. 

a  40-hp.  engine  and  has  many  im- 
proved features.  One  feature  espe- 
cially noteworthy  is  the  new  patented 
cushioned  boom  crowding  device.  The 
Model  30  is  gear  driven  and  the  main 
machinery  is  assembled  in  one  unit 
with  high  speed  gears,  worms  and 
worm  gears  enclosed  and  running  in 
oil.  The  slow  traction  feed  gearing 
permits  three  speeds  forward  and  one 
reverse  without  adjustments,  similar 
to  the  automobile  gear  shift.  Steel 
slat  or  rubber  belt  conveyor  is  op- 
tional. Its  light  weight,  20,000-lb., 
also  makes  it  a  very  desirable  ma- 
chine for  drainage  work. 


New  Instrument  for  Recording 
Conditions  of  Road  Surfaces 

A  recording  instrument  designed 
for  the  use  of  highway  engineers  has 
recently  been  perefected  and  placed 
on  the  market.  This  instrument  is 
known  as  the  Vialog  and  as  its  name 
implies  it  makes  a  record  of  the  road 
surface.  The  accompanying  illustra- 
tion shows  an  inspection  car  of  the 
New  York  State  Highway  Commission 
with  one  of  these  instruments  installed 
on  the  dash.  The  instrument  is  built 
almost  entirely  of  aluminum  so  that 
it  is  light  in  weight  as  weU  as  strong 
in  structure.  Within  the  box  is  a 
paper  chart  6  in.  wide  driven  by  a 
flexible  shaft  connected  to  one  of  the 
front  wheels  and  two  recording  pencils 
are  actuated  through  connection  with 
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the  front  axle.  As  the  automobile  is 
driven  over  the  road  the  chart  moves 
in  direct  ratio  to  the  distance  traveled 


Vialogr    Installed    on    Inspection    Car    of    New 
York    State    Highway    Commission. 

(1  in.  to  50  ft.  of  road)  and  the  re- 
cording pencils  resting  on  the  paper 
make  a  series  of  irregular  or  straight 
lines  depending  on  the  condition  of  the 
pavement. 

The  Vialog  is  made  and  sold  by  the 
Universal  Road  Machinery  Co.,  Kings- 
ton, N.  Y. 


New  Blue  Print  Dryer 

A  new  machine  for  drying  blue 
prints,  negative  prints  and  photo- 
graphic prints  has  just  been  brought 
out  by  C.  F.  Pease  Co.,  860  N.  Frank- 
lin St.,  Chicago. 

This  dryer  is  said  to  possess  a  num- 
ber of  very  unique  features.  The 
dripping  wet  prints  are  drawn  around 
the  heated  cylinder  by  means  of  an 
endless  canvas  belt  and  delivered  per- 
fectly dry  and  free  from  wrinkles  into 
the  receiving  tray  within  easy  reach 
of  the  operator's  hands.  One  of  the 
unique  features  of  the  machine  is  the 
copper  cylinder  which  heats  quicker, 
retains  the  heat  better  and  to  which 
the  prints  will  not  adhere  but  peel  off 


automatically  without  the  use  of  a 
finger  arrangement  or  any  special  at- 
tachment, Lxto  the  receiving  tray  pro- 
vided. It  is  said  that  with  this  dryer, 
dripping  wet  prints  may  be  started  in 
and  run  through  the  machine  at  the 
rate  of  8  to  9  ft.  a  minute,  coming  out 
perfectly  dry  and  free  from  wrinkles. 
Another  feature  of  especial  merit  is 
the  patented  thermostatic  control 
which  is  used  only  on  these  dryers 
when  heated  with  gas.  When  neces- 
sary to  heat  the  cylinder  with  elec- 
tricity instead  of  gas,  it  is  not  pos- 
sible to  use  this  thermostat  but  a 
series  of  switches  is  provided.  An- 
other valuable  feature  of  this  machine 
is  the  ease  with  which  the  travelling 
canvas  belt  may  be  kept  centered. 
The  machine  is  suitable  for  all  widths 
of  paper  42  in.  and  narrower  and  any 


Pease   Sheet   Dryer. 

number  of  small  prints  or  photographs 
may  be  run  in  at  the  same  time.  It 
is  provided  with  a  gear  change  giving 
two  ranges  of  speed,  i.  e.,  8  to  9  ft. 
per  minute  on  high  gear,  and  4  to  5 
ft.  per  minute  on  low  gear. 


Heavy  Duty  Creeper  Loader 

The  creeper  loader  illustrated  below 
is  the  latest  development  in  the  loader 
line  of  George  Haiss  Mfg.  Co.,  Inc., 
New  York.  This  is  a  heavy  duty  ma- 
chine, weighing  13,000  lb.,  and  has  a 
bearing  pressure  of  28  lb.  per  square 
inch.    The  creepers  are  8  ft.  long,  10 
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in.  wide,  made  of  cast  steel  links  con- 
nected with  high  carbon  steel  pins, 
and  the  creepers  are  self-cleaning. 
This  loader  is  equipped  with  the  Haiss 
patented  feeding  propellers  which  are 
a  positive  drive  and  do  not  depend 
upon  the  cohesion  of  the  material  to 


Haiss  Creeper  Loader. 

feed  itself  into  the  buckets.  The 
loader  is  also  equipped  with  a  pat- 
ented slow  speed  worm  gear  which  it 
is  claimed  crowds  the  machine  into 
the  material  24  in.  a  minute,  simul- 
taneously with  the  digging  action. 
This  crowding  action  working  with 
the  feeding  propellers  forces  a  con- 
stant flow  of  material  in  front  of  the 
buckets  of  the  loader. 


Improved  Asphalt  Paving  Plant 

The  Austin  Machinery  Corporation 
Toledo,  O.,  has  produced  a  new  as- 
phalt plant,  following  a  year  of  ex- 


dryer  is  composed  of  three  drums, 
built  into  a  unit,  equal  to  a  single 
continuous  drum  4-ft.  3-in.  in  diameter 
by  40-ft.  8-in.  long,  giving  the  ma- 
terial an  area  of  438-sq.  ft.  of  heating 
surface.  The  kettles  have  a  total 
capacity  of  2,500-gal.  These  are 
heated  by  steam  through  jointless 
coils,  which  construction  prevents  any 
possibility  of  damage  to  the  asphalt. 
The  pug  mill  of  1,000-lb.  capacity  is 
chain  driven  and  discharges  through  a 
sliding  gate  in  the  bottom.  Extra 
large  steam  jacketed  steam  piping  is 
used  throughout.  Air  is  used  to  agi- 
tate the  asphalt.  The  hot  sand  bin  is 
of  three  compartments  with  a  capacity 
of  10  tons. 


New  Rotary  Snow  Plow  for 
Streets  and  Highways 

A  new  machine  brought  out  by  the 
C.  D.  Edwards  Manufacturing  Co.,  Al- 
bert Lea,  Minn.,  for  clearing  highways 
and  city  streets  of  snow,  is  illustrated 
below.  The  machine  is  a  double  ro- 
tary affair  operated  by  its  own  80  hp. 
engine.  It  can  be  quickly  attached  to 
any   sort    of   traction.     In   the   tests 


Austin  Asphalt  Plant. 

periment,  test  and  modification  with 
a  plant  at  Topeka,  Kans.  The  re- 
sult is  a  portable  unit  consisting 
of  three  pieces,  namely,  the  dryer 
and  power  plant,  and  two  asphalt 
kettles.  It  has  a  capacity  of  from 
1,000  to  1,400-sq.  yd.  of  2-in.  as- 
phalt top  per  8-hour  day.     The  sand 
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Rotary    Feature   of   Machine. 

shown  in  the  illustration,  a  10-ton 
Holt  tractor  was  used.  In  this  test, 
it  is  stated  that  most  of  the  snow  was 
delivered  about  100  ft.  from  the  ro- 
tary; some,  however,  was  broken  into 
such  fine  particles  that  it  passed  with 
the  air  almost  as  a  mist.  The  outfit 
will  clean  an  8  ft.  swath,  which  will 
permit  traveling  along  the  highways 
until  the  return  trip  of  the  machine. 
The  primary  object  of  the  machine  is 
to  make  the  first  cut  right  after  a 
snow  storm,  and  to  do  it  quickly. 
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New  3 -In. 


and  4-In. 
Meters 


Niagara 


Water  meters  in  3  in.  and  4  in.  sizes 
of  same  general  design  as  the  %  in.  to 
2Vz  in.  Niagara  meters  have  been 
placed  on  the  market  by  the  Buffalo 
Meter  Co.,  Buffalo,  N.  Y.  The  main 
outside  casings  of  the  3  in.  and  4  in. 
Niagara  meters  are  made  of  cast  iron, 
hot  galvanized — the  register  cases  and 


Portable  Triplex  Pumps 

The  portable  pumping  unit  illus- 
trated below  is  made  by  the  Aldrich 
Pump  Co.  of  Allentown,  Penn.,  and  is 
given  the  trade  name  "Utility."  It  is 
designed  and  built  for  hard  usage  on 
road  building  and  other  construction 
jobs.  These  units  have  the  even-flow- 
ing and  continuous  discharge  peculiar 
to  pumps  of  this  type,  and  are  partic- 


Niagara    Water    Meter. 

the  intermediate  gear  covers  are  made 
of  bronze  composition.  Those  parts  of 
the  casings  under  water  pressure  have 
extra  strong  flanges  securely  held  to- 
gether by  numerous  heavy  bolts.  The 
works  are  made  of  bronze  composition 
and  hard  rubber. 


"Utility"      Pump,      Single      Reduction      Direct 

Geared    to    Gasoline    Engine    at    Side    Mounted 

on  Channels,  with  Truck. 

ularly  adapted  to  high  pressure  re- 
quirements or  to  use  with  long  pipe 
lines.  They  are  entirely  self-contained 
and  assembled  on  truck  frames  of 
heavy  steel  channels,  the  whole  being 
mounted  on  wide-faced  wheels.  No 
other  foundation  is  necessary. 


Portable  Acetylene  Welding 
Generator 

A  portable  acetylene  welding  gen- 
erator designed  to  obviate  the  use  of 
high  pressure  cyl- 
inders has  been 
added  to  the  line 
of  the  Alexander 
Milburn  Co.,  Balti- 
more, Md.  The  gen- 
erator is  of  30  lb. 
carbide  capacity, 
or  equivalent  of 
150  cu.  ft.  cylinder 
gas.  It  is  stated  to 
be  simple  to  oper- 
ate, having  few 
parts,  and  operates 
automatically  with 
no  clock  or  motors. 
It  has  a  steel  body 
welded  throughout, 
with  all  parts  get-at-able. 


New   "Track-Runner"   Tractor 

A  track  machine  of  advanced  design 
has  been  added  to  the  line  of  tractors 
of  The  Avery  Co.,  Peoria,  111.  The 
machine  is  of  unit  power  plant  design, 


New   Avery   "Track-Runner"   Tractor. 

and  has  the  bell  housing  of  the  engine 
bolted  directly  to  the  flange  on  the 
large  cast  transmission  case.  Power 
from  the  engine  is  transmitted 
through    a    twin    disc    clutch    to    the 
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three  speed  selective  sliding  gear 
transmission.  The  entire  shafting  is 
carried  on  anti-friction  bearings. 
With  the  engine  running  at  1,000  r. 
p.m.  the  following  speeds  are  ob- 
tained: Low,  2  m.p.h.,  intermediate 
2.66  m.p.h.  and  in  high  3.5  m.p.h. 
The  engine  is  the  4-stroke  cycle, 
vertical  cylinder,  four  valve,  valve- 
in-head  type.  The  machine  has 
an  over-all  length  of  108  in.,  is  48  in. 
wide,  58  in.  high  and  can  turn  sub- 
stantially in  its  own  length.  It  weighs 
about  5,000  lbs.  when  fully  equipped. 


Gasoline  Locomotive  of  High 
Drawbar  Pull 

In  the  7  ton,  4  speed,  gear  drive 
gasoline  locomotive  brought  out  by 
The  Fate-Root-Heath  Co.,  Plymouth, 
O.,  the  manufacturers  claim  that  in 
actual  haulage  test  it  developed  and 
maintained  a  drawbar  pull  of  5,250 
lbs.  on  sanded  rail.  The  four  speeds 
are  2%,  4,  8  and  12  miles  per  hour, 
either  forward  or  reverse.  This  re- 
markable showing  is  claimed  to  be  due 
to  the  unique  design  and  construction 
of  the  transmission.  The  gears  are 
large,  an  exclusive  feature  being  the 
final  driving  gear,  14  ^   in.  diameter 


Plymouth   7   Ton,   4   Speed,   Gear   Drive    Gaso- 
line   Locomotive. 

by  4  in.  face.  This  gear  places  the 
sprocket  shaft  which  it  drives  on  the 
same  plane  with  the  axles,  so  that  no 
jackshaft  is  required.  The  sliding 
gears  are  in  pairs  on  the  second  driv- 
ing shaft,  giving  extra  long  hub 
length,  and  reducing  wear  to  a  mini- 
mum. Forward  and  reverse  speeds 
are  obtained  by  large  bevel  gears  with 
internal  teeth  into  which  the  pinion 
that  drives  the  main  gear  meshes, 
thus  doing  away  with  jaw  clutches. 
All  gears  are  of  alloy  hardened  steel, 
mounted  on  extra  large  shafting  and 


ball  bearings.  The  final  drive  is  by 
means  of  two  short,  heavy  chains,  one 
to  each  axle,  driven  directly  from  the 
transmission.  The  power  plant  is  a 
Buda  heavy  duty  engine,  equipped 
with  Bosch  magneto,  starting  and 
lighting;  Pierce  governor  and  Strom- 
berg  carburetor. 


New   Apparatus    for   Unloading 

Loose  Material  from  Open 

Top  Cars 

A  light  portable  apparatus  designed 
especially  for  unloading  loose  mate- 
rials such  as  crushed  rock,  gravel, 
sand,  coal,  etc.,  from  open  top  cars 
or  flat  cars  with  sideboards,  is  illus- 
trated below.  The  unloader  travels 
on  top  of  the  car  and  can  be  moved 
from  one  car  to  the  next  without  dis- 
mantling.   It  discharges  over  the  side 


Bacon  Portable  Car  Unloader. 

either  directly  into  trucks  or  into 
stick  piles.  The  unloader  is  furnished 
with  either  gasoline  or  electric  power. 
When  gasoline  is  used,  it  is  furnished 
with  the  latest  improved  Le  Roi  2-cyl- 
inder  power-unit.  When  it  is  desired 
to  use  electric  power,  a  3  hp.  electric 
motor  is  furnished.  The  unloader  is 
manufactured  by  the  Edward  R. 
Bacon  Co.,  51  Minna  St.,  San  Fran- 
cisco, Calif. 
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Special   Atterbury  Truck   for   Road   Building  Service. 


Road  Builder's  Truck 

A  number  of  improvements  and  re- 
finements have  been  made  since  last 
year  in  the  chassis  of  the  road  build- 
ers' truck  of  the  Atterbury  Motor  Car 
Co.,  Buffalo,  N.  Y.  The  illustration 
shows  this  machine  with  its  132-in. 
wheelbase  and  special  2^ -yd.  2-com- 
partment  Heil  body  and  hydraulic 
hoist.  The  chassis  itself  is  the  2% -3 
ton       Atterbury       chassis       adapted 


New  Steel  Subgrader 

A  new  steel  subgrader  has  been 
brought  out  by  the  Lakewood  Engi- 
neering Co.,  Cleveland,  O.     The  pur- 


through  its  shortened  length  to  this 
particular  service.  A  number  of  re- 
finements have  been  made  in  the  chas- 
sis, such  as  the  use  of  the  latest  type 
Continental  motor  with  removable 
heads  and  pressure  feed  lubrication; 
shaft  driven  centrifugal  governor; 
amidship  transmission.  Alemite  lubri- 
cation, complete  electric  lighting 
equipment  and  all  steel  semi-enclosed 
cab  with  built-in  doors  and  windshield 
are  also  standard  equipment. 


Lakewood  Steel  Subgrader. 

pose  of  this  tool  is  to  plane  the  sub- 
grade  to  an  accurate  depth,  thus  in- 
suring that  the  contractor  places  ex- 
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actly  enough  concrete  as  required,  but 
does  not  place  an  excess.  The  steel 
machine  is  a  development  of  the  wood 
subgrader.  The  steel  subgrader  was 
developed  to  meet  the  need  and  de- 
mand for  a  heavier  unit,  and  one 
which  could  be  equipped  with  scarify- 
ing teeth  on  the  front  member.  The 
steel  subgrader  will  cut  either  flat  or 
crowned  subgrade,  and  can  also  be 
adapted  for  the  new  Illinois  design 
of  subgrade,  which  provides  for  a 
slab  considerably  thicker  at  the  edges 
than  at  the  center.  A  turntable  ped- 
estal allows  the  machine  to  be  raised 
and  turned  in  the  middle  of  the  road, 
so  that  trucks  or  the  roller  may  pass. 
This  turntable  is  operated  from  either 
side  by  a  hand  wheel. 
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New  Line  of  Small   Vertical  Air 
Compressors 

A  new  line  of  small  vertical  air 
compressors  has  been  brought  out  by 
Ingersoll-Rand  Co.,  11  Broadway, 
New  York  City.  In  addition  to  the 
plain  belt  drive  design  each  size  is 
built  as  a  self-contained  electric  motor 
outfit,  driven  through  pinion  and  in- 
ternal gears  as  shown  in  the  illus- 
tration, or  by  employing  the  short 
belt  drive  arrangement.  The  com- 
pressing end  and  electric  motor  of 
both  gear  and  short  belt  drive  units 


piece  with  high  guiding  flanges  mov- 
ing over  round  rollers  set  in  rigid  side 
frames,  which  hold  the  treads  in  their 
course  and  prevent  side  slipping. 
Round  tumblers  with  teeth  on  the 
sides  engage  with  the  guiding  flanges, 
thus  driving  the  tread  belt  and  elim- 
inating pocket  holes  which  become 
clogged  with  dirt  and  stones.  Driving 
power  is  delivered  direct  to  the  axles 
by  gears.  Bearings  have  been  re- 
duced to  a  minimum,  and  sprockets 
and  drive  chains  eliminated.  Extra 
large  diameter  shaftings,  machined  to 
proper  size,  are  furnished  at  all  points 


Self  Contained  Electric  Motor  Units  of  Vertical  Air  Compressions. 


are  furnished  mounted  on  a  common 
sub-base,  so  that  they  are  in  no  way 
dependent  upon  the  foundation  for 
correct  alignment.  Several  noteworthy 
features  of  construction  have  been  in- 
corporated, of  which  the  "constant- 
level"  lubrication  system  is  the  most 
important.  Others  include  the  con- 
stant speed  unloader  for  plain  belt 
drive  machines,  the  centrifugal  un- 
loader for  start  and  stop  control  ma- 
chines and  the  increased  size  of  the 
water  reservoir  cooling  pot. 

Caption    01 


Improvements  in  Osgood  %-Yd. 
Shovel 

Important  improvements  have  been 
made  by  The  Osgood  Co.,  Marion,  O., 
in  its  %-yd.  heavy  duty  revolving 
steam  shovel  that  materially  increases 
its  speed  and  ease  of  operation  and 
simplifies  its  mechanical  features. 
The  continuous  tread  mounting  with 
power  steering  has  been  much  simpli- 
fied; main  body  redesigned  and  points 
of  great  stress  reenforced  to  with- 
stand excessive  wear  or  strain.  The 
links  of  the  continuous  tread  are  one- 


of  extreme  strain,  assuring  the  maxi- 
mum of  stress  factor  at  all  times. 
The  speed  travel  gearing  is  provided. 
One  of  low  gear  and  great  power  for 
heavy  pulls.  The  other  of  nearly 
double  the  speed  for  rapid  movement 
on  highways.  This  revolving  shovel  is 
specially  designed  for  ready  and  easy 
conversion  to  single  line  clamshell  or 
dragline  outfit  or  for  use  as  a  crane. 
The  auxiliary  drum  has  power  enough 
to  handle  clamshell  or  dragline  buckets 
with  single  line,  greatly  speeding  up 
the  operation,  and  eliminating  a  set  of 
sheaves  on  the  buckets  which  reduces 
wear  and  tear  on  cable  lines.  Con- 
tinuous tread,  traction  or  railroad 
trucks  can  be  readily  and  quickly  in- 
terchanged in  the  field  without  im- 
pairing the  operation  of  the  machine, 
giving  a  wider  range  of  usefulness  at 
little  additional  cost.  This  feature  is 
possible  through  special  design  and 
machined  fitting  surfaces  on  the  truck 
frame.  Improvements  have  also  been 
made  in  Osgood  railroad  type  shovels 
and  all  sizes  can  now  be  fitted  with 
either  continuous  tread,  traction  or 
standard  railroad  trucks. 
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New  "Jackhamer"  Drill 

A  new  "Jackhamer"  rock  drill  has 
been  put  in  the  field  during  the  past 
year  by  the  Ingersoll-Kand  Co.,  11 
Broadway,  New  York.  The  new  drill, 
known  as  the  DCR-23  type,  weighs 
55  lbs.  and  makes  the  fifth  member 
of  the  "Jackhamer"  family,  there  now 
being  five  sizes  of  this  type  of  drill 
weighing  21,  36,  46,  55  and  73  lbs., 
respectively.  Because  of  its  compara- 
tive light  weight  and  powerful  blow, 
with    practically    no    vibration,    this 


struction  of  the  cylinder  and  valve 
chest  which  are  integral.  All  steel 
parts  are  heat  treated  and  hardened 
on  all  wearing  surface.  The  valve, 
which  is  of  the  spool  type,  but  oper- 
ates on  the  "Butterfly"  principle. 
The  drill  is  equipped  with  air  hole 
blowing  device.  The  entire  construc- 
tion of  this  machine  is  such  that  up- 
keep costs  are  a  minimum.  The  hole- 
blowing  device  is  similar  to  that  used 
on  the  heavier  drill,  the  DDR-13,  made 
by  the  same  company.  It  consists  of 
a  push  button  located  in  the  end  of 
the  valve  chest,  convenient  to  the 
hands  of  the  operator,  and  when  held 
down,  this  button  holds  the  valve  in  a 
forward  position,  permitting  a  strong 
blast  of  air  to  pass  down  the  hollow 
steel  to  the  bottom  of  the  drill  hole 
and  blow  out  all  cuttings.  The  DCR- 
23  uses  either  %  -in.  or  1-in.  hollow 
hexagon  steel  with  the  standard 
3^ -in.  and  41/4-in.  shank,  respectively. 
Its  general  appearance  is  very  similar 
to  the  other  "Jackhamer"  drills  of  the 
Ingersoll-Rand  Company  and  it  is 
built  in  either  wet  or  dry  patterns. 


New    Compressed    Air    Operated 
Hammer  Drill 

A  recent  announcement  of  the 
Ingersoll-Rand  Company,  11  Broad- 
way, New  York,  tells  of  a  new  com- 
pressed air  operated  hammer  drill, 
which  is  designed  to  take  the  place 
of  the  old  piston  type  machine  for 
drilling    the    deep    holes    required    in 


DCR-23   "Jackhamer." 

drill  is  most  suitable  for  down-hole 
work  to  the  depth  of  12-16  ft.,  and 
is  suitable  for  use  in  all  general  rock 
formations  encountered  under  ordi- 
nary conditions.  This  drill  may  also 
be  used  mounted  for  horizontal  drill- 
ing or  drifting.  This  feature,  while 
not  new,  i-.akes  the  unit  a  desirable 
one  for  the  prospector  or  contractor 
who  has  both  down-hole  drilling  and 
drifting  to  do.  This  eliminates  the 
necessity  of  having  a  drill  for  each 
kind  of  work.  Some  of  the  features 
which  the  manufacturer  emphasizes 
are:      The   all-steel   drop-forged   con- 
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No.  X-70  Drill  Finishing  20-ft.  Hole 

quarry  work.  This  new  drill,  known 
as  the  X-70  Leyner  Ingersoll  Drifter, 
will,  according  to  'the  claim  of  the 
manufacturer,  increase  the  daily  foot- 
age over  the  piston  drill  at  least  60 
per   cent.     The   X-70   drill   is   essen- 
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tially  a  deep  hole  machine  and  its 
greatest  field  is,  perhaps,  in  quarry 
and  tunnel  work,  where  holes  from  20 
ft.  to  35  ft.  are  drilled.  It  is  not 
restricted  to  this  field,  however,  as  it 
is  being  used  for  mining  and  exca- 
vating where  exceptionally  hard  rock 
is  encountered,  or  deep  holes  re- 
quired. Some  of  the  features  which 
the  manufacturer  claims  for  this  new 
drill  are: 

It  can  be  operated  satisfactorily 
with  or  without  water,  thereby  elimi- 
nating the  chances  of  pipe  lines 
freezing,  if  used  in  a  cold  country; 
its  all-steel  drop  forge  construction 
giving  it  simplicity  and  ruggedness, 
with  corresponding  low  upkeep  cost; 
its  powerful  Sergeant  rifle  bar  rota- 
tion eliminates  trouble  from  stuck 
steel  and  makes  it  very  desirable  in 
broken  or  fitchery  ground;  for  deep 
hole  work  requiring  hole  cleaning 
ability  a  special  feature  makes  it 
possible  to  draw  air  from  the  air  chest 
and  send  it  continually  down  the  hol- 
low steel  to  the  bottom  of  the  drill 
hole.  This  machine  weighs  207  lbs. 
when  equipped  with  a  34-in.  feed  shell 
and  210  lbs.  with  a  30-in.  feed  shell.  It 
fits  a  tripod  with  a  5-in.  cone  saddle. 
The  drill  steel  used  is  l^-in.  hollow 
round  with  standard  Leyner  lug 
shanks. 


New  Gasoline-Qperated  Crane 

Stability  due  to  low  center  of  grav- 
ity and  concentration  of  weight  over 
caterpillars  (no  outrigger's  or  jacks 
are  required;;  simplicity  of  control, 
and  mobility  are  features  of  a  new 
gasoline-operated  crane,  brought  out 
by  the  Penn  Bridge  Co.,  101  Park 
Ave.,  New  York  City.    A  further  fea- 


The   "Beaver"   Crane. 

ture,  exclusive  with  this  machine,  is 
the  triangular  sill  construction  at  the 
center  of  the  first  axle  which  permits 
the  steering  wheels  to  ride  over  ob- 
structions  without    distortion    of   the 


main  car  body.  The  short  tractor 
platform  allows  the  front  axle  to  steer 
the  crane  in  a  16-ft.  radius.  The 
crane  has  no  complicated  machinery 
requiring  protection  from  the  weather 
— the  hoist  drums  being  located  be- 
neath the  platform,  and  all  gears  en- 
closed in  oil  casings.  The  crane  has  a 
nominal  capacity  for  %-yd.  clam  shell 
in  sand,  %-yd.  clam  shell  in  coal,  2 
tons  on  the  hook,  all  at  a  25-ft.  maxi- 
mum radius.  It  has  a  maximum  ca- 
pacity of  4  tons  at  12%  -ft.  radius  or 
at  20-ft.  straight  ahead.  The  height 
to  top  of  mast  is  12  ft.;  width  over 
caterpillars,  10  ft.;  wheel  base,  9  ft.; 
boom  length,  34  to  40  ft.  The  total 
weight  is  approximately  10  tons. 
Steering  radius  for  crane  is  16  ft.,  and 
the  total  boom  swing  is  315  degrees. 
The  power  plant  is  a  40-hp.  4-cylinder 
motor. 


Pumping  Plant  for  Concrete  Road 
Construction 

A  recent  development  in  pumping 
plant  for  road  builders,  the  C.  H.  & 
E.  No.  11  triplex  pump  with  Wau- 
kesha 4-cylinder  gasoline  engine  is 
illustrated.  The  outfit  is  stated  to 
have  a  capacity  of  70-gal.  per  minute, 
and  will  pump  this  quantity  to  a  dis- 
tance of  5  miles.  It  is  stated  also 
that  it  will  pump  at  rate  of  60-gal. 


C.   H.  &  E.  Road  Builders  Pumping  Plant. 

for  a  distance  of  5  miles  and  50-gal. 
at  9%  miles.  The  plungers  of  the 
pump  are  outside  packed  and  it  is 
claimed  in  this  vertical  type  of  pump, 
any  sand  or  gravel  drawn  in  is  easily 
swept  through  with  the  water,  with- 
out doing  any  harm  to  the  plunger. 
All  valves  are  easily  accessible  by  re- 
moving one  cover  plate.  The  plant  is 
made  by  the  C.  H.  &  E.  Manufactur- 
ing Co.,  Milwaukee,  Wis. 
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Trailer  Transport  for  Concrete 
Mixers 

A  trailer,  especially  designed  for 
transportation  of  construction  equip- 
ment and  which  carries  all  sizes  of 
paving  mixers  up  to  21E  is  illustrated. 
It  has  a  capacity  of  13  tons,  and  a 
wheel  base  of  159  in.    Its  width  over 


stalled  at  the  rear  of  the  upper  frame, 
located  in  approximately  the  same 
place  as  the  boiler  on  the  steam  ma- 
chine. This  generating  set  consists 
of  a  four-cylinder,  vertical,  heavy 
duty  gasoline  engine  fitted  with 
Bosch  magneto,  Stromberg  carburetor 
and  bronze  pump  and  with  the  engine 
shaft  extended  for  connection  to  the 


Concrete  Mixer  Being  Loaded  on  Foote  Transport    Trailer. 


all  is  129  in.  (outside  to  outside  rear 
hub  caps).  It  has  a  length  of  156  in., 
and  width  of  93  in.  The  height  to  top 
of  platform  is  23^  in.  The  frame  is 
underslung,  made  up  of  three  8  in.  I 
heams  heavily  reinforced  with  6  in. 
steel  channels.  The  wheels  have  steel 
spokes  and  rims.  The  front  tires  are 
40  in.  x  8  in.  single  rubber  tires,  and 
the  rear  tires  are  40  in.  x  12  in.  The 
wheels  have  Hyatt  roller  bearings. 
This  trailer  is  made  by  the  Foote  Con- 
crete Machinery  Co.,  1241  South  Mich- 
igan Ave.,  Chicago. 


direct  current  generator.  On  the  all- 
electric  machine  this  gasoline  engine 
is  replaced  with  an  electric  motor, 
otherwise  the  construction  of  the  ma- 
chines are  identical.  With  either 
type  the  generating  set  is  mounted  on 
a  heavy  cast  iron  base. 

'Current  from  the  generator  is  car- 
ried by  feed  lines  to  the  controllers 


Gasoline  Electric  Shovel  on  Lines 
of  Older  Steam  Type 

Eecognizing  that  where  conditions 
permit,  steam  still  retains  the  favored 
and  leading  position  as  power  for 
mechanical  shovels.  The  Marion 
Steam  Shovel  Co.,  of  Marion,  Ohio, 
has  met  the  demand  for  a  gasoline- 
operated  unit  by  a  development  fol- 
lowing the  steam  design  so  closely 
that  the  parts  of  the  two  types  are 
interchangeable  except  for  the  power 
units.  Obviously  this  requires  sepa- 
rate motors  corresponding  to  the 
separate  engines  for  the  different 
operations  of  a  steam  shovel. 

On  the  gasoline-electric  shovel  a 
direct  connected  generating  set  is  in- 


Marion     Gasoline-Electric    Shovel. 

located  at  the  front  of  the  shovel  and 
which  have  movements  identical  with 
the  levers  ©n  the  steam  machines. 
Three  controllers  are  used,  one  each 
for  the  hoisting,  rotating  and  crowd- 
ing. 
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The  motors  are  of  the  totally  en- 
closed type.  Each  motor  is  mounted 
on  a  rigid  base  and  is  so  located  that 
it  will  not  interfere  with  the  use  of 
the  standard  drums,  bearings  and 
shafts.  This  new  design  is  even  car- 
ried to  such  a  degree  that  the  motors 
'and  generating  set  can  be  dispensed 
with  and  the  machine  converted  into 
a  standard  steam  outfit  in  case  such 
a  change  should  ever  be  desired. 

At  the  front  of  the  upper  frame, 
on  the  side  opposite  to  the  levers,  is 
located  a  motor-driven  direct-con- 
nected air  compressor,  which  furnishes 
air  for  hoisting  ram  and  self-locking 
crowding  Drake.  This  compressor  is 
automatic,  requiring  no  attention  ex- 
cept occasional  lubrication. 

Three  standard  sizes  are  now  being 
built  by  the  Marion  Company,  and 
can  be  furnished  as  gasoline-electric 
or  all-electric,  as  desired.  The  small- 
est of  the  three  is  known  as  Model 
21.  It  carries  a  20-ft.  ooom,  %-cu.  yd. 
dipper  and  weighs  approximately  58,- 
000  lbs.  in  working  condition.  The 
intermediate  size  is  Model  32.  It  is 
fitted  with  a  1-yd.  dipper  and  weighs 
89,000  lbs.  The  largest  in  this  type 
is  Model  37.  It  carries  a  1%-yd. 
dipper     and     weighs     approximately 


ture  also  makes  the  pump  suitable  for 
handling  sewage  from  cesspools  and 
work  of  a  similar  nature.  The  valve 
chambers  were  designed  with  work  of 
this  sort  in  mind,  ease  of  clean-out 
being  given  paramount  importance. 
Rubber  ball  valves  are  used  which  are 
largely  self-clearing  and  the  valve 


Diaphragm  Force  Pump 

The  diaphragm  force  pump  illu- 
strated below  was  developed  by  the 
Ralph  B.  Carter  Co.,  152  Chambers 
St.,  New  York,  with  the  cooperation 
of  the  engineers  of  one  of  the  largest 
public  service  corporations  in  the 
United  States.  The  underlying  idea 
was  the  design  of  a  diaphragm  pump 
capable  of  handling  a  widely  diversi- 
fied range  of  work  under  varying  con- 
ditions. With  that  in  mind  exceptional 
sturdiness  of  construction  was  ad- 
hered to  throughout,  this  being  partic- 
ularly noticeable  in  the  jack  design. 
The  pump  is  driven  from  the  gasoline 
engine  or  motor  (by  a  pinion)  to  an 
intermediate  gear  and  from  the  inter- 
mediate gear  shaft  by  means  of  a 
double  pinion  to  two  large  crank  shaft 
gears  on  the  pack  proper.  This  elim- 
inates any  side  play  in  the  walking 
beam  motion.  The  pump  was  designed 
with  the  closed  discharge  in  order  to 
handle  manhole  pumping  without  dis- 
charging the  water  into  the  street  and 
eliminating  the  necessity  of  tempo- 
rary through  construction.  This  fea- 
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Humdinger  Diaphragm  Force  Pump. 

chamber  cover  is  held  in  place  by  a 
yoke  and  hand  wheel.  By  means  of 
this  arrangement  it  is  stated  to  be  a 
matter  of  about  30  seconds  to  take  off 
the  valve  chamber  cap  and  remove 
any  obstruction  from  the  valve  cham- 
ber. The  closed  discharge  feature 
also  has  made  the  pump  very  satisfac- 
tory for  deep  excavation  pumping 
where  the  suction  lift  is  too  great  for 
a  single  open  type  pump.  The  pump 
is  stated  to  be  capable  of  discharging 
to  a  height  of  approximately  30  ft. 


Intrusion  Method  of  Waterproof- 
ing and  Repairing  Structures 

While  the  injection  of  grouting  and 
waterproofing  into  structures  and 
soils  is  by  no  means  a  new  pro- 
cedure, it  is,  like  other  arts,  subject  to 
more  or  less  continuous  improvements. 
Among  the  latest  and  most  important 
improvements  in  this  field  is  that 
known  as  the  "Weber  Intrusion 
Method,"  adopted  and  in  use  by  the 
Weber  Engineering  Corporation, 
Singer  Building,  New  York  City. 

Special,  high  pressure  injecting 
equipment  has  been  developed  for  use 
in  the  Weber  method.  In  the  repair, 
restoration  or  strengthening  of  struc- 
tures the  work  is  accomplished  thor- 
oughly and  completely  and  with  the 
use  of  a  minimum  of  material.  Sucl 
work  must  often  be  carried  oi 
against,  and  afford  protection  from, 
great  water  pressure,  chemical  in- 
fluences and  other  difficulties.    It  may 
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involve  operations  in  narrow,  dark  and 
wet  places,  in  the  presence  of  gases 
and  even  of  extreme  temperatures. 

The  method  is  used  for  the 
cementation  and  solidification  of 
loose  rock,  gravel  and  other  strata 
to  stabilize  the  same  and  to  in- 
crease their  bearing  capacity.  It 
is  also  used  for  the  localizing  and 
blocking  of  underground  water  veins, 
for  sealing  springs  and,  previous  to 
driving  tunnels  and  mine  shafts,  etc., 
for  safeguarding  the  excavation. 

The  method  of  waterproofing  sub- 
terranean structures  consists  of  in- 
jecting, under  high  air  or  hydraulic 
pressure,  an  inexpensive  special  water- 
proofing compound  into  all  the 
water-carrying  seams,  fissures,  cavi- 
ties and  crevices  behind  the  walls, 
also  deeply  into  the  rock  or  other 
backing.  The  water  is  completely 
crowded  away  from  the  structure  and 
all  pores,  cracks  and  passages  in  the 
walls  are  perfectly  sealed,  at  the  same 
time,  with  the  non-hardening  material 
which  is  not  in  the  least  affected  by 
sulphur  or  salt  water,  etc.  The  filling 
material  is,  and  remains,  plastic  at  all 
times.  Cracks  or  crevices  which  may 
be  caused  at  a  later  date  by  settle- 
ment, earth  tremors  or  temperature 
stresses  will  automatically  be  closed 
and  sealed  by  the  self-healing  com- 
pound. 

Successful  waterproofing  by  the 
Weber  method  is  now  being  done  in 
Europe  in  mineshafts  over  2,000  ft. 
deep,  where  enormous  hydrostatic 
pressures  are  encountered  and  where 
every  other  method,  including  cement- 
grouting,  resulted  in  complete  failure. 

The  injecting  machine  differs  from 
ordinary  grouting  machines  in  being 
so  constructed  that  stiff,  plastic  com- 
pounds, asphalts,  mortars,  etc. — not 
merely  a  watery  grout — can  be  placed 
with  it. 


while  by  the  use  of  underhung  coun- 
terweights the  tractive  effort  may  be 
further  greatly  increased.     Control  is 


Special  Tractor  for  Railway 
Turntables 

For  the  many  engine  turntables 
which  have  a  fairly  frequent  use  yet 
not  use  enough  to  warrant  the  instal- 
lation of  the  ordinary  electric  tractor 
with  operator's  cab  and  other  com- 
plete equipment,  the  small,  compact 
machine  shown  in  the  picture  below 
has  been  devised.  As  may  be  noted, 
the  frame  is  of  I  beams.  The  machin- 
ry  is  so  grouped  that  the  entire  load 
may  be  brought  on  the  tractor  wheel, 


New   Turntable   Tractor. 

arranged  from  a  stand  on  the  turn- 
table. George  P.  Nichols  &  Bro.,  2139 
Fulton  St.,  Chicago,  are  the  makers. 


New  Road  Form 

The  Carr  road  form  recently 
brought  out  by  The  Lakewood  Engi- 
neering Company,  Cleveland,  0.,  is 
made  of  t36  in.  metal.  The  locking 
arrangement  consists  of  two  simple 
wedges.  The  sections  of  the  form  are 
made  in  12  ft.  lengths.  One  of  the 
important  features  of  this  form  is  the 


Carr   Road   Form. 

line  point  top  surface,  which  is  se- 
cured by  the  rounded  top.  Flat  stakes 
are  provided  which  can  be  driven  any- 
where along  the  base.  These  stakes 
have  a  penetration  of  15  in.,  and  their 
shape  gives  maximum  resistance 
against  displacement.  The  base  of  the 
form  is  5  in.  wide. 
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New  Medium  Sized  Dragline 

The  Monighan  Machine  Company, 
Chicago,  has  recently  placed  on  the 
market  a  medium  sized  dragline  ex- 
cavator known  as  the  Model  IVz  T. 
The  traction  device  and  other  general 
features  of  design  in  this  new  model 
are  the  same  as  those  which  have 
been  used  in  the  Monighan  draglines 
for  a  number  of  years.  The  walking 
traction  mechanism  incorporates  sev- 
eral important  improvements  among 


cams  and  auxiliary  platforms  are 
suspended  from  the  moving  shaft 
above  the  ground.  When  it  is  neces- 
sary to  move  the  machine  the  cams 
are  set  in  motion  and  the  platforms 
automatically  swing  into  the  proper 
position  on  the  ground  beneath  the 
cams.  The  cams  in  turn  describe  a 
small  arc  of  idleness  and  come  in  con- 
tact with  the  auxiliary  platforms, 
causing  the  machine  to  move.  This 
machine  does  not  rest  on  its  traction 
device  when  digging,  and  consequently 
does  not  easily  bore  and  work  itself 
into  a  rut.    The  actual  bearing  pres- 


New  Monighan  Dragline. 


which  is  the  new  method  for  fasten- 
ing the  moving  gear  and  cams  onto 
the  moving  shaft.  Formerly  these 
large  cast  steel  parts  were  double 
keyed  to  a  round  moving  shaft.  In 
the  new  machine  the  moving  shaft  is 
made  from  a  single  steel  forging  with 
a  large  square  shoulder  for  fastening 
the  gear  and  with  the  ends  machined 
square  for  fastening  the  cams.  When 
this  machine  is  digging  dirt  and  cast- 
ing it  off,  it  rests  on  a  circular  base 
which  is  entirely  covered  with  heavy 
plate  on  the  bottom.  During  this 
excavating     operation,    the    walking 


sure  of  the  machine  on  the  ground, 
when  digging,  is  only  about  5  lbs. 
per  square  inch.  The  new  lxk  T  is 
operated  by  a  75-h.  p.,  3-cylinder, 
2-cycle  fuel  oil  engine  requiring  only 
about  40  gals,  of  fuel  oil,  and  from 
\xk  to  2  gals,  of  lubricating  oil  for  a 
10-hour  shift.  An  important  feature 
of  this  new  machine  is  the  fact  that 
it  can  be  loaded  onto  a  flat  car  almost 
all  assembled  so  that  it  requires  very 
little  dismantling  in  shipping.  The 
work  of  getting  the  machine  assem- 
bled for  operation  after  it  has  been 
delivered  on  the  job  is  also  corre- 
spondingly reduced. 
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The  Austin  "Pup" 

The  Austin- Western  Machinery  Co. 
of  Chicago  has  undertaken  to  supply 
the  need  of  a  small  size  road  roller  at 
moderate  cost  by  putting  out  what 
has  been  named  "The  Pup,"  which  is 
shown  in  the  picture.  This  roller  has 
a  total  length  of  12%  ft.  and  a  width 
of  5  ft.  Its  wheel  base  is  8  ft.,  and 
the  rear  wheels  are  of  42  in.  diameter 
with  18  in.  faces.    The  total  weight  is 


Austin    Road    Roller— "The    Pup." 

6,000  lbs.,  and  the  compression  under 
the  rear  rolls  114.4  lbs.  per  lineal  inch. 
The  power  plant  is  that  of  the  Ford- 
son  tractor.  The  roller  operates  at 
two  speeds  only— 1.48  miles  per  hour 
low  and  2.73  miles  per  hour  high,  the 
Fordson  high  speed  having  been 
blocked  out  as  too  fast  for  the  opera- 
tion of  a  road  roller. 


The  operation  of  the  "U"  spike  is 
like  that  of  the  straps  long  used  on 
crossings,  switches  and  interlockings 
by  switch  and  signal  companies. 

The  manufacturers  call  attention  to 
the  fact  that  the  Roadmasters'  Asso- 
ciation is  on  record  in  favor  of  spaced 
"joint  ties,"  and  that  the  only  prac- 
tical way  to  maintain  the  spacing  is 
to  "slot-spike"  the  joint  plates.  With 
this  step  taken,  the  addition  of  "U" 
spikes  follows  naturally. 

New  Cableway  for  the  Small 
Gravel  Pit 

A  cableway  designed  particularly 
for  use  on  a  temporary  job  or  in  a 
small  gravel  pit  has  been  placed  on 
the  market  by  Sauerman  Bros.,  428  S. 
Clinton  St.,  Chicago.  This  cableway— 
the  Sauerman  "Junior"  is  manufac- 
tured in  three  sizes,  with  6-cu.  ft.,  9- 
cu.  ft.  or  13-cu.  ft.  bucket,  each  hav- 
ing an  operating  span  of  300  ft.  The 
handling  capacity  of  the  machine  is 
stated  to  range  from  100  to  300  cu.  yd. 
per  day.  The  portable  double  drum 
hoist  of  the  "Junior"  cableway  is 
furnished  with  gasoline  engine  direct 


The  "U"  Spike— A  Preventer  of 
Rail  Creep 

By  permanently  connecting  a  few 
adjacent  ties  to  "joint  ties,"  on  which 
the  plates  are  "slot-spiked,"  a  power- 
ful resistance  to  rail  creep  is  devel- 
oped. A  very  simple,  economical  and 
efficient  means  to  this  end  is  the 
"Trasco"  "U"  spike  made  by  the 
Track  Specialties  Co.,  29  Broadway, 
New  York  City. 

The  device  is  essentially  but  an  en- 
larged edition  of  the  old-fashioned 
"double-pointed  track"  with  which  we 
fastened  down  floor  coverings  in  our 
boyhood.  Its  application  is  the  sim- 
plest possible,  and  it  has  the  special 
advantages  of  working  at  all  tempera- 
tures without  interference  due  to  rail 
expansion  or  contraction,  and  of  not 
grounding  any  track  circuits.  Neither 
does  it  check  ties,  overstrain  joints, 
nor  require  anv  maintenance. 
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Sauerman    "Junior"    Cableway    and    Small 
Gravel  Plant. 

connected  to  it  and  mounted  on  the 
same  truck  or  with  belt  drive  if  the 
purchaser  desires  to  use  a  tractor  for 
motive  power.  The  engines  are  8,  15 
and  20  hp.  respectively  for  the  three 
sizes  of  machines  and  consume  from 
8  to  20  gals,  of  gasoline  per  day. 
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A  New  Type  of  Multi-Stage 
Centrifugal  Pump 

The  De  Laval  Steam  Turbine  Co., 
New  York,  has  developed  a  new  type 
of  multi-stage  pump,  known  as  a 
"series"  pump,  in  which  the  advan- 
tages of  the  double  suction  impeller 
are  retained.  This  is  made  possible 
by  the  use  of  a  specially  formed  cas- 
ing which  provides  individual  volutes 
for  each  impeller,  with  ample  inter- 
connecting passages  within  the  casing 


De    Laval   Two-Stage    Series   Pump. 

itself.  The  double  suction  impeller  is 
stated  to  give  perfect  hydraulic  bal- 
ance and  two  of  the  stuffing  boxes 
which  would  be  required  if  two  sepa- 
rate casings  were  employed  are  elimi- 
nated, together  with  their  friction. 
As  compared  with  a  single  suction  im- 
peller, the  double  suction  impeller  has 
a  smaller  suction  eye,  which  permits 
of  making  the  impeller  itself  smaller 
in  diameter,  and  hence,  it  is  stated, 
the  pump  can  be  built  to  operate  at  a 
higher  speed  for  a  given  head  and 
capacity,  or  for  the  same  speed,  head 
and  capacity,  a  higher  efficiency  is  ob- 
tained. 


New  Tractor 


May, 
and 


stallation  of  electric  lighting  and 
starting  equipment  when  ordered  with 
tractor.  Other  points  of  unique  con- 
struction    include     shock     absorbing 


Monarch  4-40  Tractor. 

drawbar,  special  logging  attachments, 
self-oiling  bearings,  automobile  con- 
trol, etc.  The  power  plant  is  a  Mon- 
arch Beaver  motor,  4-cylinder,  valve 
in  head,  4% -in.  bore,  6-in.  stroke.  Con- 
servatively rated  40  b.  hp.  at  1,200 
r.p.m,  25  drawbar  horsepower  at  21/4 
m.p.h. 


New  Archer  Ford  Building  and 
Paving  Mixer 

A  mixer  mounted  on  a  Ford  truck 
chassis,  and  operated  by  the  Ford 
engine,  has  been  placed  on  the  market 
by  the  Archer  Iron  Works,  Chicago, 
111.  The  mixer  is  of  the  1-bag  size, 
giving  7  cu.  ft.  of  mixed  concrete  per 


Two  additions  were  made  to  the  line 
of  tractors  of  the  Monarch  Tractors, 
Inc.,  Watertown,  Wis.,  and  the  Model 
C  tractor  was  improved.  The  new 
tractors  are  known  as  Model  6-60  and 
Model  4-40.  The  first  mentioned  is  de- 
signed to  handle  the  heaviest  jobs  in 
contracting,  logging  and  general  in- 
dustrial work.  The  4-40  is  the  inter- 
mediate model  between  the  6-60  and 
Model  C.  Chief  among  the  new  fea- 
tures of  the  4-40  is  the  mounting  of 
the  tractor  frame  at  its  three  points 
of  suspension  upon  heavy,  yet  re- 
silient, silico  manganese  springs.  An- 
other outstanding  feature  of  the  de- 
sign is  the  provision  for  practical  in- 

(30) 


Machine  Fully  Equipped  Ready  for  Use. 

batch.  The  power  is  taken  direct  from 
the  Ford  motor  by  means  of  a  unique 
take  off  under  the  hood,  the  full  power 
of  the  motor  being  available  for  driv- 
ing the  drum.  The  mixer  is  one  man 
control  and  can  be  operated  from  the 
driver's  seat  or  from  the  ground. 
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Adjustable  Paving  Guage  and 
Strike  Off 

A  recent  improvement  in  the  ad- 
justable paving  gauge  of  the  Roughen 
Adjustable  Guage  Co.,  Fond  du  Lac, 
Wis.,  consists  of  a  raising  lever  at- 
tached at  the  center  of  the  gauge  on 
the  one  man  propelling  device  by 
means  of  which  the  entire  gauge  can 
be  raised  above  the  adjustments  at 
the  truck  wheels  by  pulling  over  this 
raising  lever  which  has  five  different 
adjustments.  This  is  a  very  quick 
method  of  raising  the  gauge  to  permit 
the  operator  to   back  the  gauge  for 


Guarantee  of  Water  Supply  Ac- 
companies Installations  Made 
by  Pump  Company 

A  new  policy,  under  which  an  ac- 
tual guarantee  of  a  specified  supply 
of  water  accompanies  well  and  pump 
installations,  has  been  inaugurated  by 
Layne  &  Bowler,  pump  and  well  sup- 
ply manufacturers  of  Memphis,  Tenn. 

This  company  maintains  subsidiaries 
in  New  York  City,  Chicago,  Cincin- 
nati, Memphis,  St.  Petersburg,  Flor- 
ida, and  Stutgart,  Arkansas,  from 
which  centers  experts  in  this  branch 
of  water  supply  are  available  for  ser- 


Roughen   Adjustable  Paving  Gauge   with   One   Man  Propeller. 


restriking  the  second  finish  or  where 
sand  cushion  or  thin  top  finishing  is 
required.  Besides  this  adjustment, 
there  is  a  vertical  adjustment  by 
which  the  entire  gauge  can  be  lowered 
18  in.  below  its  trucks  which  support 
the  gauge.  The  illustration  shows  the 
general  character  of  the  gauge  and 
its  use.  The  gauge  is  so  designed 
that  one  man  can  check  the  sub-grade 
and  strike  off  the  base  and  each  suc- 
ceeding course  with  very  great  ac- 
curacy. 

The  machine  is  provided  with  an 
arrangement  for  the  quick  raising  or 
lowering  of  the  template  through  con- 
siderable ranges  in  level,  as  between 
sub-grade  and  top;  and  with  a  pre- 
cise adjustment  to  Vs  in.  at  any  de- 
sired point. 


vice  as  needed.  The  men  engaged  in 
this  work  are  not  merely  specialists 
in  underground  water  supplies  in  gen- 
eral, but  each  has  devoted  particular 
attention  to  conditions  within  his  own 
territory;  and  it  is  this  high  degree 
of  specialization  which  makes  the 
bonded  guarantee  possible  at  a  reason- 
able cost  to  the  purchaser.  Obviously 
the  system  requires  an  independent 
study  and  design  for  each  case. 

The  salient  physical  feature  of 
Layne  &  Bowler  wells  is  the  use  of 
a  "shutter  screen"  at  an  opening  in 
the  well  wall  opposite  each  water 
bearing  formation.  This  construction 
permits  a  maximum  of  openings  with- 
out weakening  the  casing.  After  the 
well  casing  and  screen  are  installed 
a  gravel  filter  is  placed  around  the 
screen  to  hold  back  the  fine  sands  and 
permit  of  maximum  production  from 
the  wall. 
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2-Wheel  Balanced  Trailer 

A  2-wheel  balanced  trailer,  built 
specially  for  use  with  the  Fordson 
tractor,  is  the  latest  addition  to  the 
line  of  the  Lee  Trailer  &  Body  Co., 
Chicago.  This  equipment  has  been 
designed  for  use  where  the  going  is 
rough  or  steep  and  is  particularly 
adapted  to  short  hauls.  The  Lee 
trailer  is  easily  and  quickly  coupled 
or  uncoupled  to  or  from  the  tractor 
by  a  semi-automatic  coupler  furnished 
with  the  trailer.  The  shape  of  the 
coupler  is  such  that  in  backing  the 
tractor  to  make  the  coupling,  it  auto- 
matically places  the  coupler  bar  in  the 
proper  position  for  inserting  coupler 
pin.     The  trailer  is  furnished  with  a 


Being  a  fully  enclosed  force  pump, 
it  will  handle  sewage  and  odorous 
liquids. 


Lee  2-Wheel  Dump   Trailer. 

folding  jack  at  the  front  and  a  fold- 
ing brace  at  the  rear,  which  are  used 
when  the  trailer  is  standing  alone  and 
being  loaded  or  unloaded.  The  capac- 
ity of  the  body  on  the  FL  type  trailer 
is  1%-yd.  without  side  boards,  and 
2-yd.  with  standard  side  boards.  The 
capacity  of  the  body  on  the  FH  type 
trailer  is  3-yd.  without  side  boards, 
and  4-yd.  with  standard  side  boards. 
Larger  bodies  can  be  furnished  if  re- 
quired. All  bodies  furnished  on  these 
trailers  are  automatic  gravity  dump- 
ing bodies,  identical  to  Lee  standard 
motor  truck  bodies,  and  therefore 
bodies  on  these  trailers  can  be  re- 
moved at  any  time  and  mounted  on  a 
motor  truck. 


High  Head  Truck  Pump 

Fifty  feet  is  the  total  head  for  the 
"Odofor,"  a  plunger  trench  pump  pro- 
duced by  the  Barnes  Manufacturing 
Co.,  of  Mansfield,  Ohio,  for  drainage 
pumping  where  the  total  head  ex- 
ceeds 25  ft.  The  "Odofor"  is  suitable 
for  use  in  connection  with  bridge  work, 
for  well  point  excavation  jobs  and  for 
filling  tank  wagons  on  macadam  road 
jobs. 


The    "Odofor"    Force    Pump    for    Trench    Use. 

The  diaphragm  of  the  open  spout 
pump  is  replaced  by  the  machined 
iron  plunger  which  reciprocates 
through  the  stuffing  box  and  gland. 
This  permits  pressures  that  would 
instantly  break  a  diaphragm.  There 
is  no  special  packing. 

The  capacity  of  this  pump  is  6,000 
gallons  per  hour.  It  is  furnished  in 
the  4  in.  size  only,  single,  double  or 
quadruple. 


Improved  25-50  Tractor 

The  improved  Avery  25-50  hp.  trac- 
tor pictured  below  differs  from  its 
well  known  predecessor  in  appearance 
and  in  many  details.    Among  the  new 


New    Avery    Tractor. 

features  of  this  model  are  an  increase 
in  power,  a  new  cooling  system  with 
cellular  radiator,  water  pump  and 
fans,  and  the  Madison-Kipp  mechan- 
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ical  lubricator,  for  oiling  the  motor. 
The  four  cylinder  horizontal  Avery 
motor  with  which  it  is  equipped  has 
an  inch  longer  stroke  and  is  now  6V2 
in.  bore  by  8  in.  stroke.  It  has  the 
usual  features  found  in  the  Avery 
tractor  motors.  The  new  tractor  is 
adapted  to  the  handling  of  a  10  ft. 
road  grader,  a  14  in.  moldboard  plow 
or  12  disc  plows  under  ordinary  condi- 
tions. 


New  Portable  Pumping  Outfit 

A  portable  pumping  outfit  brought 
out  recently  by  the  Pennsylvania 
Pump  &  Compressor  Co.,  Easton,  Pa., 
is  illustrated  below.  The  unit  consists 
of  a  5-h.p.  air  cooled  gasoline  engine 
and  a  3-in.  centrifugal  pump  mounted 
on  the  engine  shaft.  The  engine  is 
the  New  Way  5-h.p.  air  cooled  gaso- 
line engine.  The  Pennsylvania  pump 
is  of  the  single  stage,  side  suction 
type,  with  open  impeller.  The  back 
and  edge  of  impeller  and  the  interior 


Outfit  Complete  with  Hand  Primer  and   10  ft. 
Suction   Hose   Mounted  on   Small  Truck. 

surface  of  the  casing  are  accurately 
machined  to  template,  insuring  the 
proper  uniform  clearance  between  the 
rotating  and  stationary  elements. 
The  engine  shaft  extends  into  the 
pump  casing  and  the  impeller  is 
mounted  upon  its  end.  That  portion 
of  the  shaft  extending  into  the  pump 
and  exposed  to  the  action  of  the  liquid 
being  pumped,  is  covered  with  a 
bronze  sleeve  to  prevent  corrosion  and 
is  easily  renewable  if  necessary.  The 
pump  will  deliver  approximately  50 
GPM  at  30  to  35  ft.  total  head  or  250 
GPM  at  25  ft.  total  head,  and  in- 
creased capacity  at  still  lower  heads. 
The  weight  of  the  complete  outfit  as 
shown  is  780  lb.,  while  the  combined 
engine  and  pump  alone  weigh  550  lb. 


Auxiliary   Cutter    Gives    New 
Range  of  Trench  Widths 

A  new  trench  excavator  attachment, 
by  means  of  which  the  cutting  range 
of  Buckeye  excavators  is  greatly  in- 
creased without  changing  the  buckets, 
has  been  perfected  by  The  Buckeye 
Traction  Ditcher  Co.,  of  Findlay,  O. 
The  cutter  consists  of  two  shafts,  one 
on  each  side  of  the  boom.  Each  shaft 
is  fitted  with  steel  cutting  teeth.  As 
the  shafts  revolve,  these  teeth  dig  into 
the  trench  side  walls  outside  of  the 
buckets,  giving  an  extra  cut  on  each 
side.  The  shaft  supports  are  adjust- 
able, permitting  variation  of  cutting 
widths  as  desired.  No  additional 
power  is  required  as  the  auxiliary  cut- 


Auxiliary  Cutter  on  Ditcher. 

ters  take  the  load  off  the  regular 
bucket  side  cutters.  Power  is  trans- 
mitted by  heavy  steel  roller  chain 
operating  from  the  shaft  that  drives 
the  digging  buckets.  It  is  stated  that 
four  men,  in  two  hours,  can  attach  or 
remove  the  cutter. 
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New  Equipment  Issue 


May, 


One-Man  Road  Maintainer 

A  light  road  machine  hauled  by  a 
Fordson  tractor  and  operated  by  one 
man  is  now  being  manufactured  by 
the  C.  D.  Edwards  Manufacturing 
Company,  of  Albert  Lea,  Minn.  The 
machine  is  made  with  two  types   of 


justable  scarifier  attachment.  The 
scarifier  digs  into  the  road  to  a  depth 
of  1  or  2  in.  and  loosens  up  enough 
material  for  filling  up  the  holes  and 
small  ruts  with  the  blade.  This  ma- 
chine is  designed  for  gravel  road 
maintenance  under  motor  traffic.  The 
Aurora  reversible  grader  is  also  built 


Edwards-Fordson    One-Man    Maintainer. 


rear  wheels  and  with  mold  boards  7, 
8.  9  or  10  feet  long.  The  Fordson 
will  turn  on  a  12-ft.  radius  and  the 
rear  wheel  of  the  grader  on  a  6-ft. 
radius,  the  tractor  being  under  com- 
plete control  of  the  operator  regard- 
less of  its  angle  to  the  grader. 


with  a  scarifier  attachment.  The 
Western  Wheeled  Scraper  Co.  also 
trough  brought  out  what  is  known 
as  the  Westford  Grader.  This  is  a 
combination  of  the  Little  Western 
steel  grader  and  Fordson  tractor  in 
a  single  well  balanced  unit. 


Road  Maintainer  and  Grader 

Among  the  new  road  machinery 
brought  out  by  the  Western  Wheeled 
Scraper,  Aurora,  111.,  is  a  new  com- 


A  Tractor  of  Great  Flexibility 

In  developing  a  tractor  to  give 
maximum  service  under  all  conditions, 
the  Bear  Tractors,  Inc.  53  Park  Place, 
New    York    City,   have    succeeded   in 


Westford  Grader. 

bination    machine    consisting    of    the 
little  Western  steel  grader  and  an  ad- 

(34) 


Bear  25-35  Crawler  Tractor. 

combining  power,  compactness,  light 
weight  and '  other  features  with  a  re- 
markable degree  of  flexibility.  This 
flexibility  can  not  be  shown  in  any 
single  illustration,  but  the  picture 
given    herewith     shows    one    of    its 
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phases  and  gives  a  fair  idea  of  the 
general  appearance  of  the  machine. 
The  compensating  track  roller  system 
equally  distributes  the  weight  of  the 
tractor  so  that  the  track  conforms  to 
the  irregularities  of  the  ground,  and 
maintains  uniform  traction.  The  ex- 
treme ranges  of  the  oscilating  bar 
and  the  compensating  track  rollers 
give  the  Bear  a  maximum  of  mobility. 
The  drawbar  rating  is  25  h.  p.,  but 
there  is  a  100  per  cent  overload 
capacity.  Eighty  per  cent  of  the  en- 
gine's power  is  actually  delivered  at 
the  drawbar  and  is  available  for  pull- 
ing. The  weight  is  5,500  lbs.  net; 
6,000  lbs.  with  fuel,  oil  and  water. 
Over-all  dimensions  are:  Length,  110 
in.;  width,  60  in.;  height,  54  in.;  turn- 
ing radius,  6  ft.  All  oiling  is  from 
reservoirs,  there  being  no  grease  cups 
anywhere  on  the  tractor.  The  draw- 
bar is  a  resilient  steel  cable  attached 
to  the  track  frame  forward  of  center 
and  below  center  of  gravity,  so  that 
it  •  pulls  down  in  front  and  increases 
traction. 


Tandem    Wheel    Scraper    Outfit 

A  wheel  scraper  outfit  which  per- 
mits of  attaching  three  No.  2  wheelers 
behind  a  tractor  was  brought  out  last 
fall  by  the  Beach  Manufacturing  Co., 
Charlotte,  Mich.  It  is  claimed  that 
one  man  can  load  these  wheelers 
easier  than  he  can  load  a  horse-drawn 
wheeler.  The  lifting  chairs,  working 
over  a  fulcrum  in  connection  with  the 


New  Portable  Power  Scraper 
Outfit 

A  portable  power  scraper  outfit 
was  added  during  the  past  year  to  the 
line  of  Sauerman  Bros.,  428  S.  Clin- 
ton St.,  Chicago.  This  portable  outfit 
has  an  operating  span  of  200  ft. 
(which  can  be  increased  to  300  ft.  if 
necessary)  and  comes  with  either  1/4- 


Sauerman   Portable  Power   Scraper   in   County 
Gravel  Pit. 

cu.  yd.  or  %-cu.  yd.  scraper  bucket. 
The  double  drum  hoist,  which  is 
truck-mounted  for  easy  moving  from 
job  to  job,  is  furnished  with  gasoline 
engine  or  electric  motor  direct-con- 
nected or  with  belt  pulley  to  be  driven 
by  a  tractor  or  similar  motive  power. 


Tractor   Wheeler   Train. 


large  cast  springs,  practically  lift  the 
load,  and  when  the  "Jouncing  Bar" 
is  thrown  down  it  automatically  locks, 
so  every  load  reaches  the  dump.  It 
is  stated  three  wheelers  and  tractor 
will  turn  in  a  circle  from  16  to  21  ft. 
(according  to  tractor  used),  as  they 
are  so  constructed  each  one  follows 
in  the  track  of  the  front  wheels. 


It  is  claimed  that  one  man  with  a 
Sauerman  portable  scraper  rig  will 
handle  from  100  to  300  cu.  yd.  per 
day.  All  he  has  to  do  is  operate  the 
two  levers  of  the  scraper  hoist.  The 
scraper  bucket,  being  bottomless,  loads 
and  dumps  automatically,  when  and 
where  wanted,  at  the  will  of  the  oper- 
ator of  the  hoist. 
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New  Equipment  Issue 


May, 


Portable    Power    Unit   and    Cen- 
trifugal Pump 

The  picture  below  shows  a  combi- 
nation of  centrifugal  pump  and  the 
well-known  Buda  "power  unit,"  so 
mounted  as  to  be  easily  and  quickly 
portable  and  yet  requiring  no  special 


Pump   and  Buda   Power  Unit  on  Portable 
Foundation. 

foundation  when  in  operation.  This 
outfit,  which  is  supplied  by  the  Buda 
Company  of  Harvey,  111.,  is  adapted 
to  the  variety  of  needs  of  the  general 
contractor,  road  builder,  or  other 
operator  at  frequently  changed  loca- 
tions. It  is  available  in  a  wide  range 
of  sizes. 


Locomotive  With  Tractor  Power 
Unit 

A  locomotive  which  utilizes  a  Ford- 
son  tractor  as  its  power  unit  was 
produced  during  the  past  year  by  the 
Brookville  Truck  &  Tractor  Co.. 
Brookville,   Pa.,   the   tractor   is   used 


Brookville  Locomotive  with  Fordson 
Power   Unit. 

without  change  or  alteration  other 
than  discarding  Fordson  wheels  and 
steering  apparatus.  Any  Fordson 
Tractor  can  be  used,  and  with  the 
exception  of  three  slight  alterations 


applying  to  24-in.  gauge  only,  no  ma- 
chine work  whatever  is  necessary. 
The  locomotive  is  made  of  heavy  ship 
channel  weighing  50-pounds  per  lin- 
eal foot.  The  end  sills  are  iy2  in.  by 
18  in.  by  48  in.  plate.  Sides  and  end 
sills  are  joined  by  heavy  angle  iron, 
hot  riveted.  The  driving  power  is 
transmitted  from  the  Fordson  axle 
shafts  by  locomotive  sprockets  and 
drive  chain.  The  drive  wheels  are 
20  in.  diameter.  The  minimum 
weight  of  the  locomotive  is  6,000  lbs. 
The  width  over  all,  applying  to 
gauges  24  in.  to  42  in. — 54  in.  Over 
all  width  56V2  in.  gauge — 65  in.  The 
minimum  height  less  cab  is  56  in.;  the 
minimum  height  with  cab  is  64  in.; 
and  standard  height  is  72  in.  Two 
working  speeds  forward  are  provided ; 
low  3  miles,  high  6  miles.  The  re- 
verse speed  is  6  miles. 


Winch  Tractor  Attachment 

A  winch  of  simple  construction,  de- 
signed for  attachment  to  a  Fordson 
tractor  from  which  it  obtains  its 
power,  is  being  manufactured  by  the 
Paxton  &  Vierling  Iron  Works, 
Omaha,  Neb.  The  winch  is  easily  at- 
tached to  the  tractor.  It  has  two 
drums  with  the  clutch  between.  While 
one   drum   is    on   the   pull   the   other 
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Winch  Used  in  Back  Filling. 

loosens  for  the  return.  Both  drums 
are  operated  with  the  one  lever,  but 
each  drum  has  its  steel  brake  band 
operated  with  the  foot.  This  double 
drum  arrangement  permits  the  work- 
ing of  both  scoops  in  unloading.  It 
also  makes  it  a  useful  hoist  when 
used  in  building  operations,  as  the 
loaded  car  is  ascending  at  the  time 
the  empty  car  is  descending. 
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Improvements  in  the  "Schramm" 
Line  of  Portable  Air  Com- 
pressor Outfits 

During  the  past  year,  radical 
changes  have  been  made  in  the  gov- 
erning, ignition  and  fuel  feed  systems 
of  the  "Schramm"  line  of  portable  en- 
gine-driven air  compressor  outfits. 
The  original  principle  of  direct-con- 
necting the  engine  to  the  compressor 
by  means  of  a  two-throw  crankshaft 
is  still  used.  The  crank  arms  are  set 
180  degrees  apart  and  while  the  en- 
gine  connecting   rod   and  piston   are 


Saw  Rig  for  Contractors 

A  combination  portable  wood  work- 
er put  out  by  the  C.  H.  &  E.  Manu- 
facturing Co.,  Milwaukee,  Wis.,  is 
illustrated  below.  This  is  a  portable 
wood  working  mill,  all  self-contained, 
ready  to  operate  anywhere  either  out 
on  the  job,  or  in  the  shop.  It  is  oper- 
ated by  a  4-cylinder  gasoline  engine 
of  15-H.P.,  which  is  entirely  housed  in 
an  under  the  table  away  from  all  dirt. 
The  outfit  consists  of  a  rip  and  cross 
cut  saw,  right  hand  operated  12-in. 
jointer,  hollow-chisel  mortising  and 
boring  attachment,  27-in.  band  saw, 
sander,  emery  wheel  and  dado  heads. 


Schramm   Portable  Air   Compressor. 


traveling  in  one  direction,  the  com- 
pressor connecting  rod  and  piston  are 
traveling  in  the  opposite  one.  In  ad- 
dition the  flywheels  have  heavy  coun- 
terweights in  them  which  help  insure 
a  steady  running,  evenly-balanced 
unit.  The  compressor  is  a  single-act- 
ing, single  cylinder  unit.  The  com- 
pressor valves  are  of  the  very  latest 
disc  type,  located  in  large  valve  cages 
which  give  easy  access  to  all  incoming 
and  outgoing  air.  Both  engine  and  air 
compressor  have  large  water  hoppers, 
cast  integral  with  the  cylinders.  This 
eliminates  all  fans,  radiators  and 
water-cooling  tanks.  The  air  tanks 
have  been  enlarged,  and  the  capacities 
of  the  compressors  themselves  have 
been  increased.  The  trucks  are 
heavier  and  all  outfits  embody  the 
new  features  of  the  engines  and  com- 
pressors. The  outfits  are  built  in  six 
sizes,  ranging  from  15  to  140  cu.  ft.  of 
free  air  per  minute.    They  are  manu- 


factured   by 
Chester,  Pa. 


Schramm,    Inc.,    West 


None  of  the  attachments  interfere  with 
the  operation  of  each  other.  Each  at- 
tachment is  individually  controlled  by 
a  clutch.  The  frame  construction  is 
made  up  of  a  hot  riveted  frame,  with 
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Portable   Wood  Working  Outfit. 


a  steel  plate  table  42x50-in.,  making 
it  large  enough  to  handle  wide  lum- 
ber. An  electric  motor  can  also  be 
mounted  in  connection  with  this  rig  in 
place  of  the  4-cylinder  gasoline  en- 
gine, or  it  can  also  be  supplied  with- 
out power,  but  with  countershaft. 
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New  Equipment  Issue 


May, 


Gasoline  Locomotive 

A  4-speed,  gear-drive  gasoline  loco- 
motive, especially  designed  for  con- 
tractors, road  builders  and  general 
industrial  haulage  is  illustrated.  The 
weight  of  this  locomotive  is  about 
12,000  lbs.  It  has  four  speeds— 2% 
to  12  miles  per  hour  at  governed  en- 
gine speed  of  1,000  r.p.m.  The 
45-h.  p.  engine  is  of  the  4-cylinder, 
removable  head  type;  has  force  feed 
lubrication  and  is  equipped  with  maxi- 
mum speed  regulating  governor.     All 


in.  The  locomotive  is  made  by  the 
Milwaukee  Locomotive  Manufacturing 
Co.,  Milwaukee,  Wis. 


A  Paint  Made  of  Portland  Cement 

A  paint  using  portland  cement  as 
its  pigment  has  been  placed  on  the 
market  by  the  Tnemec  Paint  &  Oil 
Co.,  3122  Roanoke  Road,  Kansas  City, 
Mo.  By  a  patented  process  the  ce- 
ment is  mixed  with  pure  linseed  oil. 
It  is  stated  that  the  portland  cement 


Milwaukee   F-30   Locomotive  on  Road  Job. 


engines  are  furnished  with  magneto 
as  standard  equipment.  The  drive  is 
by  chain  from  transmission  to  jack 
shaft  and  from  jack  shaft  to  both 
axles,  applying  power  to  all  four 
wheels.  The  frame  is  of  the  most 
sturdy  construction,  with  cast  iron 
sides  and  cast  steel  bumpers.  The 
radiator  is  of  the  sectional  type,  very 
durable  in  construction  and  of  ample 
cooling  capacity.  It  is  so  designed  as 
to  permit  the  removal  of  any  one  or 
more  of  the  sections  for  repairs  or 
replacement,  without  detaching  the 
radiator  proper  from  the  locomotive. 
The  locomotive  is  151  in.  long,  72  in. 
high  and  has  a  wheel  base  of  43% 


pigment,  as  it  becomes  exposed  on  the 
painted  surface,  gradually  "sets," 
turns  into  thin,  tough  veneer  not  un- 
like stone,  yet  elastic,  due  to  its  being 
imbedded  in  and  in  permanent  contact 
with  linseed  oil.  This  veneer  has  a 
tough,  leathery  quality,  and  prolongs 
the  life  of  the  linseed  oil  film.  The 
uses  for  which  this  paint  is  intended 
include:  rust  coating  for  metal;  pro- 
tective coating  against  fumes  and 
gases;  weatherproofing  concrete  and 
stucco,  and  painting  exterior  wood- 
work of  all  kinds.  The  trade  name  of 
this  paint  is  "Tnemec." 
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A.    New 


Ditcher    With 
Boom 


Vertical 


A  new  ditcher  having  a  vertical 
boom  which  digs  straight  down  and 
buckets  of  special  design  has  been 
brought  out  by  the  Barber-Greene 
Co.,  Aurora,  111.  The  machine  digs 
straight  down  to  a  depth  of  5  ft.  and 
a  width  of  either  7%  or  15  ins.     The 


in  the  cylinder  have  a  peculiar  shape 
which  directs  the  scavenging  air  to- 
ward the  combustion  chamber  and 
offer  the  minimum  resistance  to  the 
passage  of  the  air  through  the  ports. 
The  air  valve  is  a  series  of  light  steel 
strips  which  arrangement  offers  a 
large  air  opening  with  a  small  valve 
life  and  a  consequent  low  vacuum  on 
the  suction  stroke.    The  spray  plug  is 


Barber-Greene   Ditcher   Trenching   for   Gas  Mains. 


buckets  are  part  of  the  chain,  built  to 
break  as  they  pass  over  the  head 
sprocket.  The  ditcher  is  mounted  on 
the  standard  chassis  as  used  in  the 
Barber-Greene  self-feeding  bucket 
loader.  The  power  is  furnished  by  a 
Buda  gasoline  engine,  four  cylinders, 
25  hp.,  with  full  force  feed,  removable 
cylinder  head,  water  pump,  three- 
point  suspension,  giving  the  machine 
traveling  speeds  of  36  ft.,  72  ft.,  and 
144  ft.  A  reverse  speed  of  42  ft.  per 
minute  also  is  available.  The  ma- 
chine is  13%  ft.  long  and  8  ft.  wide, 
chine  is  13%  ft.  long  and  8-ft  wide, 
and  weighs  approximately  12,000  lb. 


of  the  needle  valve  type.  The  unique 
feature  of  the  engine  is  the  device 
which  is  called  the  heat  compensator. 
This  device  serves  two  purposes:  To 
retain  some  of  the  heat  of  combustion 
to  aid  the  combustion  on  the  next 
stroke  and  to  control  the  heat  in  the 


Oil  Engine  with  Heat  Compensat- 
ing Device 

A  slow  speed  oil  engine,  having  sev- 
eral unique  features  is  made  by  The 
Power  Manufacturing  Co.,  Marion,  O. 
This  engine  is  of  the  horizontal,  cross- 
head  type  and  operates  on  the  two- 
cycle  principle,  using  the  front  end  of 
the  cylinder  and  an  air  space  in  the 
bed  plate  as  a  compression  chamber 
for  the  scavenging  air.    The  air  ports 


Primm  Heavy  Duty  Oil  Engine. 

combustion  chamber  by  contracting 
and  expanding  thus  bringing  it  far- 
ther away  from  or  closer  to  the  water 
cooled  walls  of  the  cylinder  head. 
This  engine  is  built  in  sizes  from  20 
hp.  to  150  hp.  in  single  cylinders,  and 
from  200  hp.  to  300  hp.  in  double  cyl- 
inders, and  is  built  in  two  types: — 
one  for  commercial  uses  and  one  for 
electrical  and  kindred  work,  and  may 
be  either  direct  connected  or  belted  to 
the  driven  machine. 
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New  Equipment  Issue 


May, 


Storage  Bin  for  Road  Contractors 

A  combination  steel  and  wood  stor- 
age bin  developed  by  the  Brown- 
hoist  Machinery  Co.,  Cleveland,  0.,  is 
illustrated.  It  is  sold  on  a  commer- 
cial basis  of  a  standardized  unit  plan 
and  quantity  manufacture.  The  plan 
is  to  furnish  all  steel  parts  cut  and 
drilled,  including  gates,  and  every 
bolt,  nut  and  washer  required  to 
build  up  the  timber  and  wooden  parts; 
also  to  furnish  detail  blue  prints,  giv- 
ing full  instructions  for  erecting,  and 
a  complete  list  of  lumber  required. 
The  bin  is  designed  and  sold  on  the 
unit  plan,  each  unit  being  one  panel 


Brownhoist    Storage    Bin. 

in  length.  The  bin  is  of  sturdy  con- 
struction, as  none  of  its  members  de- 
pend on  nails  or  spikes  to  support 
them.  The  wood  lining  of  the  bin  is 
the  wearing  part  and  any  portion  of 
this  lining  can  be  replaced  without 
disturbing  the  rest  of  the  bin.  There 
are  no  heavy  pieces  to  handle  in  the 
field.  There  are  no  rivets  to  drive. 
All  the  steel  parts  are  light  and  con- 
nections can  be  easily  made.  All  the 
timber  and  woodwork  are  bolted  and 
the  work  of  framing  and  erecting  the 
timbers  is  very  simple.  The  steel 
straps  are  in  two  pieces  with  a  splice 
at  the  bottom  to  facilitate  the  erec- 
tion and  to  help  form  the  proper 
parabolic  shape.  The  bin  is  designe'd 
so  that  it  can  be  easily  taken  down 
and  re-erected. 


year  by  The  Lakewood  Engineering 
Co.,  Cleveland,  0.,  is  the  Lakewood 
Graderooter.  It  also  can  be  used  for 
much  of  the  general  scarifying  re- 
quired on  the  average  job.  It  comes 
equipped  regularly  with  two  sets  of 
five  teeth  each.     As  many  as  seven 


Lakewood   Graderooter. 

teeth  however  can  be  used  on  the  ma- 
chine at  one  time,  or  for  particularly 
heavy  work  all  but  one  may  be  re- 
moved. A  special  manganese  steel 
tooth  is  also  provided  for  particularly 
heavy  work.  The  tool  is  very  rugged- 
ly constructed,  with  the  forged  frame 
securely  riveted  together.  It  is  fur- 
nished to  be  used  with  tractor  or  be- 
hind a  roller,  but  can  be  equipped 
with  a  team  pole  if  required. 


New  Scarifier 

A  tool  designed  primarily  to  meet 
the  need  for  a  scarifier  in  connection 
with  the  use  of  mechanical  subgrad- 
ing,     placed     on     the     market     this 
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Recent  Development  in  Machin- 
ery Lubrication 

A  recent  development  in  the  lubri- 
cation of  machinery  is  a  device  that 
makes  it  possible  to  lubricate  many 
machine  bearings  under  various  ad- 
verse conditions  from  a  centrally  lo- 
cated reservoir  of  1,  4,  or  -  8  lb. 
capacity.  The  different  capacities  of 
the  lubricator  are  fitted  respectively 
with  11,  15,  and  21  discharge  outlets, 
each  controlled  by  its  individual  valve 
and  connected  by  flexible  tubing  with 
a  single  bearing.  A  complete  turn  of 
the  compression  wheel  forces  ^4 -lb.  of 
grease  through  the  feed  lines,  so  that 
the  operator  may  measure  off  accu- 
rately a  definite  amount  of  grease  and 
deliver  it  into  a  distant  bearing.  The 
device  is  known  as  the  Keystone  Mani- 
fold Safety  Lubricator.  It  is  made  by 
the  Keystone  Lubricating  Co. 
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A    Portable    Pumping    Plant   for 
Road  Builders 

The  dual  triplex  pump  shown  in  the 
cut  herewith  is  made  by  the  Barnes 
Manufacturing  Co.,  of  Mansfield,  Ohio, 
primarily  for  use  on  jobs  where  a  24- 
hour  supply  is  necessary,  although  it 
has  obvious  advantages  on  work 
where  assurance  of  supply  when 
needed  is  of  especial  importance.  The 
two  units  may  be  run  simultaneously 
to  furnish  double  the  water  supply 
when  desired.  The  pumps  discharge 
into  a  common  pipe,  but  otherwise  the 
units  are  entirely  independent.     The 


ed  frame  and  simplified  adjustments. 
The  angle  of  the  disc  has  been 
changed  by  tipping  the  heel  forward 
and  the  top  back,  so  as  to  give  it  more 
"suck."  A  new  engine  hitch  has  been 
designed  to  take  all  strain  from  the 
frame.  A  heavy  car  spring  in  the  end 
of  the  tongue  takes  up  the  shock  when 
the  tractor  starts  forward  with  a  jerk. 
The  most  important  change  is  the  new 
elevator.  Chains  for  tightening  the 
belt  have  been  eliminated  and  re- 
placed with  rods  and  turnbuckles.  An 
adjustment  of  the  turnbuckles  giving 
the  same  tension  on  both  sides  of  the 
belt   makes   the   belt   run    absolutely 


Triplex   Pumping   Plant   for   Road   Builders. 


triplex  outfit  is  made  in  two  sizes — 
4,800  gals,  per  hour  and  5,400  gals, 
per  hour,  respectively,  while  a  quadru- 
plex  outfit  has  a  capacity  of  7,200 
gals.  The  smaller  size  is  supplied 
with  Le  Roi  engines,  and  the  two 
larger  sizes  with  Hercules  Model  "O" 
engines.  The  pumps  all  have  3^ -in. 
cylinders  and  6-in.  strokes.  The  small- 
est size  measures  13  ft.  over  all, 
weighs  6,500  lbs.,  and  will  work  up  to 
a  400-lb.  head.  The  largest,  or  quad- 
ruplex,  measures  14^  ft.  over  all, 
weighs  8,200  lbs.,  and  will  work 
against  a  500-lb.  head. 


New  Western  Elevating  Grader 
1923  Model 

In  order  to  meet  the  problems  re- 
sulting from  heavy  tractor  machine 
operation,  the  Western  Wheeled 
Scraper  Co.,  Aurora,  111.,  has  rede- 
signed its  Western  elevating  grader 
giving  it  an  entirely  new  elevator, 
new  hitch,  improved  disc,  strengthen- 


true.  The  elevator  is  raised  and  low- 
ered by  means  of  a  worm  and  gear 
with  hand  wheel.  All  adjustments 
have  been  greatly  simplified.  The 
removal  of  a  hinge  pin,  which  is  but 


^ftftl^.  i\iw  , 

1923  Model  Western  Elevating  Grader. 

the  work  of.  a  moment,  permits  the 
lower  dirt  pan  to  drop  for  cleaning. 
The  frame  has  been  greatly  strength- 
ened. 
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New  Pipe  Joint 

A  bolted  socket  joint  that  allows  a 
slight  deflection  in  any  direction  has 
been  brought  out  by  the  American 
Spiral  Pipe  Works,  P.  0.  Box  485, 
Chicago,  111.     It  is  claimed  that  this 


Taylor    Bolted     Socket    Joint. 

joint  is  especially  suited  for  pipe  lines 
laid  above  ground  in  rough,  hilly 
country.  It  is  stated  that  the  joint 
when  deflected  has  remained  tight  un- 
der 180-lb.  pressure. 


New  Pressure  Road  Plane 

A  pressure  road  plane  attachment 
for  Fordson  tractors  is  one  of  the  late 
additions  to  the  line  of  the  Austin 
Manufacturing  Co.,  Chicago.  The 
plane  consists  primarily  of  a  set  of 
10-ft.  runners  attached  beneath  the 
tractor  and  extending  several  feet  be- 
hind it,  to  which  are  fastened  the 
planing  blade,  the  packing  blade,  and 


Austin  Pressure  Road  Plane. 

the  leveler;  and  two  levers,  together 
with  special  pressure  rods,  which  are 
used  to  raise  and  lower  either  side  in- 
dependently of  the  other,  and  transfer 
weight  from  the  tractor  to  the  plane. 
While  traveling  from  place  to  place 
the  levers  are  used  to  lift  the  entire 
attachment  off  the  ground.  There  are 
no  right  or  left  hand  parts,  those  on 
one  side  being  interchangeable  with 
corresponding  parts  on  the  other. 


One-Man    Grader    Propelled    by 
Fordson  Tractor 

As  a  step  in  the  reduction  of  labor 
costs  on  road  construction  and  main- 
tenance The  Hadfield-Penfield  Steel 
Co.,  of  Bucyrus,  Ohio,  has  developed 
the  one-man  grader,  the  general 
character  of  which  is  shown  in  the 
picture  below. 

Where  light  grading  is  to  be  done, 
the  standard  Fordson  wheels  can  be 
used.  For  additional  traction,  where 
the  conditions  will  mot  permit  the  use 
of  rubber  wheels  or  standard  tractor 


One-Man    Grader   Attached    to    Fordson 
Equipped  with  Rigid  Rail  Tracks 

wheels,  the  "Rigid  Rail"  tracks  fill  the 
requirement,  and  double  the  power  of 
the  Fordson.  The  machine  is  excel- 
lently adapted  to  snow  removal. 

For  maintenance,  or  on  hard-sur- 
faced roads,  the  grader,  equipped  with 
rubber  wheels,  will  make  a  speed  of 
ten  miles  per  hour  if  required. 


Two  New  Building  Mixers 

Two  new  models  of  Rex  Mixers 
have  been  announced  by  the  Chain 
Belt  Company  of  Milwaukee:  a  half- 
bag  mixer  .to  be  known  as  the  Rex 
234-S,  and  a  one-bag  machine,  the 
Rex  237-S.  Both  are  the  so-called 
low-charging  types  and  can  be 
equipped  with  either  a  hinged  plat- 
form or  charging  skip.  In  the  drum 
the  mixing  blades  and  buckets  have 
been  specially  arranged  to  decrease 
the  time  required  for  discharging  the 
batch,  no  matter  what  mixing  propor- 
tions are  used.  The  opposite  side 
discharge  control  is  of  an  entirely 
new  design  to  make  the  operation  of 
the  chute  easier.  The  power  charging 
skip  has  been  constructed  so  as  to 
reduce  the  time  of  charging  the  drum. 
By  mounting  the  counter-shaft  up 
out  of  the  dirt  line  and  using  a  ver- 


(42) 


1923 


Engineering  and  Contracting 


1245 


tical  engine,  the  new  Rex  models  have 
been  made  very  compact  and  sturdy. 
The  shorter  wheel-base  makes  them 
more  readily  portable,  especially  in 
close  quarters.  Truck  construction  is 
distinctive  in  design,  the  front  axle 
being  built  up  of  cold-rolled  shafting 
and  trussed  channels  to  give  it  greater 
rigidity.  An  adjustable  malleable 
jack  placed  on  the  charging  end  of 
the  axle  gives  the  mixer  4-points  sus- 
pension while  mixing  concrete.  The 
super-structure  is  built  of  heavy  steel 
angles  which  are  gussetted  in  both  di- 
rections. The  main  counter-shaft  is 
mounted  on  self-aligning  bearings 
high  up  on  the  machine  where  it  is 
readily  accessible  at  all  times.  An 
asbestos  disc  type  of  clutch  which  has 
a  greater  gripping  area  and  is 
smoother  in  operation  has  superseded 
the  old  wood  block  type  of  clutch. 
Self-oiling  bushings  are  provided  in 
the  drum  rollers  which  are  of  malle- 
able iron  construction.  The  Rex  237-S 
is  equipped  with  an  8  hp.  3-cylinder 
vertical,  hopper-cooled  Le  Roi  Engine 
having  a  high-tension  magneto,  an 
automobile  type  carburetor  and  a 
throttling  governor.  On  the  Rex  234-S 
a  4  hp.  vertical  gasoline  engine  is 
used.  Either  machine  can  be  equipped 
with  a  hinged  low-charging  platform 
which  folds  up  while  traveling,  or  a 
power  charging  skip.  Rubber  tired 
disc  wheels  or  built  up  steel  wheels 
are  optional  equipment.  The  disc 
wheels  are  equipped  with  phosphur 
bronze  bushings  to  allow  faster  trav- 
eling over  city  streets. 


New  Asphalt  Mixer 

A  new  mixer  designed  to  produce 
asphalt  mixtures,  quickly,  easily  and 
economically  in   small  quantities  has 


Iroquois    Rapid    Mixer. 

been  brought  out  by  the  Barber  As- 
phalt Co.,  Land  Title  Bldg.,  Phila- 
delphia.     The    mixer    is    used    with 


Genasco  liquid  asphalt  according  to 
the  Barber  process.  In  operation  the 
liquid  asphalt  is  placed  in  the  mixer, 
the  sand  filler  dumped  in  from  the 
skip,  while  the  agitating  blades  are 
revolving,  and  2  pints  of  gasoline  add- 
ed. The  gasoline  is  then  ignited  and 
when  the  flame  has  died  out  the  4  cu. 
ft.  batch  of  sheet  asphalt  mixture  will 
be  hot  and  ready  to  spread.  Asphaltic 
concrete  and  asphaltic  macadam  mix- 
tures also  can  be  made.  It  is  stated 
that  the  Genasco  liquid  asphalt  pro- 
vides a  material  which  when  "flashed" 
(set  on  fire)  will  burn  until  the 
lighter  fractions  are  burned  off,  leav- 
ing a  hot  asphaltic  mixture  of  a  tem- 
perature of  250°  F.  to  350°  F. 


Two  New  Small  Revolving 
Shovels 

During  the  past  12  months  the  Bu- 
cyrus  Co.,  South  Milwaukee,  Wis.,  has 
added  two  new  small  revolving  shov- 
els and  dragline  excavators  to  its  line 
of  equipment.  The  first  to  appear 
last  July,  was  a  %-yd.  Universal 
shovel,  the  20-B  "Bullseye."  This 
shovel  has  replaced  the  14-B  Bucyrus 
long  and  favorably  known  among  con- 
tractors. It  is  what  is  called  a  "uni- 
versal machine,"  closely  following  this 
company's  30-B  1-yd.  shovel  in  design. 
It  carries  three  lengths  of  booms  and 
dipper  handles,  adapting  it  to  every 
variety  of  steam  shovel  service.  As 
a  dragline  excavator  it  may  be  had 
with  a  35-ft.  boom  and  a  %-yd.  bucket 
or  a  42-ft.  boom  and  a  ^-yd.  bucket. 
The  same  combination  may  be  had  as 
a  clamshell  machine  and  with  the 
same  length  booms  as  a  crane.  It 
may  also  be  had  with  extra  long  han- 
dles and  a  special  dipper  for  sewer 
work.  The  changes  from  one  to  the 
other  may  be  simply  and  quickly  made 
in  the  field.  Unique  features  of  the 
20-B  include  the  following:  The  dip- 
per sticks  pass  outside  of  a  steel,  1- 
piece  boom,  instead  of  passing 
through  the  boom.  The  dipper  is 
hoisted  by  two  parts  of  rope  instead 
of  the  usual  practice  of  three.  The 
shovel  has  a  patented  scale  chamber 
boiler,  which  automatically  keeps  the 
boiler  clean  and  serves  to  pre-heat  the 
water.  The  swing  engine  instead  of 
being  mounted  in  the  rear  near  the 
boiler  is  in  .front  of  the  machinery 
where  the  power  is  applied.  In  addi- 
tion to  these  unique  features,  the  20-B 
has  an  improved  three  lever  control 
and  the  throttle  and  ram  operated  in- 
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dependently  by  a  single  lever,  a  re- 
lease throttle,  by  which  the  dipper 
may  be  lowered  without  using  the  foot 
brake.  It  has  two  propelling  speeds 
operated  by  a  single  lever  from  the 
operator's  stand.  Steering  is  done 
from  the  cab  with  a  new  simplified 
device.  The  frame  is  of  structural 
steel,  built  up  around  a  big  steel  cast- 
ing which  has  proven  to  be  the  most 
reliable  construction. 

The  other  addition  to  the  Bucyrus 
line  is  its  50-B.  This  takes  the  place 
of  that  company's  35-B.  It  is  a  big, 
powerful  shovel  built  along  the  same 
general  lines  as  the  20-B  and  30-B 
machines.  As  a  shovel  it  carries  1%, 
W2.  or  l^-yd.  dippers  with  26,  30  or 
33-ft.  booms  and  as  a  dragline  exca- 
vator four  lengths  of  booms  and  sizes 
of  buckets  from  45  to  50  ft.  long  and 
IVz  to  %-yd.  capacity  respectively. 
Like  the  smaller  machines,  it  may  be 
used  as  a  crane,  clamshell  machine  or 
sewer  excavator. 


Centrifugal  Caisson  Pumps 

Several  large  caisson  jobs  in  Chi- 
cago, including  the  Union  Station, 
Federal  Reserve  Bank  and  Chicago 
Temple  were  completed  with  assist- 
ance of  centrifugal 
pump  units  shown  in 
the  cut.  On  the  Union 
Station  job,  the  pumps 
discharging  about  125 
gallons  of  water  per 
minute  carried  about  as 
much  dirt  in  suspen- 
sion as  one  digger  was 
able  to  take  out,  thus 
serving  the  double  pur- 
pose of  excavating  and 
drying  the  hole  simul- 
taneously. The  centri- 
fugal units  were  found 
to  require  little  atten- 
tion and  to  be  free 
from  breakdowns,  due 
to  accidental  closing  of 
the  discharge  line  or 
the  handling  of  small  pebbles. 

The  units  are  lowered  by  tackle  to 
within  about  10  ft.  of  the  bottom  of 
the  hole,  a  suction  hose  with  foot 
valve  being  used.  This  permits  the 
diggers  to  move  about  freely  in  the 
smaller  caissons.  The  discharge  is 
usually  2r/z  in.  hose  carrying  the 
water  well  away  from  the  top  of  the 
caisson.  These  pumps  are  made  by 
the  Economy  Pumping  Machinery 
Co.,  122  North  Curtis  St.,  Chicago, 
111. 


STATEMENT  OF  THE  OWNERSHIP,  MAN- 
AGEMENT,   CIRCULATION,    ETC.,    RE- 
QUIRED   BY    THE    ACT    OF    CON- 
GRESS   OF   AUGUST    24,    1912 

Of  Quarterly  Issue  of  Engineering  and 
Contracting,  published  four  times  a  year,  at 
Chicago,  Illinois  (221  E.  20th  St.),  for  April  1, 
1923. 


State  of  Illinois,  \ 
County  of  Cook  jss* 

Before  me,  a  Notary  Public,  in  and  for  the 
State  and  county  aforesaid,  personally  ap- 
peared Halbert  P.  Gillette,  who,  having  been 
duly  sworn  according  to  law,  deposes  and  says 
that  he  is  the  editor  of  the  quarterly  issue  of 
Engineering  and  Contracting,  and  that  the 
following  is,  to  the  best  of  his  knowledge  and 
belief,  a  true  statement  of  the  ownership,  man- 
agement (and  if  a  daily  paper,  the  circula- 
tion), etc.,  of  the  aforesaid  publication  for  the 
date  shown  in  the  above  caption,  required  by 
the  Act  of  August  24,  1912,  embodied  in  sec- 
tion 443,  Postal  Laws  and  Regulations,  printed 
on    the   reverse   of   this   form,    to    wit: 

1.  That  the  names  and  addresses  of  the 
publisher,  editor,  managing  editor,  and  busi- 
ness manager  are:  Publisher,  Halbert  P.  Gil- 
lette, 9  S.  Clinton  St.,  Chicago,  111.  ;  editor, 
Halbert  P.  Gillette,  9  S.  Clinton  St.,  Chicago. 
111.  ;  managing  editor,  Halbert  P.  Gillette,  9  S. 
Clinton  St.,  Chicago,  111. ;  business  manager. 
Lewis  S.  Louer,  9  S.  Clinton  St.,  Chicago,  111. 

2.  That  the  owners  are:  (Give  names  and 
addresses  of  individual  owners,  or,  if  a  cor- 
poration, give  its  name  and  the  names  and 
addresses  or  stockholders  owning  or  holding  1 
per  cent  or  more  of  the  total  amount  of 
stock)  :  Halbert  P.  Gillette,  9  S.  Clinton  St., 
Chicago,  111. ;  Lewis  S.  Louer,  9  S.  Clinton 
St.,  Chicago,  111. ;  R.  E.  Brown,  507  Fifth  Ave., 
N.   Y.   City. 

3.  That  the  known  bondholders,  mortgagees, 
and  other  security  holders  owning  or  holding 
1  per  cent  or  more  of  total  amount  of  bonds, 
mortgages,  or  other  securities  are:  (If  there 
are  none,  so  state.)     There  are  none. 

4.  That  the  two  paragraphs  next  above, 
giving  the'  names  of  the  owners,  stockholders, 
and  security  holders,  if  any,  contain  not  only 
the  list  of  stockholders  and  security  holders  as 
they  appear  upon  the  books  of  the  company 
but  also,  in  cases  where  the  stockholder  or 
security  holder  appears  upon  the  books  of  the 
company  as  trustee  or  in  any  other  fiduciary 
relation,  the  name  of  the  person  or  corporation 
for  whom  such  trustee  is  acting,  is  given ; 
also  that  the  said  two  paragraphs  contain  state- 
ments embracing  affiant's  full  knowledge  and 
belief  as  to  the  circumstances  and  conditions 
under  which  stockholders  and  security  holders 
who  do  not  appear  upon  the  books  of  _  the 
company  as  trustees,  hold  stock  and  securities 
in  a  capacity  other  than  that  of  a  bona  fide 
owner ;  and  this  affiant  has  no  reason  to  be- 
lieve that  any  other  person,  association,  or 
corporation  has  any  interest  direct  or  indirect 
in  the  said  stock,  bonds  or  other  securities 
than    as   so   stated  by   him. 

H.  P.  GILLETTE,  Editor. 

Sworn  to  and  subscribed  before  me  this  11th 
day   of  April,    1923. 

(Seal)  KITTIE   C.  WOULFE. 

(My  commission  expires  Feb.  9,  1926). 
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A    New    Office    for   En- 
gineering and  Con- 
tracting 

The  "mast  head"  is  seldom  con- 
sulted by  the  regular  readers  of  a 
paper,  but  a  glance  above  will  show 
that  Engineering  &  Contracting  has 
moved  from  its  old  location  at  9  South 
Clinton  Street,  and  is  now  located  at 
221  East  20th  Street,  Chicago. 

A  change  of  location  of  a  business 
ordinarily  results  from  one  or  more  of 
three  reasons — a  growth  of  business 
requiring  larger  quarters,  a  greater 
economy  of  doing  business,  or  better 
service  to  customers.  In  the  present 
instance  all  three  of  these  reasons 
operated.  The  rapid  growth  of  the 
paper  and  the  increase  in  services 
rendered  to  advertisers  during  the 
past  year  made  more  floor  space  in- 
dispensable. Suitable  space  could  be 
secured  more  cheaply  at  our  new  ad- 
dress than  at  our  old.  And  most  im- 
portant of  all,  we  are  now  located  in 
the  same  building  with  our  printers, 
thereby  very  greatly  adding  to  the 
speed  and  efficiency  with  which  both 


advertising    matters    and    circulation 
are  handled. 

The  advantages  of  this  move  ap- 
peared so  great  that  it  was  made  in 
spite  of  the  facts  that  our  lease  on 
the  old  quarters  still  has  11  months 
to  run  and  no  sub-lease  or  other  dis- 
posal of  it  had  been  arranged  prior  to 
this  issue's  going  to  press.  The  in- 
crease in  floor  space  exceeds  50  per 
cent. 


The  Durability  of  Cop- 
per-Bearing Steel 

The  American  Society  for  Testing 
Materials  is  conducting  exposure 
tests  to  .determine  the  relative  dur- 
ability of  thin  sheet-steel  alloyed 
with  copper  and  without  copper. 

The  inspections  made  a  year  ago  in 
April  showed  that  after  64  months 
exposure  none  of  the  132  sheets  of 
No.  16  gage  (1-16-in.)  copper-bearing 
sheets  had  failed,  whereas  88  of  the 
126  sheets  of  £Jo.  16  non-copper-bear- 
ing sheets  had  failed.  The  copper- 
bearing  sheets  ranged  from  0.15  to 
0.58  per  cent  copper,  the  average  be- 
ing about  one-quarter  of  one  per  cent. 
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Of  146  No.  22  (1-32-in.)  copper- 
bearing  sheets,  110  had  failed;  and  of 
84  non-copper-bearing  sheets,  82  had 
failed  at  the  end  of  64  months'  ex- 
posure. 

Thus  far  the  results  of  these  tests 
point  unmistakably  toward  the  econ- 
omy of  alloying  thin  sheet  steel  with 
a  small  per  centage  of  copper  where 
the  sheets  are  exposed  to  the  weather. 
What  per  cent  of  copper  will  give  the 
maximum  durability  remains  to  be 
determined. 


The  Illogical  Opposition 
to  Long-Term  High- 
way Bonds 

The  Public  Affairs  Committee  of 
the  Western  Society  of  Engineers,  in 
a  report  on  the  proposed  hundred  mil- 
lion dollar  road  bond  issue  in  Illinois, 
opposes  the  issue,  because: 

1.  No  extensive  additions  should 
be  made  to  the  present  road  system 
until  it  has  been  completed. 

2.  The  state  would  probably  be  un- 
able to  build  1,000  miles  of  road  a 
year,  and  if  it  succeeded  the  effort 
might  cause  a  shortage  of  material 
and  labor  which  would  be  detrimental 
to  public  interest. 

3.  Under  a  proper  financial  policy, 
receipts  of  a  state  department  would 
not  be  mortgaged  for  so  long  a  period 
in  advance  as  is  contemplated  in  the 
present  bill. 

4.  A  30-year  bond  issue  for  a 
highway  project  is  contrary  to  the 
principles  of  engineering  finance. 

As  to  the  first  two  objections  we 
will  not  express  an  opinion  at  this 
time,  but  the  last  two  objections  call 
for  comment.  A  30-year  road  bond 
issue  is  no  more  contrary  to  economic 
principles  than  is  a  30-year  railway 
bond  issue.  We  have  repeatedly 
pointed  out  that  the  term  of  the  bonds 
may  be  of  much  greater  length  than 
30  years  without  economic  detriment, 
provided  that  repairs  and  renewals  be 
not  paid  for  by  bond  issues.  The  com- 
mon argument  that  the  term  of  a 
bond  issue  should  not  exceed  the  life 
of  the  road  surface  seems  to  us  to  be 
without  weight.  As  well  contend  that 
railway  bonds  should  not  mature  later 
than  10  years  after  the  building  of 
the  railway  because  the  crossties  will 
have  to  be  renewed  within  10  years; 
or  that  the  bond  term  should  not  ex- 
ceed 20  years  because  the  rails  will 
require  renewal  within  that  time. 


The  owner  of  road  bonds  should  be 
regarded  as  a  part  owner  of  the  road, 
his  bonds  being  the  equivalent  of 
stock  in  an  enterprise  of  highway 
transportation.  Indeed,  it  would  be 
well  if  road  bonds  had  no  date  of  ma- 
turity, like  British  consols.  Then  it 
would  become  clearer  to  the  public 
that  the  holder  of  a  highway  bond  is 
essentially  a  capitalist  who  has  fi- 
nanced a  plant  for  economic  transpor- 
tation, and  is  not  essentially  a  cred- 
itor who  should  be  paid  off  at  the  ear- 
liest opportunity. 


The  Number  of  Techni- 
cal Engineers,  Archi- 
tects and  Con- 
tractors 

According  to  the  1920  census  the 
following  were  the  numbers  of  en- 
gineers, architects  and  contractors: 

Civil  engineers  and   surveyors 64,660 

Electrical  engineers  27,077 

Mechanical    engineers    r  37,689 

Mining  engineers 6,695 

Total  technical  engineers 136,121 

The  approximate  membership  in 
the  "founder  societies"  was  as  fol- 
lows: 

Jan.  1  Jan.  1 

1920  1923 

Am.   Soc.   C.   E 9,400  10,300 

Am.  Inst.  E.  E 10,500  15,000 

Am.  Soc.  Mech.  E 12,000  17,200 

Am.   Inst.  Min.   E :...  8,000  10,100 

39,900         52,500 

The  census  for  1921  gives  the  fol- 
lowing totals: 

Architects    18,185 

Designers     15,410 

Draftsmen     52,865 

Builders  and  building  contractors 90,109 

The  census  of  1910  had  175,000 
"builders  and  building  contractors," 
or  nearly  twice  as  many  as  in  1920. 
Probably  most  of  the  difference  is  at- 
tributable to  the  inclusion  of  men  who 
were  not  contractors,  but  foremen, 
etc.,  in  the  1910  census. 

Footways  for  Country  Roads 

Editorial  in  Chicago  Tribune. 

The  automobile  is  giving  us  roads. 
It  also  makes  a  new  type  of  road 
necessary.  We  are  not  referring 
merely  to  paving  the  automobile 
track.  We  mean  the  whole  thorough- 
fare. At  present  we  are  concentrating 
on  the  needs  of  the  automobile  and 
we  are  forgetting  the  rights  of  other 
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users  of  our  highways,  especially  the 
pedestrian  and  the  bicyclist.  Their 
safety,  convenience,  and  comfort 
should  be  provided  for. 

We  are  remaking  our  roads  to  con- 
form to  motor  needs,  and  we  can  at 
the  same  time  provide  for  a  safe  foot- 
way for  walkers.  In  some  districts, 
where  bicycles  are  more  frequently 
used,  paths  of  safety  should  be  pro- 
vided for  them.  There  are  said  to  be 
more  bicycles  manufactured  today  in 
this  country  than  ever  before,  and  we 
know  that  in  Europe  the  bicycle,  de- 
spite the  coming  of  the  automobile,  is 
in  general  use.  If  roads  are  made 
safer  and  pleasanter  for  riders,  its 
use  will  increase  and  an  inexpensive 
and  health  giving  resource  will  be 
available. 

But  our  main  thought  is  for  the 
pedestrian,  who  has,  after  all,  some 
rights  worth  considering  in  the  plan- 
ning of  our  highways.  He  is  entitled 
to  his  right  of  passage  by  day  or  by 
night.  Existing  conditions  are  unsafe 
and  intolerable  for  him. 
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Road    and-   Street    Contracts 

Awarded  During  the  Last 

40  Months 

The  accompanying  table  shows 
thr©e  outstanding  facts:  First,  that 
highway  contracts  awarded  during 
the  last  half  of  each  year  have  aver- 
aged only  25  per  cent  less  in  volume 
than  those  awarded  during  the  first 
half;  second,  that  there  is  not  a  month 
in  the  year  without  a  very  large  vol- 
ume of  road  and  street  contracts 
awarded;  third,  that  each  year  shows 
a    substantial    gain    over    its    prede- 


The  Farmer  and  the  Freight 
Bill 

To  the  Editor:  I  read  with  in- 
terest, your  article  in  the  March  21st 
issue  of  Engineering  and  Contracting 
entitled,  "Does  the  Farmer  Pay  the 
Freight?"  In  this  article  the  follow- 
ing statement  is  made,  "But  Secre- 
tary Wallace  failed  to  show  why  the 
farmer  differs  so  radically  from  other 
producers  in  abilty  to  pass  the  freight 
bill  on  to  the  ultimate  consumer."  I 
believe  that  statement  is  answered  by 
the  following:  The  farmer  has  not, 
as  yet,  had  the  power  to  fix  the  sell- 
ing price  of  his  product  whereas  the 
producers  of  all  other  commodities 
have  this  power.  The  farmer  cannot 
pass  the  freight  onto  others  because 
he  does  not  fix  the  price  of  his  prod- 
uct. 

Now  to  show  how  the  farmer  pays 
the  freight  both  coming  and  going. 
When  a  farmer  takes  a  load  of  grain 
to  a  lbcal  elevator,  he  receives  the 
terminal  price,  which  is  the  price  at 
Minneapolis  for  this  vicinity,  minus 
the  freight  to  the  terminal,  minus 
the  profit  to  the  local  elevator.  On 
the  other  hand  when  he  purchases 
the  flour  he  pays  the  market  price  at 
Minneapolis  plus  the  freight  to  his 
station.  It  is  of  course,  the  same 
with  all  the  other  articles  he  pur- 
chases. That  is  the  freight  from 
point  of  manufacture  to  the  farmer's 
local  station  is  always  added,  and  the 
freight  from  the  farmer's  local  sta- 
tion to  the  terminal  is  always  de- 
ducted from  the  market  price  at  the 
terminal. 

I.  C.  FRENDBERG 
Bismarck,  N.  Dak. 


ROAD   AND    STREET   CONTRACTS   EXCEEDING   $25,000    IN    SIZE 

1920 

January $  12,204,000 

February 21,334,000 

March 26,221,000 

April 33,340,000 

May 30,258,000 

June 31,441,000 

July 1 29,353,000 

August 18,565,000 

September...! 26,537,000 

October 12,894,000 

November 12,443,000 

December 10,834,000 


1921 

$  11,598,000 

)         12,049,000 

25,880,000 

31,026,000 

)         35,064,000 

1922 
$   14,424,000 
9,052,000 
39,669,000 
32,991,000 
42,284,000 
42,138,000 
26,087,000 
37,035,000 
28,884,000 
23,162,000 
20,892.000 
18,096,000 

1923 

$  21,691,000 

18,781,000 

37,706,000 

29,641,000 

)         56,777,000 

)         33,943,000 

)         28,693,000 

)         23,257,000 

)         20,055,000 

)         20,751,000 

)         16,263,000 

Total    $265,424,000     $315,356,000     $334,714,000     

Note. — About  100  per  cent  must  be  added  to  these  totals  to  give  the  grand  total  of  highway 
contracts  in  the  United  States. 

Bridges  are  not  included,  and  bridge  contracts  average  15  per  cent  as  much  in  value  as  road 
and  street  contracts.  A  great  deal  of  road  and  street  work  is  done  by  directly  hired  labor  and 
is  not  included  above. 
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Rock  Excavation  Machinery  for  Road  Work 

Report  Presented  May  9  at  4th  International  Road  Congress, 

Seville,  Spain 

BY  HALBERT  P.  GILLETTE 

Editor,    Engineering    and    Contracting 


Although  deep  cuts  in  rock  are  not 
uncommon  in  road  construction,  the 
ordinary  or  typical  cut  is  shallow. 
For  shallow  drilling  and  loading  the 
drills  and  the  loaders  should  be  light, 
readily  moved  and  inexpensive.  A 
growing  recognition  of  this  economic 
fact,  especially  during  the  past  decade 
in  America,  has  led  to  an  increasing 
use  of  small  hammer  rock  drills  sim- 
ilar in  design  to  pneumatic  riveters. 
The  manufacturers  of  these  drills 
have  found  it  profitable  not  only  to 
improve  the  design  and  the  materials 
used  in  these  machines,  but  to  pro- 
vide small  compressed  air  machines 
operated  by  internal  combustion  en- 
gines. 

The  following  data  relate  to  a  typ- 
ical small  compressor  of  the  portable 
type:  Capacity,  50  cu.  ft.  of  free  air 
per  minute,  at  90  lb.  per  sq.  in.  (suf- 
ficient for  two  small  plug  drills  or  one 
large  hammer  drill);  single-cylinder 
gasoline  engine,  coupled  direct  to  the 
compressor;  automobile  type  of  radi- 
ator; air  tank;  mounted  on  four  steel 
wheels;  weight,  1,700  lbs.;  price  $800. 

Portable  compressors  of  this  type 
are  made  up  to  a  capacity  of  225  cu. 
ft.  of  air  per  minute,  such  a  machine 
weighing  6,800  lbs. 

The  air-hammer  type  of  drill  has 
been  evolved  from  the  pneumatic  riv- 
eter. It  differs  from  the  percussion 
type  of  drill  in  that  the  drill  steel  is 
not  rigidly  attached  to  the  piston  rod, 
but  is  struck  by  an  extension  of  the 
piston  rod.  At  first  the  air-hammer 
drill  was  always  held  in  place  by  the 
operator,  but  a  later  development  con- 
sisted in  mounting  the  machine  on  a 
tripod,  or  on  a  column. 

Originally  the  cutting  bit  was 
turned  by  hand,  but  a  later  develop- 
ment provides  a  mechanical  turning 
of  the  cutting  bit.  One  of  the  most 
recent  developments,  designed  espe- 
cially for  use  in  soft  rock,  is  the  so- 
called  "anger  drill."  The  bit  cuts  the 
rock  as  does  an  ordinary  hammered 
bit,  but  the  chips  are  removed  rap- 
idly bv  the  anger-like  or  spiral  shape 
of  the  drill  shank.  The  bit  is  mechan- 
ically rotated  so  rapidly  that  the  rock 


chips  are  removed  before  they  clog 
the  bit. 

For  deep  drill  holes  in  road  excava- 
tion, the  old  percussion  type  of  drill 
mounted  on  a  tripod  remains  the  fa- 
vorite tool,  but  there  has  been  marked 
improvement  in  the  details  of  its  de- 
sign and  in  the  quality  of  materials 
used  in  its  construction.  Greater 
toughness  has  been  secured  by  the  use 
of  special  ferrous  alloys. 

Where  the  ground  surface  permits 
the  use  of  a  wagon  or  car,  percussion 
drills  are  frequently  mounted  on  a  bar 
carried  by  a  four-wheeled  truck.  This 
not  only  facilitates  the  rapid  shifting 
of  the  drill  from  hole  to  hole,  but 
makes  it  possible  to  use  larger  and 
more  powerful  drills  with  fewer  men. 

The  mechanical  loading  of  blasted 
rock  still  remains  an  economic  prob- 
lem that  has  not  been  satisfactorily 
solved  where  the  cut  is  shallow  and 
the  rock  in  large  chunks.  Only  a 
small  daily  yardage  can  be  loaded  at 
best  with  a  steam  shovel  where  the 
cut  is  shallow;  and  the  bucket  of  the 
typical  small  shovel  will  not  load  the 
large  chunks  of  rock.  However,  this 
difficulty  may  be  reduced  by  the  use 
of  rock  tongs  that  are  placed  by  hand 
on  each  rock,  which  is  then  lifted  by 
the  steam  shovel. 

The  most  noteworthy  recent  im- 
provement in  steam  shovels  is  the  at- 
tachment of  the  caterpillar  type  of 
wheels— the  type  used  on  the  "tanks" 
in  the  World  War.  This  not  only 
facilitates  shifting  the  shovel  during 
its  digging  operations,  which  is  highly 
important  in  shallow  cuts,  but  it 
shortens  up  the  time  of  moving  from 
one  cut  to  another. 

There  are  steam  shovels  on  the 
market  that  are  provided  with  a 
scraper  or  "skimmer"  bucket  that 
slides  along  a  boom.  The  boom  is 
horizontal  while  the  scraper  bucket 
is  being  loaded,  and  is  then  raised  to 
dump  the  load.  This  type  of  shovel 
is  well  adapted  for  shallow  cuts  in 
rock  that  blasts  out  in  small  chunks. 
The  small  yardage  of  rock  that  can 
be  loaded  by  one  machine  daily  where 
the  excavation  is  shallow,  calls  for  % 
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relatively  inexpensive  loading  plant,  a  Work   Resumed   on   89   Road   Projects 
plant  that  must  frequently  be  less  ex-  in  Many  Forests 
pensive  than  ever  the  smallest  steam  with  the  opening  of  the  forest  con- 
shovel.      A    partial    solution    of   this  struction    season    now    at    hand,    the 
problem— and   perhaps    a   finger-post  Bureau  of  Public  Roads  of  the  United 
pointing  toward   a  complete  solution  States  Department  of  Agriculture  re- 
in such  cases— was  published  early  in  ports  that  there  are  89  projects  in- 
1922     by     the     Societede     l'lndustrie  volving  717  miles  of  road  upon  which 
Minerale    (reprinted    in    Engineering  work  is  being  resumed  and  a  number 
&    Contracting,   May    17,    1922).      A  0f  new  projects  for  which  contracts 
skuttle  or  dust-pan  type  of  bucket  is  have  been  recently  let. 
suspended    by    a    chain    from    a    jib-  The  projects  upon  which  work  is  be- 
cranp.     The  bucket  is  lowered  to  the  jng   resumed   are   distributed   as   fol- 
ground  in  front  of  the  pile  of  blasted  lows: 
rock  and  the  pieces  are  raked  into  it  State                                    Projects    Mileage 

by  hand.    The  motive  power  for  rais-      Alaska   8  24.00 

ing  the  bucket  is  compressed  air  op-      Jj£h° , 17  110.00 

erating   on   a  piston  in   a  horizontal  waahingto^ZiZZiiZZZ    8           500 

cylinder   9.5    ft.   long    and   2.5   in.   in       Oregon  22  148.00 

diameter.      The    bucket    holds    about      California  4  40.00 

130   lbs.   of  coal.     It  is   stated   that  gJ^^ZZZZZZI    2           i30°o 

loading  coal  into  mine   cars  by  this      Wyoming  3  56.00 

device,  the  output  of  the  workers  was      Arkansas 1  10.00 

twice  that  attained  by  hand  work,  as      ^inYaampshire  }  ?gg 

much  as  74,000  lbs.  being  loaded  by  a       utah  ." .' 5  30.00 

man  with  this  loader  in  a  day.  Arizona  1  44.00 

.      ,     .   .  ...  .  ._  .  New  Mexico  1  8.00 

An  air  hoist  consisting  of  a  12-m.         Total  89  717.00 

cylinder,  8  ft.  long   has  been  used  in  0ne  hundred  and  seventy-five  proj- 

loadmg ;  large  blasted  rocks  in  canal  ect      involving  1  487  miles  0f  forest 

excavation,    the   cylinder   being    sus-  r0ad,  have  already  been  completed. 

pended   vertically  from   a  horizontal  ' . 

derrick    boom.      The    cylinder    was  „      _        .,       _  _         ...      . 

mounted    on    a   trolley    that    traveled  Use  Centrifugal  Pump  in  Icing  Logging 

along  the  horizontal  derrick  boom.  Roads 

In  such  devices,  the  only  function  of  Indicating      the      widespread     and 

the  compressed  air  is  to  lift  the  load  va.^ied  uses  of  the  llttle  Evinrude  cen- 

by  direct  action  without  the  interven-  tnfugal  pump,  one  was  used  during 

tion  of  gears  or  drums.     A   simple,  the  Past  season  in  icing  logging  roads 

easily  portable  machine  results,  and  a  "J   *he    Canadian    north    woods    near 

large  number  of  machines  can  be  op-  Sud?,on  Bay*  ,Thls  ls  the  Eymrude's 

erated  at  one  time,  both  because  of  .farthest  north"  to  date.    The  pump 

the  small  investment  and  because  un-  "  slunS  down  to  a  water  hole  and 

skilled  men  can  operate  them.  llfted  UP  to  dram,  to  prevent  freezing. 

Its  owner  is   one   of  the  Dominion's 
large  lumber  companies,  and  the  or- 

£arth  Road  Maintenance  in  Iowa. —  der  was  filled  by  Watson,  Jack  &  Co., 

Construction     and     maintenance     of  Ltd.,    Montreal,    who    represent    the 

earth  roads  on  the  three  systems,  pri-  Evinrude   Motor    Co.,   Milwaukee,    in 

mary,  county  and  township  in  Iowa  Canada. 

during  1922  cost  $14,031,606.    Of  this  

$6,838,535   was  for  maintenance  and  Road  Material  Survey  in  Kentucky. 

$7,197,071  for  construction.     Mainte-  —As  a  result  of  a  co-operative  ar- 

nance  on  primary  roads  cost  $1,276,-  rangement  the  Kentucky  State  High- 

375  on  4,723  miles  which  were  under  way  Department  and  the  State  Geo- 

the  patrol  system.     The  average  cost  logical  Department  will  undertake  the 

of  maintenance  of  earth  roads  on  the  "  financing  and  execution  of  a  complete 

primary   system   was   $270  per  mile.  road-building  materials  investigation 

Maintenance  on  9,408  miles  of  county  of  the  entire  state.    The  investigation 

roads    which     were    under    constant  will  be  made  and  the  report  prepared 

maintenance     cost     $1,790,937.       The  by  Dr.  Richardson  of  Syracuse  Uni- 

average  on  this  was   $190  per  mile.  versity,    Syracuse,    N.    Y.,    who    will 

Maintenance   on  the   86,595   miles  of  start    the    undertaking   in    June    and 

township  roads  cost  $4,771,223  or  an  complete   the   manuscript  before   the 

average  of  $55  per  mile.  first  of  the  following  year. 
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Comparative  Unit  Prices  on  Road  Work 

Bids  on  Michigan  Highway  Construction  in   1922  and    1923  from 

January  1  to  May  1 

By  F.  D.  MESSENGER, 

Contract   Engineer,   Michigan  State   Highway  Department. 

been    received    by 


Bids  have  been  received  by  the 
State  Highway  Department  of  Mich- 
igan for  about  the  same  number  of 
projects  during  the  first  four  months 
this  year  as  were  received  during  the 
same  period  in  1922,  and  in  many 
cases  in  the  same  localities;  there- 
fore, a  comparison  of  the  bid  prices 
is  of  interest  in  studying  the  trend  of 
construction  costs  this  year.  Labor 
and  material  conditions  are  so  radic- 
ally different  in  the  various  sections 
of  Michigan  that  averages  for  the 
State  as  a  whole  are  of  little  specific 
value.  During  periods  of  intense  in- 
dustrial activity,  labor  for  highway 
work  adjacent  to  the  industrial  cen- 
ters is  very  difficult  to  obtain  and  the 
wage  scale  is  necessarily  high  and 
while  the  agricultural  sections  are  af- 
fected accordingly,  the  relative  scarc- 
ity of  labor  and  rise  in  wage  scale 
is  not  so  pronounced.  During  slack 
industrial  periods  the  conditions  are 
apt  to  be  reversed.  However,  when 
the  averages  are  made  up  from  data 
from  relatively  the  same  localities, 
they  can  undoubtedly  be  given  con- 
siderable weight. 

Wage  Scales  and  Freight  Rates 
Greatest  Variables. — Sand,  gravel  and 
stone  prices  in  the  State  are  rela- 
tively stable  and  cement  for  most  of 
the  work  is  furnished  under  State 
contract  so  that  the  variables  which 
affect  highway  bid  prices  the  most 
are  wage  scales  and  freight  rates. 
The  contractors  are  relieved  from 
the  gamble  on  freight  rates  in 
contracts  awarded  by  this  department 
as  the  specifications  provide  that  each 
bid  is  based  upon  the  rates  in  effect 
at  the  time  it  is  submitted.  In  other 
words,  in  the  event  of  an  increase  in 
freight  rates  the  contractor  is  paid 
the  actual  amount  of  such  increase  on 
construction  materials  actually  ship- 
ped, while  in  the  event  of  a  reduction 
in  rates  payments  to  the  contractor 
are  reduced  by  the  amount  of  the 
freight  reduction. 

In  the  accompanying  table  of  unit 
prices,  the  estimated  cost  of  state 
cement  has  been  added  to  the  bids 
submitted  by  the  contractors.    There- 


fore, in  considering  the  prices  given 
it  should  be  particularly  noted  that 
there  is  an  average  increase  of  10  cts. 
per  barrel  in  cement  included  in  the 
1923  prices  over  those  of  1922,  and  at 
the  same  time,  1923  prices  are  based 
on  freight  rates  10  per  cent  less  than 
in  effect  at  the  time  the  1922  bids 
were  submitted.  As  might  be  ex- 
pected, this  leaves  the  labor  Item  of 
paramount  importance  in  considering 
the  relative  unit  prices. 

Labor  Item  of  Paramount  Import- 
ance.— That  statement  I  have  just 
made  is  well  emphasized  I  believe  in 
the  first  item  of  the  table  of  prices  as 
"earth  excavation,"  in  the  very  nature 
of  the  work,  is  a  labor  item.  The  aver- 
age price  during  the  first  four  months 
of  1922  was  47.6  ct.  per  cu.  yd., 
while  in  1923  the  price  averages  65.9 
ct.  This  is  an  increase  of  38.4  per 
cent.  We  understand  that  bids  last 
spring  were  generally  based  on  labor 
at  35  cts  to  40  cts,  while  this  year 
they  have  been  based  on  50  cts  to  55 
cts,  which  is  an  average  increase  of 
40  per  cent. 

The  percentage  of  increase  is  fairly 
uniform  on  all  items  in  the  table  down 
to  "gravel  surface."  This  item  is  in- 
cluded in  the  table  only  to  cover  the 
proverbial  exception  to  all  rules.  This 
is  easily  explained,  however,  when  we 
consider  the  individual  projects  which 
make  up  the  average.  The  gravel 
jobs  awarded  last  spring  were,  in  gen- 
eral, difficult  jobs  as  far  as  the  secur- 
ing of  gravel  was  concerned,  while 
the  jobs  this  year  were,  practically 
without  exception,  where  plenty  of 
gravel  was  available  close  to  the  con- 
struction. These  points  are  empha- 
sized when  we  consider  that  the  aver- 
age for  all  of  1922  was  64  ct. 

These  averages  must,  like  all  aver- 
ages, be  taken  only  as  "averages"  be- 
cause when  we  consider  specific  proj- 
ects the  figures  do  not  always  bear 
out  deductions  which  might  be  made 
otherwise,  on  the  other  hand,  peculiar  J 
conditions  affecting  individual  pro- 
jects are  absorbed  in  averages  and 
enhance  their  value. 
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Unit  Prices  in  1922  and  1923  on  Michigan  2x8  and  one  2x4  rails.    "Gravel  Sur- 

State  Highway  Work            .<  face„   is   ft  2-COurse   road   8-in.   com- 

Earth  Excavation,  cu.   yds $0,476     $0,659  Pacted    depth.      About    75    per   cent    of 

12-in.    Encased    Tile    Culvert,  the     base     course     gravel     must     be 

lin.  ft 1.33       1.42  screened  and  practically  all  of  the  top 

15Iin"  ftEncased    Tlle    Culvert'     L83       li86  course.     Reinforcing   for   our  "Rein- 

18-in'    B»«S"""TTie"""ci^vertr"  forced  Concrete"  includes  a  longitud- 

lin.  ft .....  2.49       2.60  mal  metal  joint  with  5  ft.  V2  in.  tie- 

^velt  ^i?nrUfgtated    ^^    CUl"       1.34         1.51  barS  and  %An-  bar  along  each  edge  °f 

&M_. '  Corrugated'Metei'cuT-""  the  pavement.  ' 

vert,   lin.   ft 1.75         2.10  

'8-in.     Corrugated    Metal     Cul- 

,^&£ssrussrasr''u    2M  Febra"y  w-^.  ««  commo„  Road 

vert,   lin.   ft 2.83         3.50  Labor 

6-in.  Vitrified  Tile  Underdrain,  ,T,                  ,.                          .    ,           «                  , 

lin.  ft 17         .22  Wages   of  common   labor  for   road 

8-in.  Vitrified  Tile  Underdrain,  work  in  February  were  practically  the 

i  :2?4  concre'tercu.  y"d".'.":;;;;;.;;;;;:;;;;i6:9?    iA\  same  as  for  the  same  month  of  1922, 

1:3:6  Concrete,  cu.  yd 15.35      17.06  according  to  the  U.  S.  Bureau  of  Pub- 
Steel   Reinforcement,  lb 0.062         .064  \\n  T?nnrl« 

Wooden  Guard  Rail,  lin.  ft 46           .48  xvodUb. 

Gravel  Surface  (Class  B)  sq  yd     .793       .585  Averaged  for  groups  of  States  the 

7-m.   Concrete  Pavement    (Plain)  .              °  i                               _    n                 xt 

8q.  yd .1.772      1.963  price  per  hour  was  as  follows:     New 

8-in.  Concrete  Pavement  (Plain)  England,   49c;    Middle   Atlantic,   40c; 

0.8(»-  y,d •:•-•" ................  2.204     2.12  East  North  Central,  34c;  West  North 

8Tq\  ydnc'!t:...P!.:!m.!!1^J.^";)            2.317  Central,    29c;     South    Atlantic,    21c; 

Note:  Estimated  cost  of  state  cement  is  in-  East   South   Central,   19c;    West   South 

condtrlctorere  Cement  is  not  furnished  by  the  Central,  24c;  Mountain,  28c,  and  Paci- 
rac fie,  47c.    In  some  of  these  sections  the 

_.,                 _                  _,  figures  are  based  on  a  small  amount 

t     if8      iSoo  C°n3crete      Pavement.—  of  work  due  to  the  season  of  the  year< 
in  May,  1922,  bids  were  received  by 

the  Department  for  1XA  miles  of  7  in.  Tne  Price  Per  nour  for  otner  classes 

plain    concrete    with    4-in.    Macadam  was  as  follows:     Superintendents,  79c 

sub-base  in  the  southeastern  part  of  to   $1.11;   foremen,  53  to  88c;  truck 

the  state  as  follows:     Excavation,  70  drivers,  27  to  64c;  roller  engineers,  35 

ct.  per  cubic   yard;    Macadam,   $1.75  to   81c>'   mixer  operators,   31  to   98c; 

per  ton;  Pavement,  $1.35  per  square  steam-shovel   operators,   65  to   $1.19; 

yard.     In  April,   1923,  bids  were  re-  carpenters,  43  to  76c;  concrete  finish- 

ceived  on  5J/_  miles  as  a  continuation  ers»  35  to  78c;  mechanics,  30  to  61c; 

of  the  same  road  and  were:    Excava-  teams  without  drivers,  24  to  80c;  and 

tion,  65  ct.  per  cubic  yard;  macadam  teams  with  drivers,  29  to  $1.12.     In 

$2.80;    Pavement,    $1.38.      Estimated  almost  every  case  the  upper  limit  of 

cost    of    cement    is    not    included    in  Price    prevails    on    the    Pacific    slope 

either  case.  with  materially  lower  prices  in  other 

In    another   locality    the    pavement  sections. 

bid-in  July,  1922,  was  $1.30  for  8-in.  — 

plain  concrete,  without  cement,  while  r-            #i?„i>i„TT_r, 

a  continuation  of  the  same  road  was  ,   T™es  £     ^adSo?laCe^uUn/nr  C?n" 

bid  at  $1.43  for  8-in/ reinforced  con-  lract  in  ?hl°  m  1922-— The  following 

crete  in  April,  1923.  figures   from    a    report    of  the    Ohio 

Wlq.  +.  T.  '  _  Department  of  Highways  shows  the 
«v!lo2i  •  Cover.— If  these  mileage  of  the  types  of  roads  placed 
average  prices  are  considered  at  under  contract  in  Ohio  in  1922:  Bito- 
all  in  comparison  with  prices  in  slag,  1.4;  bitulithic,  2;  brick  on  con- 
other  states  a  word  of  explanation  crete  base,  91;  brick  on  rolled  base, 
o?d^fn^#  the /ejns  of  work  is  in  82;  monolithic  brick,  31;  semi-mono- 
fiS  hi_  Encased  tile  culvert "  is  vitri-  lithic  brick,  2.5;  bituminous  con- 
cretP  «?9af  dnm  4"T'„°f  l!J2:.  con"  crete>  33'  bituminous  macadam,  169; 
C^tr^Jt  Coi\cre.te"  and  "1-3-6  plain  concrete,  41.7;  reinforced  con- 
n££  n?iil_i  con«etem  headwalls  for  crete,  159;  grading  and  culverts,  51; 
??ftl  tSTibnd?es?f,essthan  2ravel>  7-55  Kentucky  Rock,  18.5 
nece^Vn1?  S  pnSe  m?}udes  the  waterbound  macadam,  10.6;  and  wid- 
"uref  «w,X^CaVao0n  ,f?,r  .Sfc  s,truc~  endin^  and  resurfacing,  14.5  miles, 
tures  Wooden  Guard  Kail"  includes  The  1922  construction  program  also 
7-ft.  posts  spaced  8  ft.  apart  and  two  included  39  bridges. 
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Comparative     Gasoline    Con- 
sumption    on     Different 
Road  Surfaces 

By  A.  B.  CUTTER, 

City    Engineer,    Everett,    Wash. 

Having  noticed  more  or  less  con- 
flicting reports  as  to  relative  tractive 
resistance  of  rigid  and  non-rigid  and 
gravel  types  of  road  surfaces,  I  ar- 
ranged during  the  past  Winter  for  the 
making  of  exhaustive  tests  in  the 
State  of  Washington,  which  is  my 
home,  and  the  neighboring  States  of 
Oregon    and    California,    and    believe 


June, 

The  rules  governing  the  compara- 
tive tests  were  as  follows: 

(a)  Distance  of  each  test  100 
miles  continuous  operation.  This  be- 
ing regarded  as  a  distance  sufficient 
to  accurately  record  the  gasoline  con- 
sumption and  produce  a  fair  average. 
In  some  previously  reported  tests  the 
mileages  have  been  so  small  and  so 
variable  as  to  provide  grave  danger 
of  inaccuracy. 

(b)  Make  test  on  road  surfaces  in 
good  condition  but  having  had  at  least 
three  years'  practical  use. 

(c)  In  each  State  use  the  same 
automobile   for   comparative    test    of 


TABLE    I — GASOLINE    CONSUMPTION    TESTS    ON    VARIOUS    TYPES    OF    ROAD    SURFACES 
WASHINGTON 

Road   Surfaces Bitulithic  Portland   Cement   Concrete 

Date  of  Test Feb.  7,  1923.  Feb.  8,  1923 

Location,    Pierce    County Pacific  Highway  from  DuPont    Mountain  Road,  being  extension 

to  County  Club.  of     Pacific     Highway    toward 

.  .     „  ,m  „  Rainier  National  Park. 

Air  Temperature   40  to  60°  F.  40  to  50°  F. 

Tire   Inflation    60  lb.  rear,  55  lb.  front.  60  lb.  rear,  55  lb.  front. 

Running  time,   100  m 3  hr.  45  min.  3  hr.  45   min. 

Average  speed,   per  hr 26.7  miles.  26.7  miles. 

Gasoline  consumed  5.5  gal.  5.5  gal. 

Miles  per  gal.  gasoline 18.2  18.2 

OREGON 

Portland  Cement 

Road  Surfaces.... Bitulithic  Concrete  Gravel 

Location Base   Line   Road,   Co-  Multnomah  Hillsboro  Multonomah  Co., 

lumbia  River  High-        Road.  East  of   Portland. 

way. 

Date Jan.  25,  1923.  Jan.  30,  1923.  Jan.  31,  1923. 

Weather . Cool-moderate  wind.  Cool-moderate  wind.  Cool  and  fair. 

Tire  Inflation 60  lb.  rear,  55  lb.  front.  60  lb.  rear,  55  lb.  front.  60  lb.  rear,  55  lb.  iVoT»t, 

Running  time,   100  m 4  hr.  35  min.  4  hr.  25  min.  4  hr.  40  min. 

Average  speed  per  hr 21.9  miles.  22.7  miles.  21.4  miles. 

Gasoline  consumed 5.25  gal.  5.5  gal.  7.0  gal. 

Miles  per  gal.  gasoline 19.05  18.18  14.28 

CALIFORNIA 

Warrenite-  Portland  Cement 

Road  Surfaces Bitulithic  Concrete  Gravel 

Location Tulare  County.  Tulare  County.  Fresno-Raisin  Rd. 

Date Feb.  3,  1923.  Feb.  3,  1923.  Feb.  1,  1923. 

Speed 15  to  20  m.  per  hr.  15  to  20  m.  per  hr.  15  to  20  m.  per  hr. 

Weather „ Fair.  Fair.  Fair. 

Temperature 45  to  75°  F.  45  to  75°  F.  55  to  70°  F. 

Gasoline   consumption, 

100  m 7.1  gal.  7  gals.  7.8  gal. 

Miles,  per  gal.  gasoline 14.08  14.28  12.95 


the  result  will  be  of  public  interest. 
There  being  no  snow  in  either  of  the 
above  Pacific  Coast  States,  the  test 
could  be  made  during  the  Winter 
months. 

Types  Selected. — Representing  the 
three  general  types  of  road  surfaces, 
sections  of  road  were  selected  for 
each  type  as  follows: 

1.  Rigid  type — Portland  cement 
concrete. 

2.  Non-rigid,  type  —  Warrenite- 
Bitulithic. 

3.  Gravel  or  earth. 


the  several  types,  but  different  ma- 
chines were  used  for  comparative 
tests  in  some  of  the  several  States. 

(d)  Uniform  speed  of  not  less 
than  twenty  nor  more  than  thirty 
miles  per  hour. 

(e)  Record  the  date,  location, 
speed  and  gasoline  consumption  on 
exactly  one  hundred  miles,  as  shown 
by  speedometer  on  the  car. 

Results  of  Tests.— It  was  not  prac- 
ticable in  Washington  to  make  a  test 
on  a  gravel  road,  but  tests  on  the 
other  surfaces  are  given  in  Table  I: 
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Markers  and  Signs  of  the  Minnesota  Highway 
Department 


Tile    crossing    P3 

Tile  outlet P4 

Tile  inlet  P5 

Culvert    P6 

Color  and  Location. — Markers  and 
signs  placed  by  this  Department 
along  trunk  highways  will  generally 
consist  of  black  letters  and  figures  on 
a  lemon  yellow  field  surrounded  by  a 
narrow  black  border,  and  should  be 
made  in  substantial  accordance  with 
dimensions  and  designs  herein  shown. 

Except  as  otherwise  noted  herein, 
trunk  highway  markers  and  signs 
which  are  placed  primarily  for  the 
benefit   of  the  traveling   public,  will 


Newly  Adopted  Standards  as  Described  in  an  Order  from  the  Com- 
missioner of  Highways 

The  matter  here  given  is  condensed 
from  the  text  of  Order  No.  2707  of 
Commissioner  of  Highways,  C.  M. 
Babcock  issued  April  1,  1923.  The 
text  carries  an  illustration  of  each 
marker  and  sign  in  the  accompanying 
list;  and  enough  of  these  are  repro- 
duced herewith  to  afford  a  thoroughly 
clear  idea  of  both  general  design  and 
details. 

To  comply  with  the  provisions  of 
"The  Public  Highways  Act  of  Minne- 
sota," 1921,  and  to  further  protect 
and  assist  the  traveling  public,  the 
markers  and  signs  hereinafter  de- 
scribed have  been  adopted. 

The  markers  and  signs  are  divided 
into  five  general  classes  with  code  let- 
ters for  reference  as  follows: 

LIST  OF   MARKERS   AND  SIGNS 
Trunk  Highway  Markers:  Code 

Trunk    Highway   marker M 

Direction  letter  right R 

Direction  letter   left... L 

Marker  with  arrow   right. MAR 

Marker  with  arrow  left MAL 

Marker  with  double  arrow MDA 

Detour  marker  ....™ DM 

Warning  Signs: 

Railroad  grade  crossing RR 

Stop    sign    ST 

Cross   Road  Cl 

Side   Road   C2 

School    C3 

Narrow  Road  C4 

Curve  SI 

Hill     S2 

Road  closed  S3 

Loose   gravel S4 

Fresh  tar  . S5 

Bridge  repair S6 

New  grading  ST 

Guide  and  Information  Signs: 

1  name,   left  arrow 1GL 

1  name,  right  arrow 1GR 

2  names,  left  arrow 2GL 

2   names,   right  arrow 2GR 

Junction   _ j 

Name  Plate  »»"".""™"""""."""""np 

Restriction  Signs: 

Road   closed  RC 

Load   restriction   .". lr 

Traffic  prohibition  !".."..".TP 

"Closed  for  Protection  of  Work  Under  Way. 
Driving  by    this    Barricade    is   a    Misde- 
meanor.    Ordered   by   Commissioner 
of  Highways. 

Bridge    loading   BL 

No  parking  on  roadway .....PA 

No  dumping  allowed  on  right  of  way......ND 

Special  Markers: 

Maintenance  Section  limit PS 

Maintainers  staff  Staff 

Mile  Post  px 

Tile  drop  inlet " P2 


Height    and    Location    Diagram. 

generally  be  set  on  the  right  hand 
side  of  the  road  so  as  to  be  conspicu- 
ously visible  to  approaching  traffic. 
They  should  be  set  approximately  one 
foot  outside  the  shoulder  line  except 
in  cases  of  a  very  narrow  roadway, 
when  they  should  be  placed  further 
outside  of  the  shoulder  line,  to  avoid 
interference  with  traffic. 

The  height  above  grade  should  be 
approximately  as  shown  on  the  draw- 
ings, except  in  the  case  of  ascending 
and  descending  grades  when  the 
height  should  be  adjusted  so  that 
rays  from  headlights  will  strike  the 
sign.  On  city  and  village  streets 
where  parking  of  cars  along  the  curb 
is  likely,  trunk  highway  markers  and 
guide  signs  should  be  placed  about 
seven  feet  above  grade,  if  possible,  so 
as  to  be  visible  above  parked  vehicles. 

Trunk  Highway  Markers. — The 
official  marker  of  the  Minnesota  High- 
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way  Department  referred  to  herein  as 
the  "Trunk  Highway  Marker"  is  the 
lemon  yellow  star  on  a  black  circular 
field  with  the  number  of  the  route  in 
black  inscribed  within  the  star. 

The  trunk  highway  markers  (M) 
should  be  placed  on  the  right  hand 
side  of  and  at  right  angles  to  the 
road,  beyond  all  intersections  with 
other  roads  or  streets  and  also  in  ad- 
vance of  intersections  where  the 
trunk  highway  turns.  Ordinarily  in 
the  latter  case,  the  proper  direction 
letter  (R  or  L)  should  be  placed  im- 
mediately under  the  marker  (M).  In 
congested  districts  or  other  locations 


DM. 


K i-j- ^ 


Detour  and  Trunk  Highway  Markers. 

where  space  is  limited,  however,  the 
combination  marker  with  arrow 
(MAR,  MAL  or  MDA)  should  be  used 
in  place  of  the  regular  marker  and 
direction  letter. 

Where  several  trunk  highway 
routes  are  on  the  highway,  all  mark- 
ers should  be  carried  on  the  same  sup- 
port, the  lowest  numbered  marker  be- 

S-l 


Curve  Sign  and  Marker  with  Arrow  Left. 

ing  placed  at  the  bottom  except  where 
a  route  turns  off,  when  its  marker 
together  with  the  direction  sign  should 
be  placed  at  the  bottom. 

Pending  the  installation  of  perma- 
nent markers  along  the  trunk  high- 
ways, stenciled  markers  will  be  used, 
and  same  should  be  continued  in  use 
at  intermediate  points  for  further  as- 
surance to  the  traveling  public,  even 
after  the  permanent  markers  have 
been  placed. 


To  establish  detour,  place  detour 
markers  (DM)  along  the  proposed 
detour,  at  both  sides  of  all  intersec- 
tions with  other  roads,  at  all  turns, 
at  all  points  where  a  traveler  might 
be  in  doubt.     After  the  detour  mark- 


Warning   and    Direction    Letter    Signs. 

ers  have  been  placed  the  "Road 
Closed"  signs  (RC)  shall  be  erected 
across  the  road  to  be  closed,  near  the 
points  of  detour  departures. 

The  advance  warning  sign  "Road 
Closed"  (S3)  must  in  all  cases  be 
placed  about  500  feet  in  advance  of 
the  "Road  Closed"  (RC)  sign,  and 
where  the  width  of  the  road  permits, 
should  be  placed  in  the  center  of  the 
road. 

Special  signs  which  will  aid  or  re- 
assure the  traveling  public  as  to 
points  to  be  reached  by  the  detour 
may  be  placed  in  addition  to  the 
standard  signs  and  markers  herein 
specified. 

Warning  Signs. — The  shape  of 
warning  signs  is  standardized  in  ac- 
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cordance  with  the  recommendations 
adopted  by  the  Mississippi  Valley  As- 
sociation of  State  Highway  Depart- 
ments, to-wit: — 

Round   indicating   "Railroad   cross- 
ing." 
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Octagonal  indicating  "Stop." 
Diamond  shape  indicating  "Slow." 
Square  shape  indicating  "Caution." 
It    is    recommended    that    warning 
signs    be    used    only   where    actually 
necessary  as  their  too  frequent  use 
will  minimize  their  value  as  a  warn- 
ing to  the  traveling  public.     No  one 
thing  will   so   discredit  the  value   of 
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Guide    and   Maintenance    Section   Limit    Signs. 

signs,  as  their  use  where  not  abso- 
lutely necessary. 

Warning  signs  should  be  located 
300  to  500  feet  in  advance  of  the  point 
of  danger,  conditions  making  it  desir- 
able to  vary  this  distance  at  different 
locations. 

Occasions  will  arise,  requiring  other 
special  caution  signs  and  when  such 
is  the  case  they  should  be  made  sim- 
ilar in  design  and  size  to  those  pre- 
scribed herein. 

Where  piers  occur  in  the  middle 
of  the  highway,  such  as  are  frequent- 
ly found  at  railroad  undercrossings 
and  also  where  a  bridge  is  narrower 
than  the  highway,  the  pier  and  end 
posts  when  possible,  should  be  painted 
white. 

Guide,  Information  and  Restriction 

Signs.— The  Guide  signs  (1R,  1GL, 
2GR,  2GL)  should  be  placed  at  all  in- 
tersections or  junctions  with  other 
trunk  highways,  and  at  such  other 
points  as  may  be  necessary  to  assist 


the  traffic  most  effectively.  In  cases 
where  it  is  desired  to  place  a  sign 
directing  traffic  over  a  road  not  a 
trunk  highway,  the  trunk  highway 
marker  shall  be  eliminated  and  the 
sign  shortened  accordingly  except  in 
cases  where  the  traffic  is  directed  over 
a  state  aid  road  in  which  case  the 
state  aid  road  marker  and  color  com- 
bination should  be  used. 

The  Road  Closed  sign  (RC)  should 
be  used  in  connection  with  the  estab- 
lishment of  detours  as  is  further  ex- 
plained under  "Special  Instructions  as 
to  Detours"  on  page  6  hereof.  Where- 
of a  bridge  or  culvert  is  out,  the 
words,  "Road  Closed"  may  be  re- 
placed with  "Bridge  Out."  The  arrow 
directing  traffic  is  made  detachable  so 
that  it  can  be  fastened  to  the  sign  in 
the  proper  position.  This  sign  should 
be  placed  squarely  across  the  road 
which  is  closed  to  traffic. 

It  is  intended  that  ordinarily  the 
guide  sign  should  carry  the  name  of 
the  next  town  enroute  and  also  that 
of  the  more  important  terminal  town 
on  the  road,  but  there  are  a  number 
of  cases  where  the  guide  sign  with 
only  one  name  will  suffice. 

At  locations  where  a  guide  sign 
should  be  visible  from  opposite  direc- 
tions, both  sides  of  the  sign  should  be 
used,  and  the  length  increased  six  in- 

RC 

^ e'-o* -i 


ROAD  CLOSED 


/yyyx/ 


take  gat  detour: 


TUT 


Arrow  So booc/jvstotJaX   T 

LR 


trunk  highway  no.  is:::: 

PRINCETON  TO  MILACAV_": 

closed  ;: 

TO  6R0SS  LOADS  OVER  5  TONS: 

ORDERED  BYCOMMISSJQNEROF  HIGHWAYS! 


77 


Road  Closed  and  Load  Limit  Signs. 

ches  so  as  to  permit  fastening  it  to 
posts  without  obscuring  the  sign. 

The  Junction  sign  (J)  should  be 
placed  from*  300  to  500  feet  in  ad- 
vance of  a  junction  with  another  trunk 
highway.  At  junctions  where  two 
trunk  highways  cross  each  other  two 
direction  arrows  should  be  shown  on 


325 


1258 


Roads  and  Streets  Monthly  Issue  of 


June, 


the  sign.  This  sign  is  not  intended  to 
take  the  place  of  the  warning  signs, 
such  as  "Cross  Road"  etc.,  but  is 
placed  for  the  information  of  anyone 
intending  to  drive  onto  the  intersect- 
ing highway. 

The  Name  Plate  (NP)  will  be  used 
to  give  information  as  to  streams, 
lakes,  springs,  historical  points,  parks, 
trunk  highways. 

Mile  Post,  Drain,  and  Maintenance 
Markers. — The  Maintenance  Section 
marker  (FS)  should  be  set  at  the 
ends  of  maintenance  sections,  at  the 
outer  edge  of  the  gutter  or  side  ditch, 
and  facing  the  highway. 

The  Maintainers  Staff  is  used  by  a 
patrolman  or  maintenance  gang  fore- 
man, while  at  work,  to  indicate  to  the 
public  that  he  is  the  man  employed 
for  and  charged  with  the  maintenance 
or  repair  of  a  portion  of  the  "trunk 
highway.  This  staff  should  be  dis- 
played from  the  machine  or  vehicle 
used   on  the  work,   but  when   it   be- 
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Junction  and  Name  Plate  Signs  and  Maintain- 
ed Staff. 

comes  necessary  for  a  patrolman  to 
actually  leave  the  road  during  work- 
ing hours,  as  in  case  of  going  to  a  pit 
for  gravel,  the  staff  should  be  planted 
at  the  roadside  at  the  point  of  de- 
parture, so  that  he  may  be  readily 
located.  The  staff  is  provided  with 
two  eyelets  to  which  a  yellow  flag 
twelve  inches  square  should  be  at- 
tached. 


The  Mile  Post  (Ml)  will  be  set  at 
the  outer  edge  of  gutter  or  side  ditch 
at  each  mile  point,  commencing  ordi- 
narily with  "O"  at  the  eastern  or 
southern  terminus  of  the  trunk  high- 
way. 

Location  of  all  tile  drains  along  and 
under  the  trunk  highways  should  be 
indicated  with  markers  constructed  in 
accordance  with  designs  herein  shown, 
(P2,  P3,  P4,  P5).  These  markers 
should  be  placed  on  the  outside  slope 
of  the  cut  ditch  and  near  the  toe  of 
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Drain  and  Mile  Post  Markers. 

the  slope  on  fills  to  mark  the  location 
of  tile  drop  inlets,  tile  crossings,  tile 
outlets  and  tile  inlets. 

Culvert  Markers  (P6)  should  be 
used  to  indicate  the  ends  of  culverts 
under  the  trunk  highways,  particu- 
larly short  culverts  or  others  not  pro- 
tected by  guard-rail.  These  markers 
will  consist  of  wooden  posts  five  inch 
or  larger,  round  or  square,  painted 
white  and  projecting  at  least  four  feet 
above  the  ground  and  should  be  set  at 
both  ends  of  culverts. 

Supports  and  Erection. — In  the 
erection  of  markers  and  signs,  gen- 
eral use  will  be  made  of  standard  tee 
section  steel  fence  posts,  and  all 
metal  markers  and  signs  supplied 
thru  the  Central  Office  will  be  punched 
to  fit  these  posts.  However  there 
will  be  many  cases  where  more  con- 
venient supports  are  available,  and 
in  some  sections  of  the  state  it  will 
be  more  economical  to  use  round 
wooden  posts,  in  place  of  the  steel 
posts.  . 

Only  one  post  will  be  required  to 
carry  the  trunk  highway  markers 
and  the  name  plates  (NP)  but  all 
other    signs    will    ordinarily    require 
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two  posts,  particularly  where  the  steei 
posts  are  used. 

The  metal  markers  supplied  thru 
the  Central  Office  will  also  be  punched 
to  fit  brackets,  which  will  be  required 
in  attaching  them  to  metal  poles  and 
posts,  such  as  ornamental  lamp  posts 
in  cities  and  villages. 

In  order  to  prevent  disfiguring  the 
markers  and  signs  with  rust  stains, 
only  brass  or  galvanized  iron  bolts 
should  be  used  in  fastening  them  to 
posts. 


New  Officers  of  American  Road 
Builders'  Association 

Announcement  of  the  election  of 
new  officers  and  directors  and  decision 
by  the  new  board  of  directors  as  to 
the  time  of  the  next  convention  and 
National  Good  Roads  Show  were  the 
chief  features  of  the  annual  meeting 
of  the  American  Road  Builders'  As- 
sociation held  in  New  York,  May  15. 
Reports  were  received  from  the  exec- 
utive committee,  the  treasurer  and  the 
convention  committee.  The  latter  was 
accompanied  by  a  financial  statement, 
audited  by  Haskins  &  Sells,  certified 
public  accountants,  and  showed  that 
the  receipts  from  the  sale  of  exhibi- 
tion space  were  $62,824.77,  and  the 
disbursements,  $56,332.81,  leaving  a 
gross  profit  of  $6,491.96. 

The  new  officers  and  directors  are: 
President,  Frank  Page,  chairman, 
State  Highway  Commission,  Raleigh, 
N.  C;  Vice-president,  Northeastern 
District,  E.  L.  Powers,  editor  "Good 
Roads,"  New  York  City;  Vice-presi- 
dent, Southern  District,  W.  S.  Keller, 
state  highway  engineer,  Montgomery, 
Ala.;  Vice-president,  Central  District, 
S.  F.  Beatty,  vice-president,  Austin- 
Western  Road  Machinery  Co.,  Chi- 
cago, 111.;  Vice-president,  Western 
District,  Samuel  Hill,  Honorary  Life 
President,  Washington  State  Good 
Roads  Assn.,  Seattle,  Wash.;  Treas- 
urer, James  H.  MacDonald,  consulting- 
road  and  paving  expert,  New  Haven, 
Conn. 

Directors  for  one  year:  J.  R. 
Draney,  sales  manager,  U.  S.  Asphalt 
Refining  Co.,  New  York  City;  Frank 
T.  Sheets,  superintendent  of  high- 
ways, Department  of  Public  Works 
and  Buildings,  Springfield,  111.;  W.  A. 
Van  Duzer,  assistant  maintenance  en- 
gineer, State  Highway  Department, 
Harrisburg,  Pa. 

Directors  for  two  years:  C.  M. 
Babcock,  commissioner  of  highways, 
St.  Paul,  Minn.;  H.  K.  Bishop,  chief, 


division  of  construction,  Bureau  of 
Public  Roads,  Washington,  D.  C;  H. 
S.  Carpenter,  deputy  minister  of  high- 
ways, Regina,  Sask.,  Canada;  J.  H. 
Cranford,  president,  Canford  Paving 
Co.,  Washington,  D.  C;  E.  J.  Mehren, 
editor  "Engineering  News-Record," 
New  York  City;  I.  W.  Patterson,  chief 
engineer,  State  Board  of  Public 
Roads,  Providence,  R.  I.;  Wm.  R. 
Smith,  president,  Lane  Construction 
Corp.,  Meriden,  Conn. 

Directors  for  three  years:  Will  P. 
Blair,  vice-president,  National  Paving 
Brick  Mfrs.'  Assn.,  Cleveland,  0.;  R. 
Keith  Compton,  chairman,  Paving 
Commission,  Baltimore,  Md.;  S.  T. 
Henry,  vice-president,  Allied  Machin- 
ery Co.  of  America,  New  York  City; 
Fred  A.  Reimer,  engineer,  The  As- 
phalt Assn.,  Newark,  N.  J.;  H.  G. 
Shirley,  chairman,  State  Highway 
Commission,  Richmond,  Va.;  Frank 
Terrace,  president,  Washington  State 
Good  Roads  Assn.,  Orillia,  Wash.; 
Chas.  M.  Upham,  State  Highway  En- 
gineer, Raleigh,  N.  C. 

Following  the  close  of  the  annual 
meeting,  the  new  board  of  directors 
met,  elected  Ethel  A.  Birchland,  Sec- 
retary pro  tern,  and  an  executive  com- 
mittee, consisting  of  Thomas  J.  Was- 
ser,  S.  T.  Henry  and  William  R. 
Smith,  with  the  president  and  the 
treasurer  as  members  ex-officio. 

The  board  then  took  under  advise- 
ment arrangements  for  the  next  con- 
vention and  National  Good  Roads 
Show.  Chicago  was  selected  as  the 
place  of  meeting  and  Jan.  13  to  19, 
1924,  as  the  dates. 

The  sessions  were  concluded  with  a 
get-together  dinner,  at  which  the 
chief  address,  on  results  of  the  Con- 
necticut traffic  survey,  was  made  by 
Thomas  H.  MacDonald,  Chief  of  the 
Bureau  of  Public  Roads. 


New  Jersey  Can  Use  Funds  from 
$40,000,000  Bond  Issue.— According  to 
an  opinion  of  the  Attorney-General 
to  the  New  Jersey  State  Highway 
Commission,  proceeds  of  the  $40,000,- 
000  highway  bond  issue  authorized 
last  year  may  be  used  for  the  con- 
struction and  improvement  of  routes 
laid  out  and  authorized  by  the  act  of 
1917  with  its  supplements  and  amend- 
ments in*  force,  March  7,  1922,  irre- 
spective of  whether  such  routes  had 
then  formally  been  taken  over  as 
parts  of  the  state  highway  system  or 
not. 
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Minimum  Requirements  for  Highway  Engineering 

Positions 


Committee   Report  Presented  May  7  at  Annual   Convention  of  the 
American  Association  of  Engineers 


The  American  Association  of  En- 
gineers has  found  it  of  increasing  im- 
portance in  its  employment  service 
to  have  as  a  guide  for  selection,  as- 
signment and  promotion  clear  defini- 
tions of  the  qualifications  required  for 
engineering  positions.  Industry  has 
already  recognized  the  need  for  such 
occupational  specifications  and  many 
concerns  and  organizations  are  mak- 
ing the  necessary  job  analysis.  To 
meet  the  present  urgent  demand  in 
the  engineering  field,  the  Association, 
several  months  ago,  appointed  a  com- 
mittee of  engineers  and  educators  to 
specify  the  qualifications  essential  to 
successful  work  in  various  engineer- 
ing positions.  The  committee  con- 
sists of  A.  B.  McDaniel,  Civilian  Ad- 
visory Board,  War  Department, 
Chairman;  Dr.  C.  R.  Mann,  Chairman, 
Civilian  Advisory  Board,  War  De- 
partment; J.  A.  Randall,  President  of 
Rochester  Mechanics  Institute;  Prof. 
C.  J.  Tilden,  Yale  University;  W.  C. 
Bolin,  Pilot  Engineer,  Baltimore  and 
Ohio  Railroad;  W.  A.  Bassett,  Bureau 
of  Municipal  Research,  New  York 
City;  Charles  S.  Shaughnessy,  Chief 
Examiner,  Philadelphia  Civil  Service 
Commission;  and  an  advisory  board 
of  E.  O.  Griffenhagen,  President, 
Griff enhagen  and  Associates,  Ltd.;  J. 
L.  Jacobs,  President,  J.  L.  Jacobs  & 
Company;  and  Robert  C.  Clothier, 
Vice-President,   The   Scott   Company. 

Scope  of  Work. — The  committee 
has  confined  its  attention  at  first  to 
a  study  of  the  highway  engineering 
field.  The  cooperation  of  the  U.  S. 
Bureau  of  Public  Roads  and  several 
State  Highway  Commissions  and 
Municipal  Bureaus  was  secured.  An 
occupational  study  sheet  form  was 
prepared  so  as  to  require  only  the 
checking  of  items.  The  study  sheet 
forms  were  sent  to  aboue  2,700  high- 
way engineers  throughout  the  coun- 
try from  Massachusetts  to  California. 
The  study  sheet  returns  were  classi- 
fied as  to  geographical  location  and 
position.  The  data  given  in  the  study 
sheets  were  compiled  on  large  charts, 
so  as  to  indicate  numerically  the  re- 
quisite elements  of  training  and  ex- 
perience  required   for   each   position. 


A  study  was  made  of  the  data  shown 
on  the  charts,  and  minimum  specifica- 
tions for  each  position  were  prepared. 

Minimum  Specifications. — A  mini- 
mum spacification  is  a  statement  of 
the  things  a  person  must  be  able  to 
do,  what  he  must  know,  and  the  per- 
sonal characterictics  he  must  possess, 
to  function  in  the  positions  named. 
This  statement  must  be  expressed, 
so  that  it  can  be  understood  by  or- 
ganizations concerned  with  employ- 
ment, candidates  for  positions  and 
agencies  engaged  in  educational 
training.  To  prevent  waste  of  man- 
power, specifications  must  state  mini- 
mum qualifications,  for  it  is  obviously 
wasteful  to  use  a  man  in  a  position 
requiring  any  less  than  the  best  use 
of  his  capacities  and  abilities.  The 
committee  has  therefore  prepared  the 
following  minimum  specifications  of 
highway  engineering  positions  with  a 
view  of  stating  concisely,  clearly  and 
comprehensively,  the  basic  or  funda- 
mental requirements  for  the  various 
positions  caoncerned.  It  should  be 
noted  that  each  position  is  given  the 
title  in  general  use.  The  follows  a 
statement  of  the  essential  qualifica- 
tions, which  include  the  three  prin- 
cipal elements  of  Skill, — "do  things," 
knowledge. — "know  things,"  and  Per- 
sonal, —  personal  characteristics  or 
traits. 

As  these  statements  of  essential 
qualifications  are  Minimum  Specifica- 
tions, no  attempt  has  ben  made  to  in- 
clude all  the  duties  or  knowledge  re- 
quired of  highway  engineers  in  many 
of  the  positions  in  different  parts  of 
the  country.  For  example,  in  some 
states  where  the  construction  season 
is  short,  an  instrumentman  or  chief 
of  party  is  required  to  do  drafting 
or  designing  during  the  winter 
months.  In  other  states,  the  instru- 
mentmen  or  chief  of  party  may  also 
be  required  to  considerable  inspect- 
ing. It  is  obvious,  that  in  such  states, 
where  an  all-around  man  is  required 
for  any  position,  it  would  be  neces- 
sary to  determine  the  requisite  qual- 
ifications by  a  consideration  of  two  or 
perhaps  three  minimum  specifications. 

Minimum   specifications  have  been 
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prepared  for  only  the  more  common 
or  typical  positions  Occurring  in  high- 
way engineering  work  throughout  the 
country.  No  attempt  has  been  made 
to  make  a  complete  set  of  specifica- 
tions including  all  the  positions  which 
occur  in  the  average  state,  municipal 
or  private  organization.  It  will  be 
clear,  however,  that  it  would  be  rela- 
tively simple  to  prepare,  from  the 
specifications  given,  similar  specifica- 
tions for  other  positions.  For  ex- 
ample, the  specification  for  Assistant 
Resident  Engineer  would  be  similar 
to  that  of  Resident  Engineer  and  that 
of  Chief  Draftsman,  not  unlike  that 
of  Officer  Engineer.  Only  three  posi- 
tions refer  to  the  bridge  or  structural 
work  of  a  highway  organization;  viz., 
Structural  Designer,  Office  Engineer 
and  Bridge  Engineer.  Many  of  the 
specifications  given  could  be  applied 
to  the  needs  of  the  Structural  Depart- 
ment or  Bureau  of  Bridges  with 
slight  modifications  or  changes  in  ap- 
plication. 

The  number  and  arrangements  of 
minimum  specifications  should  not  be 
construed  as  presenting  a  typical  or 
comprehensive  highway  engineering 
organization.  An  attempt  has  been 
made  to  give  minimum  specifications 
only  for  the  more  common  and  typical 
positions.  Also,  no  attempt  has  been 
made  at  a  classification  of  highway 
engineering  positions.  But  it  should 
be  noted  that  the  preparation  of  the 
minimum  specifications  is  a  prelimin- 
ary step  to  such  a  classification. 

Conclusion. — This  document  is  pre- 
sented to  the  engineering  profession, 
personnel,  employment  and  classify- 
ing agencies,  civil  service  commis- 
sions, educational  institutions,  and 
others  interested  in  the  hope  that  it 
may  be  of  service  for  the  proper 
selection,  assignment,  promotion, 
transfer  and  training  of  highway  en- 
gineers. It  is  intended  to  be  a  fun- 
damental instrument  for  the  proper 
allocation  and  training  of  professional 
engineers  for  the  various  positions  in 
the  highway  field  and  to  facilitate  the 
fitting  of  "round  pegs  into  round 
holes"  with  a  minimum  expenditure 
of  time,  effort  and  money. 

The  committee  will  appreciate  a 
full  and  frank  criticism  of  these  min- 
imum specifications,  as  it  is  desired 
to  so  revise  them  from  time  to  time 
so  as  to  offer  to  the  profession  and 
the  public  an  instrument  of  the  great- 
est value  and  service. 


The  committee  has  under  prepara- 
tion a  series  of  problems  to  supple- 
ment the  minimum  specifications  and 
to  illustrate  the  basic  requirements 
of  the  different  positions.  It  is  in- 
tended that  these  problems,  which  are 
being  prepared  from  data  furnished 
by  practitioners  in  the  highway  en- 
gineering field,  will  not  only  indicate 
the  nature  and  scope  of  the  work  of 
each  position,  but  will  be  of  especial 
value  to  engineering  schools  in  a  fur- 
ther analysis  of  the  educational  re- 
quirements. 

MINIMUM    SPECIFICATIONS    FOR    HIGH- 
WAY   ENGINEERING    POSITIONS 

CHAINMAN — RODMAN 

Skill: 

Under  immediate  supervision,  to  clear  line 
or  survey,  measure  distance  with  chain  or 
tape,  hold  level  or  stadia  rod,  drive  stakes 
for  line  and  grade,  establish  bench  marks,  pitch 
and  take  down  tent,  pack  and  unpack  equip- 
ment, make  simple  field  sketches  and  field 
computations,  index  field  books,  and  perform 
such  other  simple  engineering  duties  as  may 
be  required  of  an  aid  or  helper  on  survey 
work. 

Fair  command  of  the  English  language. 
Knowledge : 

Care  of  simple  surveying  instruments,  as 
chain,  tape,  level  rod,  stadia  rod,  plumb  bob, 
etc. 

Sufficient  working   knowledge  of  artihmetic, 
algebra,    and  geometry   to   perform  the  requi- 
site  skills. 
Personal : 

Good  physique,  active  and  alert. 

Have   sense   of   direction   and  location. 

INSTRUMENTMAN 

SkiU: 

Under  supervision,  to  run  lines,  make  lay- 
outs of  structures  on  ground,  determine  ele- 
vations, do  cross-sectioning,  locate  property 
corners,  and  do  such  other  instrumental  work 
as  may  be  required  for  highway  location, 
construction   and  maintenance. 

Take  field  notes  and  make  the  necessary 
computations   and   sketches. 

Act   as   assistant   in   office. 

In  absence  of  Chief  of  Party,  take  charge 
of  survey   party. 

Act   as   head   of    sub-party    on    minor   work. 

Adjust  and  make  minor  repairs  to  survey- 
ing instruments. 

Good  command  of  the  English  language. 
Knowledge : 

Survey  methods  on  highway  location,  con- 
struction   and    maintenance. 

Sufficient  working  knowledge  of  the  follow- 
ing   subjects   to    perform    the   requisite    skills : 

Arithmetic,  algebra,  geometry,  trigonometry, 
chemistry,     physics,      surveying,     engineering, 
drawing,    highway    location,    design    and    con- 
struction. 
Personal : 

Robust  physique — able  to  do  exacting  in- 
strumental work  under  adverse  conditions 
of   location   and  weather. 

Moderate,  amount  of  supervisory  ability. 

Good  eyesight  for  field  work. 

CHIEF    OF    TARTY 

SkiU: 

Under  direction,  supervise  and  be  responsi- 
ble for  the  work  of  a  field  party  in  the  mak- 
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ing  of  surveys  for  highway  location,  construc- 
tion and  maintenance. 

Make  the  necessary  computations,  sketches 
and  studies  for  the  proper  prosecution  of  the 
field   work. 

Make    estimates    and    reports. 

Provide  for  proper  organization,  subsistance 
and  transportation  of  field  party,  when  nec- 
essary. 

Good   command   of   the   English   language. 

Knowledge : 

Care  and  adjustment  of  all  surveying  tools 
and   instruments   used   by    field    party. 

Field  methods  of  highway  location,  con- 
struction   and    maintenance. 

Sufficient  working  knowledge  of  the  follow- 
ing   subjects    to    perform   the    requisite    skills: 

Arithmetic,  algebra,  geometry,  trigonometry, 
chemistry,  physics,  geology,  field  astronomy, 
engineering  drawing,  descriptive  geometry, 
surveying,  mechanics,  hydraulics,  and  location, 
construction   and  maintenance  of  highways. 

Personal : 

Good    physical    condition    and    endurance. 

Tact,  good  judgment,  and  ability  in  the 
handling  of  men. 

INSPECTOR 

Skill: 

Under  direction,  to  inspect  materials  and 
workmanship  on  highway  construction  and 
maintenance. 

Make  inspections  of  materials  in  the  pit, 
at  the  plant  and  on  the  job. 

Make  simple  field  measurements,  and  tests 
of    materials. 

Make  the  necessary  computations,  estimates, 
records   and   reports. 

Fair  command  of  the   English   language. 

Knowledge  : 

Properties  and  uses  of  the  common  road 
and  structural  materials. 

Sufficient  working  knowledge  of  the  follow- 
ing   subjects    to    perform    the    requisite    skills : 

Arithmetic,   blueprint    reading   and   the  con- 
struction   and    maintenance    of   highways. 
Personal : 

Supervisory   ability. 

Good    physical    condition. 

Good   judgment,    tact   and   integrity. 

ENGINEER — INSPECTOR 

Skill: 

Under  direction,  to  inspect  and  oversee  as- 
signed portions  of  highway  construction  and 
maintenance. 

Make  inspections  of  materials,  machinery 
and  methods  to  determine  quality  and  con- 
formity to  plans  and  specifications. 

Make  the  necessary  computations,  estimates, 
records    and    reports. 

Make  the  required  field  measurements  and 
tests. 

Good   command   of   the   English    language. 
Knowledge : 

Use  and  care  of  ordinary  field  instruments 
for   surveying,   computing   and   testing. 

Properties,  uses  and  costs  of  road  and 
structural    materials. 

Sufficient  working  knowledge  of  the  follow- 
ing   subjects   to    perform    the    requisite    skills: 

Arithmetic,  algebra,  geometry,  trigenome- 
try,_  chemistry,  physics,  geology,  surveying, 
engineering  drawing,  mechanics,  hydraulics, 
theory  of  structures,  structural  and  concrete 
design,  and  construction  and  maintenance  of 
highways. 

Personal : 

Supervisory    ability. 

Good  judgment,   tact  and  integrity. 

Good    physical    condition. 


RESIDENT    ENGINEER 

SkiU: 

Under  direction,  supervise  and  be  responsi- 
ble for  work  of  one  or  more  contractors  on 
one  or  more  projects  of  highway  construction 
or   maintenance. 

Direct  the  operation  of  the  field  office,  in- 
cluding survey  party  or  parties,  inspectors, 
timekeepers,  bookkeepers,  clerks,  stenogra- 
phers  and   other    necessary   employees. 

Make  or  supervise  the  making  of  the  neces- 
sary designs,  conputations,  estimates,  reports, 
schedules  of  material,  progress  charts  and 
correspondence,  and  the  working  out  of  all 
problems  that  come  up  in  the  course  of  the 
field   and   office   work. 

Advise  and  discuss  with  public  officials, 
property  owners  and  others,  problems  relating 
to  highway  location,  construction  and  main- 
tenance. 

Good  command  of  the  English  language,  es- 
pecially as  to  oral  and  written  expressions. 
Knowledge : 

Office  methods  and  field  systems  necessary 
for   operation    of   field   engineering   office. 

Methods,  materials,  machinery  and  tools 
used  in  highway  construction  and  mainte- 
nance. 

Economy  of  highway  construction  and  main- 
tenance. 

Sufficient  working  knowledge  of  the  follow- 
ing  subjects    to    perform    the    requisite    skills : 

Arithmetic,  algebra,  geometry,  trigonome- 
try, chemistry,  physics,  geology,  engineering 
drawing,  descriptive  geometry,  mechanics,  sur- 
veying, hydraulics,  theory  of  structures,  struc- 
tural and  concrete  design,  electrical  machinery, 
cost  accounting,  economics,  business  law,  and 
highway  location,  construction  and  mainte- 
nance. 
Personal : 

Administrative   and   supervisory   ability. 

Tact,  patience  and  perseverance  in  human 
relations. 

Good  physique  and  endurance. 

Resourcefulness  and  initiative  in  handling 
men,   materials  and  money. 

COPYIST    DRAFTSMAN    OR    TRACER 

SkiU: 

Under  immediate  supervision,  to  make  pen- 
cil or  ink  tracings  or  drawings,  plans  or  maps 
prepared  by  others.  ^ 

Make  simple  drawings  and  charts. 

Do  single  stroke  and  mechanical  lettering. 

Make  simple  computations  and  copy  data. 

Index  and  file  drawings  and  field  books. 

Read  and  make  blueprints. 

Fair  command  of  the  English  language. 
Knowledge : 

Use  and  care  of  drafting  equipment  and 
material. 

Conventional  signs  and  symbols  used  in 
plan  and  map  work. 

Sufficient    working    knowledge   of   arithmetic 
and     mechanical     drawing     to     perform     the 
requisite  skills. 
Personal  : 

Slight  physical  disabilities  that  do  not  affect 
use  of  arms  and  head  allowed. 

Drafting  bent  and  capacity. 

Good  eyesight  for  close  confining  work. 

Capacity  for  doing  sedentary  work  of  rou- 
tine nature. 

Accurate  in  making  copies  of  drawings  and 
computations. 

Neat  in  workmanship. 

DRAFTSMAN 

SkiU: 

Under  immediate  supervision,  to  make  (re- 
vise and  ink)  maps,  plans,  working  drawings, 
computations    and    estimates    required    in    the 
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preparation  of  maps  and  plans  for  highway 
engineering  projects. 

Check,  reduce  and  plot  field  notes. 

Act  as  field  assistant  in  survey  party. 

Make  simple  field  inspections. 

Fair  command  of  the  English  language. 

Knowledge : 

Office  methods  as  applied  to  drafting  room. 

Use  and  care  of  drafting  and  computing  in- 
struments. 

Uses  of  structural  and  road  materials. 

Sufficient  working  knowledge  of  the  follow- 
ing  subjects   to   perform   the   requisite   skills: 

Arithmetic,  algebra,  geometry,  trigonometry, 
engineering  drawing,  and  mechanics. 

Personal: 

Aptitude  for  drafting  and  computing. 

Good  memory  for  figures. 

Accurate  in  making  computations  and  esti- 
mates, and  in  the  preparation  of  drawings. 

Capacity  for  sedentary  work. 

HIGHWAY   DESIGNER 

SMI: 

Under  direction,  make  computations,  esti- 
mates, and  designs  necessary  for  the  construc- 
tion and  maintenance  of  highways. 

Make  field  examinations  and  studies  neces- 
sary for  estimates  and  designs. 

Good  command  of  the  English  language. 

Knowledge : 

Drafting  room  practice. 

Economics  of  highway  location,  construction 
and  maintenance,  cost  keeping  and  estimating. 

Properties,  uses  and  costs  of  road  materials. 

Field  engineering  and  construction  methods 
used  in  highway  location,  construction  and 
maintenance. 

Sufficient  working  knowledge  of  the  follow- 
ing subjects  to  perform  the  requisite  skills: 

Arithmetic,  algebra,  geometry,  trigonometry, 
engineering  drawing,  physics,  chemistry,  geol- 
ogy, surveying,  mechanics,  hydraulics,  and  lo- 
cation, construction  and  maintenance  of  high- 
ways. 
Personal: 

Aptitude  for  drafting,  computing  and  esti- 
mating. 

Good-  memory  for  figures  and  details  of  de- 
sign. 

Originality  in  engineering  design. 

Accuracy  in  preparation  of  computations 
and  estimates. 

OFFICE  ENGINEER 

Skill: 

Under  direction,  to  have  responsible  charge 
of  an  engineering  office  engaged  in  the  prepa- 
ration of  designs,  maps,  plans,  specifications, 
estimates,  schedules  of  materials,  reports  and 
permits  for  highway  projects. 

Review,  check  and  be  responsible  for  de- 
signs, computations,  estimates,  specifications, 
reports,  and  drawings. 

Conduct  office  correspondence. 

Good  command  of  the  English  language. 

Knowledge  : 

Office  methods,  including  filing,  indexing, 
designing,  drafting,  estimating,  scheduling, 
blueprinting,  bookkeeping,  cost  keeping,  etc. 

Personnel  methods,  material  costs  and  wage 
rates. 

Survey  methods,  and  construction  and  main- 
tenance   operations    on    highway    projects. 

Sufficient  working  knowledge  of  the  follow- 
ing subjects  to  perform  the  requisite  skills: 

Arithmetic,  algebra,  geometry,  trigonometry, 
engineering  drawing,  descriptive  geometry, 
chemistry,  physics,  geology,  surveying,  me- 
chanics, hydraulics,  theory  of  structures,  struc- 
tural and  concrete  design  and  location,  con- 
struction and  maintenance  of  highways. 


Personal: 

Administrative  and  supervisory  ability. 

Tact  in  handling  men. 

Good  judgment  in  planning  work,  making 
decisions  and  reviewing  output  of  office. 

Initiative  in  administering  duties  of  office. 

TESTING    ENGINEER 

SkiU: 

Under  direction,  to  make  in  the  laboratory 
or  field,  physical  tests  of  road  and  structural 
materials,  used  in  the  construction  and  main- 
tenance of  highway  projects. 

Make  the  necessary  computations,  estimates, 
records,  charts  and  reports. 

Make  the  necessary  measurements,  investi- 
gations, and  inspections. 

Good  command  of  the  English  language. 
Knowledge: 

Laboratory  testing  technique  and  methods. 

Properties  and  uses  of  materials  of  con- 
struction. 

Sufficient  working  knowledge  of  the  follow- 
ing subjects  to  perform  the  requisite  skills: 

Arithmetic,  algebra,  geometry,  trigonometry, 
engineering  drawing,  descriptive  geometery, 
graphical  analysis,  chemistry,  physics,  geology, 
mechanics,  electrical  machinery,  and  theory  of 
structures. 
Personal: 

Aptitude  for  manipulative  and  research 
work. 

Observing  and  accurate  in  noting  phenom- 
ena and  recording  data. 

LOCATING   ENGINEER 

SkiU: 

Under  direction,  make  preliminary  surveys 
for  the  location  of  highways. 

Make  field  investigations  to  determine  nat- 
ural resources  and  development  possibilities  of 
districts. 

Collect  and  compile  data,  make  reports  and 
handle  correspondence. 

When  necessary,  supervise  field  survey 
party. 

Good  command  of  the  English  language. 
Knowledge : 

Economics  of  highway  location. 

Properties  and  uses  of  road  materials. 

Care  and  adjustment  of  surveying  instru- 
ments, especially  aneroid  barometer,  clinom- 
eter and  compass. 

Sufficient  working  knowledge  of  the  follow- 
ing subjects  to  perform  the  requisite  skills: 

Arithmetic,  algebra,  geometry,  trigonometry, 
chemistry,  physics,  geology,  field  astronomy, 
biology,  engineering  drawing,  descriptive 
geometry,  surveying,  mechanics,  hydraulics, 
and  location,  construction  and  maintenance  of 
highways. 
Personal: 

Supervisory  ability. 
,    "Eye"  for  country  and  "nose"  for  news. 

Good  sense  of  location  and  direction. 

CONSTRUCTION   ENGINEER 

SkiU: 

Under  direction,  to  supervise  and  direct  the 
construction  of  highways  in  a  district  or  divi- 
sion. 

Direct,  in  a  general  way,  the  work  of  one 
or  more  resident  engineers  and  their  forces 
engaged  on  construction. 

Act  as  advisor  and  arbiter  on  construction 
and  related  problems. 

Make,  or  supervise  the  making  of,  the  neces- 
sary estimates,   reports,   charts,   schedules,  etc. 

Good  command  of  the  English  language. 
Knowledge : 

Construction  methods,  systems,  materials, 
machinery  and  tools. 

Economics  of  highway  construction-- 
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Wage  rates,  labor  "conditions,  purchasing 
methods,  and  material  costs. 

Sufficient  working  knowledge  of  the  follow- 
ing subjects  to  perform  the  requisite  skills: 

Arithmetic,  algebra,  geometry,  trigonometry, 
chemistry,  physics,  geology,  engineering  draw- 
ing, descriptive  geometry,  surveying,  mechan- 
ics, hydraulics,  materials  of  construction,  elec- 
trical machinery,  theory  of  structures,  struc- 
tural and  concrete  designs,  cost  accounting, 
business  law,  economics,  and  highway  location 
and  construction. 
Personal: 

Administrative  and  supervisory  ability. 

Good  physique  and  endurance. 

Tact  and  good  judgment  in  handling  techni- 
cal problems  and  in  human  relations. 

Keenness  and  accuracy  in  observations. 

Firmness  and  fairness  in  decision. 

MAINTENANCE  ENGINEER 

Skill: 

Under  direction,  to  supervise  and  direct  the 
maintenance  of  highways  in  a  district  or  divi- 
sion. 

Direct,  in  a  general  way,  the  work  of  en- 
gineers, patrolmen,  inspectors,  clerks,  and 
others  engaged  in  maintenance  work. 

Act  as  advisor  and  arbiter  on  maintenance 
and  related  problems. 

Make,  or  supervise  the  making  of,  the  neces- 
sary estimates,  schedules,  charts,  reports,  etc. 

Good  command  of  the  English  language. 
Knowledge : 

Methods,  systems,  materials,  machinery  and 
tools  used  in  highway  maintenance. 

Economics  of  highway  operation  and  main- 
tenance. 

Wage  rates,  labor  conditions,  purchasing 
methods  and  material  costs. 

Sufficient  working  knowledge  of  the  follow- 
ing subjects  to  perform  the  requisite  skills : 

Arithmetic,  algebra,  geometry,  trigonometry, 
chemistry,  physics,  geology,  engineering  draw- 
ing, descriptive  geometry,  surveying,  mechan- 
ics, hydraulics,  materials  of  construction, 
electrical  machinery,  theory  of  structures, 
structural  and  concrete  ,  design,  cost  account- 
ing, business  law,  economics,  and  highway 
construction  and  maintenance. 
Personal: 

Administrative  and  supervisory  ability. 

Good  physique  and  endurance. 

Tact  and  good  judgment  in  handling  human 
and  technical  problems. 

Ability  to  make  or  supervise  the  making  of 
analytical  studies  such  as  traffic  censuses,  etc. 

Keenness  and  accuracy  in  observation. 

Firmness  and  fairness  in  decision. 

DIVISION    OR    DISTRICT    ENGINEER 

Skill: 

Under  general  direction,  supervise  and  be 
responsible  for  the  location,  construction,  in- 
spection and  maintenance  of  the  highway 
work  of  a  division  or  district. 

Direct  the  operation  of  a  division  or  district 
office,  including  field  and  office  personnel. 

Investigation  of  highway  projects  as  to  ade- 
quacy and  conformity  to  requirements. 

Review  or  supervise  the  review  of  surveys, 
plans,  specications,  reports,  estimates,  etc. 

Review  and  approve  accounts,  contractor's 
progress  and  final  estimates,  permits,  assess- 
ments for  damages  or  benefits,  etc. 

Discuss  technical  and  related  problems  with 
and  act  as  advisor  to  contractors  and  public 
officials. 

Address  public  and  private  organizations, 
committees  and  agencies. 

Excellent  command  of  the  English  language, 
especially  as  to  oral  and  written  expression. 
Knowledge : 

Engineering  office  methods  and  field  survey, 
construction  and  maintenance  systems. 


Materials  of  construction  and  maintenance, 
wage  rates,  labor  conditions,  transportation 
facilities  and  purchasing  methods. 

Sufficient  working  knowledge  of  the  follow- 
ing subjects  to  perform  the  requisite  skills: 

Arithmetic,  algebra,  geometry,  trigonom- 
etry, chemistry,  physics,  geology,  engineering 
drawing,  descriptive  geometry,  surveying, 
mechanics,  hydraulics,  electrical  machinery, 
theory  of  structures,  structural  and  concrete 
design,  cost  accounting,  business  law,  econom- 
ics, and  highway  location,  construction  and 
maintenance. 
Personal: 

Executive,  administrative  and  supervisory 
ability. 

Tact,  fairness  and  patience  in  human  rela- 
tions. 

Initiative,  resourcefulness,  and  good  judg- 
ment in  planning  and  execution  of  work. 

STRUCTURAL  DESIGNER 

SkiU: 

Under  direction,  make  computations,  esti- 
mates and  designs  for  the  construction  and 
maintenance  of  highway  structures. 

Make  field  examinations  and  studies  neces- 
sary  for   designs   and   estimates. 

Good  command  of  the  English  language. 
Knowledge: 

Drafting  room  practice. 

Economics  of  construction,  cost  keeping  and 
estimating. 

Properties,  uses  and  costs  of  structural  ma- 
terials. 

Field  engineering  and  construction  methods 
used  in  structural  work. 

Sufficient  working  knowledge  of  the  follow- 
ing subjects  to  perform  the  requisite  skills: 

Arithmetic,  algebra,  geometry,  trigonometry, 
calculus,  engineering  drawing,  descriptive 
geometry,  chemistry,  physics,  geology,  mechan- 
ics, hydraulics,  theory  of  structures,  struc- 
tural and  concrete  design. 
Personal: 

Aptitude  for  drafting,  computing  and  esti- 
mating. 

Good  memory  for  figures  and  details  of  de- 
sign. 

Originality  in  structural  design. 

Accuracy  in  computations  and  estimates. 

BRIDGE  ENGINEER 

Skill: 

Under  direction,  to  supervise  and  be  respon- 
sible for  the  design,  construction  and  main- 
tenance of  highway  structures. 

Make  or  supervise  the  making  of  plans, 
specifications,  estimates  and  reports  for  high- 
way structures. 

Inspect  or  supervise  the  inspection  of  the 
construction  and  maintenance  of  highway 
structures. 

Make  necessary  field  investigations  and 
studies. 

Good  command  of  the  English  language. 
Knowledge: 

Engineering  office  practice. 

Field  survey,  construction  and  maintenance 
methods  relating  to  highway  structures. 

Materials,  machinery  and  costs  of  construc- 
tion and  maintenance  of  highway  structures. 

Sufficient  working  knowledge  of  the  follow- 
ing subjects  to  perform  the  requisite  skill: 

Arithmetic,  algebra,  geometry,  trigonometry, 
calculus,  engineering  drawing,  descriptive 
geometry,  surveying,  chemistry,  physics,  geol- 
ogy, mechanics,  hydraulics,  electrical  ma- 
chinery, theory  of  structures,  structural  and 
concrete  design. 
Personal: 

Administrative  and  supervisory  ability. 

Tact,  good  judgment  and  patience  in  human 
relations. 

Initiative  and  originality  in  handling  techni- 
cal problems. 
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Summary  of  Paper  Presented  May  9  at  4th  International  Road  Con- 
gress, Seville,  Spain 

By  M.  VARVIER  and  E.  NICOLAS 

Jngenieur  in  Chef  des  Ponts  et  Chaussees,  Lyons ;  Ingenieur  des  Ponts  et  Chaussees,  Paris 

during  the  first  few  days,  from  the 
destructive  effects  of  the  traffic  and 
to  fill  the  voids  which  were  produced 
by  the  setting  of  the  mortar.  Re- 
ballasting  is  done  by  half-widths, 
traffic  being  stopped  during  at  least 
24  hours. 

The  average  thickness  of  the  sur- 
facing is  10  cm.  and  the  quantity  of 
agglomerate  used  0.110  m8  per  cubic 
meter  of  broken  stone.  The  quantity 
of  water  employed  was  approximately 
20  liters  per  sq.  meter.  The  roller 
passed  on  an  average  150  times. 

The  cost  of  this  method  of  surfac- 
ing is  from  15  to  23  per  cent  more 
than  for  ordinary  macadam. 

Slag  cement  was  employed  for 
other  trials. 

These  surfacings  have  resisted  well. 
On  some  sections  they  were  coated 
with  tar  in  September,  1921. 

Observations     and     Conclusions. — 

Borings  effected  showed  that  the  ag- 
glomerate had  filled  all  the  inter- 
stices, but  in  order  to  obtain  a  good 
result,  it  is  necessary: 

1.  That  the  stone  be  well  cleaned, 
otherwise  the  agglomerate  does  not 
adhere  well; 

2.  Not  to  employ  too  much  water 
so  that  the  mortar  is  not  too  diluted; 

3.  To  execute  the  junctions  with 
great  care,  if  the  work  is  done  by 
half-widths,  because  they  constitute 
weak  points; 

4.  To  spread  the  superficial  layer 
of  sand  in  a  suitable  manner. 

These  surfacings  when  tarred  con- 
stitute an  important  improvement  as 
compared  with  ordinary  macadam  and 
their  use  could  be  made  general  for 
roads  with  medium  traffic. 

Experiments  in  Spreading  Mortar 
on  Surface. — These  were  carried  out 
at  La  Ferte  (250  m.)  and  at  Cham- 
bery. 

After  having  reballasted  in  the  or- 
dinary way,  the  mortar  was  spread  on 
the  surface  with  brooms  in  quantities 
of  8  to  11  dcms8  per  sq.  meter  of  sur- 
facing, of  a  thickness  of  8  cm. 

In  the  first  case  the  mortar  was 
composed  of  Portland  or  slag  cement 
and  sand,  in  the  proportion  of  600  to 


Experiments  in  Mixing  Aggregate 
with    Material    During    Rolling. — In 

1905  a  trial  was  made  in  the  neigh- 
borhood of  Lyons,  this  resisted  9 
years  supporting  very  intense  traffic. 
Afterwards  trials  were  made  on  a 
large  scale,  at  Villefranche  (1.170  m.) 
and  between  Lyons  and  Gyvors  (3.200 
m.). 

The  stone  employed  was  porphyry 
granite  or  basalt,  maximum  dimen- 
sions 7  cm.  The  aggregate  in  the 
first  case  was  400  kg.  of  maritime 
lime  from  Pavin  de  Lafargue  per  cu- 
bic metre  of  Saone  sand,  and  100  kg. 
of  cement  and  300  kg.  of  hydraulic 
lime  per  cu.  metre  of  sand,  in  the 
second  case. 

After  various  trials,  the  following 
method  of  carrying  out  the  work  was 
adopted.  After  having  cleaned  the 
road  of  dust,  the  broken  stone  was 
spread  and  watered  so  as  to  remove 
the^  dust  from  the  surface  and  to 
moisten  the  surface  of  the  old  road  in 
order  to  obtain  good  binding  there- 
with. The  water  used  for  this  repre- 
sented one-half  of  the  total  water  re- 
quired for  surfacing.  Before  begin- 
ning the  rolling,  it  was  watered  again 
(1/5  of  the  total  volume  of  water  nec- 
essary) to  facilitate  the  placing  of  the 
stones. 

Then  the  surface  was  rolled  and 
not  before  it  was  dry  was  the  aggre- 
gate spread.  The  roller  used  weighed 
18  tons.  Then  three-quarters  of  the 
aggregate  was  spread  in  thin  layers, 
thicker  in  the  center  than  at  the  sides 
so  that  the  surfacing  might  be  thicker 
in  the  center,  each  of  these  layers  be- 
ing rolled  dry.  The  last  of  the  lay- 
ers was  moderately  watered,  so  that 
the  aggregate  might  penetrate  well 
into  the  spaces  between  the  stones. 
The^  remaining  quarter  was  employed 
during  the  rolling  at  the  necessary 
places.  When  the  agglomerate  ad- 
hered to  the  rollers  the  stones  became 
detached  from  the  surfacing,  in  order 
to  avoid  this  a  light  watering  was 
given  when  the  agglomerate  was  dry 
it  was  covered  with  a  layer  of  sand 
of  4  mm.  thickness.  The  object  of 
the  sand  was  to  protect  the  surfacing 
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700  kg.  of  cement  per  cubic  meter  of 
sand  and,  in  the  second  case,  of  hy- 
draulic lime  in  the  proportion  of  400 
kg.  per  cubic  meter  of  sand. 

The  rolling  was  carried  out  on  the 
whole  width  with  a  15-ton  roller. 

Very  different  results  were  ob- 
served, according  as  traffic  was  for- 
bidden during  a  month  or  permitted 
after  3  days. 

The  higher  cost  as  compared  with 
ordinary  macadam  was  about  11  per 
cent. 

Other  trials  were  made  which  con- 
sisted in  spreading,  after  the  rolling, 
Portland  cement,  Roman  cement  or 
hydraulic  lime,  in  a  very  liquid  state 
so  that  it  might  penetrate  well  to  the 
bottom.  After,  a  layer  of  sand  was 
spread  to  a  thickness  of  1  cm.,  which 
was  not  rolled.  The  surfacing  with 
lime  did  not  give  good  resistance, 
while  the  Roman  cement  was  less  re- 
sisting than  the  Portland,  the  latter 
adhering  better  to  the  stone. 

Lastly,  in  the  same  class  of  trials, 
may  be  counted  those  which  took 
place  in  the  neighborhood  of  Nancy, 
where  the  mortar  was  laid  between 
two  layers  of  broken  stone,  the  whole 
being  rolled  afterwards. 

Various  trials  were  made  with  Teil 
lime  concrete  and  Portland  cement, 
with  poor  Portland  cement  concretes 
and  lastly  with  rich  Portland  cement 
concretes,  according  to  American  pro- 
portions and  methods. 

Experiments  with  Special  Cement. 
— Using  a  special  cement  (Soliditit). 
Trials  were  made  with  one  layer  and 
with  two  layers. 

When  two  layers  were  spread,  the 
lower  one  was  of  Portland  cement 
concrete,  250  kg.  at  least  5  cm.  thick; 
the  upper  layer  being  of  Soliditit  ce- 
ment concrete,  750  kg.  per  m3  of  hard 
broken  stone  of  small  dimensions.  The 
thickness  of  the  second  layer  was  6 
cm.  The  soliditit  concrete  was  mixed 
with  very  little  water,  so  that  it  could 
harden  rapidly. 

It  is  necessary  that  only  a  short 
time  elapse  between  the  execution  of 
the  two  layers,  in  order  that  they 
may  unite  well. 

When  only  one  layer  is  spread,  this 
is  given  a  thickness  of  8  cm. 

Observations  and  Conclusions. — No 
conclusions  can  be  arrived  at,  but  it 
seems  that  the  rare  accidents  pro- 
duced locally  are  rather  due  to  de- 
fects in  the  execution  than  to  the 
method  itself. 

Trials   carried   out  with  a   special 


product  (Rhoubenite)  added  to  the 
concrete. 

These  were  executed  by  Messrs. 
Monnoyer  and  Carette,  holders  of  the 
Houben  patent. 

It  is  interesting  to  note  that  the 
expansion  joints  were  at  first  placed 
10  m.  apart,  then  at  30  m.,  and  when 
it  was  found  that  they  constituted 
weak  points  and  that  they  did  not 
completely  hinder  the  transversal 
cracks,  in  the  end  they  were  sup- 
pressed, further  the  surfacings  of 
concrete  made  without  Rhoubenite 
powder  are  actually  in  quite  as  good 
condition  as  those  in  the  sections  exe- 
cuted with  this  powder. 

Reinforced  Concrete  Surfacings, 
Pont-a-Mousson  System. — This  sys- 
tem consists  in  placing  on  dry  con- 
crete, 10  to  20  cm.  thick,  foundation 
bars  embedded  in  rich  Portland  ce- 
ment; the  reinforcements,  4  to  5  cm. 
in  height,  are  disposed  in  squares, 
with  separations  which  vary  accord- 
ing to  the  resistance  that  one  wishes 
to  obtain. 

It  is  necessary  to  thoroughly  ram 
the  upper  layer  of  concrete  so  as  to 
fill  all  the  voids,  without  altering  the 
position  of  the  reinforcement. 

With  a  view  to  slow  setting,  the 
surface  is  watered  twice  a  day  and 
traffic  is  only  permitted  5  days  after 
the  work  is  completed. 

The  trials  are  too  recent  and  were 
carried  out  on  too  small  a  scale  to 
allow  of  drawing  any  definite  conclu- 
sions. However,  it  appears  that  it 
will  be  difficult  to  obtain  long  life 
with  these  materials,  because  of  their 
lack  of  homogeneity,  and  that  repairs 
will  be  costly  because  of  the  necessity 
of  breaking  up  numerous  elements. 

Concrete  Surfacing  Into  Which  Ma- 
terials are  Set  in  the  Form  of  Mosaic 
Work. — Numerous  applications  of  this 
kind  have  been  made  in  the  depart- 
ment de  la  Vendee,  according  to  the 
system  of  the  inventor,  Mr.  Guiet. 

The  rolled  roadway  serves  as  foun- 
dation for  a  layer  of  concrete,  com- 
posed of  300  kg.  of  Portland  cement, 
400  liters  of  sand  and  800  liters  of 
gravel.  The  concrete  is  spread  with 
a  shovel  or  other  instrument,  then 
different  methods  are  followed,  ac- 
cording to  the  resistance  required. 
Six  to  eight  centimetre  broken  stone 
may  be  spread,  in  this  case  the  layer 
of  concrete  must  have  a  thickness  of 
8  cm.,  or  else  the  stone  is  laid  by 
hand  in  the  concrete  so  as  to  form 
mosaic  work,  in  this  case  the  concrete 
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should  be  12  cm.  thick,  or  again  small 
paving  stones  of  equal  size  are  ap- 
plied like  mosaic  work,  then  the  con- 
crete is  15  cm.  thick. 

In  all  these  cases  the  concrete  is 
compressed  with  light  tandem  rollers 
of  from  2  to  3  tons. 

Traffic  can  be  permitted  after'  24 
hours  in  summer  and  in  winter  after 
2  or  3  days.  The  surfacing  should 
be  covered  with  damp  sand  for  8  days. 

This  method  known  by  the  name  of 
the  "Indeformable,"  requires  much  la- 
bor and  it  seems  should  be  reserved 
for  special  sites. 


Limitations    of   Truck    Loads    on 
Highways 

The  following  table  from  an  article 
by  Noel  K.  Brown  in  the  Texas  High- 
way Bulletin  shows  the  gross  weight 
limits  of  commercial  motor  vehicles 
permitted  on  the  roads  of  various 
states : 

Maximum  gross  weight 
State  in  lbs.  (4  wheels) 

Alabama    20,000 

California 30,000 

Colorado     16,000 

Connecticut  25,000 

Delaware    22,000 

Florida    16,000 

Indiana     24,000 

Illinois    32,000 

Iowa    20,000 

Maine 20,000 

Maryland  « 20,000 

Minnesota    28,000 

Nevada  25,000 

New  Hampshire    20,000 

New  Mexico    12,000 

New  York    28,000 

North    Carolina   15,000 

Ohio    20,000 

Oregon    22,000 

Pennsylvania    26,000 

South  Dakota  20,000 

Tennessee  20,000 

Texas    22,000 

Utah    20,000 

Vermont  12,500 

Virginia  20,000 

Washington     24,000 

Wyoming  25,000 

A  proposed  law  is  now  before  the 
California  Legislature  reducing  the 
gross  weight  limit  to  22,000  lbs. 

Special  permits  for  trucks  with 
gross  weights  exceeding  the  limits 
shown  in  the  foregoing  schedule  can 
be  obtained  in  some  of  the  states. 
These  special  permits,  however,  con- 
fine the  operation  of  the  trucks  to 
special  routes  of  travel. 

In  some  of  the  states  where  maxi- 
mum gross  weights  are  specified,  the 
state  highway  commissioner,  or  some 
other  official,  is  authorized  to  lower 
the  state  limit  during  certain  periods 
of  the  year  when  frost  is  leaving  the 


ground,  and  the  roads  are  soft.  With- 
out rest  of  this  kind  many  miles  of 
unsurfaced  roads  would  be  rendered 
unfit  for  use  in  a  comparatively  short 
time,  if  even  a  few  trucks  of  great 
weight  were  allowed  to  operate  over 
them  during  the  spring  thaw. 

In  addition  to,  or  as  a  substitute, 
for  a  maximum  gross  weight  speci- 
fication, about  one-half  the  states  pre- 
scribe a  maximum  permissible  loading 
per  inch  width  of  tire.  This  loading 
ranges  from  400  to  800  lbs.  Some  of 
the  states  also  provide  weight  limits 
permissible  on  the  axles  or  wheels. 


Progress  in  Federal  Aid  Road  Building 

Federal-aid  road  building  during 
the  fiscal  year  beginning  July  1,  1922, 
has  progressed  steadily  toward  the 
goal  of  almost  200,000  miles  to  be  in- 
cluded in  the  Federal-aid  highway 
system,  reports  the  Bureau  of  Public 
Roads,  United  States  Department  of 
Agriculture.  On  March  31,  7,335  miles 
had  been  completed  since  the  begin- 
ning of  the  fiscal  year,  and  with  three 
months  of  good  construction  weather 
still  remaining  it  appears  likely  that 
the  10,000  miles  completed  in  the 
preceding  fiscal  year  will  at  least  be 
equaled.  At  the  same  time,  prospects 
are  good  for  rapid  progress  during 
the  coming  fiscal  year,  as  on  March 
31  there  was  under  construction  14,- 
010  miles  and  slightly  more  than  10,- 
000  miles  in  projects  approved  but 
which  have  not  yet  reached  the  con- 
struction stage. 


824    Miles    Federal-Aid    Roads    Started 
in    February 

During  February,  824  miles  of  Fed- 
eral-aid roads  were  placed  under  con- 
struction, according  to  the  Bureau  of 
Public  Roads,  United  States  Depart- 
ment of  Agriculture.  This  is  said  to 
be  a  particularly  good  record  for  a 
month  that  is  considered  unfavorable 
for  road  work  in  many  of  the  States. 
The  character  of  the  work  is  indicated 
by  the  following  table.  Several  _  of 
the  projects  included  in  the  tabulation 
represent  new  surfaces  laid  on  an  old 
road  as  a  base. 

Estimated 

Miles  Cost 

Graded    and    drained 147.9  $1,847,049 

Sand-clay    141.6  765,831 

Gravel     289.4  3,493,325 

Water -bound,  macadam 42.4  697,420 

Bituminous  macadam    46.1  1,462,855 

Bituminous  concrete    19.5  580,861 

Cement  concrete  127.5  4,293.320 

Brick     8.4  330,160 

Bridges     1.6  361,219 
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Surfacing  Old  Macadam  and 
Gravel  Streets  with  Asphalt 

The  salvaging  of  worn  macadam 
and  gravel  by  surfacing  with  asphalt 
was  begun  as  early  as  1890  in  New 
York  City,  and  since  has  been  prac- 
ticed successfully  under  the  most 
severe  conditions  of  traffic  and  cli- 
mate, on  main  country  highways  as 
well  as  city  streets. 

Before  it  is  decided  to  surface  a 
worn  out  macadam  or  gravel  pave- 


on  this  point  it  is  well  to  emphasize 
the  fact  that  the  old  surface  should 
be  disturbed  as  little  as  possible.  The 
more  solid  and  substantial  the  foun- 
dation, the  more  lasting  and  enduring 
will  be  the  new  pavement. 

All  weak  spots  in  the  old  pavement, 
torn-out  gutters,  and  areas  around 
man  holes  should  be  replaced  with 
new  stone  and  carefully  rolled.  Holes 
and  depressions  should  be  brought  up 
to  approximate  grade  and  crown 
either  with  the  stone  taken  from  the 


Old  Macadam   Pavement   on   Jefferson   St.,    Staunton,    Va.,   Surfaced   with   Asphalt 
Macadam   in    1913.   This   Street  Is  on    Grade  of  Approximately  18%. 


ment  with  a  wearing  surface  of  as- 
phalt, one  makes  sure  that  the  old 
pavement  is  well  drained,  thoroughly 
compacted  and  sufficient  in  thickness 
to  serve  as  a  base.  There  are  many 
instances  where  an  old  macadam  or 
gravel  pavement  is  6,  7  and  8  in.  and 
greater  in  depth,  perfectly  com- 
pressed after  many  years  service. 
Such  a  road  or  street  makes  an  ideal 
foundation,  but  there  are  also  many 
instances  where  a  good  and  lasting 
pavement  has  been  obtained  when  the 
old  macadam  was  4  or  5  in.  in  thick- 
ness. When  the  old  pavement  has  the 
proper  depth  and  compactness,  ravel- 
ling, pot  holes  and  surface  disintegra- 
tion are  secondary  considerations. 

Preparation  of  the  Old  Pavement. — 
First  the  old  macadam  or  gravel  is 
scarified  sufficiently  to  bring  it  to  the 
proper  grade  and  crown.    And  while 


high  places  in  the  old  road  or  with 
new  stone,  and  the  entire  surface 
rolled  to  maximum  compression. 

When  it  is  necessary  to  scarify 
deeply  and  perhaps  to  add  consider- 
able quantities  of  new  stone,  it  is  a 
wise  step,  after  bringing  the  old  pave- 
ment to  the  desired  grade  and  cross 
section,  to  admit  traffic  for  a  month  or 
more  to  compact  the  new  stone  thor- 
oughly. When  the  grade  and  cross 
section  of  the  old  street  are  not  too 
much  out  of  line,  the  low  spots  and 
depressions  may  be  brought  up  with  a 
closely  compacted  binder  course  of 
asphalt  and  stone  similar  to  that  used 
in  sheet  asphalt  construction.  In 
some  cases  it  will  be  considered  desir- 
able to  widen  the  existing  pavement 
to  meet  the  demands  of  increasing 
traffic.  Stone  of  a  quality  and  size  as 
nearly  as  possible  like  that  in  the  old 
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road  should  be  used,  and  care  should 
be  taken  to  obtain  a  thorough  consoli- 
dation of  the  whole  surface. 

After  the  old  macadam  or  gravel 
has  been  prepared  as  described  above 
it  is  ready  for  the  asphalt  wearing 
surface,  which  is  added  in  the  same 
way  that  it  is  constructed  on  a  cement 
concrete  foundation.  Sheet  asphalt, 
asphaltic  concrete  and  asphalt  macad- 
am have  all  been  used  extensively  and 
successfully  on  old  macadam  and 
gravel  pavements. 


passed  gasoline  tax  laws  to  date,  and 
the  amount  of  the  levy  in  each  state: 

Tax  per 
State  gal.,  cts. 

Alabama   2 

Arizona  1 

Arkansas    3 

Colorado    2 

Connecticut    1 

Delaware  1 

Florida     1 

Georgia    1 

Idaho    2 

Indiana    2 

Kentucky  l 

Louisiana    l 


Old    Macadam    Pavement    on    East    4th    St.,     Bloomington,   Ind.,   Surfaced   with  Texaco 
Asphaltic    Concrete    in    1922. 

A  thoroughly  compacted  foundation  Maine    .. l 

of  old  macadam  or  gravel  is  flexible,  $?srsSipdpi — — — •  ■— .^~j 

tending  to  give  slightly  under  the  im-  Montana  2 

pact  of  traffic,  and  it  is  not  effected  Nevada ...2 

by  varying  temperature   as   a   more  North^?roi°ina 3 

rigid  foundation  is.     The  rough  sur-  North  Dakota  ..".".'. y2  to  l 

face  of  the  old  pavement  brings  about  Oklahoma  l 

a  strong  and  enduring  bond  with  the  Oregon 2 

asphalt  wearing  surface.  sS^^olin^ZZZZZZZZIZZTZZZi 

South  Dakota    , 2 

Texas  ... 1 

Gasoline  Tax  Legislation  Tennessee  '. 2 

&  Utah 2% 

At  the  beginning  of  the  year  1923  Vermont  1 

there  were  17  states  in  which  gaso-  w>tS?ngton"*" ""*" "*"""*""''"""""**"""'» 

line  tax  laws  were  in  operation.     In  Wyoming  1 

three  of  the  states  named  (Maryland,  T  ,    ,,  ..      . 

Oregon  and  South  Carolina)  the  tax  *"  several  other  states  gasoline  tax 

was  2  cts.  per  gallon,  and  in  other  Jills  are  pending  m  the  legislatures, 

states  it  was  1  ct.  per  gallon.    Since  Jn  thfee  of  the  .stat1fs  n°w  levying  a 

the  first  of  January  the  legislatures  }  ct- tax:  provision  has  been  made  by 

of  several   of  these   states  have  in-  law  for  increasing  the  tax  to  1  ct.  at 

creased  the  amount  of  the  levy,  and  the  beginning  of  the  year  1924.  From 

the  legislatures  of  many  other  states  the  foregoing  table  it  will  be   seen 

have    enacted   laws   providing  for   a  that  14  of  the  32  states  in  which  a 

gasoline  tax.  gasoline  tax  has  been  already  enacted 

The  following  table  from  an  article  the  amount  of  the  levy  exceeds  1  ct. 

by  Noel  K.  Brown  in  the  Texas  High-  per  gallon.     In  three  of  these  states 

way  Bulletin  shows  what  states  have  the  levy  exceeds  2  cts.  per  gallon. 
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The  Construction  of  Highway  Curves 

Final  Report  of  Committee  Presented  May  10  at  the  Annual  Meeting 
of  the  National  Highway  Traffic  Association 


In  its  final  report  the  National 
Committee  on  the  Status  of  the  Con- 
struction of  Highway  Curves  and 
Recommended  Practice  to  Increase 
Safety  of  Traffic  offers  definite  recom- 
mendations and  suggestions  for  reduc- 
ing the  number  of  accidents  on  the 
highways.  The  report  was  presented 
by  H.  Eltinge  Breed,  Consulting  En- 
gineer, New  York  City,  the  chairman 
of  the  committee,  the  other  members 
being  W.  M.  Acheson  and  W.  G. 
Thompson.     The  report  follows: 

Safety  on  the  highway  is  a  matter 
of  national  concern.  During  this  last 
year  14,000  lives  have  been  sacrificed 
in  automobile  accidents.  There  are 
now  registered  in  the  United  States 
12,000,000  motor  vehicles.  This  year's 
increase  to  that  number  is  estimated 
by  manufacturers  at  3,000,000.  The 
risk  to  safety  lies  in  the  congestion 
of  90  per  cent  of  these  vehicles  upon 
10  per  cent  of  our  roads.  This  risk 
we  must  minimize.  That  it  is  at  pres- 
ent fraught  with  appalling  loss  of 
human  life  is  evidenced  by  the  cas- 
ualties from  automotive  vehicle  acci- 
dents— a  loss  yearly  greater  than  is 
incurred  by  all  other  means  of  trans- 
portation combined. 

Causes  of  Accidents 

The  majority  of  these  accidents  of 
congestion  occur  under  five  conditions, 
all  of  which  road  builders  may  help 
to  eliminate. 

1.  Sight  distance  on  curves,  both 
horizontal  and  vertical  which  is  in- 
sufficient to  permit  precaution  against 
the  other  man's  reckless  driving.  Lack 
of  sight  distance  also  increases  the 
accidents  at  intersecting  roads  and  at 
railroad  crossings. 

2.  Insufficient  width  of  pavement, 
especially  in  congested  districts  which 
increases  the  number  of  cars  that 
turn  over  on  soft  shoulders  and  roll 
down  unprotected  slopes.  Narrow,  or 
single  track  bridges  are  a  constant 
menace.  In  the  design  of  roads  10 
ft.  should  be  allowed  as  a  minimum 
width  for  each  single  line  of  traffic 
each  way  and  9  ft.  more  for  each 
additional  line  each  way. 

3.  The  inadequate,  irregular  and 
improper  spacing  of  danger  signs 
which  encourages  a  general  careless- 
ness of  their  import.    Judged  by  the 


number  of  accidents  in  their  vicinity, 
they  are  a  spur  to  the  recklessness 
of  the  joy  rider  and  a  consequent  risk 
to  his  sober  brethren. 

4.  The  tendency  of  detours  under 
traffic  to  become  almost  impassable. 
On  heavy-travelled  routes  traffic  go- 
ing in  different  directions  should  be 
routed  over  different  detours;  or  if 
detours  are  inadvisable  on  account  of 
dangerous  or  impassable  conditions 
the  road  should  be  built  horizontally 
a  half  at  a  time. 

5.  Railroad  grade  crossings. 

Accident  Preventive  Measures. — To 

help  prevent  accidents  to  which  these 
and  other  highway  conditions  are  con- 
ducive, we  may  proceed  at  four 
points:  first,  to  secure  good  design 
for  new  roads;  second,  to  promote 
adequate  improvement  of  old  roads; 
third,  to  insist  upon  reconstruction 
of  existing  roads  at  places  that  have 
proven  especially  dangerous,  such  as 
grade  crossings,  approaches  to 
bridges,  etc.;  fourth,  to  improve  the 
location  of  the  center  line  on  dan- 
gerous curves  and  elevations.  Under 
these  headings  the  following  recom- 
mendations are  made.  They  aim  to 
promote  the  safety  of  the  travelling 
public  as  far  as  impersonal  factors 
can  do  it,  and  they  aim  to  diminish 
as  far  as  possible  the  personal  men- 
ace projected  by  the  reckless  driver. 
Safety  for  the  careful  with  protection 
from  the  careless. 

Under  the  consideration  of  general 
safety  for  traffic,  comes  the  necessity 
of  standard  practice  throughout  the 
country  in  respect  to  placement  of 
danger  signals,  elevation  and  banking 
of  curves,  widening  and  regulation  of 
traffic  on  curves.  Standardization  in 
these  matters  is  imperative  because 
with  the  completion  of  transconti- 
nental routes  there  is  increasing  inter- 
state traffic.  Drivers  travelling  to 
remote  sections  cannot  be  expected  to 
apprehend  distinctions  in  practice 
now  existing  between  different  high- 
way departments,  yet  departure  in 
our  state  from  what  they  have  be- 
come accustomed  to  expect  in  others, 
is  a  frequent  cause  of  disaster.  There 
is  no  real  obstacle  in  the  way  of  this 
standardization;  it  is  merely  a  matter 
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of  agreement  among  State  Highway 
officials  and  motor  organizations. 

Construction  of  Highway  Curves. — 
The  committee  has  amplified  the  reso- 
lutions that  the  National  Highway 
Traffic  Association  passed  last  year. 
They  now  stand: 

First,  that  on  all  curves  of  more 
than  three  degrees  the  pavement  and 
inner  half  of  the  earth  shoulder  be 
banked.  This  super-elevation  should 
vary  from  O  for  a  3-degree  curve,  to 
1  in.  per  foot  of  width  for  curves  of 
20  degrees  or  sharper. 

Second,  that  on  all  curves  of  more 
than  4  degrees  the  pavement  be 
widened  on  the  inside  V2  ft.  for  each 
1  degree  increase  in  curvature. 

The  widening  and  banking  on  a 
4-degree  curve  should  start  at  a  min- 
imum of  50  ft.  before  reaching  the 
P.  C.  and  come  to  the  fully  widened 
and  banked  section  at  or  very  soon 
after  reaching-  the  P.  C.  Inversely 
the  regular  section  should  be  reached 
at  a  minimum  of  50  feet  beyond  the 
P.  T.;  for  a  20-degree  curve,  this 
varying  or  transitional  width  should 
be  about  150  feet  long,  with  propor- 
tional lengths  for  intermediate  curva- 
tures. 

Third,  that  a  line  about  4  in.  in 
width  of  an  appropriate  color  be 
painted  on  the.  centerline  of  pavement 
on  all  curves  both  vertical  and  hori- 
zontal, this  painted  line  to  be  renewed 
as  necessary  in  order  to  keep  it  con- 
spicuous and  that  it  may  indicate  to 
traffic  in  each  direction,  the  limit  of 
its  half  width  of  pavement. 

Fourth,  that  all  sharp  or  danger- 
ous curves,  either  simple  or  reverse, 
horizontal  or  vertical,  should  be  post- 
ed about  500  ft.  from  each  end  with 
a  sign  indicating  that  danger  exists. 
Railroad  crossings  at  grade  should  be 
posted  in  a  similar  manner. 

Fifth,  that  the  National  Highway 
Traffic  Association  recommend  to  all 
legislative  committees  preparing  mo- 
tor traffic  laws  that  the  attempt  to 
pass  a  motor  vehicle  while  going  in 
the  same  direction  on  a  curve  either 
horizontal  or  vertical  where  the  un- 
obstructed line  of  vision  is  less  than 
500  ft.  be  made  a  misdemeanor;  and 
that  all  damages  resulting  from  an 
accident  under  these  circumstances  be 
placed  upon  the  passer. 

Sixth,  that  the  minimum  radius  of 
curves  be  1,000  ft.  unless  prevented 
by  an  approach  to  a  bridge  not  prac- 
ticable to  change  or  the  improvement 


being  on  a  village  or  city  street;  even 
to  the  end  that  new  "right  of  way" 
should  be  procured  in  order  to  in- 
crease the  radius,  bearing  in  mind 
that  the  improvement  is  being  made 
for  a  long  time,  and  that  land  values 
may  increase  to  an  extent  prohibitive 
to  procuring  more  right  of  way. 

Seventh,  that  providing  there  is 
sufficient  space  within  the  "right  of 
way"  earth  slopes  be  carried  out  with 
a  4  on  1  slope.  If  this  is  impossible, 
guide  rail  should  be  placed  on  the 
inner  edge  of  all  curves  of  more  than 
8  degrees.  This  rail  should  be  kept 
painted  white  and  be  about  4  ft.  in 
height. 

Protection  of  Shoulders.  —  Eights, 
that  in  order  to  prevent  the  shoulders 
adjacent  to  hard  surfaced  pavements 
from  being  "gouged  out,"  gravel  or 
crushed  stone  (1^-in.  and  2V2 -in. 
size  mixed  and  filled  with  screenings) 
should  be  placed  2  ft.  in  width  and 
4  in.  in  depth,  on  each  side  main- 
tained at  the  level  of  the  pavement. 
An  application  of  hot  tar  or  asphalt 
on  this  gravel  or  stone  will  be  found 
beneficial. 

Ninth,  that  for  public  safety  all 
advertising  signs  and  obstructions 
along  highway  routes  be  eliminated 
except  those  erected  by  direction  or 
permission  of  officials  having  juris- 
diction over  the  highways  and  for 
public  benefit. 

Tenth,  that  a  definite  sum  be  set 
aside  annually  by  each  highway  de- 
partment, and  a  comprehensive  plan 
devised  on  which  annual  progress  is 
made,  for  the  elimination  of  the  most 
dangerous  grade  crossings. 

Eleventh,  everyone  who  drives  a 
car  should  be  instructed  by  some 
competent  person  in  the  common 
courtesy,  usage  and  legal  road  rules. 
Twelfth,  that,  wherever  practicable, 
there  should  be  cleared  away  all 
stone  walls,  brush,  trees,  banks,  etc., 
on  the  inside  of  curves  where  it  is 
impossible  to  obtain  a  sight  distance 
of  500  ft. 

Thirteenth,  all  single  track  bridges 
should  be  widened  to  double  track, 
and  every  community  through  sur- 
veys by  proper  officials  should  ascer- 
tain the  conditions  of  and  on  its 
bridges  and  make  the  improvements 
needed  to  enable  the  bridges  to  carry 
safely  increasing  loads  up  to  the  legal 
limit. 

Fourteenth,  in  all  areas  where  con- 
ditions warrant  proper  sidewalk  pro- 
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visions  should  be  made  and  where 
sidewalks  are  provided  it  should  be  a 
misdemeanor  for  pedestrians  to  en- 
cumber the  roads. 

We  also  believe  that  many  con- 
gested routes  should  be  widened  as 
an  economic  and  satisfactory  method 
to  safeguard  traffic. 

We  question  whether  the  increased 
security  to  the  public  and  saving  of 
time  would  not  justify  the  cost  of 
grade  separations  for  traffic  at  inter- 
secting crossings  on  heavily  congested 
routes  approaching  large  cities. 


Traffic  Center  Lines  on  Road- 
ways 


What  the  Connecticut  Traffic 
Census    Shows 

Among  the  interesting  facts  re- 
vealed by  the  survey  of  transporta- 
tion in  Connecticut  conducted  by  the 
Bureau  of  Public  Roads  and  the  Con- 
necticut State  Highway  Department 
since  September,  1922,  are  the  fol- 
lowing : 

1.  During  the  three  months  from 
Sept.  11  to  Dec.  2,  1922,  approximate- 
ly one-fourth  of  the  total  motor  truck 
net  tonnage  was  transported  over  the 
highways  from  0  to  9  miles;  one-half 
from  10  to  69  miles,  and  one-fourth 
over  70  miles. 

2.  Analysis  of  the  passenger  ve- 
hicle information  indicates  that  35 
per  cent  of  the  movement  is  for  busi- 
ness purposes  and  65  per  cent  for  rec- 
reation. Passengers  per  vehicle 
average  1.7  when  used  for  business 
and  3  when  used  for  recreation.  The 
average  business  mileage  is  29.7  and 
the  average  recreational  mileage  is 
55.5  per  cent. 

3.  A  seasonal  comparison  of  Con- 
necticut highway  transportation  indi- 
cates that  in  January  and  February, 
1923,  motor  truck  traffic  decreased  40 
per  cent  below  the  October,  1922, 
traffic,  while  passenger  vehicle  traffic 
in  January  and  February,  1923,  was 
68  per  cent  lower  than  in  October, 
1922. 

4.  Analysis  of  10,465  loaded 
trucks  from  Sept.  11,  1922,  to  Dec.  2, 
1922,  shows  that  29.6  per  cent  are 
overloaded  beyond  their  rated  capac- 
ity, and  that  with  increasing  width 
of  truck  bodies  there  is  an  increasing 
percentage  of  overloaded  vehicles. 

New  Jersey  to  Spend  $7,383,935  on 
Roads. — The  New  Jersey  State  High- 
way Commission  has  adopted  a  con- 
struction program  for  the  year  calling 
for  an  estimated  expenditure  of  $7,- 
383,935. 


A  Report  Presented  May  10  at  Annual 
Meeting      of      National      Highway 
Traffic   Association 
By  FRANK  T.  SHEETS 

Illinois  State  Superintendent  of  Highways 

The  use  of  traffic  center  lines  on 
highways  is  becoming  more  and  more 
popular  in  the  United  States.  In  the 
case  of  a  road  having  a  paved  width 
sufficient  to  accommodate  two  lines 
of  traffic,  the  safety  of  the  highway 
users  may  be  increased  from  25  to  50 
per  cent  by  the  addition  of  a  traffic 
center  line.  This  conclusion  has  been 
reached  after  an  observation  of  the 
habits  of  traffic  on  two  track  roads 
where  a  center  line  has  been  intro- 
duced. Further  it  is  based  upon  the 
unsolicited  complimentary  remarks 
which  have  been  received  from  the 
traveling  public  immediately  after 
such  a  line  was  introduced. 

In  the  United  States,  practically  all 
motor  vehicles  have  what  is  popularly 
termed  a  left  hand  drive,  and  at  the 
same  time  vehicles  keep  to  the  right 
hand  side  of  the  road.  When  a  traf- 
fic center  line  is  used,  the  drivers  no 
longer  pass  each  other  with  a  more  or 
less  uncertain  clearance  between  the 
vehicles,  but  approach  each  other  with 
confidence,  using  the  center  line  as  a 
positive  gauge  on  the  drivers'  side, 
and  knowing  that  the  clearance  thus 
afforded  will  insure  absolute  safety  in 
passing  without  any  danger  of  run- 
ning off  the  unseen  outside  edge  of 
the  pavement. 

On  curves,  the  traffic  center  line  is 
of  even  greater  advantage  than  on 
the  tangents,  and  even  if  not  used  on 
the  latter,  it  should  be  painted  on  all 
curves  having  a  radius  less  than  1,000 
ft.  This  center  line  should  extend  not 
less  than  400  ft.,  beyond  the  beginning 
and  ending  of  the  curve. 
^  In  the  case  of  the  so-called  non- 
rigid  or  flexible  types  of  pavement 
construction  on  macadam  or  other 
flexible  bases,  the  use  of  traffic  cen- 
ter lines  might  tend  to  force  traffic  in- 
to well  defined  lanes  and  thus  causing 
rutting  or  undue  wear.  However,  on 
heavily  traveled  roads,  the  safety  of 
the  traveling  public  is  of  greater  im- 
portance than  the  safety  of  the  pave- 
ment surface.  In  the  case  of  the  so- 
called  rigid  types  of  pavement,  such 
as  Portland  cement  concrete,  brick, 
bituminous  concrete  or  sheet  asphalt 


340 


1923 


Engineering  and  Contracting 


1273 


on  a  concrete  base,  which  are  the  pre- 
dominating types  in  this  country,  the 
traffic  center  line  will  materially  in- 
crease the  structural  safety  of  the 
pavement  by  tending  to  eliminate 
travel  near  the  extreme  edges  of  the 
pavement,  where  the  outside  edges 
and  the  unprotected  corners  caused  by 
construction  joints  or  by  transverse 
contraction  cracks  are  the  most  dan- 
gerous and  critical  sections  from  a 
structural  standpoint. 

Eliminating  Longitudinal  Cracks. — 

One  of  the  embarrassing  defects  en- 
countered in  concrete  pavement  slabs 
having  a  width  greater  than  16  ft.  is 
the  formation  of  unsightly  longitudi- 
nal cracks  brought  about  by  the  com- 
bined stresses  produced  by  nature  and 
traffic.  To  eliminate  such  cracks,  the 
center  of  the  pavement  must  be  thick- 
ened by  a  dimension  not  justified  by 
economy;  however,  this  may  easily  be 
circumvented  by  introducing  longi- 
tudinal center  construction  joint  divid- 
ing the  normal  two-crack  country 
pavement  having  a  width  of  18  ft. 
into  two  9-ft.  sections.  Slabs  9  ft.  in 
width  have  never  caused  any  difficulty 
so  far  as  longitudinal  cracking  is  con- 
cerned. By  proper  interlocking  and 
tying  together  of  these  two  9-ft. 
strips,  the  interior  portion  of  the 
pavement  may  be  made  practically  as 
strong  as  an  unbroken  slab,  and  cer- 
tainly far  more  efficient  than  a  pave- 
ment divided  by  an  irregular  longi- 
tudinal crack.  This  center  construc- 
tion joint  may  be  kept  filled  with 
bituminous  material  and  painted  with 
a  line  approximately  three  inches  in 
width.  In  this  manner,  the  traffic 
center  line  and  the  longitudinal  con- 
struction joint  may  be  introduced  in 
one  operation,  with  the  result  that  the 
unsightly  longitudinal  cracking  is 
eliminated,  traffic  safety  is  assured, 
and  highway  engineers  may  cease  to 
perpetuate  the  indefensible  evil  prac- 
tice of  causing  doubt,  criticism,  and 
mistrust  in  the  mind  of  the  traveling 
public  by  designing  and  building 
pavements  which  fail  structurally  by 
longitudinal  cracking  even  before 
traffic  is  introduced. 

The  combined  center  line  construc- 
tion joint  and  painted  traffic  center 
line  are  being  used  in  the  state  of 
Illinois  on  all  pavements  built  on  the 
4,800-mile  state  trunk  line  highway 
system  which  is  being  pushed  to  com- 
pletion at  the  rate  of  1,000  miles  per 
year,  and  also  on  all  county  roads  in 
the  State. 


Gravel  Road  Maintenance  by 
Tractor  Patrol 


Experiences    of    Michigan    County    De- 
scribed    in     Paper     Presented     at 
1923  Highway  Conference  at 
the  University  of  Mich- 
igan 

By  J.  H.  DENNIS 

Road  Engineer,  Genesee  County,  Michigan 

Approximately  60  per  cent  of  the 
improved  roads  in  Michigan  are  of 
gravel  surface,  which  does  not  include 
many  miles  of  non-reward  gravel 
roads  being  maintained  by  townships 
and  counties,  so  that  it  would  seem 
we  are  all  very  much  interested  in 
the  various  methods  of  their  main- 
tenance. Genesee  county  has  442  miles 
of  gravel-surfaced  roads  including 
about  13  miles  of  stone  or  slag  base. 
We  have  employed  during  the  past 
year  about  30  full-time  patrolmen 
and  six  or  eight  part-time  patrolmen, 
the  length  of  patrol  sections  varying 
from  two  to  30  miles. 

During  the  latter  part  of  the  season 
we  had  13  tractors  in  use,  the  balance 
of  the  work  being  done  by  teams.  The 
miles  of  road  maintained  by  each 
tractor  varied  from  7%  miles  to  29 
miles  depending,  of  course,  on  the 
amount  of  traffic,  character  of  gravel, 
or  other  local  conditions,  with  an 
average  mileage  per  tractor  of  a  little 
better  than  13.  I  might  mention  at 
this  time  that  two  years  ago  Genesee 
county  passed  a  bond  issue  to  pave 
about  150  miles  of  roads,  the  major- 
ity of  which  were  previously  con- 
structed  as   9-ft.  gravel  roads. 

These  were  naturally  the  heavier 
traffic  roads  and  were  reaching  the 
point  where  it  was  difficult  as  well  as 
expensive  to  satisfactorily  maintain. 

At  the  time  when  they  were  built 
the  construction  standards  were  lower 
than  at  present,  and  the  material 
used  at  that  time  would  not  be  used 
today,  in  fact  they  are  quite  typical 
of  the  gravel  roads  built  10  to  15 
years  ago. 

Another  factor  which  must  be 
taken  into  consideration  irrespective 
of  the  type  of  maintenance  is  the 
character  of  gravel  used  in  construc- 
tion. The  ideal  gravel,  I  believe,  is 
uniformly  graded  material  up  to  an 
inch  in  size  and  containing  a  sand 
filler.  It  will  take  longer  to  compact 
than  a  clay  or  loam  filler  gravel,  but 
once  compacted  is  easier  maintained 
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and  wears  smoother.  In  the  same 
way  the  ideal  surface  to  maintain  is 
one  having  about  Wz  in.  of  loose 
clean  pea  gravel  not  exceeding  W*  in. 
in  size  which  can  be  floated  over  the 
road  at  will.  In  our  case,  however, 
the  majority  of  gravel  found  in  the 
county  contains  more  or  less  clay  or 
loam  filler  which  causes  the  gravel  to 
set  up  and  does  not  leave  very  much 
material  to  work  with  in  floating.  In 
comparing  maintenance  costs  per 
vehicle  mile,  the  quality  of  gravel 
must  be  considered  as  it  .has  almost 
as  great  a  bearing  as  the  amount  of 
traffic. 

It  was  largely  on  roads  of  this  char- 
acter and  under  the  afore-mentioned 
conditions  that  12  of  the  13  tractors 
were  placed.  We  have  not  taken  traf- 
fic census  on  all  of  these  roads  but 
judging  from  those  we  have  taken  I 
would  estimate  tiff  average  to  be  close 
to  600  vehicles  per  day,  during  the 
summer  months.  The  13th  tractor 
was  placed  in  charge  of  29  miles  of 
fairly  light  traffic  roads. 

The  class  of  work  done  by  the  trac- 
tors has  proven  very  satisfactory. 
There  is  no  question  but  what  more- 
material  can  be  handled  per  trip  by 
tractor  than  with  the  use  of  a  team 
and  grader.  Weather  conditions  do 
not  affect  the  operation  of  tractors. 
There  is  always  a  tendency  in  hot 
weather  for  teams  to  slow  down, 
either  a  slower  pace  or  by  lifting  the 
grader  blade  and  very  few  care  to 
work  during  a  rain.  In  other  words 
at  the  very  time  that  floating  does 
the  most  good  or  is  more  necessary 
the  tractors  are  performing  their 
work  satisfactorily. 

The  tractor  outfits  have  more 
weight  than  the  average  horse-drawn 
maintenance  grader  and  there  is  less 
tendency  to  leave  a  washboard  effect 
on  the  gravel  surface.  We  are  using 
no  blades  less  than  8  ft.  in  length 
and  from  that  up  to  12  ft.  in  length, 
so  that  it  permits  us  to  set  the  blades 
at  a  greater  angle  with  the  road  and 
still  maintain  as  wide  a  portion  as 
with  a  team  and  grader.  / 

As  stated  before  the  tractors  are 
taking  care  of  an  average  of  a  little 
over  13  miles  each.  All  of  the  trac- 
tors do  not  cover  their  entire  beat 
each  day.  The  speed  varies  from  2 
to  3  miles  per  hour,  depending  on  the 
condition  of  the  road  and  the  char- 
acter of  the  work  to  be  done.  For 
instance,  the  average  speed  of  the 
various  tractors  during  the  month  of 
July,    taken    from    the    resort   cards 


turned  in  to  the  office  giving  the 
hours  employed  and  distance  covered, 
was  very  close  to  2  m.p.h.,  although 
it  is  possible  to  speed  the  tractors  up 
to  5  or  6  m.p.h.  During  the  major- 
ity of  this  time  the  roads  were  dry 
and  hard,  with  little  material  to  float 
with  and  a  greater  speed  would  have 
proven  economical,  due  to  increased 
vibration  and  wear  on  the  machinery. 

In  arriving  at  the  costs  of  opera- 
tion I  have  taken  from  our  books  and 
daily  report  cards  of  the  patrolmen 
the  amount  of  gasoline  and  oil  pur- 
chased, the  hours  employed  by  the 
patrolmen,  and  total  number  of  miles 
traveled;  For  depreciation  and  re- 
pairs of  the  machinery  I  have  used 
the  rental  tables  issued  by  the  State 
Highway  Department  for  trunk  line 
maintenance.  The  items  covered  in 
these  rental  tables  must  be  considered 
in  computing  costs  for  any  type  of 
machinery  and  we  do  not  feel  justified 
in  assuming  them  from  our  data  cov- 
ering a  comparatively  short  period. 

Based  on  the  above,  our  average 
daily  costs  have  run  between  $10  and 
$12  per  day. 

In  operating  tractor  patrols  in  a 
county  there  are  several  important 
features  which  should  be  considered, 
probably  the  most  important  of  which 
is  securing  competent  drivers.  A 
driver  must  primarily  be  a  good 
mechanic,  thoroughly  familiar  with 
the  operation  and  care  of  gasoline 
engines  and  secondarily,  be  able  to 
handle  a  grader  to  advantage.  I  be- 
lieve we  are  particularly  fortunate  by 
virtue  of  our  location  in  securing 
operators,  who  live  either  on  their 
road  or  in  close  proximity.  Flint  is  a 
city,  chiefly  devoted  to  the  motor  in- 
dustry and  many  men  from  the  sur- 
rounding country  make  a  practice  of 
working  in  the  shops  during  the 
winter  months  but  prefer  to  work  in 
the  open  during  the  summer.  We 
have  had  many  applications  this  year 
for  work  of  this  character,  in  fact, 
more  than  for  teams. 

Our  experience  has  proven  without 
question  that  it  is  desirable  and  eco- 
nomical to  equip  all  tractors  with  rub- 
ber tires.  The  speed  of  the  tractor 
can  be  increased  and  the  maintenance 
cost  of  the  machine  materially  de- 
creased by  their  use.  It  must  be  re- 
membered that  the  majority  of  trac- 
tors in  use  today  for  maintenance 
work  are  an  outgrowth  of  the  farm 
tractor  which  were  not  designed  to 
be  used  on  the  hard  gravel  roads. 
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The  Organization  of  City 
Street  Traffic 

New    and    Original   Views    Outlined   in 
Le   Genie   Civil,   Paris 

By  MAURICE  GIRARDOT 

The  present  note  sums  up  a  study 
on  urban  traffic,  rationally  conceived, 
on  the  surface  only,  with  maximum 
flow  as  regards  the  simultaneous  and 
continuous  passing  of  vehicles  and 
pedestrians,  without  dangerous  cross- 
ings. These  dangerous  crossings  re- 
sult especially  from  the  two  direc- 
tions of  the  movement  running  foul  of 
each  other  without  ever  being  able  to 
borrow  the  others  way,  whilst  the 
crossing  of  two  currents  by  double 
slanting  currents,  which  is  indispens- 
able, does  not  offer  any  inconvenience 
if  the  admitted  direction  is  respected. 

To  simplify  matters,  we  have 
adopted  the  French  custom,  without 
this  preference  having  any  other  sig- 
nification. We  have  likened  the  flow 
of  a  current  of  traffic  to  the  flow  of  a 
water-course  between  one  bank  and 
the  middle  taken  lengthwise,  whence 
a  maximum  is  generally  realized  by 
ordering,  in  increasing  order,  the 
speeds  of  parallel  files,  from  the  edge 
to  the  axis  of  the  current.  More  es- 
pecially, at  lively  hours,  this  maxi- 
mum can  be  increased  by  limiting  the 
speed  to  a  minimum  at  the  bank. 
However,  the  useful  flow  alone  should 
be  taken  into  account,  deduction  being 
made  of  all  obstructions  of  every  kind 
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Fig.   1. 

which  oppose  the  flow,  that  is  to  say: 
on  the  roadway,  refuges  and  stopping 
places,  and  on  the  pavements,  the 
shop  windows,  kiosks,  trees,  etc.  .  .  . 
thus  about  one-half  of  the  surface,  in 
the  latter  case.  The  simultaneous 
and  continuous  flow  on  the  surface, 
which  appears  paradoxical  when  it  is 
a  question  of  two  kinds  of  circulation, 
vehicles  and  pedestrians,  is  obtained 
simply  by  means  of  alternative  disen- 


1275 

gagements  of  the  two  halves  of  the 
common  zone  of  the  road  which  car- 
ries all  crossing  of  pedestrians. 

The  Current  Way. — In  the  current 
way  these  disengagements  are 
effected : — 

For  vehicles,  by  longitudinal  and  al- 
ternative borrowing,  either:  1°  of  the 
interior  tracks  I  and  I',  then  of  the 
exterior  tracks  E  and  E'  (Fig.  1);  or 
2°  of  the  tracks  ET  and  IE  (Fig.  2), 
by  an  oblique  crossing  of  the  road, 
following  an  opposite  inclination,  and 
which  changes  direction  at  each 
phase,  as  shown  by  the  full  lines  and 
dotted  ones  of  Figure  2. 
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Fig.  2. 

For  pedestrians,  by  transversal  bor- 
rowing of  the  tracks  not  utilized  by 
the  vehicles,  at  each  phase,  tracks 
which  are  represented  on  Figures  1 
and  2  by  the  zones  which  longitudinal 
hatching. 

The  widening  of  the  current  way, 
with  one  crossing,  in  order  to  allow  of 
disengagements,  has  been  calculated 
taking  into  account  the  supplementary 
track  and  the  necessary  refuges,  at  a 
minimum  width  of  0,80  m.  It  is  neces- 
sary to  deduct  the  width  of  the  stand- 
ing files  suppressed  in  a  zone  essen- 
tially for  passing,  thus  half  the  width 
of  the  pavements.  Let  A,  a  and  b  be 
the  respective  widths  of  a  roadway 
and  its  pavements;  the  necessary 
widening  on  each  side  of  the  axis, 
will  be: — 

E      A         a-\-b 

—  = 1.45. 

2         2  2 

The  length  of  the  necessary  ref- 
uges, a  function  of  the  maximum  use- 
ful flow  of  the  pavements  of  widths 
a  and  b  for  an  average  speed  of  3 
Kms.  per  hour,  and  a  capacity  of  sta- 
tioning equal  to  V8  of  the  moving 
capacity,  must  be  2  (a-\-b). 

At  public  places,  the  gyratory 
movement  in  a  single  direction  of  the 
vehicles  is  compulsory,  as  a  conse- 
quence of  the  admission  of  the  slant- 
ing currents.  The  longitudinal  bor- 
rowing of  the  two  tracks,  which  the 
road  going  round  the  central  refuge 
includes,  may  be  undertaken  by  these 
vehicles,     either     alternatively     and 
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totally,  as  in  the  current  way,  or  sim- 
ultaneously, but  partially,  in  diamet- 
rically opposite  regions. 

Public  Places — Interior  Disengage- 
ments.— Taking  as  a  base  the  com- 
pared practical  utilization  of  the  dia- 
metrical crossings  at  the  crossroads 
and  at  right  angles  to  the  current 
ways  of  the  circuit,  the  stationing 
capacity  of  the  intermediate  refuges 
has  been  determined  as  having  to  be 
the  quarter  of  that  of  the  refuges  in  a 
contiguous  current  way. 

The  width  of  the  circuit  is  generally 
more  than  enough.  However,  it  can 
be  determined  as  follows:  the  maxi- 
mum flow  on  a  section  of  the  circuit 
comprised  between  two  adjacent 
thoroughfares  A  and  B  evidently  car- 
ries the  whole  affluence,  minus  that 
of  B  and  all  the  reflux,  minus  that  of 
A       B 

A,  thus  a  flow  d  = and  as  it 

2        2 
is  the  same  thing  nearer  and  nearer, 
the  interbranches  on  the  circuit  giv- 
ing d  maximum  could  be  determined, 


Fig.  3. 

which  would  be  adopted  as  uniform 
width  for  the  circuit.  Nevertheless, 
in  the  most  unfavorable  case  where 

A 
the   reflux   —   being   maximum,   the 
2 
B 
affluence  —  becomes  nil,  d  would  be 

2 
equal  to  the  widest  currents  arriving 
at  the  place,  a  practical  width  which 
it  would  be  wise  to  adopt. 

Exterior  Disengagements.  —  These 
disengagements  destined  to  avoid  the 
interior  eddies  on  the  place,  resulting 
from  an  abnormal  circulation  between 


a  very  wide  upper  thoroughfare  and  a 
much  narrower  one  lower  down,  com- 
prise beyond  the  limits  of  the  place 
crossings  for  pedestrians  serving  at 
the  same  time  as  regulating  barriers 
for  the  outlet  of  the  vehicles,  only 
admitting  within  the  place  the  num- 
ber which  can  be  dealt  with  normally, 
the  surplus  being  automatically  sent 
round  by  the  roads  which  run  around 
it. 

Signaling. — The  movements  are 
regulated  electrically  by  a  double 
method  of  signaling  applying  directly 
to  each  kind  of  traffic:  optical  and 
accoustic  signaling,  the  latter  preced- 
ing the  former  by  a  few  seconds. 

Conclusions. — The  general  organi- 
zation of  adjacent  places  can  be  reg- 
ulated in  perfect  harmony,  this  or- 
ganization can  even  be  reduced  when 
space  is  wanting. 

The  circulation  of  the  trams,  when 
it  is  in  the  direction  of  the  running 
of  the  vehicles,  is  not  an  obstacle, 
except  in  some  very  particular  cases 
of  diametrical  crossings  of  places  re- 
quiring special  study. 

The  very  flexible  method  which  we 
indicate  can  be  adapted  to  all  prac- 
tical cases,  without  special  arrange- 
ments or  onerous  management.  It 
avoids  laws  and  incontestably  leads 
to  responsibilities.  It  gives  back  the 
police  to  their  real  destination. 


Engineering  Costs  for  Iowa  High- 
ways.— The  percentage  of  engineering 
costs  to  the  total  expenditures  dur- 
ing 1922  on  Iowa  highways  was  5.66, 
according  to  the  Service  Bulletin  of 
the  Iowa  Highway  Commission.  This 
is  a  slight  advantage  over  1921,  when 
the  figures  stood  at  5.62.  On  the 
secondary  system,  the  percentage  of 
engineering  cost  through  the  county 
engineer's  office  was  4.49.  It  is  esti- 
mated that  the  percentage  of  engi- 
neering cost  due  to  the  supervision  of 
the  work  by  the  State  Highway  Com- 
mission was  .74,  making  a  total  per- 
centage of  engineering  costs  on  the 
county  road  system  of  5.23. 


Cost  of  Federal  Aid  Roads  in  Texas. 

— According  to  an  article  by  A.  R. 
Losh,  U.  S.  District  Engineer,  in  the 
Texas  Highway  Bulletin,  the  average 
cost  of  federal  aid  projects  in  Texas 
is  $12,900  per  mile,  with  66  per  cent 
of  the  roads  gravel,  28  per  cent  of 
higher  types,  and  only  6  per  cent 
graded  earth  roads. 
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What  Is  Being  Done  to  Prevent  Them  Outlined  in  Report  Presented 
May  10  at  Annual  Meeting  of  National  Highway  Traffic  Association 

By  H.  A.  ROWE, 

Claims  Attorney,  Delaware,   Lackawanna  &  Western  R.  R. 


The  American  Railway  Association 
has  determined  upon  a  renewal  this 
year  of  the  activities  of  its  Safety 
Section  for  the  prevention  or  reduc- 
tion or  railroad-highway  crossing  ac- 
cidents and  its  plans  will  shortly  be 
in  effect. 

During  the  past  25  years  there  has 
grown  up  within  our  country  an  in- 
dustry almost  unparalleled  for  the 
rapidity  and  extent  of  its  develop- 
ment. From  practically  a  zero  point 
in  1898  the  automotive  industry  has 
advanced  to  a  production  of  2,576,000 
autos  and  trucks  in  the  year  just  past. 
On  Dec.  31st,  1922  there  were  actually 
registered  within  Continental  United 
States  12,357,376  automobiles,  or  th« 
equivalent  of  one  auto  to  every  8.7 
persons  throughout  the  country  and 
the  end  is  not  yet. 

In  1898  there  were  657  deaths  at 
railroad-highway  crossing  and  in  1917 
the  peak  was  attained  when  1,969 
deaths  occurred  at  such  crossings.  In- 
juries have  grown  from  1,123  in  1898 
to  5,383  in  1922. 

The  Interstate  Commerce  Commis- 
sion in  its  report  for  1922  states  there 
were  1,810  persons  killed  and  5,383  in- 
jured in  1922  at  such  crossings. 

During  the  five  years  ending  Dec. 
31st,  1921,  there  were  9,101  persons 
killed  and  24,208  injured  at  railroad- 
highway  crossings.  These  figures  are 
sufficient  to  indicate  the  serious  in- 
crease of  such  deaths  and  injuries  and 
to  impress  upon  us  the  need  for  ac- 
tion toward  their  curtailment. 

Need  for  Prevention  of  Grade 
Crossing  Accidents. — The  necessity 
for  their  prevention  or  reduction  ap- 
peals to  us  from  several  angles. 

First — that  of  Humanity..  Who  of 
us  can  escape  the  pangs  of  regret  when 
we  read  or  hear  of  those  who  have 
been  unnecessarily  sacrificed  in  such 
mishaps,  or  can  escape  the  sympathet- 
ic touching  our  heartstrings  when 
we  dwell  upon  the  thought  of  the 
pain,  the  suffering,  and  the  mutilation 
borne  by  those  who  may  survive,  but 
pay  a  substantial  penalty  for  some- 
one's carelessness.  For  humanity's 
sake    alone,    all    well    disposed    men 


should  lend  their  very  best  efforts  to 
a  diminution  of  the  risk,  if  such  dim- 
inution can  be  pointed  out. 

Second — that  of  Public  Duty.  As 
citizens,  cognizant  of  our  duties  to 
each  other,  it  behooves  us  to  demand 
competency  and  care  from  auto  driv- 
ers equal  to  that  which  we  demand 
from  engine  drivers.  Any  lessening 
of  this  standard  is  a  winking  at  the 
incapable  and  reckless  auto  driver. 

Third— that  of  Pride.  Consider  the 
injury  to  the  pride  of  these  high- 
minded,  capable  railroad  executives 
whose  ambition  is  it  to  not  only  con- 
duct their  roads  efficiently  but  with  a 
deep  satisfaction  in  the  safety  of 
travelers  upon  their  railroads.  It  can- 
not be  said  that  railroad  executives 
are  unmindful  of  the  injury  and  death 
to  travelers  over  the  highway,  but  it 
can  be  freely  admitted  that  their 
solicitation  for  the  safety  of  the  pass- 
engers upon  their  trains  is  a  para- 
mount care,  and  because  of  the  fre- 
quency of  train  derailments  arising 
from  highway  crossing  accidents,  an 
additional  alarm  is  felt. 

Fourth — that  of  cost.  I  did  not 
mention  this  first,  because  I  know 
from  experience  that  railroad  execu- 
tives are  actuated  by  a  higher  motive 
than  the  avoidance  of  the  payment  of 
money,  notwithstanding  the  fact  that 
practically  all  crossing  accidents  in 
certain  states  are  simply  an  assess- 
ment of  damage  by  juries. 

There  are  several  ways  to  grapple 
the  problem  of  highway  crossing  acci- 
dent prevention. 

First — by  engineering. 

Second — by  education. 

Third — by  legal  process. 

Let  us  consider  the  first — 

Accident  Prevention  by  Engineer- 
ing.—On  Dec.  31,  1921,  there  were 
252,022  grade  level  crossings  over 
class  1  railroads  operating  within  the 
United  States,  after  deducting  485 
crossings  which  were  eliminated  that 
year. 

The  elimination  of  the  crossing  by 
separation  of. grades  is  the  absolute 
solution  of  the  problem.  In  consider- 
ing it  however,  we  are  instantly  con- 
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fronted  with  two  elements  which  are 
insurmountable. 

At  the  rate  which  crossings  have 
been  eliminated  in  the  last  five  years, 
it  will  take  about  600  years  to  remove 
them  and  though  the  matter  of  elim- 
ination be  speeded  tremendously,  yet 
we  are  safe  in  saying  that  genera- 
tions of  time  are  involved  in  their 
ultimate  removal. 

It  is  proper  that  crossings  in  dense- 
ly congested  areas  be  first  selected  for 
elimination,  but  the  futility  of  expect- 
ing much  from  such  elimination  arises 
when  we  recognize  that  most  of  our 
crossing  accidents  occur  in  rural  com- 
munities, frequently  where  the  view 
of  the  traveler  upon  the  highway  is 
most  excellent. 

The  Element  of  Cost. — The  question 
of  cost  makes  elimination  by  separa- 
tion of  grades  prohibitive.  Competent 
engineers  say  that  taking  the  cross- 
ings of  our  country  by  and  large,  a 
reasonable  estimate  of  the  tost  of  re- 
moval in  rural  and  urban  districts 
would  approximate  not  less  than  $50,- 
000  per  crossing.  (Upon  the  road  I 
have  the  honor  to  represent,  an  esti- 
mate of  $50,000  for  the  removal  of  a 
certain  crossing  was  made  before  the 
war.  We  are  now  engaged  upon  the 
work  of  that  removal  and  its  cost  this 
year  will  be  nearer  to  $125,000.) 

Simple  arithmetic  then  tells  us  that 
the  cost  of  elimination  by  separation 
of  grades  is  in  excess  of  $12,500,000,- 
000  practically  all  of  which  would  be 
non-revenue  producing  and  impossible 
of  obtainment. 

Engineering  however,  embraces 
other  details  than  elimination,  such 
for  instance,  as  the  establishment  of 
highways  parallel  to  the  railroad  in- 
stead of  permitting  the  crossing  re- 
crossing  of  track  by  the  same  high- 
way. In  this  manner,  many  crossings 
can  be  eliminated  with  a  minimum  of 
expense.  Island  turnouts  are  in  use 
upon  some  highways  requiring  the 
driver  to  deliberately  turn  at  a  right 
angle  and  then  to  the  left,  thus  afford- 
ing opportunity  for  observation  from 
both  angles  before  passing  over  a 
railroad  track.  This  is  suited  to  spe- 
cific situations  only. 

Engineering  also  includes  the  re- 
moval of  unnecessary  obstructions  to 
view — The  maintenance  of  present 
crossings  in  good  order  for  travel — 
The  construction  and  operation  of 
mechanical  barriers,  such  as  standard, 
flexible,   and   rigid   crossing   gates — 


Various  forms  of  visual  and  audible 
signals  including  automatic  flagman. 

.Railroads  should  not  cease  their 
study  and  adoption  of  warning  de- 
vices until  perfection  is  reached  and 
should  bear  particularly  in  mind  the 
increasing  development  of  enclosed 
cars  making  audible  signals  of  lesser 
value  than  formerly.  In  the  winter 
season,  with  the  windows  of  an  en- 
closed car  up,  safety  is  dependent 
almost  exclusively  upon  the  single 
sense  of  sight. 

We  may  also  include  under  the  gen- 
eral heading  of  engineering  the  prop- 
er equipment  of  motive  power  with 
efficient  and  legal  whistle,  bell  and 
headlight.  The  installation  of  these 
means  of  warning  are  of  no  avail, 
however,  unless  employees  are  prop- 
erly trained  in  their  use  and  carefully 
watched,  checked  and  disciplined  for 
every  deviation  from  effective  warn- 
ing. 

Crossing  watchmen  must  be  se- 
lected for  their  physical  and  mental 
qualifications,  and  harsh  though  it 
may  seem,  the  halt,  maimed,  decrepit 
and  mentally  unqualified  crossing 
flagmen  must  be  removed  and  re- 
placed with  competent  successors,  or 
automatic  devices. 

Let  us  consider  the  second — 

Accident  Prevention  by  Education. 

— It  is  believed  that  in  the  education 
of  the  auto  driver  to  the  exercise  of 
the  highest  degree  of  care  and  the 
insistent  demand  on  the  part  of  his 
passengers,  whether  paid  passengers 
or  guests,  that  he  no  longer  gamble 
with  their  lives  but  appreciate  fully 
his  moral  and  legal  responsibility  for 
those  in  the  car  with  him.  We  have 
put  our  finger  upon  the  spot  where 
the  immediate  remedy  rests  and  it  is 
to  education  that  the  Committee  on 
Prevention  of  Highway  Crossing  Ac- 
cidents, Safety  Section,  American 
Railway  Association  is  addressing  its 
efforts. 

Most  of  you  are  familiar  with  the 
campaign  which  the  American  Rail- 
way Association  conducted  last  year 
by  posterizing  almost  every  commu- 
nity in  our  country;  securing  the  sup- 
port of  the  President  of  the  United 
States;  of  national,  state,  and  civic 
officers  and  organizations,  the  press, 
and  motion  picture  industry  of  our 
country. 

This  was  the  beginning  of  our  task, 
and  while  the  results  in  figures  did 
not  prove  that  a  single  effort  could 
be   made   and   mishaps    stopped,   yet 
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there  was  substantial  encouragement 
that  we  are  on  the  right  track,  even 
though  the  end  of  the  road  be  far  be- 
yond our  horizon. 

During  the  four  months  of  the  1922 
campaign  758  persons  were  killed  at 
highway  crossings,  compared  with 
685  in  1921,  an  increase  of  73.  How- 
ever, 61  of  the  73  occurred  in  the 
month  of  June,  before  the  campaign 
was  making  itself  felt.  There  was  an 
increase  of  only  12  in  the  last  three 
months  of  the  campaign.  This  indi- 
cates unmistakably  that  the  public  is 
amenable  to  direction  towards  its  own 
safety. 

This  year  we  shall  tackle  this  prob- 
lem with  new  vigor,  having  developed 
a  poster  vastly  superior  to  our  orig- 

■  inal,  profiting  in  this,  and  in  other 
respects,  by  the  experience  gained. 
We  have  sacrificed  all  reference  to  a 
campaign,  to  any  period  of  time,  and 
to  the  American  Railway  Association, 
and  in  the  firm  belief  that  with  these 
things  omitted,  the  public  will  more 
readily  grasp  the  situation  as  being 
its  problem  and  realize  that  it  must 
pull  its  own  chestnuts  out  of  the  fire. 
It  is  believed  that  approximately  two 
millions  of  these  posters  will  be  dis- 
tributed throughout  our  country. 
There  will  be  a  replica  of  the  poster 
as  a  windshield  sticker  approximately 
5x7  in.  It  is  hoped  that  the  automo- 
bile clubs,  supply  stations,  and  insur- 
ance carriers  will  see  to  the  proper 
display  of  these  windshield  stickers 
upon  automobiles.  Last  year  we  used 
a  correspondence  sticker  for  railroad 
mail,  and  it  will  be  continued  this 
year. 

A  new  feature  is  the  use  of  a  postal 
card  inviting  membership  into  a  care- 
ful crossing  club.  Undoubtedly  a  sub- 
stantial use  will  be  made  of  this  fea- 
ture. The  cooperation  of  the  moving 
picture  industry  has  again  been 
proffered  both  in  the  use  of  slides 
which  are  duplicates  of  this  year's 
poster  and  of  a  secondary  poster 
which  will  be  used  for  variation,  as 
well  as  the  display  of  a  series  of  pic- 
tures showing  preventable  accidents. 
This  display  will  probably  take  place 
in  the  first  week  in  June. 

Arrangements  have  been  made  for 
the  teaching  of  safety  at  crossings  by 
means  of  the  motion  picture  in  stand- 
ard films  and  without  referring  to  the 
purpose  which  is  being  accomplished. 
A  series  of  bulletin  boards  has  been 
arranged  for,  to  be  placed  away  from 
railroad  tracks  and  bearing  a  replica 


of  the  poster  very  much  enlarged. 
Electrotypes  and  matrices  of  the 
poster  will  be  freely  used  by  local 
newspapers.  The  Automobile  Blue 
Book  will  carry  our  slogan  as  a  cau- 
tion at  railroad  intersections  and  ar- 
rangements have  been  made  with  the 
road  map  publishers  emphasizing  the 
need  of  care  at  crossings. 

Influential  organizations  have  been 
requested  to  formally  pass  the  follow- 
ing resolution: 

Whereas,  It  is  recognized  that  the  number 
of  automobiles  using  our  public  highways  is 
constantly  increasing  and  has  created  hazards 
of  travel  beyond  those  of  former  years,  and 
indications  point  to  an  increased  growth  in 
the  use  of  such  highways  ;  and 

Whereas,  Our  public  highways  traverse  and 
cross  the  tracks  of  steam  railroads  throughout 
the  country  at  grade  level,  there  being  over  a 
quarter  of  a  million  railroad-highway  cross- 
ings, and  because  of  the  enormous  expense 
and  generations  of  time  involved  in  the  ulti- 
mate removal  of  such  railroad-highway  cross- 
ing ;  and 

Whereas,  The  number  of  serious  and  fatal 
injuries  arising  out  of  accidents  at  such  rail- 
road-highway crossings  is  becoming  a  matter 
of  public  concern  ;  Therefore,  Be  It 

Resolved,  That  the place 

itself  on  record  as  approving  the  efforts  of  the 
American  Railway  Association  to  encourage 
travelers  upon  the  highway,  particularly  those 
using  automobiles  to  exercise  a  high  degree  of 
care  at  railroad-highway  intersections,  and 
this  body  urges  upon  its  membership  whole- 
hearted personal  cooperation  in  discouraging 
reckless  disregard  of  danger  at  such  crossings. 

Safety  Regulations  at  Railroad 
Grade  Crossings. — Inasmuch  as  our 
highways  are  in  such  common  use  to- 
day, serious  effort  should  be  made  to 
enact  and  enforce  as  nearly  possible 
uniform  highway  traffic  laws.  Sim- 
plicity should  be  the  dominant  feature 
of  such  laws  to  afford  a  fuller  under- 
standing. It  must  be  recognized  that 
the  present  use  of  the  highway  pre- 
sents entirely  different  aspects  from 
the  period  when  most  of  our  laws 
were  established  and  that  progress 
must  be  accepted  by  and  demanded 
from  the  State,  the  railroads  and  the 
users  of  the  highway. 

It  should  be  the  duty  of  state, 
county  and  local  officials  to  construct 
highways  parallel  to  railroad  tracks 
where  there  is  a  frequent  crossing 
and  recrossing  of  the  same  highway 
within  a  limited  area. 

The  highway  approach  to  railroad 
crossings  should  be  established  within 
a  moderate  maximum  grade  and  be 
maintained  in  excellent  order. 

The  construction  or  development  of 
barriers  to  view,  at  or  near  railroad 
crossings  should  be  prohibited. 

It  should  be  obligatory  on  the  part 
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of  the  Eoad  authorities  to  compel  the 
removal  of  unnecessary  barriers  to 
view,  adjacent  to  a  railroad  crossing. 

There  should  be  established  at  uni- 
form distances  a  standard  sign  along 
the  highway  indicating  the  approacn 
to  a  railroad  crossing. 

It  should  be  forbidden  to  mutilate, 
alter  or  change  any  railroad  crossing 
sign  or  approach  sign,  or  to  simulate 
or  represent  any  such  sign  for  com- 
mercial purposes. 

Commercial  advertising  of  every 
character  should  be  absolutely  for- 
bidden between  the  advance  sign 
along  the  highway  and  the  railroad 
track. 

There  should  be  a  standard  and 
uniform  sign  solely  to  indicate  a  rail- 
road crossing  and  wherever  possible 
one  post  should  contain  all  indications 
at  crossings  for  simplification. 

At  every  crossing  where  the  view  is 
restricted  by  immovable  barriers 
there  should  be  an  automatic  warning 
device. 

Substitution  of  Automatic  Warning 
Devices     for     Manual     Protection. — 

Wherever  practical,  railroads  should 
seriously  consider  the  substitution  of 
automatic  warning  devices  in  place  of 
manual  protection.  Automatic  de- 
vices are  on  duty  24  hours  of  the  day, 
are  less  affected  by  failures  and  offer 
positive  opportunity  of  proof  that 
warning  was  given. 

Serious  attention  should  be  paid  to 
the  suggestion  that  all  highways 
crossing  railroad  tracks  at  grade, 
whether  protected  or  otherwise, 
should  be  plainly  marked  with  three 
distinctive  lateral  lines  indicating  that 
tracks  are  200  ft.,  100  ft.,  and  25  ft. 
distant,  respectively. 

Licensing  officers  should  exercise 
increasing  care  in  granting  licenses 
only  to  those  physically  and  mentally 
qualified.  Minimum  eye  and  ear 
standards  should  be  established.  A 
certificate  of  reputable  opthalmologist 
and  aurist  should  accompany  applica- 
tion for  license. 

Authorities  having  the  power  to  is- 
sue licenses  to  drivers  should  be  em- 
powered and  required  to  revoke  such 
licenses  and  deny  renewal  for  sub- 
stantial period  in  cases  of  driving 
while  intoxicated,  recklessness,  or  in- 
competency, defiance  of  local  regula- 
tions or  frequency  of  mishaps. 

State  licensing  authorities  should 
be  empowered  to  require  a  report 
from  a  driver  covering  every  automo- 
bile accident  within  the  state.  Failure 


to  report  within  ten  days  should  auto- 
matically revoke  license.  Repeated 
collisions  with  crossing  gates  or  sub- 
jecting flagman  to  unnecessary  haz- 
ards should  be  sufficient  cause  for  rev- 
ocation. 

t  Driving  while  under  the  influence  of 
liquor  or  drugs  or  grossly  recklesk 
driving  should  be  a  criminal  offense 
and  subject  to  jail  sentence  instead  of 
fine. 

It  should  be  illegal  to  drive  a  car 
over  a  railroad  track  at  a  higher  rate 
of  speed  than  ten  miles  per  hour,  and 
there  should  be  established  a  sufficient 
police  force  in  every  community  to 
make  this  rule  effective. 

Police  Traffic  Regulation. — Require 
state,  county,  or  municipal  authori- 
ties to  provide  police  traffic  regula- 
tion at  all  railroad  crossings  tra- 
versed by  more  than  250  vehicles  with- 
in 24  hour  period. 

Require  all  automobiles  carrying 
freight  or  passengers  for  hire  to  come 
to  a  full  stop  between  25  and  75  ft. 
from  railroad  crossings  and  to  pro- 
ceed until  the  way  is  known  to  be 
clear.  This  can  be  made  effective  by 
rewards  upon  conviction. 

Automobiles  should  be  required  to 
have  ample  braking  power  and  the 
braking  devices  and  equipment  should 
be  periodically  inspected  and  reported 
to  licensing  officer.  There  should  be 
substantial  punishment  for  both  driv- 
er and  owner  of  automobile  in  mis- 
haps due  to  brake  failures. 

Require  prosecuting  attorneys  to 
endeavor  to  enforce  the  statutes 
against  manslaughter  as  against  driv- 
ers of  cars  responsible  for  the  death 
of  passengers  in  automobiles  or 
trains. 

It  should  be  made  impossible  for 
the  owner  of  a  vehicle  to  protect  him- 
self by  insurance  for  the  first  $100 
loss  or  damage  in  public  liability 
cases.  The  reliance  upon  an  insurance 
carrier  to  pay  minor  damages  tends 
to  indifference  and  lack  of  care. 

These  suggestions  are  simply  skim- 
ming the  surface  of  our  needs  and  are 
not  intended  to  be  the  result  of  ex- 
haustive study.  They  are  offered  for 
what  they  are  worth  in  the  sincere 
hope  that  something  of  value  maybe 
contained  therein  to  assist  in  checking 
the  human  and  economic  wastage  at 
crossings  and  at  the  same  time  make 
the  way  clearer  and  safer  for  those 
who  properly  should  enjoy  the  pleas- 
ures afforded  by  our  modern  means  of 
transportation. 
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Traffic  regulation  originated  when 
policemen  were  placed  on  Broadway 
for  the  protection  of  pedestrians  from 
careless  truckmen  and  omnibus  driv- 
ers. The  following  quotation  from 
James  Blaine  Walker's  "Fifty  Years 
of  Rapid  Transit"  indicates  the  situa- 
tion of  that  time: 

"According  to  figures  compiled  by 
Sharp  in  one  of  his  campaigns  for  a 
franchise,  about  230  omnibuses  passed 
Chambers's  street  going  up  Broad- 
way and  240  down  each  hour.  For 
13  hours  this  count,  taken  in  August, 
1852,  showed  that  3,035  omnibuses, 
and  4,719  other  vehicles  passed  down 
Broadway  at  this  point.  This  meant 
an  omnibus  service  at  13  seconds 
headway." 

By  the  year  1864  conditions  had  be- 
come intolerable.  Broadway  became 
unsafe  for  pedestrians,  and  we  are 
told  that  the  rivalry  between  omni- 
bus drivers  was  so  great  that  they 
recklessly  drove  over  men,  women 
and  children  in  their  haste  to  beat 
their  nearest  competitors  to  waiting 
passengers.  Reckless  driving  and 
crowded  omnibuses  were  not  the  only 
grievances.  The  drivers  were  accused 
of  swearing  at  passengers  and  giving 
them  bad  money  or  tickets  in  change." 

With  the  increase  in  traffic  and  the 
consequent  growth  of  laws  and  ordi- 
nances affecting  traffic,  more  and 
more  policemen  were  naturally  em- 
ployed in  their  enforcement.  Traffic 
laws  are  still  and  should  be  enforced 
upon  the  streets  by  uniformed  police- 
men. 

Development  of  Manual  Control. — 

It  was  soon  observed  that  the  pres- 
ence of  policemen  had  an  unforeseen 
result.  It  reduced  accidents  to  vehi- 
cles and  expedited  travel.  The  con- 
trol, however,  was  largely  manual. 
Some  of  our  large  cities  today  use 
this  method  exclusively  (Cincinnati 
for  example),  and  in  most  of  them  it 
is  used  to  some  extent.  When  the  reg- 
ulation of  traffic  was  first  undertaken 
the  efforts  of  the  police  were  chiefly 
directed  to  stopping  vehicles,  but  as 
they  have  gradually  become  more  pro- 
ficient and  have  acquired  a  better  ap- 


preciation of  the  real  purpose  of 
traffic  control,  their  aim  has  been  to 
keep  traffic  moving.  The  raised  hand 
to  direct  a  stop  is  less  frequent,  while 
the  arm  motion  to  go  ahead  is  more 
often  seen. 

Administration  of  Traffic  Depart- 
ments.— The  introduction  of  the  motor 
vehicle  has  increased  traffic  to  un- 
dreamed of  proportions  and  made 
other  methods  of  control  necessary. 
The  questions  of  accident  prevention 
and  traffic  congestion  are  problems 
which  demand  for  their  solution  minds 
carefully  trained  in  analysis,  the  en- 
gineering type  of  mind.  The  admin- 
istration of  traffic  departments,  in- 
volving as  it  does  the  study  of  traffic 
problems  and  the  making  of  regula- 
tions, should  be  in  the  hands  of  en- 
gineers. 

Design  of  Traffic  Signals. — Few 
persons  realize  the  importance  of  the 
traffic  signal  in  increasing  the  speed 
of  traffic  movement  and  promoting 
the  maximum  volume  of  vehicle  and 
car  movement.  However,  the  prob- 
lem must  be  worked  out  scientifically 
in  order  to  bring  about  this  maximum 
movement.  The  various  factors  en- 
tering are  not  in  any  sense  vague  or 
indeterminate  but  must  be  carefully 
analyzed  for  each  important  intersec- 
tion. 

One  of  the  principle  problems  in 
traffic  regulation  is  the  education  of 
those  to  be  regulated.  Effective 
traffic  control  is  dependent  on  public 
understanding  and  co-operation  and  if 
properly  conducted  it  can  be  made 
largely  automatic. 

Mechanical  devices  for  the  regula- 
tion of  traffic  must  be  analyzed  from 
two  points  of  view;  safety  and  the 
relief  of  congestion.  The  following 
principles  should  be  considered  in 
their  design: 

Visibility. — In  detail  this  means 
that  the  upright  portions  of  all 
stanchions,  semaphores,  etc.,  should 
be  painted  with  alternate  bands  of 
black  and  white  from  8  to  12  in.  wide. 
It  means  that  the  base  of  such  stan- 
chions should  be  painted  white.  It 
means  that  the  spot  on  the  pavement 
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on  which  they  set  should  be  painted 
white.  It  means  that  spot  lights  ar- 
ranged to  illuminate  the  base  at 
nfght,  and  in  the  case  of  semaphores, 
the  traffic  officer  are  advantageous. 
It  means  that  unlighted  obstructions 
of  every  character  should  be  denied 
a  place  upon  the  highway  at  night, 
be  they  stanchions,  semaphore  or 
mushroom. 

Traffic  Signs. — Traffic  signs  should 
conform  to  this  principle  of  maximum 
visibility.  They  should  denote  their 
meaning  as  far  as  possible  by  their 
shape  and  color.  Probably  the  best 
combination  consists  of  vivid  yellow 
letters  on  a  black  background.  Signs 
intended  for  moving  vehicles  should 
differ  from  those  intended  for  sta- 
tionary vehicles.  The  latter  might 
have  the  colors  reversed,  i.  e.,  black 
letters  on  a  yellow  background.  Signs 
of  a  tertiary  character  such  as  those 
for  the  control  of  pedestrians,  street 
car  stops,  etc.,  might  consist  of  black 
letters  on  a  white  background. 

The  writer  recognizes  that  yellow 
does  not  represent  the  color  of  max- 
imum visibility,  that  red  is  the  most 
pentrating  color.  He  would  not  use 
red  on  traffic  signs,  however,  for  rea- 
sons to  be  explained  in  the  discussion 
of  color. 

Color. — The  use  of  red  as  a  color 
for  traffic  regulation  signs,  traffic  con- 
trol lights,  or  for  anything  except  to 
indicate  danger  of  the  first  degree  is 
to  be  depreciated.  The  promiscuous 
use  of  the  word  danger  on  such  signs 
is  also  to  be  frowned  upon.  Famili- 
arity breeds  contempt  and  the  motor 
vehicle  user,  having  seen  the  red  color 
used  to  indicate  things  which  were 
not  particularly  dangerous  or  having 
seen  the  word  danger  quite  frequently 
where  caution  or  warning  would  have 
been  more  appropriate  as  indicating 
danger  of  a  secondary  or  tertiary 
character,  gives  much  less  heed  to 
this  color  or  this  word  when  they  do 
indicate  a  real  danger. 

The  use  of  the  word  danger  in  con- 
nection with  advertising  should  be 
prohibited.  For  a  driver  to  read  that 
it  is  dangerous  to  go  any  farther 
without  a  drink  of  so  and  so's  coffee 
makes  him  much  less  alert  when  con- 
fronted with  a  real  danger  sign.  Let 
us  not  forget  the  story  of  the  "wolf." 

Relation   of   Color   and    Size. — The 

relation  between  color  and  size  of 
traffic  sings  merits  serious  study. 
Psychologists  tell  us  that  concerning 


the  bill  board  as  used  for  outdoor 
advertising,  there  is  a  definite  rela- 
tionship between  the  size  of  the  bulle- 
tin and  the  colors  and  tints  used  to 
secure  maximum  effect.  Halving  the 
size  of  that  bill  board  will  change 
the  character  of  the  colors  and  tints 
which  should  be  used.  What  is  the 
proper  size  for  various  types  f>f  traf- 
fic regulation  signs?  The  determina- 
tion should  not  present  insurmount- 
able difficulty. 

Uniformity. — If  we  were  to  collect 
specimens  of  traffic  control  devices 
from  those  cities  where  traffic  regu- 
lation is  active  we  could  fill  a  museum 
with  signs  and  signals,  no  two  of 
which  would  be  alike  in  color,  shape, 
size,  or  marking.  Such  a  collection 
would  be  the  best  kind  of  evidence 
of  the  need  for  uniformity.  The  re- 
sult of  the  driver  being  faced  with 
so  many  different  types  of  direction 
is  that  he  disregards  all  of  them  to 
a  greater  or  less  degree.  In  other 
cities,  traffic  direction  devices  are 
few  and  far  between. 

The  citizen  of  Chicago  should  be 
able  to  obey  the  traffic  rules  of  San 
Francisco  as  indicated  by  the  mechan- 
ical devices  employed  without  ques- 
tion. A  red  light  on  the  traffic  tower 
on  Woodward  Ave.,  Detroit,  should 
not  indicate  stop  while  the  same  color 
indicates  go  on  Fifth  Ave.,  New  York, 
nor  a  green  light  indicate  go  in  De- 
troit while  it  indicates  change  in  New 
York. 

Standard  Traffic  Lights. — As  a  sug- 
gestion looking  toward  standardiza- 
tion of  traffic  lights  on  towers,  the 
writer  would  eliminate  red  for  the 
reasons  already  named,  viz,  the  reser- 
vation of  this  color  for  the  indication 
of  danger.  We  might  then  follow  the 
standard  colors  in  use  by  our  steam 
and  electric  railway  systems  and  also 
as  partially  adopted  by  the  American 
Association  of  State  Highway  Offi- 
cials, i.  e.,  yellow,  green  and  white 
as  indicating  varying  degrees  of  cau- 
tion and  a  clear  track  respectively. 
Green  might  indicate  stop,  yellow 
change,  and  white  go. 

The  Postion  Light. — A  better  ar- 
rangement would  be  the  use  of  posi- 
tion lights  instead  of  colors.  The 
Pennsylvania  Railroad,  among  others, 
has  adopted  the  position  light  in  place 
of  the  old  semaphore  and  colored 
light. 

Such  a  system  consists  of  a  cir- 
cular disc  on  which  seven  lights  are 
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placed  in  such  a  manner  as  to  give 
three  in  a  row,  either  horizontally, 
vertically  or  diagonally.  Three  lamps 
are  lighted  simultaneously  giving 
three  different  possible  combinations 
corresponding  to  the  positions  former- 
ly taken  by  the  semaphore  arm,  i.  e., 
horizontal,  vertical  or  inclined. 

This  would  eliminate  the  effect  of 
color  blindness  in  causing  misunder- 
standing of  traffic  lights  of  this  sort 
and  would  be  more  intelligible  even 
to  the  total  stranger  because  of  its 
greater  simplicity.  The  effect  of  color 
blindness  is  not  such  a  negligible  item 
as  it  might  at  casual  glance  seem  to 
be.  Four  per  cent  of  the  male  popu- 
lation of  the  United  States  are  color 
blind  to  red  and  green. 

As  further  evidence  of  this  lack  of 
uniformity  the  writer  counted  in 
Pittsburgh  four  different  color  com- 
binations on  traffic  signs  in  one  block, 
viz,  white  and  black,  red  and  white, 
blue  and  white,  and  yellow  and 
black. 

A  Joint  Committee — This  much  de- 
sired uniformity  will  not  be  advanced 
by  having  the  committees  on  traffic 
regulation  in  various  technical  socie- 
ties make  individual  recommendations 
with  regard  to  these  matters.  A  joint 
committee  should  be  appointed  with 
representatives  from  all  organizations 
interested  in  the  regulation  of  traffic. 
The  report  of  such  a  committee  would 
have  much  greater  weight  and  be 
much  more  likely  of  universal  adop- 
tion than  the  work  of  a  committee 
from  one  organization.  So  numerous 
and  of  such  infinite  variety  are  the 
devices  for  the  regulation  of  traffic 
rapidly  becoming  and  so  confusing  is 
the  result,  that  this  subject  may  soon 
become  the  subject  of  national  legis- 
lation unless  a  measure  of  coopera- 
tion is  secured  between  various  states 
and  their  lesser  subdivisions. 

The  delegation  by  many  of  our 
cities  of  the  regulation  of  traffic  to 
aldermen,  commissioners  and  police 
officers  of  very  limited  experience  in 
traffic  work  has  contributed  to  this 
confusion.  These  men,  not  being  con- 
tent to  profit  by  the  experience  of 
others,  and  frequently  without  inquir- 
ing into  this  experince,  appear  to 
have  devoted  most  of  their  energies 
to  devising  some  new  form  of  in- 
stallation. 

In  this  connection  the  forthcoming 
report  of  the  American  Engineering 
Standards  Committee  on  Traffic  Reg- 


ulation will  undoubtedly  be  of  con- 
siderable interest. 

Chains. — The  joining  together  of 
stanchions  and  posts  with  chains,  and 
ropes  is  dangerous  and  cannot  serve 
any  purpose  which  the  stanchions 
themselves  would  not  serve.  The 
chains  are  relatively  invisible  and  are 
more  likely  to  cause  accidents  than 
prevent  them.  A  case  in  point  is 
some  of  the  safety  zones  recently 
adopted  in  Detroit  consisting  of  large 
posts  painted  white  and  joined  to- 
gether with  chains. 

All  devices  for  the  regulation  of 
traffic  should  be  of  such  construction 
that  they  will  remain  where  placed. 
They  should  be  sufficiently  heavy  to 
remain  in  place  during  a  high  wind. 
Their  bases  should  not  be  round  so  as 
to  avoid  rolling  if  knocked  over. 

Simplicity. — Any  mechanical  device 
on  which  the  safety  of  so  many  peo- 
ple depends  must  be  simple  in  con- 
struction and  infallible  in  operation. 
Provision  must  be  made  for  protec- 
tion against  burnt  out  lights,  springs 
which  become  misplaced  and  broken, 
or  any  defect  in  the  mechanism  that 
will  render  the  device  inoperative. 
When  once  installed  considerable  de- 
pendence is  placed  on  such  devices 
and  their  failure  is  apt  to  be  much 
more  serious  than  if  they  had  never 
been  installed. 

One  Way  Traffic. — All  one  way 
traffic  streets  should  be  more  plainly 
indicated  than  is  frequently  done  at 
present.  Probably  the  best  way  of 
doing  this  is  by  means  of  several 
large  arrows  painted  on  the  pave- 
ment at  each  intersection.  In  lieu  of 
painted  lines,  white  cement  blocks 
have  been  used  in  Portland,  Oregon. 
They  are  made  of  hydraulic  cement 
and  celluloid,  are  hard,  tough,  and 
have  a  glass  like  finish  and  are  said 
to  be  permanent  in  color. 

Traffic  Lanes. — On  wide  streets  con- 
gestion is  relieved  by  painting  sep- 
arate traffic  lanes  for  slow  moving 
and  fast  moving  traffic,  the  lane  for 
slow  moving  traffic  being  nearest  the 
curb.  Instead  of  paint  the  white 
blocks  described  above  might  be  used. 

Location. — The  location  of  the 
mechanical  devices  used  merits  con- 
siderable study.  As  a  typical  ex- 
ample it  may  be  said  that  it  is  the 
general  pustom  to  place  mushrooms 
and  dummy  cops  in  the  centres  of 
intersections,  all  traffic  making  a  left 
hand    turn    being    required    to    pass 
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around  them.  This  results  in  a  very- 
small  turning  radius  and  a  conse- 
quently much  reduced  speed.  Should 
not  these  markers  be  placed  in  the 
centres  of  the  four  property  lines  and 
the  marker  at  the  centre  of  the  inter- 
section be  eliminated?  This  would 
result  in  a  much  larger  turning 
radius  and  nearly  twice  the  vehicular 
speed.  Neither  would  it  result  in 
vehicles  dangerously  cutting  the 
corner.  What  this  means  in  getting 
more  vehicles  through  an  intersection 
can  readily  be  appreciated  when  we 
consider  that  even  if  vehicles  cross 
an  intersection  with  undiminished 
speed,  the  capacity  of  the  intersection 
is  but  50  per  cent  of  the  capacity  of 
either  approaching  street. 

Or  where  should  traffic  towers  be 
placed?  In  the  centre  of  the  inter- 
section as  in  Detroit,  or  behind  the 
property  line  as  on  Fifth  Ave.,  New 
York,  and  what  are  the  relative  ad- 
vantages of  each  position?  Towers 
might  be  placed  above  the  center  of 
an  intersection  and  still  not  obstruct 
that  intersection  by  being  mounted 
from  a  bridge  supported  on  pedestals 
on  the  adjacent  sidewalk  or  from  ad- 
joining buildings.  A  clear  view  of 
the  tower  could  then  be  had  from 
both  main  and  cross  streets. 

Classification. — Mechanical  devices 
for  the  control  of  traffic  can  be  fur- 
ther classified  according  to  their 
method  of  control  under  four  general 
headings;  Manually  controlled  de- 
vices, automatically  controlled  de-' 
vices,  semi-automatically  controlled 
devices,  and  synchronously  controlled 
devices. 

Manually  Controlled  Devices. — Un- 
der the  first  heading,  that  of  manu- 
ally controlled  devices,  we  can  place 
all  standards,  dummy  cops,  sema- 
phores and  certain  types  of  mush- 
rooms, standards  and  dummy  cops. 

An  application  of  the  principles 
above  set  forth  of  visibility,  color, 
uniformity,  simplicity,  use  of  chains 
and  stability  should  make  the  satis- 
factory design  of  such  devices  a  sim- 
ple matter.  Yet  how  often  are  these 
principles  violated.  The  writer  re- 
calls a  recent  experience  related  by 
a  friend  in  his  home  city.  While 
driving  into  the  entrance  to  one  of 
the  parks  at  dusk,  he  observed  a  ma- 
chine going  in  the  opposite  direction, 
making  a  terrific  racket,  and  drag- 
ging what  appeared  to  be  its  whole 
rear  end  on  the   road.     On  going  a 


little  farther  the  trouble  was  easily 
diagnosed.  A  few  days  before  the 
police  had  placed  down  the  centre  of 
the  roadway  a  series  of  standards 
bearing  signs  "Keep  to  the  right." 
The  bases  of  the  standards  were 
round  and  black  in  color.  The  upright 
portion  was  also  painted  black,  the 
signs  had  white  letters  on  a  red 
background,  they  were  connected  with 
chains  and  were  unlighted.  When 
my  friend  saw  them  they  were  also 
scattered  all  over  the  road. 

Semaphores. — The  number  of  exist- 
ing types  is  legion.  The  simplest 
type  may  be  said  to  be  the  beach 
umbrella  with  the  words  stop  and  go 
painted  on  the  sides  and  controlled 
by  the  traffic  officer  underneath,  who 
is  usually  in  as  much  doubt  regard- 
ing the  reading  of  his  signs  as  the 
vehicle  driver  is  concerning  whether 
to  stop  or  proceed.  The  correctly 
designed  semaphore  has  been  parti- 
ally described  in  discussing  the  prin- 
ciple of  visibility.  In  addition  it 
should  have  lights  mounted  on  the 
ends  of  the  semaphore  arms  indicat- 
ing their  position  at  night.  The  writer 
would  not  use  a  light  on  top  of  the 
semaphore  standard. 

The  semaphore  arms  themselves 
should  conform  in  color  to  the  prin- 
ciples already  indicated  and  should 
be  constructed  so  that  they  can  be 
placed  in  a  neutral  position  when  no 
traffic  officer  is  on  duty.  If  in  addi- 
tion the  traffic  officer  is  provided  with 
a  small  light  on  his  chest,  we  have 
the  maximum  in  visibility,  clearness 
and  stability. 

Mushrooms. — Mushrooms  or  but- 
tons serve  a  useful  purpose  in  out- 
lining safety  zones  and  traffic  paths. 
They  should  be  very  strongly  con- 
structed because  they  are  occasionally 
run  over  by  very  heavy  vehicles.  They 
should  never  be  placed  upon  the  high- 
way unless  capable  of  being  lighted 
at  night.  Their  visibility  should  also 
be  increased  by  the  frequent  use  of 
white  traffic  paint.  The  type  which 
disappears  when  struck  by  a  vehicle 
would  seem  to  be  advantageous  pro- 
vided that  under  service  they  prove 
to  be  mechanically  stable. 

Automatically  and  Semi-Automat- 
ically  Operated  Devices. — The  auto- 
matic and  semi-automatically  con- 
trolled devices  differ  only  in  that  the 
latter  is  capable  of  being  operated 
manually  or  automatically  at  will. 
Under  this  heading  we  can  place  light 
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houses,  certain  types  of  mushrooms, 
traffic  lanterns,  and  traffic  vanes.  One 
of  the  principles  involved  is  that 
every  so  often  the  signals  change, 
thus  allowing  traffic  to  pass  first  in 
one  direction,  then  in  the  other,  the 
period  of  change  being  entirely  con- 
trolled by  the  mechanism.  The  usual 
signalling  is  done  by  means  of  lights 
of  various  colors,  either  placed  in 
mushroons  situated  variously  about 
the  intersection,  in  traffic  lanterns 
suspended  over  the  intersection  or 
attached  to  poles  at  the  curb  line  or 
by  a  combination  of  the  two.  One  de- 
vice, however,  consists  of  an  arrow 
with  the  word  stop  on  both  sides.  It 
is  suspended  in  the  centre  of  the 
crossing  by  overhead  wires  and  ro- 
tated by  a  motor  directly  above  it. 
A  whistle  blows  while  the  arrow  is 
moving.  It  is  illuminated  at  night 
and  can  be  operated  either  from  a 
box  at  the  curb  line  or  from  fire 
headquarters.  By  such  central  con- 
trol a  complete  route  can  be  cleared 
in  case  of  necessity. 

Lighthouses. — The  other  principle 
involved  is  that  of  the  flickering  light. 
The  actual  device  varies,  some  being 
lights  placed  in  mushrooms,  some  on 
standards,  some  electrically  lighted 
and  operated,  and  some  lighted  and 
operated  by  gas.  Advocates  of  the 
use  of  these  devices  claim  that  the 
intermittent  flashing  light  stands  out 
sharply  and  distinctly  from  all  other 
lights  and  commands  attention.  This 
is  undoubtedly  true.  Opponents,  how- 
ever, claim  that  it  distracts"  the  atten- 
tion of  the  driver  and  produces  fa- 
tigue particularily  at  a  time  when  he 
should  concentrate  on  possible  danger. 

A  combination  of  the  lighthouse 
and  illuminated  mushroom  or  button 
is  used  in  central  islands  in  large 
intersections  when  rotary  traffic  is 
instituted. 

Flickering  Light  a  Good  Danger 
Signal. — The  writer  believes  that  the 
use  of  such  beacons  should  be  con- 
fined to  danger  signals,  indicating 
danger  of  the  first  degree  and  in- 
stallation. Be  permitted  only  under 
the  strict  supervision  of  the  highway 
authorities.  He  also  depreciates  their 
installation  as  advertising  mediums. 
As  marine  signals  they  have  undoubt- 
edly proven  desirable  and  dependable. 
The  highway  signal  is  capable  of 
somewhat  further  development. 

In  all  such  devices  as  have  been 
mentioned,  emphasis  must  be  placed 


on  simplicity.  The  device  with  a  large 
number  of  moving  parts  and  doing  a 
number  of  different  things  should  be 
scrutinized  very  carefully. 

Synchronously  Controlled  Devices. 
— The  increasing  congestion  in  our 
larger  cities  and  the  nearness  with 
which  our  streets  are  reaching  their 
capacity  has  made  it  desirable  to  con- 
trol traffic  in  larger  units  than  the 
single  block.  This  has  caused  the 
development  of  the  various  synchro- 
nously controlled  devices,  practically 
any  of  the  devices  using  lights  being 
capable  of  this  method  of  control. 

The  Traffic  Tower. — The  foremost 
example  of  this  type  of  device  is  the 
traffic  tower  or  crows  nest  used  either 
by  itself  or  in  combination  with  traf- 
fic lanterns  and  mushrooms.  This  is 
the  most  difficult  type  of  traffic  regu- 
lation. 

As  usually  practiced  this  type  of 
control  has  simply  minimized  the  de- 
lays in  starting  and  stopping  at  cross 
streets,  through  the  visibility  of  the 
signal  over  greater  distances  and 
through  the  movement  of  a  somewhat 
larger  unit  than  the  single  block.  It 
has  by  no  means  reached  the  limit 
of  its  possibilities.  It  should  be  pos- 
sible through  accurate  counting  and 
charting  of  the  traffic  at  each  inter- 
section to  determine  the  exact  length 
of  time  required  for  the  traffic  to  pass 
through  that  intersection,  every  way, 
at  every  time  of  the  day. 

Platoon  Control. — By  a  carefully 
worked  out  scheme  of  progressively 
changing  the  traffic  lights  along  the 
main  thoroughfare,  instead  of  syn- 
chronously changing  them,  traffic 
might  move  in  platoons,  so  that  a 
vehicle  once  having  joined  a  platoon 
would  remain  in  that  platoon  through- 
out the  length  of  its  journey.  This 
platoon  having  once  started  would  not 
stop  until  it  had  traversed  the  com- 
plete length  of  the  main  thorough- 
fare, except  in  case  of  emergency. 
Depending  upon  the  speed  this  pla- 
toon was  permitted  to  have,  either  the 
maximum  capacity  of  the  thorough- 
fare could  be  obtained,  or  the  mini- 
mum length  of  time  taken  to  traverse 
the  length  of  the  thoroughfare.  This 
itself  could  be  varied  depending  on 
the  time  of  day. 

Master  Streets. — In  most  cases  it 
will  be  fpund  that  a  large  degree  of 
control  will  be  exercised  on  traffic  on 
the  main  thoroughfares  by  certain 
master  cross-streets  such  as  42nd  St., 
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JNew  York.  By  the  progressive  change 
of  the  traffic  signal,  however,  the  in- 
fluence of  this  master  street  would  be 
minimized  and  traffic  having  passed  it 
would  no  longer  be  under  its  in- 
fluence. 

Cumulative  Effect  of  Traffic  Delay. 

— The  writer  desires  to  call  special 
attention  to  the  cumulative  effect  of  a 
traffic  delay.  This  is  illustrated  by 
a  recent  investigation  on  the  Inter- 
borough  subway.  It  was  found  that 
the  delay  of'  one  train  two  minutes 
resulted  within  one  half  hour  of  every 
train  on  the  system  being  ten  min- 
utes late. 

Painted  Lines. — One  feature  of  the 
painted  line  in  assisting  traffic  which 
the  writer  has  never  heard  mentioned 
is  its  value  in  helping  overcome  the 
effect  of  glaring  headlights.  The 
reason  why  the  bright  head  light  is 
so  serious  is  that  the  driver  coming 
from  the  opposite  direction  looks 
directly  at  it.  I  have  found  that  it 
takes  a  conscious  effort  to  look  away. 
In  cities  the  situation  is  further  com- 
plicated by  the  many  other  distracting 
lights. 

The  painted  centre  line  supplies 
something  for  the  driver  to  focus 
his  attention  upon  with  the  assurance 
that  as  long  as  he  remains  on  his 
side  of  the  line  he  will  pass  the  cars 
coming  from  the  opposite  direction 
in  safety. 

Conclusions. — Traffic  laws  should  be 
enforced  on  the  street  by  uniformed 
policemen,  but  the  administration  of 
traffic  departments  should  be  in  the 
hands  of  engineers. 

All  traffic  devices  should  be  de- 
signed to  have  a  maximum  of  visibil- 
ity. 

The  color  red  should  not  be  used 
for  traffic  regulation  signs,  traffic  con- 
trol lights  or  anything  except  to  in- 
dicate danger  of  the  first  degree. 

There  is  a  definite  relationship  be- 
tween the  color  and  the  size  of  a  traf- 
fic sign  in  order  to  secure  maximum 
effectiveness. 

Traffic  regulation  devices  must  be 
standardized  as  rapidly  as  possible. 

Position  lights  are  better  than 
colored  lights  for  traffic  control  sig- 
nals. 

A  joint  committee  on  traffic  regu- 
lation should  be  appointed. 

Stanchions  should  not  be  joined  to- 
gether with  chains. 

Traffic  control  devices  should  be  so 
built  as  to  remain  where  placed. 


Mechanical  devices  used  in  traffic 
regulation  must  be  practically  infalli- 
ble in  operation. 

One  way  streets  should  be  indicated 
by  painted  arrows. 

Wide  streets  should  have  separate 
traffic  lanes  indicated  for  fast  and 
slow  moving  traffic  by  means  of 
painted  lines. 

Congestion  can  be  considerably  re- 
lieved by  the  correct  location  of  traf- 
fic signals  with  reference  to  the  inter- 
section. 

The  use  of  colored  lights  on  sema- 
phores should  be  abandoned  in  favor 
of  the  position  light. 

Automatically  controlled  traffic  sig- 
nals must  have  a  minimum  of  moving 
parts  and  be  simple  in  operation. 

Flickering  light  beacons  should  only 
be  used  to  indicate  danger  of  the  first 
degree. 

Progressively  controlled  traffic  sig- 
nals will  be  more  effective  in  relieving 
congestion  than  synchronously  con- 
trolled signals. 


"Roads   to   Wonderland"  New   Film  on 
Forest  Road  Making 

How  the  Federal  Government, 
through  the  agency  of  the  Bureau  of 
Public  Roads,  is  breaking  down  the 
barriers  which  conceal  many  of  na- 
ture's scenic  treasures  is  shown  in  the 
latest  United  States  Department  of 
Agriculture  film  release,  "Roads  to 
Wonderland." 

The  new  film  shows  how,  through 
the  enterprise  and  daring  of  the  high- 
way engineers,  walls  of  rock  and 
timber  are  penetrated  to  construct 
avenues  of  entrance  to  majestic 
Mount  Hood  in  the  Oregon  National 
Forest,  the  incomparable  beauties  of 
Crater  Lake  National  Forest,  the 
wonders  of  indescribable  Yosemite 
with  its  Bridal  Veil  Falls,  El  Capitan, 
Mirror  Lake,  Merced  River,  and  In- 
spiration Point,  the  near-by  Hetch 
Hetchy  Valley,  and  other  matchless 
gems  of  nature's  handiwork.  The 
film  was  produced  by  the  United 
States  Department  of  Agriculture, 
the  Bureau  of  Public  Roads,  and  the 
Forest  Service  cooperating  with  the 
National  Park  Service  of  the  Depart- 
ment of  the  Interior. 

"Roads  to  Wonderland"  will  be  cir- 
culated through  the  department's 
film  distribution  system.  Prints  may 
be  bought  by  agricultural  colleges, 
schools,  and  other  authorized  pur- 
chasers at  the  laboratory  cost. 
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Snow  Removal  by  Steam 

Shovel  in  Snoqualmie 

Pass 

On  May  12,  1921,  Snoqualmie  Pass 
on  the  main  highway  over  the  Cas- 
cade Moutains  in  the  State  of  Wash- 
ington was  opened  to  traffic  following 
its  clearing  of  snow  for  the  first  time 
by  steam  shovel.  This  job  was  de- 
scribed in  our  issue  of  July  6,  1921, 


this  year,  the  snow  was  nearly  as 
compact  as  ice.  An  Erie  steam  shovel 
with  a  special  4  cu.  yd.  snow  dipper 
started  to  clear  the  6  miles  of  snow- 
packed  road  on  April  24th,  1923;  and 
in  spite  of  another  foot  of  unexpected 
snow  that  was  added  by  a  late  storm 
the  work  was  complete  in  18  days  of 
actual  work.  Operation  was  greatly 
speeded  up  by  the  use  of  caterpillar 
type  mounting  under  the  shovel,  per- 
mitting it  to  move  along  without  de- 


steam   Shovel   in   Snoqualmie  Pass. 


in  an  article  by  Mr.  Thomas  R.  Bee- 
man,  Engineer  of  King  County,  Wash- 
ington. 

The  method  made  the  pass  avail- 
able for  use  about  two  months  earlier 
than  would  otherwise  have  been  the 
case,  and  has  been  used  with  equal 
success  for  each  of  the  two  succeed- 
ing seasons,  formal  opening  this  year 
taking  place  on  May  15. 

The  total  length  cleared  was  about 
6  miles.    Beside  being  unusually  deep 


lay  for  laying  planking,  or  swinging 
around  mats. 

The  opening  of  Snoqualmie  Pass  is 
a  big  annual  event  in  Washington,  as 
the  Sunset  Highway  is  snow-bound 
during  the  winter  months  at  the  sum- 
mit of  the  Cascade  Mountains.  As 
soon  as  the  pass  is  opened,  the  beau- 
tifully scenic  Sunset  Highway  is  at 
once  made  use  of  by  thousands  of 
motorists  ■  of  Eastern  and  Western 
Washington,  and  by  many  from  far- 
ther East  and  South  on  business  and 
pleasure  trips  long  delayed. 
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Truck  Operating  Costs 

Part  I 
An  Analysis  of  the  Factors  Entering  Into  Trucking  Costs,  with  Expla- 
nations of  Errors  Which  Have  Lead  to  Many  Unsuccessful 
Ventures  in  This  Field 

From  Bulletin  No.  10  of  the  Engineering  Experiment  Station  of  Purdue 
University,  February,  1923 

By  BEN  H.  PETTY 

Assistant  Professor  of  Highway  Engineering 


[Part  II  of  this  bulletin  covering 
systems  used  in  recording  cost  data, 
analyses  of  trucking  costs,  additional 
methods  of  calculating  costs  and  de- 
tailed cost  data  from  actual  long- 
time operation  of  trucks  of  different 
sizes  will  be  given  in  the  July  Roads 
and  Streets  Issue  of  Engineering 
and  Contracting.] 

As  millions  of  dollars  are  invested 
in  the  truck  transportation  business 
and  the  organization  of  this  business 
is  quite  well  systematized,  it  would 
naturally  be  expected  that  very  com- 
plete and  accurate  data  covering 
costs  of  various  types  of  truck  trans- 
portation would  be  available.  On  the 
contrary  very  little  dependable  data 
of  this  kind  is  to  be  found.  Many 
truck  operators  are  keeping  "so- 
called"  costs  but  a  careful  investiga- 
tion of  their  cost  systems  reveals  the 
fact  that  they  are  overlooking  such 
important  items  as  "overhead,"  "in- 
terest," "depreciation,"  "garage  ren- 
tal" and  other  items  that  must  be  in- 
cluded in  any  accurate  cost  system. 
Consequently  many  of  the  low  cost 
bubbles  can  be  punctured  easily  by  a 
careful  investigation  of  the  system 
used  in  arriving  at  the  operating 
costs. 

There  are  many  truck  users  who 
maintain  very  complete  cost  systems 
on  every  other  branch  of  their  busi- 
ness except  their  trucking.  Many 
fleet  operators  determine  their  truck 
operating  costs  simply  by  subtracting 
the  yearly  expenses  from  the  yearly 
receipts  of  the  business.  On  such  a 
uystem  apparent  profits  frequently 
cover  business  conducted  at  actual 
loss. 

Origin  and  Character  of  the  Bulle- 
tin.— At  the  suggestion  of  Dean  A.  A. 
Potter  of  the  Schools  of  Engineering, 
the  writer,  in  November,  1921,  under- 
took a  survey  of  truck  operating  costs 
in  Indiana,  and  the  investigation  has 
been  carried  on  intermittently  since 
that  time.     This  bulletin  is  a  report 


on  the  results  secured  to  date,  and 
also  includes  a  simple  presentation  as 
to  how  and  why  a  truck  operator 
should  record  operating  cost  data.  The 
survey  is  being  continued  and  addi- 
tional data  will  be  published  as  avail- 
able. Effort  will  be  made  to  secure 
comparative  cost  data  on  all  sizes  of 
trucks  in  various  classes  of  service 
over  different  types  of  roads. 

Importance  of  Trucking. — Motor 
truck  transportation  is  a  business  that 
is  becoming  firmly  established  in 
spite  of  the  many  failures  experi- 
enced in  the  past.  The  economy,  of 
the  motor  truck  in  handling  short 
haul  freight  shipments  has  been 
clearly  demonstrated  in  numerous 
cases.  Several  railroad  companies  in 
the  New  England  States,  for  exam- 
ple, have  installed  their  own  motor 
truck  lines  to  handle  all  freight  ship- 
ments under  the  fifty-mile  limit.  The 
establishment  of  new  trucking  lines 
and  the  extension  of  their  radius  of 
operations  depends  to  a  great  extent 
on  the  extension  of  hard  surfaced 
roads  from  city  to  city. 

In  considering  this  extension  of  mo- 
tor truck  activities  it  must  be  borne 
in  mind  that,  like  any  other  form  of 
transportation,  it  has  distinct  fields  of 
economic  usefulness.  Whether  the 
operator  entering  one  of  these  fields 
will  prove  successful  depends  largely 
on  how  carefully  he  analyzes  his 
business  through  the  medium  of  ade- 
quate, accurate  and  complete  cost  rec- 
ords. 

Causes  of  Failure  and  Profits  from 
Success. — During  this  rapid  develop- 
ment of  motor  truck  transportation, 
there  have  been  numerous  failures, 
ranging  from  the  one  truck  operator 
to  the  large  fleet  owner.  It  is  prob- 
ably safe  to  say  that  at  least  nine- 
tenths  of  these  failures  were  due  pri- 
marily to  a  lack  of  knowledge  of  the 
actual  cost  of  operating  the  trucks, 
rates  having  been  established  in  a 
haphazard  way  based  principally  on 
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guess  work.  Scores  of  trucks  have 
been  returned  to  the  dealers  during 
the  past  two  years  by  disillusioned 
operators  who  bought  them  on  the  in- 
stallment plan,  expecting  to  pile  up  a 
large  bank  balance  in  a  few  short 
months.  Many  of  these  men  figured 
their  operating  costs  as  including  only 
gasoline,  oil,  tires,  repairs,  etc.,  and 
neglected  such  items  as  depreciation, 
interest  on  investment,  and  even  their 
own  wages  as  driver. 

On  the  other  hand  there  are  numer- 
erous  truck  operators  making  fair  re- 
turns from  their  investment,  due  prin- 
cipally to  accurate  cost  accounting. 
Many  operators  are  clearing  from  one 
to  three  thousand  dollars  a  year  on 
a  single  truck. 

Items  Considered  in  a  Cost  System. 
— Obviously  it  is  impossible  to  cor- 
rectly estimate  the  cost  of  operating 
a  truck  unless  all  of  the  factors  that 
go  to  make  up  the  total  cost  are  in- 
cluded. These  costs  come  under  two 
general  headings,  namely,  Fixed  and 
Variable  Costs,  which  are  again 
usually  subdivided  as  follows: 

I.  FIXED  COSTS : 

1.  Depreciation    (if  on  age  basis). 

2.  Interest  on   Investment. 

3.  Insurance. 

4.  Taxes. 

5.  License  Fees. 

6.  Garage  Rent. 

7.  Overhead  (administrating). 

II.  VARIABLE  COSTS: 

8.  Depreciation  (if  on  mileage  basis). 

9.  Drivers'    Wages. 

10.  Gasoline. 

11.  Lubricants. 

12.  Tires. 

13.  Repairs  and   Overhaul. 

Under  Fixed  Costs  are  included  all 
of  those  cost  items  which  go  on  re- 
gardless of  whether  or  not  the  truck 
is  in  actual  operation.  These  are 
usually  figured  on  a  yearly  basis,  but 
can  easily  be  reduced  to  a  monthly  or 
daily  basis  if  so  desired.  It  should  be 
noted,  however,  that  the  daily  fixed 
cost  will  vary  with  the  number  of 
days  of  the  year  that  the  truck  is  ac- 
tually operated. 

Variable  Costs  are  those  which  vary 
with  the  number  of  miles  operated. 
When  the  truck  is  not  being  operated 
there  are  no  costs  under  this  general 
heading.  Being  figured  on  a  mileage 
basis,  it  is  obvious  that  these  costs  in- 
crease as  the  mileage  increases. 

Many  large  operators  maintain  a 
more  elaborate  system  of  accounting 
with  the  major  items  itemized  in  de- 
tail. The  above  outline  covers  the 
necessary  cost  data,  however,  and  is 
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not  so  elaborate  as  to  discourage  use 
by  the  smaller  operator. 

I.    FIXED   COSTS 

Depreciation. — This  is  an  item  that 
is  frequently  neglected  in  cost  esti- 
mates and  yet  it  is  one  of  the  largest 
single  items  in  the  operating  cost. 
The  term  sinking  fund  is  sometimes 
used  instead  of  depreciation,  since  the 
depreciation  charge  is  really  a  sink- 
ing fund  to  be  placed  in  reserve  so 
that  at  the  end  of  the  life  of  the 
truck  a  sufficient  will  have  accumu- 
lated to  replace  the  old  truck  with  a 
new  one.  To  be  safe,  this  fund 
charged  off  to  depreciation,  should  be 
deposited  in  an  interest  drawing  ac- 
count and  kept  intact  until  the  time 
for  replacement  of  the  old  truck. 

"All  equipment  progresses  steadily 
toward  the  scrap  pile,  starting  at  the 
date  it  is  purchased,  and  while  its 
progress  may  be  delayed  it  cannot  be 
prevented  by  repairs."*  It  is  just  as 
much  an  operating  cost  of  the  truck 
as  the  cost  of  gasoline,  oil,  tires,  etc. 
The  only  difference  is  that  the  fuel 
and  oil  costs  are  immediate  while  de- 
preciation expense  is  extended  over  a 
period  of  time. 

The  theory  of  natural  depreciation 
is  simply  that  all  equipment,  even  if 
kept  in  the  best  of  repair,  in  time 
will  reach  a  state  where  repairs  no 
longer  are  sufficient  to  keep  it  in  eco- 
nomical working  condition  and  the  en- 
tire machine  must  be  renewed.  The 
fund  created  by  the  depreciation 
charges  is  intended  to  supply  the 
money  to  purchase  a  new  truck  to 
take  the  place  of  the  one  worn  out. 

Depreciation  charges  should  be 
based  on  the  total  investment  in  the 
truck  (including  cost  of  chassis,  body, 
top,  painting,  freight,  special  equip- 
ment, etc.),  minus  the  tire  value.  The 
tire  expense  is  figured  under  variable 
costs  since  the  tire  life  varies  with  the 
mileage. 

There  are  some  who  argue  that  a 
certain  re-sale  or  salvage  value  should 
be  allowed  on  a  truck  and,  therefore, 
the  depreciation  should  be  based  on 
the  original  investment  minus  the  sal- 
vage value.  Theoretically  this  is  cor- 
rect; however,  due  to  the  great  varia- 
tion in  the  salvage  value  of  trucks  at 
the  end  of  their  assumed  lives,  it  is 
very  difficult  to  fix  a  proper  value  be- 
forehand. It  appears  to  be  a  safer 
method  td  figure  the  depreciation  on 
the     original    investment     and    thus 

♦Modern  Accounting,  by  H.   R.  Hatfield. 
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avoid  the  difficulties  involved  in  fixing  depreciation  a  part  of  his  daily  vari- 

a  suitable   salvage  value,  but  if  the  able  operating  cost, 

analysis   of  operating  costs  is  being  There  is  frequently  a  great  varia- 

made    up   after  the   truck   has   com-  tion  in  the  life  of  similar  trucks  in 

pleted  its  useful  life,  then  the  salvage  similar   service   and,   therefore,   it   is 

value  should  of  course  be  considered.  rather  difficult  to  estimate  a  truck's 

Depreciation  is  figured  in  different  life  beforehand.    A  truck  in  the  hands 

ways,  the  two  principal  methods  be-  of  one  driver  may  be  a  pile  of  junk  in- 

ing    by    the    "Age    Basis"    and    the  side  of  a  year.     On  the  other  hand  a 

"Mileage  Basis."    In  the  first  case  the  competent    driver    might    extend    its 

truck  is  assumed  to  have  a  life  of  a  useful  life  over  a  period  of  five  years 

certain  number  of  years  and  a  propor-  to  ten  years. 

tional  amount  of  the  cost  of  the  ma-  Interest  on  Investment. — Another 
chine  is  charged  off  as  depreciation  item  of  cost  that  is  frequently  over- 
each  year.  For  instance,  a  truck  cost-  looked  by  truck  operators  is  the  in- 
ing  $3,000  is  assumed  to  have  a  useful  terest  on  their  truck  investment.  This 
life  of  five  years,  then  the  deprecia-  is  an  actual  expense  that  must  be  cov- 
tion  charge  each  year  will  be  one-  ered  the  same  as  the  cost  of  gasoline 
fifth  of  the  original  cost  or  $600.  for  instance.     It  makes  no  difference 

In  figuring  depreciation  on  the  whether  the  truck  is  bought  on  bor- 
"Mileage  Basis,"  the  truck  is  assumed  rowed  capital  or  paid  for  in  (  cash 
to  have  a  useful  life  of  a  certain  num-  from  the  purchaser's  own  funds,  the 
ber  of  miles.  Then  the  monthly  or  interest  charges  prevail  in  either  case, 
yearly  depreciation  is  computed  on  In  the  first  case,  the  purchase  money 
the  basis  of  the  miles  traveled  in  that  is  borrowed  at  a  certain  interest  rate 
period.  A  useful  life  of  60,000  miles  which  must  be  paid  annually  until  the 
for  the  truck  mentioned  above  would  principal  is  returned  to  the  lender.  In 
give  a  depreciation  cost  of  5  cts.  for  the  second  case  where  the  purchaser 
each  mile  operated.  If  the  truck  trav-  uses  his  own  money,  he  is  depriving 
eled  10,000  miles  the  first  year  the  himself  of  capital  that  should  be  pro- 
depreciation  charge  for  that  particu-  ducing  income.  The  rate  used  should 
lar  year  would  be  $500.  be  the  prevailing  interest  rate  at  the 

Since  the  assumption  of  the  useful  time  the  investment  is  made, 

life  of  the  truck  may  be  the  source  of  Various  methods  are  used  in  figur- 

considerable  error,  there  seems  to  be  ing  interest  charges.    One  of  the  most 

little  argument  for  the  finer  calcula-  common  methods  is  the  straight  in- 

tions  that  are  sometimes  used  in  dis-  terest  charge  on  the  entire  investment 

tributing  the  depreciation.  covering  the  whole  life  of  the  truck. 

If  the   assumed  useful  life  of  the  Take  for  instance  a  $3,000  truck  with 

truck  has  been  established  at  less  than  an   assumed   useful   life   of   5   years, 

the  actual  life,  costs  during  the  re-  With  an  interest  rate  of  6  per  cent  the 

maining  life  of  the  truck  will  not  in-  yearly  interest  charge  would  be  $180 

elude    interest    and    depreciation  and   the   total   interest   for   the   five 

charges  and,  therefore,  cannot  fairly  year  life  of  the  truck  would  be  $900. 

be   compared  with   the   former  costs  Perhaps  a  better  method  is  to  make 

until    proper    adjustment    has    been  allowance    for    the    interest    secured 

made.     This   situation  may   arise   in  from  the  sinking  fund  by  deducting 

either  method  of  computing  deprecia-  the   accumulated    sinking   fund   from 

tion.  the  total   investment   each  year  and 

Those  who  use  the  "Age  Basis"  computing  interest  charges  on  the  re- 
point  out  the  fact  that  a  truck  depre-  mainder.  To  illustrate,  take  the  same 
ciates  to  a  certain  extent  whether  it  is  $3,000  truck  mentioned  above  and  fig- 
operating  or  not,  also  it  is  easier  to  ure  the  depreciation  on  the  yearly 
distribute  the  depreciation  charges  in  basis  allowing  a  life  of  five  years, 
this  method.  The  depreciation  and  interest  at  6  per 

The    supporters    of    the    "Mileage  cent  each  year  would  be  as  shown  in 

Basis"  argue  that  the  re-sale  value  of  the  following  table : 

a  truck  is  usually  based  on  the  gen-  TABLE  N0#  ^—interest  TABle 

eral  condition  and  the  total  mileage  interest        interest 

covered,    therefore,    it    is   logical    to  Year       DepreSo°n      sswo        C$?8oe 

compute  depreciation  on  the  mileage  2  ZZZZZZZ^Z? 600            2,400            144 

basis.    The  operator  simply  estimates  3  /........!...'.".!!!'."!..  600            i!soo           108 

the  life  of  his  truck  from  past  per-      4  goo  1,200 

formance  of  similar  trucks  under  sim-       5 600  600 

ilar  service  conditions  and  makes  his  Total  5  years  $3,000                           $540 
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By  this  method  the  interest  charges 
decrease  each  year  due  to  the  com- 
pensating effect  of  the  accrued  inter- 
est from  the  sinking  fund  (deprecia- 
tion charge).  If  it  is  desired  to 
charge  off  this  total  interest  in  equal 
yearly  increments,  it  can  be  easily 
done  by  using  the  following  formula: 


A  +  l 


CxB 


A  2 

in  which  A  =  length   of   sinking  fund 
period  in  years, 
B  ==  the      total      investment 

(cost  of  truck), 
C  =  rate  of  interest. 
In  the  example  given,  the  formula 
would  work  out  as  follows: 
Average  yearly  interest 

5  +  1        .06  x  3000 

— x =$108. 

5  2  • 

The  total  interest  over  the  five  year 
life  of  the  truck  would  be  5  x  108= 
$40,  the  same  as  shown  in  the  above 
table. 

In  cases  where  in  is  desirable  to  se- 
cure monthly  operating  costs,  the  de- 
preciation can  be  charged  off  at  the 
end  of  each  month  and  interest  com- 
puted on  the  balance. 

Insurance. — Insurance  covering  lia- 
bility, property  damage,  fire  and 
theft  should  always  be  considered  in 
arriving  at  proper  costs  under  this 
item.  This  should  be  charged  up  to 
the  truck  whether  the  owner  is  ac- 
tually carrying  the  insurance  or  not, 
for  if  he  does  not  insure  his  truck 
then  he  must  carry  the  risk  himself 
in  the  place  of  the  insurance  com- 
pany. 

Taxes. — No  explanation  is  neces- 
sary on  this  item  of  cost.  Any  regu- 
lar or  special  tax  on  the  motor  truck 
should  be  included  under  this  item. 

License  Fees. — License  fees  vary 
greatly  in  different  states  and  for 
different  truck  capacities.  In  some 
states  both  city  and  state  license  fees 
must  be  paid.  License  fees  for  driv- 
ers are  necessary  in  some  states  and 
should  be  included.  These  fees  are  on 
a  yearly  basis  and  are  obviously  a 
part  of  the  fixed  operating  costs. 

Garage  Rent. — If  the  operator  rents 
a  garage,  the  charges  under  this  item 
will  be  the  garage  rental.  But  if  he 
owns  his  garage,  the  garage  charge 
will  include  the  following  items:  in- 
terest on  garage  investment,  depre- 
ciation, repairs,  taxes  and  insurance. 

This  item  is  frequently  a  source  of 


error,  as  many  operators  who  use 
their  own  garages  fail  to  record  any 
operating  charges  under  this  item. 
The  expense  is  there  in  the  form  of 
interest,  depreciation,  taxes  and  in- 
surance and  must  be  recorded  just  the 
same  as  rental  for  a  rented  garage. 
Heat,  light,  water,  etc.,  used  in  the 
garage  should  also  be  included  under 
this  item. 

Overhead. — An  item  of  cost  that  is 
probably  overlooked  more  than  any 
other  is  that  of  overhead.  This  is  also 
the  most  difficult  cost  item  to  ascer- 
tain. Overhead  refers  to  the  ex- 
penses of  administrating  the  business 
and  includes  such  items  as  managerial 
and  clerical  salaries,  office  rental,  sup- 
plies, telephone,  lights,  heat,  water, 
taxes,  insurance,  depreciation,  etc.,  in- 
cidental to  the  proper  supervision  of 
the  business.  Where  the  fleet  of 
trucks  is  used  in  a  purely  transporta- 
tion business  the  total  overhead  is 
prorated  equally  among  the  trucks. 
In  the  case  of  a  combination  of  truck- 
ing and  warehouse  business,  the  over- 
head must  be  properly  divided  be- 
tween the  trucking  and  the  warehous- 
ing ends  of  the  business.  In  the  case 
of  a  large  business  concern  making 
its  own  deliveries  it  is  rather  difficult 
to  apportion  the  proper  share  of  the 
overhead  to  the  trucks.  The  amount 
of  overhead  to  be  charged  depends  on 
just  what  part  the  trucks  play  in  con- 
ducting the  business  as  a  whole  and 
this  varies  so  that  each  case  requires 
individual  consideration. 

The  overhead  in  the  case  of  a  one 
truck  operator  will  be  small  but  must 
be  considered  nevertheless.  He  will 
undoubtedly  spend  a  certain  amount 
of  time  and  money  in  securing  new 
business  which  should  be  charged  up 
to  overhead. 

For  the  purpose  of  economic  com- 
parison of  trucks  it  is  probably  fair  to 
neglect  the  overhead  and  consider  the 
actual  truck  operating  cost  alone. 
However,  in  seeking  the  total  operat- 
ing costs  to  be  used,  for  instance,  as 
a  basis  of  fixing  rates  it  is  absolutely 
essential  that  the  overhead  charges 
be  included. 

II.  Variable  Costs. — Depreciation 
(Mileage  Basis).— This  item  has  pre- 
viously been  discussed  under  the 
heading  of  Fixed  Costs  and  no  fur- 
ther explanation  is  needed  here.  If 
figured  on  the  mileage  basis  it  comes 
under  the  heading  of  Variable  Costs. 

Driver's  Wages. — There  is  a  differ- 


359 


1292 


Roads  and  Streets  Monthly  Issue  of 


June, 


ence  of  opinion  as  to  what  classifica- 
tion Driver's  Wages  should  come  un- 
der. Some  authorities  place  it  under 
the  class  of  Fixed  Costs,  some  include 
it  with  the  Variable  Costs  while  a  few 
consider  it  a  separate  and  distinct 
item  and  do  not  include  it  under  either 
the  fixed  or  variable  costs. 

From  the  definition  of  Fixed  Costs 
(all  those  cost  items  which  continue 
whether  or  not  the  truck  is  in  opera- 
tion) it  is  evident  that  Driver's  Wages 
are  excluded.  Even  though  the  driver 
be  employed  on  straight  time,  he 
would  not  be  permitted  to  sit  around 
idle  while  the  truck  is  laid  up  for  re- 
pairs or  for  other  reasons,  but  would 
be  placed  on  other  work.  Any  such 
work  he  might  perform  should  not  be 
chargeable  to  the  truck  under  this 
item  of  driver's  wages.  It  seems  more 
logical  to  place  the  driver's  wages  un- 
der the  general  heading  of  Variable 
Costs. 

In  computing  "cost  per  day"  it  is 
best  to  list  the  costs  separately  as 
Variable  Costs,  Fixed  Costs  and  Driv- 
er's Wages,  adding  all  three  to  get 
"total  cost  per  day."  By  separating 
the  total  cost  per  day  under  these 
three  headings  it  is  possible  to  make 
a  better  comparison  with  other  trucks 
as  regards  fixed  and  variable  ex- 
penses uninfluenced  by  variations  in 
rates  of  driver's  wages. 

The  item  of  driver's  wages  is 
usually  the  second  or  third  largest 
item  in  the  total  cost  of  operation, 
averaging  15  to  20  percent.  If  the 
owner  drives  the  truck  he  should 
charge  off  wages  for  himself  at  the 
existing  market  rate  for  labor  of  this 
class.  An  operator  who  drives  his 
own  truck  should  bear  in  mind  that 
he  is  both  employer  and  employee. 
He  is  not  successful  unless  he  is  pay- 
ing himself  wages  at  the  prevailing 
drivers'  rate,  making  an  adequate 
profit  on  the  investment  involved,  and 
in  addition  is  receiving  proper  remu- 
neration for  the  work  of  conducting 
the  business. 

In  case  a  helper  is  used  on  the 
truck,  his  wages  can  be  included  un- 
der this  item  or  entered  under  a  sep- 
arate item  of  Helpers'  Wages  under 
the  general  heading  of  Variable 
Costs. 

Gasoline. — The  cost  of  gasoline  is 
one  of  the  large  items  of  truck  oper- 
ating costs,  ranking  about  fourth 
among  all  the  items.  Nineteen  states 
are    now    imposing    a    gasoline    tax 


which    must   be   included   under  this 
item. 

Lubricants. — The  item  of  lubricants 
covers  the  cost  of  oil  and  grease.  It 
is  one  of  the  smallest  items  in  the  list 
but  nevertheless  t  it  amounts  to  an 
appreciable  sum  in  a  year's  time  and 
must  not  be  neglected. 

Tires. — Tire  are  usually  purchased 
on  a  certain  milage  guarantee,  so  that 
their  daily  cost  depends  on  the  dis- 
tance traveled.  As  mentioned  before, 
tire  cost  is  a  variable  cost  and,  there- 
fore, the  value  of  the  tires  is  deducted 
from  the  total  cost  of  a  new  truck 
leaving  the  proper  balance  to  be  de- 
preciated. 

There  are  some  operators  who  as- 
sume a  certain  life  (based  on  past  ex- 
perience) for  the  tires,  i.  e.,  18 
months  for  solid  and  6  months  for 
pneumatics,  and  then  record  the  tire 
expense  under  the  heading  of  Fixed 
Charges.  This  simplifies  the  tire  cost 
record  by  eliminating  the  necessity  of 
keeping  tire  mileage  records. 

Since  most  tires  are  sold  on  a  guar- 
anteed mileage  basis,  the  former 
method  appears  to  be  the  better  way 
to  secure  tire  costs. 

The  cost  of  tire  repairs  must  be  in- 
cluded under  this  item. 

Repairs  and  Overhaul. — This  item 
is  about  the  second  or  third  largest  in 
truck  operating  costs.  It  includes  cost 
of  materials  and  labor  for  all  repairs 
as  well  as  the  cost  of  the  annual  over- 
haul. This  latter  item  will  run  as 
high  as  $500  a  year  for  a  five  ton 
truck.  Many  cost  figures  are  inaccu- 
rate due  to  the  fact  that  this  item  of 
overhaul  has  not  been  properly  con- 
sidered. For  instance,  a  cost  record 
might  be  kept  on  a  truck  for  a  period 
of  six  months  in  which  no  overhaul 
occurred.  The  result  cost  data  would 
be  too  low.  Cost  records  during  the 
next  six  months  period,  including 
overhaul  charges,  would  be  too  high. 
It  is  evident  that  this  item  should  be 
spread  over  the  entire  twelve  months 
period  in  order  to  secure  accurate  cost 
figures. 

Relative  Importance  of  Cost  Items. 
— It  is  desirable  that  truck  operators 
understand  the  relative  importance  of 
their  operating  cost  items  in  order 
that  they  may  intelligently  approach 
the  problem  of  reducing  costs.  The 
following  table  is  taken  from  the 
Firestone  "Ship  by  Truck"  Bureau 
Bulletin  No.  5.  It  is  based  on  figures 
secured   from   the   boofe   of   several 
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operators  running  from  one  to  forty  In  discussing  these  four  cost  bases 

trucks,   all    of    5-ton   capacity.     The  it  must  be  remembered  that  the  daily 

daily    mileage    averaged    40.5    miles,  fixed  costs  are  constant  regardless  of 

The   figures    given   are   the   average  mileage,    while    the    daily    variable 

from  over  100  trucks  and  are  based  costs    increase    with    an    increase    in 

on  1919  prices.    They  ran  on  an  aver-  mileage. 

age  265  days  of  the  year.    For  some  Cost  per  Mile.— The  "cost  per  mile" 

reason  not  stated  the  item  of  taxes  varies   with   the   miles   operated   per 

has  been  left  out.  day.  Obviously  this  cost  will  decrease 

Table  No.  2 — Relative  importance  of  Operat-  as  the  mileage  increases.     The  vari- 

ing  Cost  items^              ^  able  costs  per  mile  sh0uld  be  practi- 

Rank       Cost  item             per  Day    Total  Cost  cfUy  the  same  whether  the  truck  trav- 

i    Depreciation   $5.29          20.3  els  10  miles  or  50  miles  in  a  day.  But 

2    Repairs  and  Overhaul....  5.11          19.6  the  fixed  costs  will  be  divided  among 

4  choline  ^LZZZL  tit          ill  a  greater  number  of  miles  in  the  lat- 

5  Tires  2.29           8.8  ter  case,  thereby  reducing  the  total 

6  Overhead 1.74           6.7  "cost  per  mile"  under  what  it  would 

8  iSEST  "e           tl  be  if  only  10  miles  were  traveled.    A 

9  Garage   74           2.8  five  ton  truck  operating  50  miles  per 

10  Lubricants  42           1.6  day   may  have   a   smaller   "cost   per 

11  Llcense  ■ •    -11             A  mile"  than  a  three  ton  truck  operat- 

Totais   $26.09    .    ioo.o  ing  only  ten  miles  per  day.    However 

an  increase  in  truck  capacity  on  the 

Two  of  the  largest  items  of  cost,  as  same  daily  mileage  would  naturally 

shown    above,    are    depreciation    and  increase  the  "cost  per  mile." 

drivers'   wages,  yet   many   one-truck  Cost          Day.— The  "cost  per  day" 

operators  establish  their  hauling  rates  will  vary  with  the  miles  operated  per 

without    considering   these    items    at  day.     It   is        ite   evident   that   this 

all.    It  is  little  wonder  that  many  of  daily  cost  will  increase  as  the  daily 

them  fail  m  business  even  before  their  miieage  increases.    To  the  daily  fixed 

trucks  are  fully  paid  for.  charges  must  be  added  the  daily  vari- 

The  fixed  charges  in  this  table  total  able  charges  which  of  course  increase 

about  38%.     With  this  fact  in  mind  with  the  mileage,  thereby  increasing 

the  loss  due  to  idle  time  can  readily  the  "cost  per  day." 

be    visualized.      Fixed    charges    con-  In    comparing    operating    costs    of 

tmue  whether  the  truck  is  operating  different  sized  trucks  on  the  "cost  per 

or  not  and  the  track  operating  the  day   basis"   it   is    essential   that   the 

most   time   will   render   greatest   re-  daily  mileage  of  each  truck  be  known, 

turns,  other  conditions  being  equal.  it  can  readily  be  seen  that  a  five  ton 

Analysis     of     Factors     Governing  truck   operating   only  ten   miles   per 

Motor  Truck  Operating  Costs.— There  day   should  have   a   lower  "cost  per 

are  four  principal  methods  by  which  day"  than  a  three  ton  truck  operating 

truck    operating    costs    are    figured,  fifty  miles  daily  under  similar  condi- 

namely,  cost  per  mile,  cost  per  day,  tions. 

cost  per  unit   (ton,  box,  bag,  gallon,  The  "cost  per  day"  is  affected  also 

bale,  or  other  similar  units)  and  cost  by  the  total  number  of  days  in  the 

per  unit  mile  (ton  mile,  gallon  mile,  year  that  the  truck  is  in  actual  opera- 

etc).     A  great  deal  of  confusion  has  tion.     It  is  commonly  assumed  that  a 

resulted  in  the  past  through  compari-  truck  will  operate  300  days  a  year, 

son  of  operating  costs  without  consid-  neglecting  Sundays  and  holidays.     In 

ering  the  variable  factors  which  in-  most  cases  this  is  much  too  high.  Due 

crease  or  decrease  costs  on  these  vari-  to  such  factors  as  weather  conditions, 

ous  bases.  accidents,   strikes,  variation  in  busi- 

The    following    table    shows    how  ness  demands,  etc.,  this  assumed  total 

these  four  items  vary  through  an  in-  of  300  working  days  is  frequently  cut 

crease  in  the  factors  listed  in  the  first  to  200  or  ress. 

column.    It  is  assumed  of  course,  that  Assuming  yearly  fixed  charges  of 

operating  conditions  are  equal.  $1800  on  a  300  day  basis  would  give  a 


Table  No.  3— Variation  of  Cost  kims 

Cost  per         Ost  per 
Variable  Factors  Mile  Day 

Increase  in  daily  mileage Decrease         I;  crease 

Increase  in  truck  capacity.. ,,,,,, Increase        J  crease 


Cost  per 

Unit 
Increase 
Decrease 


Cost  per 
Unit  Mile 
Decrease 
Decrease 
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daily  fixed  charge  of  $6.00.     But  if  times    the    number    of   tons    carried, 

the  truck  operates  only  200  days  out  This   apparently   is   the   method   fre- 

of  the  year,  the  fixed  charges  will  be  quently  employed,  but  it  leads  to  seri- 

$9.00  per  day.     This  increase  will  be  ous    inaccuracies    as    can    easily    be 

reflected  in  the  "cost  per  mile."  illustrated. 

Cost     per     Unit. — Where     mileage  Assume  that  a  truck  starts  from 

records  are  not  kept,  truck  operators  point  A   and   during   the   day  makes 

must  be  content  with  operating  cost  stops  at  points  B,  C,  D,  and  E   re- 

on  the  "cost  per  unit"  basis.    The  unit  spectively,     covering     distances     and 

will  vary  with  the  kind  of  hauling  in-  carrying  loads  as  follows: 

volved.     This  unit  may  be  tons,  gal-  table  no.  4-  -trip-mile-ton  table 

Ions,  boxes,  head  Of  livestock,  etc.  Trip                            Miles         Tons 

The  "cost  per  unit"  will  increase  as  £—c   ^ 

the  average  haul  mileage  increases.  It  c— D   ""ZZ!!!Z"!!!Z"!!Z!Z"."Z    5 

is  obvious  that  a  ton  hauled  ten  miles  D— E   10          3 

will  cost  more  than  a  ton  hauled  one  Totals  4 30         10 

mile  under  the  same  conditions.  There  By  the  method  outlined  in  the  sales 

is  very  little  difference  in  the  fixed  letter  the  ton-miles  would  be  30x10= 

costs  for  each  of  the  sizes  of  heavy  300.  Actually  the  ton-miles  would  be: 

trucks  and  since  the  variable  costs  on  table  no.  5 

the  various  sizes  do  not  increase  in         Trip  J    ■' ™  x  f =4°  ton  miles 

!•                  ..          -J.!     •                     •                   .I  Irip  2     5x1=  5  ton  miles 

direct  ratio  with  increase  in  size,  the  Trip  3    5  x  2==i0  ton  miles 

"cost   per   unit"   will   vary   with   the  Trip  4    10  x  3=30  ton  miles 

truck  capacity.     The  daily  "cost  per  Total   85  ton  miles 

unit"  will  decrease  with  an  increase  The  first  method  is  correct  for  a 

in  truck  capacity  and  will  increase  as  truck  making  one  trip  per  day  with 

the  average  haul  mileage  is  increased.  one  load,  but  is  entirely  wrong  in  the 

Cost  per  Unit-Mile. — As  a  means  of  case  of  a  truck  making  many  trips 
comparing  operating  costs  of  differ-  daily  with  varying  loads.  In  the  lat- 
ent trucks,  there  is  probably  no  better  ter  case,  if  ton-mile  costs  are  desired, 
basis  than  that  of  the  "cost  per  unit-  it  will  be  necessary  to  keep  accurate 
mile."  This  is  commonly  worked  out  records  of  mileage  and  loads  between 
on  the  ton-mile  basis.  It  involves  a  each  stop  where  the  load  is  changed, 
record  of  units  hauled  and  mileage  However  in  this  type  of  trucking  the 
covered.  Costs  by  this  method  will  cost  per  mile  or  cost  per  day  is 
vary  with  the  truck  capacity  and  the  usually  more  satisfactory, 
daily  mileage.  This  "unit-mile  cost"  When  a  truck  is  running  on  a  regu- 
will  decrease  both  with  an  increase  in  lar  route  making  a  trip  out  to  a  cer- 
truck  capacity  and  with  an  increase  in  tain  point  with  a  given  load  and  back 
daily  mileage.  A  five-ton  truck  loaded  to  the  starting  point  with  the  same  or 
to  capacity  will  give  a  lower  "unit-  a  different  load,  the  ton  miles  can  be 
mile  cost"  when  operating  forty  miles  computed  by  multiplying  the  total 
daily  than  when  operating  only  mileage  by  the  total  load  carried  and 
twenty  miles  daily.  Likewise  a  five  dividing  by  twice  the  number  of  round 
ton  truck  loaded  to  capacity  and  oper-  trips.  Suppose  a  truck  travels  from 
ating  twenty  miles  daily  should  give  a  A  to  B,  a  distance  of  10  miles,  and  re- 
lower  "unit- mile  cost"  than  a  three-  turns  with  the  following  loads: 
ton  truck  with  capacity  load  covering  table  no.  6— round  trip  loading  table 
the  same  mileage.  Large  truck  capac-  Round  Trip  Load  Out  Load  in 
ity  and  high  daily  mileage  tends  to  go.  £=Z===**2>  J&, 
produce  lower  costs  per  unit  mile.  No.  3 4  tons          o  ton 

Apparently  there  is  a  great  varia-  No.  4 l  ton           5  tons 

tion  in  the  methods  used  in  arriving  Totalg  4  Round          jjj^         -^ 

at  the  "unit-mile"  or,  as  it  is  com-  ml          ,   .       ..                  OA         ,    ,, 

monly    figured,    the    "tonmile"    cost.  .   Jhe   total    mileage   is    80    and   the 

This   involves   not   only   a<  record   of  ^otal    oad  is.  21  tons      Then  by  the 

total  tonnage  and  total  nileage,  but  formula  as  given  the  ton  miles 

also  a  record  of  the  number  of  trips.  =210. 

During  the  war  one  of  our  large  2X4 

motor  truck  companies  ser  ;  out  a  cir-  Figured  on  the  basis  of  the  individ- 

cular  letter  on  operating  c  ,sts  to  their  ual  trips,  the  result  is  the  same, 

sales  representatives  in  which  instruc-  From  the  foregoing  it  can  readily 

tions  were  given  to  figure  total  cost  be   seen  that  the  basis   of  ton   mile 

per  ton  mile  by  dividing  t-  jCal  cost  per  costs  must  be  correct  before  depend- 

day  by  the  number  of  nales  driven  able  comparisons  can  be  made. 
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Recommended     Practice     for 
Highway  Danger  Signs 

Committee    Report    Presented   May    10 

at    Annual    Meeting    of    National 

Highway   Traffic   Association 

A  system  of  danger  or  warning 
signs  that  have  been  carefully  consid- 
ered by  a  number  of  mid-western 
highway  engineers  was  described  by 
G.  C.  Dillman,  Deputy  State  High- 
way Commissioner  of  Michigan,  in  his 
report.     The  report  follows: 

Importance  of  Standardizing  Dan- 
ger Signals. — It  goes  without  saying 
that  an  important  function  of  our  na- 
tional highway  system  is  the  erection 
of  and  maintenance  of  adequate  dan- 
ger signs.  Each  sign  should  be  placed 
for  some  specific  purpose  and  the  in- 
terpretation of  any  one  sign  should 
be  the  same  throughout  the  country. 
To  accomplish  this,  danger  signs 
should  be  standardized  in  all  states. 
This  is  a  matter  largely  educational 
and  it  will  take  considerable  persua- 
sion on  the  part  of  a  number  of  or- 
ganizations such  as  the  National 
Highway  Traffic  Association  to  con- 
vince the  many  state  agencies  that 
they  should  adopt  a  system  of  danger 
signs  that  may  mean  abandonment  of 
the  system  now  in  vogue.  There  has 
been  a  general  tendency  on  the  part 
of  all  states  that  have  gone  into  this 
matter  to  create  something  along 
lines  entirely  different  than  in  the 
neighboring  states. 

Recommendations  Regarding  Dan- 
ger Signals. — Therefore  the  report  of 
this  committee,  in  view  of  the  many 
ideas  concerning  danger  signs,  will 
cover  certain  recommendations  that  it 
is  believed  worthy  of  consideration  by 
this  association. 

1st.  Danger  signs  should  be  uni- 
form in  both  shape  and  lettering  or 
convention. 

2nd.  Lettering  and  convention 
should  be  simple  so  the  observer 
grasps  the  meaning  without  undue 
mental  effort. 

3rd.  Color  scheme  should  be  limited 
to  black  lettering  on  a  white  back- 
ground. 

4th.  Frequency  of  display.  These 
signs  should  be  used  only  where  it  is 
very  necessary  that  they  be  placed  as 
it  is  believed  that  too  frequent  use 
of  them  will  depreciate  their  value  as 
a  safety  measure  to  the  traveling 
public.    Too  frequent  and  unnecessary 


use  of  them  will  discredit  the  value 
of  such  signs. 

5th.  Location.  It  is  recommended 
that  (a)  the  erection  of  the  center 
of  the  signs  be  about  4  ft.  above  the 
center  of  the  road  surface;  (b)  that 
the  sign  be  located  1  ft.  outside  the 
outer  shoulder  line  of  the  road  grade; 
(c)  that  the  sign  be  located  500  ft. 
back  from  the  source  of  danger. 

6th.  Shape  of  Signs.  Danger  signs 
be  of  four  different  and  distinct 
shapes,  indicating  the  degree  and  na- 
ture of  danger,  as  follows: 

Round  indicating  railroad  crossing. 

Octagonal  indicating  stop. 

Diamond  indicating  slow. 

Square  indicating  caution. 

Railroad  Crossing  and  Stop  and 
Slow  Signs. — 7th.  Railroad  Crossing 
Sign.  The  railroad  grade  crossing 
sign  should  be  circular  in  shape  and 
two  feet  in  diameter  with  a  cross  on  it 
and  the  letters  R.  R.  above  the  hori- 
zontal line,  one  on  either  side  of  the 
vertical  bar.  (This  particular  sign 
has  been  officially  adopted  in  a  num- 
ber of  states.) 

.  8th.  Stop  Sign.  This  shall  be  oc- 
tagonal in  shape,  two  feet  across  with 
the  words  "Stop"  printed  across  the 
face  with  letters  nine  inches  high. 
Such  sign  should  be  used  where  it  is 
dangerous  for  traffic  to  advance  fur- 
ther without  stopping  and  it  is  prefer- 
able that  such  sign  be  displayed  in  the 
center  of  the  roadway. 

9th.  Slow  Sign.  Signs  indicating 
slow  speed  shall  be  made  two  feet 
square  in  size,  displayed  with  its 
longest  dimensions  vertical  and  hori- 
zontal, giving  it  a  diamond  shaped 
appearance.  This  sign  might  carry 
such  words  as  "Slow,"  "Hill," 
"Curve,"  "Loose  Gravel,"  "Fresh 
Tar,"  "Narrow  Road,"  "Turn,"  etc. 
Lettering  should  be  about  nine  inches 
in  height  diagonally  across  the  face  of 
the  sign. 

10.  Caution  Sign.  These  signs  shall 
be  two  feet  square  so  set  that  the  top 
and  bottom  of  the  sign  shall  be  hori- 
zontal with  the  roadway.  It  may  car- 
ry such  words  as  "School,"  "Cross 
Road,"  "Side  Road,"  etc. 

The  Mississippi  Valley  Association 
of  State  Highway  Officials,  at  their 
last  annual  meeting  at  Chicago, 
adopted  a  committee  report  embody- 
ing the  foregoing  principles  and  dur- 
ing the  pas't  few  months  a  number  of 
states  have  adopted  a  system  of  high- 
way danger  signs  in  line  with  these 
recommendations. 
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The  above  recommendations  cover 
only  one  conventional  sign,  namely 
that  for  railroad  grade  crossings.  It 
is  suggested  that  further  considera- 
tion and  discussion  be  given  the  mat- 
ter of  convention  for  signs  to  mark 
curves,  cross  roads,  etc. 

The  subject  of  automatic  and  me- 
chanical danger  signals  and  signs  may 
have  a  proper  place  in  a  system  of 
standardized  danger  signs,  but  on  ac- 
count of  the  great  variety  of  these 
signals  some  of  which  are  patented 
and  the  cost  for  general  use  is  pro- 
hibitive, and  the  fact  that  there  is  a 
possibility  that  certain  devices  will 
not  operate  continuously  without  at- 
tention thus  injecting  an  occasional 
interval  when  the  traveling  public  is 
not  adequately  protected  such  devices 
have  not  been  considered  a  part  of  the 
recommended  standardized  system  of 
highway  danger  signs. 


Construct  Concrete  Surfacing 

with  Special  Aggregate 

"Soliditit" 


Experiences  in  Italy  Summarized  from 

Paper    Presented    May    9    at    4th 

Internationa!  Road  Congress, 

Seville,    Spain 

By  LUIGI  LUIGGI  and  ITALO 
VENDONE 

This  kind  of  surfacing  was  first 
brought  out  in  Italy  in  1911,  followed 
by  trials;  one  at  the  Casalei  Portland 
cement  works  and  another  before  the 
entrance  of  the  State  Railways  Ex- 
perimental Institute  in  Rome. 

The  concrete  was  laid  on  on  ordi- 
nary macadam  foundation,  previously 
smoothed  and  rolled.  The  width  of 
the  surfacing  was  7.75  m.  and  the  uni- 
form thickness  7  cms.  The  work  was 
carried  out  on  half -widths.  The  gaug- 
ing of  the  transversal  section  to  %  a 
millimeter  approximately,  showed 
that  during  the  first  three  years  the 
average  wear  was  1-5  mm.  and  8  mm. 
the  maximum.  Later  on  cracks  ap- 
peared and  the  surfacing  was  broken 
in  several  places.  According  to  the 
opinion  of  the  Chief  Engineer  of  the 
Department  Technical  Bureau,  the 
thickness  of  the  surfacing  had  to  be 
increased  in  order  to  obtain  a  longer 
life. 

Another  trial  was  made,  on  the 
road  from  Milan  to  Monza,  which 
gave    excellent    results    during    the 


three  first  years,  but  by  reason  of 
the  exceptional  traffic  during  the  war, 
and  the  impossibility  of  effecting  re- 
pairs, as  the  traffic  could  not  be  devi- 
ated, the  longitudinal  joint  became  a 
deep  rut,  and  the  lack  of  homogeneity 
of  the  concrete,  the  trial  having  been 
made  with  different  proportions, 
caused  the  formation  of  large  and 
deep  hollows  and  it  was  necessary  to 
abandon  this  surfacing. 

However  "Soliditit"  offered  great 
resistance  to  wear  by  friction  (action 
of  wheels)  and  trials  made  with  the 
normal  wheel  gave  as  result  a  wear 
of  only  3.8  mm.  after  the  passing  of 
the  wheel  16.000  times. 

In  the  province  of  Milan  more  than 
28.000  m2  have  been  laid  and  accord- 
ing to  the  opinion  of  the  eigineer,  Mr. 
Cattaneo,  the  stones  employed  may  be 
classed  in  the  following  order  as  re- 
gards their  quality:  1  deg.  Porphyry; 
2  deg.  Granite;  3  deg.  Limestone;  he 
recommends  that  stones  of  the  same 
size  be  employed  and  the  avoidance 
of  an  excessive  proportion  of  small 
matter  and  above  all  of  stones  of  dif- 
ferent natures.  The  same  engineer 
concludes  that  this  kind  of  surfacing 
is  costly,  difficult  to  preserve,  and 
that  it  requires  very  delicate  execu- 
tion, for  the  reason  it  cannot  consti- 
tute a  general  solution  for  the  paving 
of  roads  of  important  towns. 

Among  the  surfacings  carried  out 
at  Milan  that  of  the  court  yard  before 
the  Central  Station  has  remained  in 
perfect  condition,  but  the  traffic  that 
it  has  to  support  is  entirely  composed 
of  light  vehicles,  generally  with  rub- 
ber tires.  Against  this  in  streets  with 
goods  traffic,  this  surfacing  deterio- 
rates rapidly. 

In  Rome  numerous  applications  of 
this  surfacing  have  been  made  with 
good  results  for  some  years,  but  after 
a  time  ruts  appeared  in  the  lines  of 
the  joints  and  hollows  which  soon  got 
worse  and  worse,  on  the  other  hand 
no  maintenance  work  was  undertaken 
to  avoid  the  damage.  It  was  espe- 
cially at  the  joints  of  the  tramway 
rails  and  at  damp  spots  that  the  de- 
teriorations appeared  after  a  short 
time.  It  was  also  remarked  that 
when  thre  traffic,  although  intense, 
was  divided  up  over  the  whole  width 
that  the  damage  was  slight,  but  when 
it  was  concentrated  on  one  part  of  the 
width  deep  ruts  were  produced. 

It  should  be  pointed  out  that  even 
in  steep  inclines  of  4  to  5  per  cent, 
the  traction  presents  no  difficulties. 
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Conclusions.  —  "Soliditit"  concrete 
surfacings,  especially  if  the  stone  is 
very  hard,  offer  great  resistance  to 
wear.  However,  when  depressions  oc- 
cur in  the  sense  of  the  traffic  ruts  are 
produced,  and  it  is  particularly  un- 
favorable to  execute  tjiis  surfacing 
by  half-widths,  a  better  result  is  ob- 
tained by  making  the  joints  in  zig- 
zag. 

It  may  happen  that  surfacings 
which  have  resisted  well  during  2  or 
3  years,  rapidly  deteriorate  after  in 
the  case  of  roads  with  intense  and 
heavy  traffic.  This  can  be  explained 
by  the  fact  that  the  foundation  soil 
contracts  gradually  under  the  vibra- 
tions of  the  surfacing,  the  latter  is 
then  only  supported  at  a  few  points, 
or  partially  embedded,  this  allows 
water  to  penetrate  between  the  sur- 
facing and  the  soil,  rendering  this 
latter  softer  and  aggravating  the  sit- 
uation. Under  these  conditions  the 
hammering  of  heavy  vehicles,  espe- 
cially if  running  at  some  speed  and 
without  rubber  tires,  may  produce 
ruptures  in  the  surfacing. 

This  is  why  it  is  necessary  to  ar- 
range the  foundation  so  as  to  avoid 
humidity  and,  besides,  to  give  suf- 
ficient thickness  to  the  surfacing  so 
that  it  can  resist  even  if  the  continu- 
ous support  of  the  soil  be  lacking. 

It  appears  that  the  surfacing  must 
not  be  executed  in  two  layers,  even 
though  an  economy  can  be  realized 
by  using  poorer  concrete  for  the  low- 
er layer.  The  two  layers  are  not  one 
from  the  point  of  view  of  construction 
and  consequently  do  not  resist  jointly 
the  static  and  dynamic  stresses  which 
result  from  the  traffic,  as  much  when 
the  surfacing  is  considered  as  a  fiat 
surface  as  when  it  is  supposed  to  re- 
sist as  an  arc  supported  at  the  sides. 

However,  the  carrying  out  of  the 
work  in  two  layers  might  be  admit- 
ted, if  they  were  executed  at  the 
same  time  and  rammed  like  one  single 
layer. 

It  seems  that  this  kind  of  surfacing 
must  be  put  aside  when  any  doubt 
exists  concerning  the  resistance  of  the 
soil  or  when  it  is  moist,  as  also  when 
great  vibration  is  possible,  due  to  the 
passing  of  trams. 

On  the  contrary  it  is  quite  indicated 
in  places  where  the  traffic  is  light  and 
consists  principally  of  rubber  tired 
vehicles. 


Auxiliary     Transmission     System 

for  Increasing  Power  of   1- 

Ton  Truck 

An  auxiliary  transmission  system 
that  is  claimed  to  double  the  power 
of  the  Ford  1-ton  truck  has  been 
brought  out  by  the  Tractor-Train  Co., 
of  Indiana,  Connersville,  Ind.,  a  Ford 
truck  equipped  with  this  transmission 
has  four  speeds  forward  and  two  re- 
verse. The  principal  feature  is  the 
intermediate  speed  which  is  half  way 
between  the  present  Ford  high  and 
low,  100  per  cent  more  powerful  than 
the  high  and  twice  as  fast  as  the  low, 
without  holding  down  the  foot  pedal. 
This  intermediate  gear  is  a  direct 
drive  from  the  high  speed  clutch  and 
eliminates  the  constant  relining  of  the 
transmission  bands.  In  addition  to 
the  intermediate  speed,  the  power  of 
the  low  and  reverse  speeds  is  in- 
creased   100    per   cent.      This    in    no 
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Truck  Equipped  with  Moore  Transmission. 

way  changes  the  original  high,  low 
and  reverse,  nor  the  driving  method 
of  the  Ford.  The  transmission  has 
a  positive  neutral  point  which  allows 
easy  cranking  by  eliminating  the 
drag  on  the  Ford  clutch.  In  the  in- 
termediate speed  it  is  stated  to  be 
possible  to  carry  very  heavy  loads 
over  the  most  difficult  roads  and  up 
steep  grades  without  overheating  or 
racing  the  engine.  The  transmission 
system  can  be  installed  easily  with 
aid  of  only  an  ordinary  hacksaw  and 
the  regular  Ford  wrenches.  It  is 
bolted  directly  onto  the  differential 
housing  and  all  the  original  Ford 
parts  are  retained  throughout.  It 
does  not  alter  or  interfere  with  the 
original  Ford  mechanism  in  any  way. 
It  makes  no  change  in  the  method 
of  operating  the  regular  Ford  foot 
pedals — but  when  once  installed  be- 
comes a  permanent  part  of  the  car. 


A  New  Tructractor 

A  new  model  tructractor,  has  been 
placed  on  the  market  by  the  Clark 
Tructractor  Co.,  1130  Days  Ave., 
Buchanan,  Mich.  Among  the  impor- 
tant features  of  this  new  tructractor 
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are  special  2-ton  Clark  internal  gear 
axle;  27  in.  x  10  in.  extra  heavy  steel 
wheels  with  reinforced  web,  wheels 
are  rim  cast  integral  or  28  in.  x  7  in. 
wheels  if  Giant  rubber  tires  are  used 


Special    Contractors    Model    Tructractor 


on  the  driving  wheels;  an  improved 
air  cleaner  which  keeps  dust  from 
the  carburetor  feed.  The  tructractor 
is  of  all  steel  construction;  hot  riv- 
eted steel  channel  chassis  frame;  elec- 
tric furnace  steel  castings  used  for 
spring  hangers,  differential  housing, 
rear  cross  member  and  all  other  units 
subject  to  stress  and  strain.  It  will 
carry  22  cu.  ft.  of  wet  concrete,  30 
cu.  ft.  of  dry  aggregate.  It  has  a 
speed  of  10  miles  per  hour,  and  can 
climb  a  15  per  cent  grade  under  full 
load. 


Good  Road  Soon  Repays  Its  Cost, 
Survey  Shows 

A  good  road  is  such  a  paying  in- 
vestment that  it  is  the  poorest  kind 
of  business  judgment  to  do  without 
it,  according  to  the  Bureau  of  Public 
Roads  of  the  United  States  Depart- 
ment of  Agriculture.  The  bureau 
produces  figures  based  upon  a  survey 
of  traffic  in  Connecticut  to  prove  its 
contention.  An  actual  count  of  the 
traffic  on  the  Boston  Post  Road  show- 
ed that  the  average  weight  of  vehicles 
and  commodities  passing  over  the 
road  in  nine  hours  each  day  was  1,140 
tons.  Adding  one-third  as  a  conserv- 
ative estimate  for  the  full  day  in- 
creases the  weight  to  1,520  gross  tons 
daily. 

Experiments  made  at  the  Iowa  Ex- 
periment Station  show  that  with  gas- 
oline at  24  cts.  a  gallon  the  cost  of 
moving  this  tonnage  over  a  dirt  road 
would  have  been  $26.44  a  mile,  as- 
suming the  impossible,  that  such 
traffic  could  be  carried  over  a  dirt 
road.  The  cost  of  fuel  for  moving 
the  same  tonnage  over  a  paved  road 
would  be  $11.70,  a  difference  of  $14.74 


a  day.  On  the  basis  of  300  days  a 
year  the  actual  saving  in  fuel  alone 
for  moving  this  tonnage  would  be 
$4,422.  If  the  paved  highway  costs 
$40,000  a  mile,  the  average  interest 
at  5  per  cent  would  be  $1,000  a  year, 
which,  deducted  from  the  saving  on 
fuel,  would  "leave  a  balance  which 
would  retire  the  cost  of  the  road  in 
less  than  12  years. 

This  calculation  does  not  take  into 
account  other  savings  in  the  cost  of 
operating  commercial  vehicles  or 
value  of  the  heavy  movement  of  pas- 
senger vehicles. 

In  less  developed  rural  sections  the 
value  of  the  gasoline  saved  is  reduced 
in  proportion  to  the  lighter  travel, 
but  the  cost  of  the  roads  is  corre- 
spondingly reduced,  and  there  is  no 
doubt  that  an  analysis  and  compari- 
son of  the  highway  costs  and  the 
vehicle  operating  cost  in  any  particu- 
lar case  will  demonstrate  the  economy 
of  improvement  wherever  the  traffic 
is  sufficient  to  call  for  any  improve- 
ment at  all. 


The  Importance  of  Organization 

State  Highway  Engineer  S.  D. 
Fauntleroy  of  Texas,  has  issued  the 
following  bulletin  to  the  employes  of 
the  State  Highway  Department: 

"In  all  large  undertakings,  it  is  of 
primary  importance,  if  the  work  is  to 
be  carried  on  properly  and  delays 
avoided,  that  an  organization  of 
trained  employees  be  selected  to  prop- 
erly supervise  and  distribute  the  work 
which  is  to  be  done.  It  is  essential 
that  such  an  organization,  above  all 
things  be  composed  of  men  who  are 
honest  and  upright  in  all  their  deal- 
ings and  who  have  the  confidence  and 
respect  of  the  public. 

"To  make  such  an  organization  ef- 
fective, the  salaries  must  be  graded 
according  to  the  duties  and  responsi- 
bilities resting  upon  each  individual 
person.  Each  employe  must  realize 
that  his  or  her  duties  are  essential 
to  the  proper  carrying  out  of  the 
work  as  a  whole.  From  the  highest 
to  the  lowest  position,  each  one  must 
be  heartily  in  sympathy  with  the 
work  of  the  department  and  must  de- 
termine to  make  it  a  success,  and 
must  also  feel  that  his  or  her  duties 
will  be  appreciated  by  the  people  of 
the  state  and  that  their  reward  will 
be  in  proportion  to  the  services  actu- 
ally rendered." 
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At  Last  Chicago  Decides 

to  Meter  All  Water 

Users 

At  last  a  city  administration  in 
Chicago  has  decided  to  accept  the 
long  repeated  advice  of  engineers  to 
meter  the  water  consumers.  For  many 
years  this  journal  has  repeatedly 
urged  this  step,  and  City  Engineer 
John  Ericson  has  advocated  it  in 
many  reports.  Recently  a  com- 
mittee of  the  Western  Society  of  En- 
gineers came  out  strongly  in  sup- 
port of  metering  in  Chicago,  and  we 
doubt  not  that  this  recommendation 
has  had  great  weight  with  the  city 
administration.  We  have  repeatedly 
urged  engineering  societies  to  do  just 
this  sort  of  thing,  to  make  their  in- 
fluence felt  in  matters  of  public  con- 
cern where  their  technical  knowledge 
would  receive  a  respectful  hearing. 

We  quote  from  the  Chicago  Trib- 
une : 

Because  more  than  half  of  the  1.- 


100,000,000  gallons  of  water  pumped 
in  Chicago's  water  main  each  twenty- 
four  hours  is  wasted,  150  square  miles 
of  the  city's  area  is  without  adequate 
water  pressure.  The  city  is  now  us- 
ing about  VA  barrels  of  water  per 
capita  per  day.  That  is  more  than 
any  other  city  in  the  world,  and  about 
three  times  the  per  capita  consump- 
tion of  New  York. 

These  facts,  made  public  in  the 
form  of  a  report  from  City  Engineer 
John  Ericson  to  Commissioner  of 
Public  Works  A.  A.  Sprague,  have  led 
the  city  administration  to  decide  that 
the  metering  of  the  entire  city  within 
the  next  eight  years  is  the  only  solu- 
tion to  the  water  shortage  problem. 

Complaints  of  low  pressure  are  be- 
ginning to  stack  up  in  the  city  engi- 
neer's office  as  they  do  every  summer. 
Though  the  city  is  now  pumping  362 
gallons  of  water  a  day  for  each  in- 
habitant, it  is  estimated  that  425  gal- 
lons would  be  necessary  if  satisfac- 
tory pressure  were  maintained. 
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Engineering    Societies 
Should   Conduct    a 
Sanitary  Campaign 

A  great  deal  is  heard  about  inade- 
quate water  supply  in  certain  cities, 
but  relatively  little  is  heard  about 
inadequate  sewage  disposal,  althougn 
the  latter  is  probably  a  mucn 
more  common  economic  defect.  Cer- 
tain it  is  that  the  treatment  of  water 
by  filtration  and  chlorination  has  at- 
tained a  much  more  extensive  adop- 
tion than  has  the  treatment  of  sew- 
erage. Thousands  of  cities  and  towns 
continue  to  contaminate  rivers  and 
creeks  with  their  sewerage,  because 
the  public  has  not  yet  been  taught  the 
danger  from  such  contamination. 
Probably  it  will  devolve  upon  civu 
engineering  societies  to  conduct  sani- 
tary campaigns  for  adequate  sewers 
and  sewage  disposal  plants. 

Had  engineering  societies  under- 
taken to  teach  the  public  the  desira- 
bility of  chlorinating  drinking  water, 
there  would  be  today  no  American 
community  without  the  great  meas- 
ure of  protection  against  typhoid  that 
chlorination  gives.  But  it  is  only  re- 
cently that  engineering  societies  have 
begun  to  regard  themselves  as  educa- 
tors of  the  public,  and  there  still  ex- 
ists a  great  deal  of  inertia  that  resists 
this  innovation 

The  scourage  of  malaria  can  be  re- 
moved in  most  places  by  drainage  and 
by  treatment  to  destroy  the  larvae 
of  mosquitoes.  But  most  of  the  public 
is  ignorant  as  to  what  can  be  accom- 
plished and  as  to  the  cost  of  pre- 
venting malaria.  Here  also  engineer- 
ing societies  should  play  the  part  of 
scientific  and  economic  educators. 


An  Open  Letter  to  The 
New  Republic 

In  "An  Open  Letter  to  Mr.  Hoover" 
you  call  upon  Mr.  Hoover  to  solve 
the  great  economic  problem  of  elim- 
inating business  cycles.    You  say: 

"You  are  well  aware  that  the  busi- 
ness cycle  of  feast  and  famine  was 
unknown  before  the  era  of  private 
initiative.  It  is  a  disease  peculiar  to 
the  scheme  of  life  for  which  you  are 
the  foremost  living  apologist.  It  is  as 
characteristically  capitalistic  as  lep- 
rosy is  human.  And  like  leprosy,  it 
looks  like  an  incurable  disease.  As 
you  know,  it  is  the  chief  count  in  the 
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Socialistic  indictment  of  the  system. 
From  the  days  of  Rodbertus  and 
Marx  to  the  present  time,  hardly  a 
single  Socialistic  book  or  pampnlet 
has  appeared  which  has  not  drawn  tne 
conclusion  that  the  crisis  will  be  the 
death  of  the  present  system.  And 
the  argument  has  convinced  millions. 
How  could  it  have  failed  to  do  so? 
For  at  least  a  year  or  two  in  every 
decade  millions  go  workless  and  on 
short  rations  although  there  is  no 
lack  of  materials,  machinery,  or  hu- 
man needs  to  satisfy.  The  Satanic 
elusiveness  of  the  evil  is  enougn  to 
unsettle  the  faith  even  of  those  who 
want  to  believe  in  the  fundamental 
goodness  of  the  system  which  you, 
Mr.  Hoover,  revere." 

You  are  right  in  placing  such  great 
emphasis  on  the  importance  of  solv- 
ing the  business  crisis  problem,  but 
if  you  are  entirely  wrong  in  your 
statement  that  the  "cycle  of  feast  and 
famine"  was  unknown  before  the 
present  "capitalistic  system"  evolved. 
World  histories  of  the  early  days  are 
full  of  accounts  of  "feasts  and  fam- 
ines." Indeed,  the  farther  back  we  go 
in  social  evolution  the  greater  all  the 
cycles  of  prosperity  and  depression. 
The  more  savage  a  people,  the  great- 
er the  extremes  of  their  prosperity 
and  poverty.  For  example,  in  the 
history  of  the  Lewis  and  Clark  Ex- 
pedition, we  recall  that  when  that 
famous  trek  of  the  Pacific  brought 
the  daring  little  band  into  the  land  of 
the  Shoshones,  they  found  most  of  the 
Indians  starving.  The  Shoshones  de- 
pended largely  upon  hunting  for  their 
food,  but  they  also  raised  corn.  There 
had  been  a  drought  that  had  greatly 
reduced  both  the  supply  of  corn  and 
of  game.  The  Shoshones  had  no 
"capitalistic  system,"  yet  they  were 
starving  as  no  men  have  ever  starved 
in  a  modern  business  depression. 

India  and  China  have  had  their 
cyclic  years  of  starvation  for  count- 
less centuries,  yet  they  are  not 
capitalistically  organized.  Britain 
and  all  of  Europe  similarly  starved 
periodically  prior  to  the  introduction 
of  the  capitalistic  system.  Indeed,  it 
was  these  cyclic  industrial  depres- 
sions coupled  with  disease  that  held 
their  population  stationary  until  ap- 
plied science  and  the  capitalistic  sys- 
tem— those  twin  causes  of  modern 
prosperity — gave  the  world  relief 
from  the  tremendous  industrial  oscil- 
lations that  spelled  not  merely  dis- 
comfort but  death. 
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It  is  true  that  our  modern  business 
depressions  are  evils  that  must  be 
eliminated.  But  at  the  worst  they  re- 
duce general  employment  only  20  per 
cent,  and  the  remaining  80  per  cent 
find  it  possible  to  support  their  idle 
brothers  and  sisters.  However,  20 
per  cent  of  unemployment  is  very  bad 
in  a  system  that  is  of  such  excellence 
that  it  has  increased  the  buying  pow- 
er of  the  average  annual  wage 
per  cent  in  a  century. 

We  do  not  belittle  the  defects  of 
the  capitalistic  system,  but  we  do  in- 
sist that  you,  The  New  Republic,  and 
other  advocates  of  socialism  should 
neither  ignore  nor  distort  the  facts 
that  make  clear  the  tremendous  eco- 
nomic advance  that  has  occurred  un- 
der science  backed  by  capital  and  the 
incentive  of  individual  profit. 


Leaking  Millions 

Editorial   in    Chicago   Tribune 

Among  the  liabilities,  little  known 
but  none  the  less  burdensome,  in- 
herited by  Mayor  Dever's  administra- 
tion is  a  badly  demoralized  system  of 
city  water  works.  The  unlimited  sup- 
ply at  the  doors  of  Chicago  is  such  a 
commonplace  that  as  individuals  we 
are  inclined  to  give  little  if  any 
thought  to  its  cost  or  distribution. 

Only  in  such  periods  as  we  find  our 
supplies  inadequate,  as  many  persons 
living  in  the  higher  apartments  do  in 
summer,  do  we  realize  its  importance. 
But  this  condition  is  a  constant 
charge  upon  the  taxpayers  of  the  city, 
as  well  as  an  intermittent  nuisance. 
It  is  also  a  menace  to  life  and  prop- 
erty in  so  far  as  it  reduces  the  effi- 
ciency of  fire  control. 

For  these  reasons  a  report  just  pre- 
pared by  the  public  affairs  committee 
of  the  Western  Society  of  Engineers 
should  be  of  interest  and  value.  It  de- 
clares, among  other  things,  that  75 
per  cent  of  Chicagoans  suffer  from 
inadequate  water  service;  that  two 
gallons  of  water  are  pumped  for 
every  gallon  used;  and  that,  at  the 
present  rate  of  disintegration  of  the 
service,  within  twenty  years  three 
and  one-half  gallons  will  be  pumped 
for  each  gallon  used. 

Despite  the  fact  that  the  water 
works  now  show  an  annual  deficit  of 
$1,000,000,  the  waste  requires  an  out- 
lay for  new  plants  two  and  one-half 
times  as  rapid  in  proportion  to 
growth  of  population  as  in  other 
cities.     This  waste,  according  to  the 


engineers,  can  be  checked.  Such 
checking,  they  say,  would  save  ex- 
penditure of  $88,000,000  otherwise 
necessary  for  new  plant  in  the  next 
twenty-five  years,  and  could  save 
$145,000,000  by  reduction  of  operat- 
ing costs  in  the  same  time. 

Those  are  savings  well  worth  while. 
Obviously  it  is  little  short  of  criminal 
to  let  such  sums  of  taxpayers'  money 
leak  away  with  the  water  through 
faulty  mains,  etc.  The  present  condi- 
tion is  in  no  way  the  fault  of  Mayor 
Dever,  but  it  offers  him  an  oppor- 
tunity for  constructive  money  saving 
and  public  service  which  he  should  be 
glad  to  accept. 


Under  Pressure  on  Dams 

To  the  Editor:  In  answer  to  Mr. 
Edward  Godfrey's  letter  about  "un- 
der pressure  on  dams"  which  ap- 
peared in  your  Water  Works  issue  of 
May  9,  1923,  kindly  permit  me  to 
draw  attention  to  the  following  facts, 
which  may  be  of  interest  to  some  of 
your  readers. 

You  published  in  the  issue  of  April 
11,  1923,  a  letter  addressed  to  you  by 
Mr.  Edward  Godfrey,  of  Pittsburgh, 
Penn.,  criticising  parts  of  a  paper  on 
"the  Design  of  Masonry  Dams," 
which  I  had  written  for  the  Interna- 
tional Congress  of  Engineers,  held 
last  fall  at  Rio  de  Janeiro,  Brazil,  and 
you  also  gave  in  this  issue  my  answer 
to  Mr.  Godfrey,  giving  figures  to 
prove'  that  he  was  mistaken  when  he 
stated  in  his  letter  addressed  to  you 

" it  is  a  fact  that  cannot 

be  disputed  that  the  section  of  the 
Croton  dam  is  heavy  enough  and  wide 
enough  at  the  base  to  resist  overturn- 
ing and  sliding  with  full  under-pres- 
sure  exerted  on  the  entire  base,  ac- 
cording to  the  dimensions  given  in 
Mr.  Wegmann's  letter." 

I  thought  I  had  convinced  Mr.  God- 
frey of  the  mistake  contained  in  this 
remark,  but  to  my  surprise  I  find  a 
second  letter  from  him  in  your  May  9 
issue.  In  this  letter  Mr.  Godfrey  does 
not  prove  any  mistake  in  what  I  said 
would  be  the  condition  of  the  New 
Croton  dam  with  full  under-pressure, 
but  advances  a  new  proposition,  viz.: 
that  "if  the  base  of  a  triangular  dam 
is  84/100  of  the  height,  the  dam  will 
be  completely  stable,  so  far  as  over- 
turning #is  concerned,  against  full  un- 
der-pressure over  the  entire  base." 
This  proposition  is  absolutely  correct; 
no  one  will  dispute  it.     The  area  of 
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this  profile  is,  however,  zy.2  per  cent, 
greater  than  that  of  a  similar  trian- 
gular profile,  100  ft.  high,  designed  as 
was  the  new  Croton  dam,  without  tak- 
ing under-pressure  into  consideration. 
Let  us  see  what  would  happen  if  full 
under-pressure  should  occur  under  the 
base  of  a  dam  built  according  to  the 
latter  profile. 

We  will  assume  that  the  masonry 
weighs  150  lbs.  per  cubic  foot,  and 
that  the  base  is  65  ft.  long,  which 
gives  the  minimum  area  of  profile, 
complying  strictly  with  the  condition 
first  laid  down  by  Prof.  Rankine,  that 
the  lines  of  pressure,  reservoir  full  or 
empty,  should  lie  within  the  center- 
third  of  the  profile. 

Taking  moments  about  the  front  toe 
of  the  dam  we  find : 

Moment  ol  water  pressure  on  up- 
stream face: 


62.5  x 


(100)' 


10,416,666 


Moment  of  water  pressure 
under  dam: 

65 
62.5  x  100  x  65  x  -—  = 

2 


10,416,666 


13,203,125 


Total  moment  of  water=  23,619,791 

Moment  of  the  masonry: 

65  x  100  2 

xl50x  —  x  65  =  21,125,000 

2  3 

As  in  the  above  case,  the  moments 
of  the  water  pressure  are  greater 
than  that  of  the  masonry,  the  line  of 
pressure  for  reservoir  full  would  fall 
outside  of  the  base  and  the  dam  would 
be  overturned. 

This  condition  would  occur  in  any 
triangular  dam,  designed  to  keep  the 
lines  of  pressure,  reservoir  full  or  em- 
pty, just  within  the  center  of  the 
profile. 

In.  the  New  Croton  dam  the  width 
of  the  profile  for  a  depth  of  water  of 
100  ft.  is  only  62.68  ft.,  which  is  2.32 
ft.  less  than  that  of  the  triangular 
dam  discussed  above.  For  this  height, 
the  dam  would  undoubtedly  be  rup- 
tured, if  full  under  pressure  occurred. 
In  the  lower  part  of  the  dam,  the 
lines  of  pressure  reservoir  full  or 
empty,  must  be  kept  within  the  cen- 
ter-third of  the  profile,  to  keep  the 
maximum  pressures  in  the  masonry 
within  the  safe  limits  adopted  for  this 
dam.  With  full  under-pressure  at  the 
base  of  the  dam,  the  factor  of  safety 
against  overturning  which  should  be 
at  least  2,  would  be  only  1.03,  and  the 
line  of  pressure  for  reservoir,  would 
fall     dangerously     near     the     down- 


stream toe,  causing  much  tension  in 
the  masonry  at  the  up-stream  face, 
and  excessive  compression  stresses  at 
the  down-stream  face. 

After  stating  that  a  triangular  dam 
with  a  base  equal  to  84/100  of  its 
height  could  resist  safely  full  upward 
pressure,  Mr.  Godfrey  states  in  his 
letter: 

"This  is  far  from  the  claim  of  Mr. 
Wegmann  that  the  width  of  the  new 
Croton  dam  for  a  depth  of  water  of 
250  ft.,  would  have  been  400  ft.  if  un- 
der-pressure had  been  considered. 

"No  such  claim  was  ever  made  by 
me.  What  I  did  say  in  my  letter  pub- 
lished in  your  Water  Works  issue  of 
April  11,  was: — 

"The  profile  designed  by  Mr.  Van 
Buren  with  these  conditions  for  a 
depth  of  water  of  250  ft.  has  a  base 
width  of  352  ft.,  while  the  width  of 
the  New  Croton  dam  for  the  same 
depth  of  water  is  only  206  ft.  If  the 
profile  of  the  new  Croton  dam  had 
been  designed  according  to  Mr.  Van 
Buren's  recommendations,  its  base 
would  have  been  about  400  ft.  wide." 
E.  WEGMANN, 
Consulting  Engineer. 

New  York  City. 


Comparative  Cost  of  Upkeep  of  Horse 

and  Wagon  and  Truck  by  Water 

Department 

The  following  note  is  abstracted 
from  the  1922  annual  report  of  the 
Board  of  Water  Commissioners  of 
Dover,  N.  H.: 

On  Feb.  28,  1922,  the  department 
purchased  a  1%  ton  truck  to  take 
the  place  of  the  horse  and  wagon 
formerly  in  use.  The  cost  of  up-keep 
for  the  remaining  ten  months  of  the 
year  was  $209.62,  or  at  the  rate  of 
GSY2  ct.  per  day.  This  cost  included 
several  accessories,  such  as  horn,  cur- 
tains for  the  cab,  etc.  The  total  dis- 
tance traveled  was  4,725  miles.  The 
stable  account  for  the  horse  and 
wagon  for  the  same  period  of  time  in 
1921,  was  $441.50;  for  shoeing  horse, 
repairs  to  wagon,  harness,  etc., 
$96.65;  for  veterinary  service,  $30.50; 
making  a  total  cost  of  $568.65,  or  a 
rate  of  $1.85  per  day. 


Growth  of  Cities  of  U.  S. — There 
are  now  78  cities  in  the  United  States 
with  a  population  of  more  than  100,- 
000  people.  In  1920,  there  were  only 
68  such  cities. 
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Water  Works  and  Sewer  Contracts  Awarded 
During  the  Last  40  Months 

The     accompanying    tables     show:  each  year  shows  a  gain  over  its  prede- 

First,  that  the  waterworks  and  sewer  cessor    in    the    volume    of    contracts 

contracts  awarded  during  the  last  half  awarded  in  this  "hydraulic  field." 
of  each  year  exceed  in  volume  those 

awarded  during  the  first  half;  second,  The  volume  of  irrigation  and  dram- 
that  there  is  not  a  month  in  the  year  age  contracts  will  surprise  any  one 
without  a  very  large  volume  of  water-  who  has  not  followed  closely  statistics 
works  and  sewer  contracts;  third,  that  of  this  sort. 

WATERWORKS   CONTRACTS  EXCEEDING   $25,000   IN    SIZE. 

1920  1921                          1922                          1923 

January $  1,144,000  $      519,000             $  1,727,000             $  4,720,000 

February 2,172,000  2,927,000                     652,000                  2,730,000 

March          2,213,000  2,028,000                 1,093,000               15,149,000 

April      2,719,000  3,342,000       •         2,673,000                  8,544,000 

May  1,382,000  4,944,000  3,568,000  

June      1,461,000  3,485,000  5,124,000  - 

July 3,793,000  3,106,000  811,000  

August 775,000  2,404,000  4,494,000  L 

September  743,000  1,487,000  3,906,000  

October    11,169,000  900,000  7,686,000  

November 2,151,000  4,698,000  2,161,000  

December    1,051,000  10,752,000  1,835,000  


Total $30,773,000  $40,602,000  $35,730,000                 -. 

Note. — About  100  per  cent  must  be  added  to  the  annual  totals  to  give  the  grand  total  of 
contracts  awarded  in  the  United  States. 

A  great  deal  of  waterworks  construction  is  done  by  directly  hired  labor  and  is  not  included 
above. 

Waterworks   buildings   are   not   included   above. 

SEWER  CONTRACTS  EXCEEDING  $25,000  IN   SIZE. 

1920  1921  1922  1923 

January    $  1,864,000  $  3,147,000  $  2,267,000             $  3,322,000 

February    623,000  2,445,000  2,462,000  2,131,000 

March    1,283,000  2,862,000  3,796,000  4,477,000 

April    ., 4,124,000  3,817,000  2,794,000  5,497,000 

May    2,315,000  2,162,000  5,722,000                 

June     2,349,000  3,802,006  5,158,000                 

July    3,163,000  3,986,000  1,869,000                  

August    2,437,000  3,988,000  3,450,000                  

September    2,319,000  5,064,000  3,340,000                 

October    8,052,000  2,829,000  4,996,000                 

November   4,572,000  2,733,000  5,349,000                 

December    2,967,000  2,549,000  2,381,000                 ... 


Total    $36,068,000  $39,384,000             $43,584,000                 

Note. — About  100  per  cent  must  be  added  to  the  annual  totals  to  give  the  grand  total  of 
contracts  awarded  in  the  United  States. 

A  considerable  amount  of  sewer  construction  is  done  by  directly  hired  labor,  which  is  not 
included  in  the  above  totals. 

IRRIGATION,    DRAINAGE   AND  EXCAVATION    CONTRACTS    EXCEEDING   $25,000. 

1920  1921                          1922  1923 

January    ; $  1,542,000  $  1,266,000             $  2,091,000  $      548,000 

February     787.000  306,000                     419,000  365,000 

March    3.151,000  1,626,000                     608,000  28,993,000 

April    416,000  580,000                  1,736,000  2,506,000 

May    404,000  2,632,000                    776,000                 

June   605,000  1,240,000                 2,628.000                 

July    1,942,000  609,000                  1,498,000                  

August     4,179,000  89,000                  6,920.000 

September     , 859,000  9,025,000                    876,000                 

October    1,086,000  373,000                  2,390,000                  

November 772,000  726,000                 1,741,000                 

December    477,000  707,000                    864,000                 


Total    $16,220,000  $19,179,000  $22,547,000  

Note. — About  100  per  cent  must  be  added  to  the  annual   totals  to  give  the  grand  total  of 
contracts  awarded   in  the  United  States. 
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The  Spavinaw  Water  Project  of  Tulsa,  Okla. 

General  Features,  Promotion,  Financing,  and  Certain  Details  Given  in 

a  Paper  Before  American  Water  Works  Association  at  Its 

Meeting  in  May  1923 

By  DABNEY  H.  MAURY, 

Consulting  Engineer,  Chicago. 


The  city  of  Tulsa  is  conspicuous 
among  American  communities  of  its 
size  for  its  phenomenal  growth  and 
development  during  the  recent  past. 
While  this  development  has  resulted, 
primarily,  from  the  magic  wealth  of 
oil,  no  man  can  remain  long  in  the 
city  without  realizing  that  the  per- 
sonnel and  civic  pride  «of  those  who 
are  prominent  in  the  city's  affairs 
have  had  far  more  to  do  with  the 
city's  rapid  strides  than  would  ordi- 
narily be  the  case  in  such  a  com- 
munity. 

Not  only  is  the  city  one  of  the  most 
modern  and  up  to  date  in  this  coun- 
try, but  on  every  side  one  is  im- 
pressed with  the  energy,  intelligence 
and  patriotic  teamwork  of  the  lead- 
ers of  all  of  the  civic  organizations. 

For  years  past  the  city  has  been 
getting  its  supply  from  the  Arkansas 
river.  The  water  is  made  perfectly 
safe  and  sanitary  by  filtration,  but 
as  it  contains  from  300  to  3,000  parts 
per  million  of  salt,  it  cannot  be  used 
for  drinking  nor  for  boiler  purposes. 
It  has  been  estimated  that  the  citi- 
zens of  Tulsa  pay  annually  from 
$350,000  to  $500,000  for  bottled 
waters. 

Progressive  Spirit  Votes  Heavy 
Bond  Issue. — In  1921  the  citizens 
voted  a  bond  issue  of  $6,800,000  to 
bring  water  60  miles  from  Spavinaw 
creek  in  the  Ozark  mountains.  As 
at  that  time  the  population  of  the 
city  was  not  much  over  75,000,  this 
bond  issue  represented  the  assump- 
tion of  an  obligation  of  more  than 
$90.00  for  every  man,  woman  and 
child  in  the  city. 

It  is  doubtful  whether  history  could 
show  a  larger  per  capita  bond  issue 
for  water  works  extensions  in  any 
city  of  comparable  size.  New  York's 
$175,000,000  for  her  Catskill  supply 
seems  small  when  the  relative  popu- 
lations of  the  two  communities  are 
considered. 

The  citizens  of  Tulsa  would  not, 
however,  have  voted  this  large  bond 
issue  had  not  the  Chamber  of  Com- 
merce  assured   them   that    the   work 


would  be  placed  in  the  hands  of  men 
of  standing  so  high  in  the  community 
that  all  their  acts  would  be  above 
suspicion.  "The  personnel  of  the  pres- 
ent Spavinaw  Water  Commission  com- 
plies with  this  specification  to  a  re- 
markable extent.  It  is  composed  of 
men  of  proven  courage,  intelligence 
and  integrity,  practically  all  of  whom 
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Detail  of  Aerator. 

are  at  the  head  of  some  of  the  city's 
most  important  business  institutions; 
and  these  men  are  giving  constantly, 
unselfishly,  and  without  compensation, 
their  valuable  services  to  the  enter- 
prise. 

Rejection  of  Low  Bids. — How  they 
stood  the  acid  test  was  shown  when 
at  a  letting  of  about  five  and  one-half 
million  dollars'  worth  of  contracts,  on 
Sept.  25,  1922,  they  had  the  wisdom 
and  courage  to  reject  unanimously  a 
bid  on  six  contracts  which  was  appar- 
ently $900,000  lower  than  the  aggre- 
gate of  the  six  next  lowest  bids  on 
each  of  those  contracts;  and  also  to 
reject  unanimously  a  bid  on  two  con- 
tracts which  was  apparently,  though 
not  actually,  $150,000  lower  than  the 
next  lowest  bid  on  the  same  two  con- 
tracts. 
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The  original  report  on  which  the 
Spavinaw  project  was  based  was  pre- 
pared by  Messrs.  Trammell  and  Hol- 
way,  who  were  later  retained  to  pre- 
pare the  plans  and  specifications  and 
supervise  the  work  of  construction, 
the  speaker  being  retained  by  the 
Board  as  Consulting  Engineer  on  the 
plans,  specifications  and   supervision. 

General  Features  of  the  Spavinaw 
Project. — The  Grand  river  into  which 
Spavinaw  creek  empties  some  4  or 
5  miles  below  Spavinaw  lake  is  the 
western  limit  of  the  Ozark  mountains, 
the  hills  coming  down  sharply  to  its 
banks.  The  creek  is  a  beautiful  moun- 
tain stream  draining  about  400  square 
miles,  and  having  a  minimum  flow  of 
perhaps  17,000,000  gal.  per  day.  The 
water  is  clear,  reasonably  soft  and 
almost  never  turbid.  About  11,000,- 
000  g-al.  of  water  will  be  impounded 
-by   a   dam   50   ft.   in   height,   with   a 


spillway  800  ft.  long.  This  dam  is 
about  3,500  ft.  in  total  length.  The 
spillway  section  will  be  of  solid  con- 
crete, gravity  type,  and  there  will  be 
about  2,700  ft.  of  earthen  embank- 
ment with  heavy  concrete  core  wall. 
From  this  dam  a  gravity  pipe  line, 
the  first  28  miles  of  which  will  be  60 
in.  in  diameter,  leads  toward  the  city. 
At  the  lower  end  of  the  60-in.  pipe 
there  is  a  tunnel  which,  with  its  ap- 
proaches, is  10,000  ft.  in  length,  and 
which  will  have  an  inside  diameter 
of  84  in. 

From  this  tunnel  westward  there 
will  be  25  miles  more  of  a  54-in.  con- 
crete pipe,  which  will  bring  the  water 
to  an  earthen  reservoir  at  Mohawk. 
This  reservoir  will  have  a  capacity 
of  500,000,000  gal.  At  that  point  a 
new  pumping  station  will  be  built, 
and  at  some  later  date  a  filtration 
plant.       Tentative     layouts     for    the 
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Section  A  A 

Proposed  Arrangement  of  Aerators  and  Piping   at  Mohawk  Pumping  Station. 
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Plan  of  Proposed  Pumping  Station. 


Sectional  Elevation 
Sectional   Elevation    of   Proposed   Pumping  Station. 
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serators,  pumping  station  and  future 
nitration  plant  are  shown  in  the  ac- 
companying illustrations.  The  water 
will  be  pumped  from  this  station 
against   a  total  head   of  350  ft.,  in- 


the^  old,  and  removed  the  buildings 
besides.  Land  damages  and  property 
damages  were  disposed  of  very  cheap- 
ly in  that  way,  and  the  new  town 
now  contains  many  more  houses  than 


Proposed    General     Arrangement    of    MohawkPumping  Station  Filters,  Aerators,  Sump  and 

Connections. 


eluding  frictions,  through  4  miles  of 
30-in.  force  main,  into  a  10,000,000- 
gal.  reinforced  concrete  distribution 
reservoir,  with  concrete  roof  covered 
with  soil  and  turf.  These  items,  to- 
gether with  some  large  additions  to 
the  distribution  system,  will  complete 
the  new  development  for  the  present, 
although  later  on  a  filtration  plant 
will  be  built  opposite  the  Mohawk 
pumping  station. 

The  little  town  of  Spavinaw,  Okla., 
will  be  flooded  by  the  waters  of  the 
dam.  This  is  one  of  the  oldest  towns 
in  that  comparatively  new  country. 
About  1,800  acres  of  land  will  be 
flooded,  and  some^8Q0  acres  of  that 
will  have  to-be  cleared. 

The  Gity  Water  Board  very  wisely 
and  economically  acquired  the  flowage 
rights  in  old  Spavinaw  by  starting 
a  new  town,  which  the  Board  equipped 
with  water  supply  and  sewerage  and 
sanitary  facilities,  and  laid  off  in 
attractive  streets.  The  Board  gave 
two  lots"  in  the  new  town  for  one  in 


the   old   one,   and   they   are   building 
them  as  fast  as  they  can  put  them  up. 


Frost  Penetration  in  City  Streets 

Accurate  measurements  of  frost 
penetration  in  city  streets  are  of  vital 
importance  to  a  water  department  de- 
termining the  depth  to  which  water 
mains  and  service  lines  should  be 
laid  to  avoid  the  costly  action  of  frost. 
Some  interesting  figures  on  frost  pene- 
tration are  given  as  follows  by  Scot- 
land G.  Highland  in  a  paper  presented 
at  the  last  annual  convention  of  the 
American  Water  Works  Association. 
During  the  winters  of  1911-1912  and 
1917-18,  frost  penetrated  to  a  depth 
of  5  feet  in  Richmond,  Ind.,  Toledo, 
O.,  Lake  Forest,  111.,  and  Bradford, 
Pa.,  and  5%  feet  in  Detroit,  Mich. 
At  Buffalo,  N.  Y.  the  frost  reached  to 
a  depth  of  6  feet  and  a  depth  of  7  feet 
in  exposed  places  in  the  city  streets 
of  Dubuque,  Iowa,  North  Attleboro, 
Mass.,  and  Winnipeg,  Man. 
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How   Team   Work   Was    Secured   and   the   Results   Produced   by    It 

Described  in  a  Paper  Presented  at  the  Convention  of  the 

American  Water  Works  Association  in  May,  1923 

By  FRANK  C.  JORDAN 

Secretary,  Indianapolis  Water  Co.,  Indianapolis,  Indiana 


It  is  an  accepted  fact  that  co-opera- 
tion between  the  water  department 
and  other  departments  of  the  City 
Government  is  essential  to  the  well- 
being  of  the  City.  Municipal  Team 
Work  is  of  vital  importance  in  the  de- 
velopment of  a  City.  It  is  not  for  our 
Association  to  set  up  rules  for  the 
conduct  of  the  Fire  Department,  the 
Board  of  Health,  the  Department  of 
Public  Works  or  any  of  the  many  city 
departments,  but  the  Department 
which  we  represent  is  morally  obli- 
gated to  make  every  attempt  towards 
co-operation  with  the  other  depart- 
ments and  thus  to  set  an  example 
which  possibly  will  be  followed  to  a 
greater  or  less  degree  by  other  city 
departments.  A  careful  scrutiny  of 
our  efforts  will  disclose  any  effort  or 
lack  of  effort  towards  proper  team 
work. 

"Love  Thy  Neighbor  as  Thyself" 
would  not  be  half  bad  as  a  motto  for 
the  public  utility  operator.  It  is  not 
the  intent  of  this  paper,  however,  to 
persuade  the  utility  operator  into  an 
attitude  so  radical  in  the  business 
world.  The  Biblical  injunction  is  cited 
not  in  the  hope  that  it  may  in  this  day 
and  age  be  applied  in  its  entirety.  It 
is  mentioned  in  order  that  one  small 
tangent  may  be  drawn  from  it. 

An  Honestly  Good  Spirit  the  First 
Requisite. — The  first  requisite  in 
building  up  a  proper  spirit  of  co- 
operation and  the  bringing  about  of 
proper  team  work  is  neighborliness. 
The  smart  business  man,  utility  or 
otherwise,  avoids  deceiving  himself. 
If  he  loves  his  neighbor  as  he  does 
himself,  he  does  not  try  to  deceive  his 
neighbor.  You  cannot  deceive  your 
neighbor  for  long  and  get  away  with 
it.  It  is  all  right  to  brag  about  the 
mileage  you  get  out  of  your  car,  and 
to  boast  of  the  small  amount  of  re- 
pairs you  pay  for;  it  is  all  right  too, 
if  you  are  so  inclined,  to  set  up  as  a 
righteous  citizen,  and  all  that,  but 
your  neighbor  knows  you;  he  sees  how 
often  you  are  under  the  car  there  in 
the  garage  and  he  knows  how  late  you 
sit  up  or  stay  out  nights. 

The  same  thing  is  true  in  the  utility 


business.  The  whole  community  you 
serve  is  made  up  of  your  neighbors. 
Your  neighbors  know,  sooner  or  later, 
just  about  all  there  is  to  know  of  your 
affairs.  This  being  true,  the  smart 
utility  operator  is  the  operator  who 
tells  the  world  what  he  is  doing,  and 
why,  and  how,  and  when,  and  where. 

The  Essence  of  "Public  Relations." 
— We  hear  a  great  deal  about  the  pop- 
ular latter  day  mysterious  and  intan- 
gible thing  called  "public  relations." 
We  listen  to,  and  read,  long  and  ex- 
pert papers  on  the  subject,  but  down 
under  the  surface  we  gloss  over  with 
phrases,  is  the  undeniable  fact  that 
public  relations,  so  called,  consist  of 
nothing  more  nor  less  than  neighbor- 
liness. The  operator  who  is  a  good 
neighbor  to  all  his  community,  who 
treats  his  neighbors  fairly,  serves 
them  well,  charges  them  properly  and 
carries  his  share  of  the  community 
lead  in  all  respects  never  has  one  of 
these  lately  discovered  public  rela- 
tions problems. 

The  utility  operator  who  works  with 
his  city  officials  as  one  neighbor  with 
another^  never  has  such  a  problem.  If 
he  is  acquainted  with  these  city 
officials,  as  one  neighbor  knows  an- 
other, it  follows  that  the  officials  will 
know  his  problems  of  operation  and 
will  sympathize  with  him  as  one 
neighbor  with  another.  It  is  only 
when  we  keep  away  from  the  officials, 
and  behave  as  perfect  strangers  to 
them,  that  difficulties  arise. 

Proper  Relations  of  Public  Officials 
and  Utility  Operators. — There  may  be 
some  who  will  say  that  it  is  well  to 
keep  a  respectable  distance  between 
city  or  state  governmental  officials 
and  the  utilities.  The  trouble  with 
this  theory  is  that  this  distance  leaves 
space  that  may  very  quickly  and  read- 
ily become  filled  with  misunderstand- 
ings, mistrust  and  even  enmity. 

It  all  simmers  down  to  this:  The 
problems  of  the  utility,  which  are 
service  and  rates,  are  community 
problems.  The  utility  cannot  solve 
either  one  by  itself.  Neither  can  the 
community,  through  its  city  or  state 
officials.     Both   problems    are   bigger 
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than  either  the  utility  or  the  officials. 
They  must  be  solved  for  the  common 
good  of  both,  therefore,  the  thing:  to 
do  is  to  maintain  friendly  and  neigh- 
borly relations  towards  each  other. 
Such  neighborliness  tends  towards 
municipal  team  work. 

Relations  at  Indianapolis. — In  an  at- 
tempt to  bring  about  efficient  munici- 
pal team  work  in  the  City  of  Indian- 
apolis we  became  neighborly  with  the 
various  city  departments  and  the  re- 
sults have  been  most  gratifying.  We 
held  neighborly  conferences  with  the 
Fire  Department,  and  these  have  re- 
suited  in  a  more  efficient  public  fire 
service.  In  a  neighborly  way  we  in- 
vited the  Fire  Chiefs,  Fire  Captains 
and  Lieutenants  to  visit  our  plants 
and  they  accepted  our  invitation.  They 
evidenced  great  interest  in  the  opera- 
tion of  our  pumping  units,  boiler 
room,  etc.,  and  a  great  majority  of 
them  confessed  that  it  was  their  first 
visit  to  any  of  our  properties.  We 
returned  their  call  and  many  of  our 
men  had  to  confess  that  it  was  the 
first  time  that  they  had  had  the  op- 
portunity of  receiving  first  hand  in- 
formation in  regard  to  the  trials  and 
tribulations  of  a  city  fireman.  In  one 
of  our  neighborly  conferences,  the 
question  of  decreasing  our  fire  loss 
came  up  for  consideration  and  it  was 
only  natural  that  we  should  join  hands 
in  a  fire  prevention  program  and  the 
Indianapolis  Fire  Prevention  Cam- 
paign was  the  result  of  these  neigh- 
borly talks. 

Fire  Prevention  Campaign. — During 
the  first  eighteen  months  of  our  Fire 
Prevention  Campaign  we  held  neigh- 
borhood meetings  in  every  section  of 
the  City,  and  through  the  instru- 
mentality of  moving  pictures,  ad- 
dresses and  contests,  the  value  of  fire 
prevention  measures  was  impressed 
on  the  minds  of  the  Indianapolis  pub- 
lic; and  they  are  now  evidencing  an 
exceptionally  fine  spirit  of  co-opera- 
tion as  the  result  of  these  little  meet- 
ings when  two  or  three  hundred 
neighbors  gathered  in  a  fire  engine 
house  or  public  school  building  to  plan 
for  a  cleaner  and  safer  Indianapolis. 
At  this  time  our  attention  is  largely 
centered  on  a  clean-up  and  city  beau- 
tification  program  and  a  campaign  for 

j    the  elimination  of  the  wooden  shingle 
roof,  and  we  are  receiving  most  satis- 

{    factory  support  from  the,  great  ma- 
jority of  Indianapolis  citizens.     Dur- 

'    ing   1922  the  Building  Commissioner 

|    issued  approximately  4,000  re-roofing 


permits,  and  at  the  present  rate  this 
number  will  be  almost  doubled  during 
1923. 

Fact. — History  has  shown  that  it  is 
rather  unwise  for  one  neighbor  to 
point  out  the  defects  in  another  neigh- 
bor's household,  and  bearing  this  fact 
in  mind,  we  called  in  the  National 
Board  of  Fire  Underwriters  to  make  a 
most  careful  study  of  the  fire  and 
water  departments  and  we  then  joined 
in  a  neighborly  effort  to  eliminate 
those  defects  which  were  brought  to 
our  attention  by  the  exceedingly 
efficient  gentlemen  from  the  Na- 
tional Board's  office.  A  movement  is 
now  on  foot  to  give  Indianapolis  a  re- 
classification in  its  insurance  rating, 
and  our  citizens  will  profit  because  of 
the  municipal  team  work  in  building 
up  the  public  fire  service. 

Health  and  Sanitation. — We  held 
some  very  pleasant  conferences  with 
the  City  Board  of  Health,  and  in  a 
consideration  of  the  physical  condi- 
tions in  Indianapolis  we  discovered 
that  many  of  our  citizens  were  under- 
privileged in  that  they  did  not  have 
the  privilege  of  living  in  modern 
homes  equipped  with  bath,  toilet  and 
other  modern  sanitary  conveniences. 
In  company  with  city  officials,  we  vis- 
ited several  of  these  properties  and 
found  that  many  of  these  under- 
privileged citizens  were  very  desirous 
of  making  their  properties  modern  but 
that  their  financial  condition  pre- 
cluded such  a  transformation.  The 
Board  of  Health  gave  consideration  to 
the  enactment  of  very  stringent 
measures,  which  would  compel  the  in- 
stallation of  sanitary  conveniences.  A 
brief  consideration  of  this  proved 
that  it  would  not  be  the  neighborly 
thing  to  do  unless  the  city  was  able  to 
show  that  these  conveniences  could  be 
installed  without  considerable  finan- 
cial embarassment  to  these  under- 
privileged citizens.  A  few  more  neigh- 
borly conferences  were  held  and  a 
plan  was  formulated  under  which 
plumbing  is  being  installed  on  the 
payment  plan  and  a  sanitary  program 
of  vital  importance  to  the  health  of 
Indianapolis  is  being  carried  through 
with  practically  no  friction  whatso- 
ever. 

Financing  Private  Needs  of  Sanita- 
tion.— The  City  Health  Department  is 
morally  obligated  to  rid  the  City  of 
disease  breeding  places,  and  the 
Water  Department  must  bear  a  share 
of  the  Health  Board's  obligation  in 
this  matter.     It  is  therefore  of  vital 
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importance  that  some  financial  ar- 
rangement be  made  under  which  every 
citizen  may  have  the  benefit  of  thor- 
oughly sanitary  quarters.  The  pay- 
ment, or  budget  plan,  is  being  utilized 
by  quite  a  number  of  our  citizens  and 
we  have  found  that  an  advertisement 
of  the  payment  plan  of  plumbing  in- 
stallation is  all  that  is  necessary  to 
bring  people  to  the  plumbing  supply 
house,  and  in  many  cases  they  are 
able  to  take  care  of  the  financial  ar- 
rangement without  resorting  to  the 
payment  plan.  This  budget  plan  is 
working  very  satisfactorily  and  is 
serving  a  great  purpose. 

Satisfactory  Adjustment  of  Rules 
for  Customers. — In  one  of  our  neigh- 
borly conferences  with  some  of  our 
patrons,  some  question  was  raised  in 
reference  to  our  rules  and  regulations. 
The  friendly  advice  of  the  Public 
Service  Commission  was  sought  and 
as  the  result  of  some  further  confer- 
ences a  committee,  consisting  of  bank- 
ers, manufacturers,  lawyers,  club 
women,  waterworks  men,  college  pro- 
fessors and  other  citizens  to  a  total  of 
twenty-five,  met,  in  a  neighborly  way, 
to  formulate  waterworks  rules  which 
would  be  fair- both  to  the  utilities  and 
the  balance  of  the  public.  The  fair- 
ness of  these  rules  is  an  indication  of 
the  public's  desire  to  be  fair  when 
the  utility  presents  its  case  in  the 
right  manner. 

Co-operation  on  Extensions. — In  our 
program  of  co-operating  with  the 
Board  of  Public  Works  in  the  up- 
building of  our  City,  we  have  been 
called  upon  to  make  very  large  expen- 
ditures in  water  main  extensions, 
many  of  which  are  not  paying  invest- 
ments but  which  are  of  inestimable 
value  to  the  Indianapolis  citizens.  In 
carrying  out  such  a  program,  entail- 
ing large  expenditures,  it  is  necessary 
for  the  state  and  city  authorities  to 
pursue  a  broad-gaged  policy. 

In  an  attempt  towards  neighborly 
co-operation  with  the  Park  Board  we 
have  done  a  considerable  amount  of 
work  in  beautifying  the  grounds 
around  our  pumping  stations  and  we 
are  looking  forward  to  the  day  when 
every  part  of  the  water  company's 
property  will  be  a  beauty  spot  and 
will  mould  itself  into  the  great  plan 
of  city  beautification. 

Utilities  and  School  Children.— We 
have  most  friendly  relations  with  the 
school  children  and  the  publicity 
which  they  have  given  us  is  of  tre- 
mendous value.     Every  pupil  in  the 
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upper  grades  is  required  to  write  an 
essay  on  the  public  water  supply  of 
our  City,  and  during  the  course  of  the 
year  a  great  many  of  the  classes  visit 
our  filtration  system  and  pumping  sta- 
tions and  very  little  of  interest  es- 
capes their  notice.  We  recently 
furnished  the  school  children  with 
pamphlets  descriptive  of  our  property 
and  these  pamphlets  are  being  utilized 
as  the  foundation  for  thousands  of 
essays.  A  great  many  of  our  new 
patrons  volunteer  the  information 
that  a  school  boy  or  girl  in  their  home 
has  insisted  upon  having  sanitary  con- 
veniences in  the  home  and  in  this,  and 
other  ways,  it  has  been  demonstrated 
to  us  that  the  water  company  can 
have  no  more  valuable  asset  than  the 
good  will  of  the  school  children  of  the 
city. 

Our  City  is  blessed  with  an  excep- 
tionally large  number  of  civic  and 
commercial  organizations,  the  records 
in  the  local  Chamber,  of  Commerce 
showing  a  total  of  more  than  one 
hundred  groups  of  people  organized 
for  the  purpose  of  up-building  the 
city.  One  of  our  many  trips  of  in- 
spection included  representatives 
from  92  of  these  organizations  and  no 
publicity  expenditure  made  by  our 
Company  has  been  productive  of  bet- 
ter feeling  than  this  inspection  trip 
when  men  and  women  from  every  sec- 
tion of  Indianapolis  spent  a  full  after- 
noon and  evening  in  an  inspection  of 
our  properties  and  a  consideration  of 
the  future  development  of  the  public 
water  supply. 

It  has  been  gratifying  to  find  that 
our  attempts  at  neighborliness  have 
been  reciprocated  in  a  greater  degree 
that  we  had  any  reason  to  expect. 
Almost  without  exception  our  citizens 
have  assumed  a  most  neighborly  atti- 
tude and  there  is  being  carried  for- 
ward a  Municipal  Team  Work  which 
is  resulting  in  great  good  to  our  City. 


City  Government  Cost  25  Per  Cent 
More  Than  Federal.— Municipal  gov- 
ernment in  the  average  city  of  the 
United  States  costs  its  residents 
about  25  per  cent  more  than  the  fed- 
eral government  at  Washington,  ac- 
cording to  statistics  made  public  by 
the  national  budget  committee.  In  a 
city  of  30,000  inhabitants  or  more,  it 
was  calculated  that  city  government 
cost  each  individual  $44.32  annually 
and  federal  government  $35.47. 
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Experiences  With  Meterage  at  Greeneville,  Tenn. 


How  Installation  of  Meters  by  Reducing  Waste  Made  Unnecessary  an 

Additional  Water  Supply  Described  in  May  Journal  of 

American  Water  Works  Association 

By  J.  W.  McAMIS, 

Superintendent    Water    Commission,    Greenville,    Tenn. 


The  plant  in  Greenville  is  about  30 
years  old  and  a  small  number  of 
meters  have  probably  been  in  service 
for  15  to  18  years.  The  first  record 
of  any  extensive  purchase  of  meters 
occurs  in  1918,  when  sufficient  pur- 
chases were  made  to  bring  the  per- 
centage of  services  metered  up  to 
about  10.  Through  the  two  year 
period  following,  the  system  was  prob- 
ably kept  on  about  that  basis  and 
was  slightly  in  excess  of  that  at  the 
beginning  of  1921. 

Mild  water  shortages  were  felt  al- 
most every  year  and,  in  1919,  a  seri- 
ous period  of  shortage  occurred  during 
the  late  summer  to  early  winter,  and 


State  Board  of  Health  insisted  that, 
if  the  use  of  the  present  water  was 
to  be  continued,  steps  should  be  taken 
a£  once  to  provide  filtration. 

The  commission  and  the  board  of 
aldermen  then  agreed  that,  as  the 
proposed  extensions  would  provide  lit- 
tle if  any  improvement  from  a  sani- 
tary point  of  view,  it  would  be  best 
to  abandon  the  idea  for  the  time  being 
and  to  call  a  new  election  to  provide 
enough  funds  for  a  filter  plant.  This 
action  left  the  water  shortage  problem 
still  to  be  solved. 

The  water  commission,  which  has  no 
authority  to  borrow  money  for  any 
purpose,  then  requested  the  board  to 
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the  city  employed  an  engineer  to  in- 
vestigate and  recommend  the  best 
course  to  pursue. 

In  accordance  with  his  recommenda- 
tions, an  election  was  held  and  the 
voters  authorized  the  issue  of  bonds 
to  obtain  funds  for  the  building  of  a 
force  main  and  electric  transmission"    inspections     made     by     the     present 


borrow  a  sum  sufficient  to  purchase 
meters  for  all  services  having  sewer 
connections,  since  it  was  known  that 
the  flow  of  sewage  greatly  exceeded 
the  amount  that  would  be  expected 
from  the  number  and  nature  of  the 
existing  connections.     From  personal 


line,  another  large  spring  about  two 
miles  from  the  city,  together  with  nec- 
essary works  at  the  spring,  the  idea 
being  to  augment  the  present  supply, 
which  is  also  obtained  from  a  spring. 
The  price  of  cast  iron  pipe  became  so 
high,  however,  before  the  work  was 
started  that  it  was  considered  wise  to 
postpone  the  work  at  least  until  the 
next  year.  About  this  time  (spring 
of  1920),  Greenville  was  visited  by  a 
serious  epidemic  of  typhoid,  and  the 


writer,  who  was  employed  June  1st, 
1920,  it  was  established  that  the 
greater  part  of  water  was  being 
wasted  through  the  sewers. 

Fianncing  Purchase  of  Meters. — 
The  request  for  funds  was  refused  by 
the  board.  The  water  commission 
then  began  to  seek  other  means  of 
financing  the  purchase  of  meters,  as 
immediate  action  was  necessary,  if 
another  period  of  water  shortage  was 
to  be  avoided. 
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Meter  manufacturers  were  willing 
at  times  to  extend  liberal  terms  for 
the  payment  of  the  purchase  price  of 
meters,  but  the  commission  hesitated 
to  assume  any  extensive  obligations, 
because  in  the  past  the  water  charges 
had  been  reduced  in  many  cases,  by 
the  installation  of  meters,  and  it 
could  not  be  confidently  predicted 
that  the  revenues  would  be  sufficient 
to  meet  operating  expenses  and  to 
provide  an  excess  to  pay  for  the 
meters. 

The  writer,  however,  pointed  out 
that,  in  the  past,  a  substantial  sum 
had  been  expanded  each  year  for  ex- 
tensions to  the  mains  to  supply  new 
customers,  and,  if  necessary,  this 
work  could  be  curtailed  or  deferred  al- 
together until  the  meters  were  paid 
for. 

He  also  urged  that  a  contract  be 
made  for  as  large  a  number  as  was 
possible  in  order  to  benefit  by  the 
reduced  price  on  the  larger  quantities. 
A  contract  was  finally  awarded  for 
500  %-in.  meters,  or  their  equivalent 
cost  in  larger  sizes.  An  order  was 
placed  for  immediate  shipment  of  100 
%-in.  meters  and  their  installation 
was  stated  about  June  1,  1921.  It 
soon  developed  that  any  fears  regard- 
ing the  effect  that  this  policy  might 
have  on  the  gross  revenue  were  un- 
founded, as  reference  to  Fig.  1  will 
show. 

Increased  Revenue  Following  In- 
stallation of  Meters. — The  meters 
were  installed  as  fast  as  funds  were 
available  and  little  was  paid  the 
manufacturer  until  near  the  close  of 
1921.  The  gross  revenue  for  1921  ex- 
ceeded that  of  the  previous  year  by 
about  $3,400,  and  provided  ample 
funds  for  installation  expenses  and 
$700  for  the  meter  company,  which  is 
an  excellent  showing,  considering  the 
size  of  the  plant,  the  fact  that  flat 
rates  are  collected  in  advance,  and 
each  consumer  passes  one  month  with- 
out paying  when  the  meters  is  in- 
stalled. 

Last  year,  1922,  the  revenues  were 
increased  by  almost  as  much  ($3,200), 
with  very  little  increase  in  operating 
expenses. 

Water  Consumption  Decreased. — 
Again  referring  to  Fig.  1,  it  may  be 
seen  that  the  average  daily  water  con- 
sumption was  reduced  from  a  maxi- 
mum of  525,000  gal,  for  the  months 
of  August  and  September,  1920,  to 
300,000  gal.  per  day  in  August,  the 
maximum  for  1922. 


The  revenue  figure .  is  shown  as 
total  yearly,  in  Fig.  2,  and  the  water 
consumption  is  given  as  daily  pump- 
age  averaged  for  the  year.  The  pump- 
age  indicated  for  1922  is  incorrect, 
however,  as  the  commission  did  not 
consider  it  wise  to  publish  the  exact 
figures,  which  are  somewhat  lower. 
This  was  done  because  the  commission 
wishes  to  maintain  a  wider  margin 
of  safety  between  the  maximum  con- 
sumption and  the  minimum  flow  of 
the  spring  than  has  been  the  case  in 
former  years.  It  did  not  wish  to  con- 
vey the  impression  that  this  spring 
would  suffie  for  any  considerable 
length  of  time.  Therefore,  the  figure 
represents  the  maximum  for  a  few 
days  in  1922. 

Taking  the  three  year  period  cov- 
ered by  Fig.  1,  it  may  be  said  that 
the  water  consumption  has  been  re- 
duced almost  by  half,  the  gross  reve- 
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nue  has  been  increased  from  $700  per 
month,  at  the  beginning  of  1920,  to 
$1,200  per  month  for  the  last  quarter 
of  1922,  the  number  of  consumers 
has  increased  from  667,  Jan.  1,  1920, 
to  844  on  Jan.  1,  1923,  and  the  oper- 
ating expense  has  been  increased  from 
$590  per  month,  averaged  for  first 
half  of  1920,  to  $710  for  the  last  half 
of  1922. 

The  abnormal  increase  in  operation 
expense  indicated  in  1921  was  caused 
by  a  serious  breakdown  in  the  pump- 
ing machinery,  which  was  repaired  at 
an  expense  of  $1,400. 

Fig.  2  was  originally  prepared  for 
and  published  in  an  operating  report, 
which  was  distributed  to  the  water 
patrons  and  tax  papers  of  Greenville. 
It  is  reproduced  here  to  give  the 
reader  a  longer  period  for  comparison 
than  is  covered  by  Fig.  1,  as  it  illus- 
trates more  forcibly  the  relation  be- 
tween past  and  present  conditions. 
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The  installation  was  continued  until 
all  water  services  having  sewer  con- 
nections were  metered  and  we  have 
found  this  an  excellent  stopping 
place,  as  the  outlying  portions  of  the 
city  are  not  yet  provided  with  sewers 
and  leakage  is  likely  to  annoy  the 
consumer  until  he  makes  the  repairs 
himself.  If  not,  the  repair  man  or 
meter  reader  would  see  it  and  steps 
would  be  taken  to  force  the  repairs  in 

tsuch  cases.  For  those  reasons,  it 
would  seem  to  be  a  useless  expense,  at 
least  in  this  case,  to  meter  services 
supplying,  only  one  opening,  which 
may  usually  be  seen  from  the  street. 

Several  meters  have  been  installed 
on  such  services  and  the  consumption 
was  so  small,  about  100  cu.  ft.  per 
month,  that  we  have  not  considered  it 
worth  the  cost. 

Analysis  of  Benefit  of  Meters. — In 
attempting  to  analyze  the  benefits  and 
improved  operating  conditions  result- 
ing in  Greeneville  during  the  last 
three  years,  the  greatest  of  these 
would  seem  to  be  the  reduction  in 
consumption,  which  has  been  accom- 
plished, without  restricting,  in  any 
way,,  the  legitimate  use  of  water,  and 
the  fact  that  the  expenditure  of  a  sum 
of  money  for  an  additional  supply, 
several  times  greater  than  the  cost 
of  the  meters,  has  been  deferred  in- 
definitly.  The  70  per  cent  increase  in 
gross  revenue  has  operated  to  put  this 
department  on  its  feet,  financially 
speaking,  in  that  it  has  provided  funds 
not  only  to  defray  the  cost  of  pur- 
chasing and  installing  the  meters,  but 
has  put  it  in  a  position  to  pay  such 
portion  of  the  sinking  fund  and  in- 
terest charges  as  remain,  after  de- 
ducting for  fire  protection  and  the 
city's  use  of  water. 

After  deducting  from  the  70  per 
cent  increase  in  revenue,  the  propor- 
tional increase  in  the  number  of  water 
consumers,  which  is  25  per  cent,  it 
would  seem  fair  to  consider  that  the 
remaining  45  per  cent  was  largely  due 
to  the  increase  in  percentage  of  serv- 
ices metered,  which  would  be  55  per 
cent  (metered  at  present),  less  10  per 
cent  metered  at  beginning  of  1920,  or 
an  increase  of  45  per  cent. 

Flat  Rate  and  Meter  Schedules. — 
In  any  attempt  to  estimate  the  bene- 
fits of  meters  likely  to  be  realized  in 
any  given  plant,  in  the  light  of  ex- 
perience at  Greeneville,  a  vital  consid- 
eration would  be  the  relation  between 
the    flat    rate    and    meter    schedules. 


Those  in  use  at  Greeneville  are  given 
below. 

Flat  Rates 
Minimum   charge    50   cts. 
50  cts.  per  month  for  first  opening. 
25  cts.  per  month  for  each  additional. 

Meter  Schedule 
Minimum    charge    $1. 

20  cts.  per  100  cu.  ft.  for  first  2,000. 
15  cts.  per  100  cu.  ft.  for  next  3,000. 
12^  cts.  per  100  cu.  ft.  for  next  5,000. 
10  cts.  per  100  cu.  ft.  for  next  6,000. 
lx/2    cts.    for   all  excess. 

These  rates  would  probably  not  be 
suitable  for  use  by  any  other  city,  but 
are  given  here  for  purposes  of  com- 
parison only. 

Taken  by  and  large,  it  appears  that 
the  meters  have  been  of  great  benefit 
to  Greeneville,  and  have  resulted  in  a 
saving  of  actual  dollars  to  the  city  as 
a  whole,  which  should  always  be  con- 
sidered the  chief  criterion  of  merit  in 
determining  upon  the  adoption  of  any 
such  policy  as  we  have  here  discussed. 


Test  of  12  Year  Old  Steam  Engine 
Driven  Centrifugal  Pump 
A  12-year-old  steam  engine  driven 
centrifugal  pump  of  the  Division  of 
Water  of  Columbus,  0.,  was  given  in 
a  duty  test  last  year  by  F.  W.  Martin, 
Professor  of  Steam  Engineering,  Ohio 
State  University.  The  pump  has  a 
capacity  of  20  million  gallons  per  day 
against  a  total  head  of  40  ft.  and  op- 
erates at  a  speed  of  180  r.p.m.  The 
result  of  this  test  and  the  result  of 
tile  acceptance  test  made  at  the  time 
of  its  purchase  are  summarized  as  fol- 
lows in  the  1922  report  of  the  Division 
of  Water: 

Duty  in  foot 
pounds  per  1,000 
lb.  of  steam. 
Duty    test   at   the    time    of 

purchase    85,610,000  , 

Duty  test  12  years  later...       85,310,000 


Typhoid  Death  Rate  and  Water 
Supplies  in  New  York. — The  improve- 
ments in  the  sanitary  quality  of  pub- 
lic water  supplies  of  the  State  of  iNew 
York  appear  to  be  reflected  in  the  de- 
crease in  the  typhoid  fever  death  rate, 
according  to  a  statement  of  the  State 
Department  of  Health,  the  average 
death  rate  for  the  22-year  period 
from  18&5  to  1906,  inclusive,  was  23.6 
and  since  1906  there  has  been  a 
marked  .  and  fairly  uniform  decrease 
in  the  typhoid  fever  death  rate  until 
1922,  when  it  reached  the  remarkably 
low  level  of  3  per  100,000.  This  rate 
compared  .with  the  rate  before  1906 
represents  a  saving  of  some  2,0^0 
lives  per  year  from  typhoid  fever 
alone. 
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Collection   and   Daily   Publica-  Phases  of  the  moon.    If  extreme  accu- 

C      1V/I               1         .1  racy  *s  desired  ^or  any  horizon,  tables 

tion      or      Meteorological  0f  sunrise  and  sunset,  moonrise  and 

Data   by   the   Water  moonset  are  contained  in  the  Amer- 

Pl  ican    Nautical    Almanac.      The    exact 

Llepartment  latitude   and   longitude   of   any   town 

or    city    can    be    obtained    from    the 

Ab,tract  of  a  Paper  Presented  May  22  Director,  United  States  Naval  Observ- 

.  .i     „„   i  A          i  n           .•      '  t  atory,  Washington,  D.   C,  that  office 

at  the  43rd  Annual  Convention  of  ^   £  authoriz*d  to  compute  the  val- 

the  American  Waterworks  ueg  %sire±     The   daily  weather  fore 

Association  cagts     are     furnished     direct     by     the 

By  SCOTLAND  G.  HIGHLAND,  Weather  Bureau  in  Washington.   The 

Secretary    and    General    Manager.    Clarksburg  date      Collected      by      the      Clarksburg 

Water   Board.   Clarksburg.   W.  Va.  ^i}**  +  B?^d      ^  ,  Pu}>hshed      daily 

without  charge   in  local   newspapers, 

A  weather  bureau,   equipped   with  in  the  following  form: 

soil    temperatures,    evaporation    and  TodaJ,s  *£*£  STdSiJSSi  w.  Va. 

stream    now     measurements,    is     an 

economic   necessity    at   every   water-  astronomical  memoranda 

works  pumping  station.  Sun   rises  4:40  a.   m.    Moon  rises  10:47  a.  m. 

.   A  weather  bureau,  equipped   with  Sun  C?s  ^U  £  SSSS.  IT  minutes. 

instruments    Of   Standard    pattern,   has  Phases  of  the  moon  for  May: 

been  established  at  the  nitration  plant  Lrast  Quarter   1th             First  Quarter  23rd 
of     the     Clarksburg     Water     Board,  New  Moon   15th                Ful1  Moon  30th 
Clarksburg,  W.  Va.,  where  daily  rec-  forecasts 
ords   are   kept   and   monthly    reports  Fair  and  warmer  tonight;  Wednesday  un- 
made to  the  State  meterologist  of  the  settled  followed   by   showers. 

United    States   Weather   Bureau   and  temperatures 

the   United    States    Geological   Survey,  Highest  yesterday.  85.     Lowest.   76. 

Washington,  D.  C.     The  data  collected  Official    Rainfall    Records 

have    popular   as    Well    as    private    and  Rainfall   for   24   hours  ended   9   a.   m.   today, 

national  interest,  as  evidenced  by  its  1:2  inches-         barometer 

being    eagerly    sought    by    the    local  Today-s  barometer  9  a.  m.t  28.3  rising  or 

newspapers  for  daily  publication,  and  failing. 

read   with   profit   and    enjoyment   by  _  ,    .      ,           Humidity  • 

persons  in  practically  every  walk  of  Relative  hunudrty  9  a.  m.  today.  87. 

life  seeking  information  from  authori-  soil  temperatures 

tative   Sources.      It   will   prove    helpful  Today's       soil       temperatures       at       various 

to   add   local    astronomical   phenomena  depths,    Fahrenheit    scale: 

to    thp    Hailv    wpnthpr    palpnHnr    nnh-  At  depth   of    12    inches 58   degrees 

to   me   aaiiy   weatner   calendar   puo-  At  depth  of  24  inches 56  degree3 

llShed    m    the    newspapers    and    prop-  At   depth   of    36    inches 54    degrees 

erly  credited  to  the  water  department.  At  depth  of  48  inches. 53  degrees 

T.  w  i  m   *  •   ii            i  At  depth  of  60  inches 53  degrees 

In   West   Virginia   there    are    only  At  depth  of  72  inches 51  degrees 

two  regular  weather  bureau  stations 

from   which   complete    data    may   be  stage  of  river 

obtained,  while  there  are  113  water-  Height  of  water  flowin«  <"**  dam,  2  feet. 

works   plants   in  the   state   at  which  stream  flow 

full    data    OUght    to    be    collected    and  Discharge  of  river  in   gallons  per   24  hours. 

carefully  recorded.     There  are  77  co-  1,036,800,000  gallons. 

operative    Stations    in    the    State    fur-  Evaporation  in  24  hours.   .05   inches. 

nishing   such   simple,  information   as  g52dl£&  SUSSS^t"  JTa****** 

temperatures    and   rainfall.  Weather  Bureau,  co-operative  observers'  meteo- 

There    is    on    s»1p    in    each    <5rntp    an  rological   station,    established    at   the   nitration 

,1™                   ii   ?     ,    -ln  5,    S  •     e    a^  »lant  °f  ^e  Clarksburg  Water  Board,  Clarks- 

almanac  calculated  for  the  horizon  of  burg,  w.  Va. 

the  state  in  which  it  is  sold,  that  will  . 

serve  without  material  variation  for  Equipment   of   a    Weather   Bureau. 

every  town  and  city  within  the  state,  —Subjoined  is   given  the  list  of  in- 

from   which    may    be    obtained    local  struments  and  their  uses: 

astronomical  phenomena,  such  as  the  An  automatic  water  stage  recorder, 

time  of  rising  and  setting  of  the  sun  with    weight-driven    seven-day   clock, 

and  moon,  the  day's  length,  and  the  Stream  flow  measurements  were  made 
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by  the  United  States  Geological  Sur-  Practical  Limit  for  Water 

vey  by  means  of  a  current  meter,  at  f  radical  Limit  ror  Water 

stages  from  zero  to  flood  heights.  The  Softening 

expense    included    railroad    fare    and  At   the    1922    Ohio    Conference    on 

subsistence.  Water  Purification  one  of  the  ques- 

A  set  of  maximum  and  minimum  tions  considered  was: — "What  is  the 

registering    thermometers     (latest  practical  limit  for  water  softening  in 

United  States  Weather  Bureau  pat-  municipal  practice  ?"  In  answering  this 

tern)     installed     in     an     instrument  question  Mr.  C.  P.  Hoover,  Superin- 

shelter  with  louvred  front  and  sides  tendent  of  Filtration  of  Columbus,  O., 

and  perforated  bottom.  offered  the  opinion  that  it  depended : 

A    Ferguson    Weighing    Recording  (1)    upon   the   hardness    of  the   raw 

Rain  and  Snow  Gage,  equipped  with  water  treated  and  especially  upon  the 

daily  clock  movement  for  determining  a™0™*   of  magnesium   present;    (A) 

the  intensity  of  rainfall.  Whether  or  not  excess  lime  or  soda- 

a    tt  -4.  1  C4.          xxt    *u       r.  asn  treatment  is  resorted  to;  (3)  The 

A   United   States  Weather  Bureau  temperature  of  the  water  being  soft- 

standart  ram  and  snow  gage.    Addi-  ened  temperature  being  a  much  more 

tional  rain  gages  are  installed  on  each  imp0rtant  factor  than  the  time  of  re- 

of    the   principal    tributaries    of    the  action. 

watershed.  He  gtated  that  ftt  ColumbuS)  during 

A  recording  anemometer  for  ascer-  the  cold  winter  months,  the  river 
taming  the  velocity  of  the  wind,  and  water  is  fortunately  highly  diluted 
a  wind  vane  for  cardinal  points.  with  flood  water,  causing  the  water  at 
Accurate  records  of  the  velocity  and  this  season  of  the  year  to  be  at  the 
direction  of  the  wind  are  essential  iowest  hardness.  However,  it  some- 
elements  in  all  meteorological  and  times  happens  that  cold  weather  pre- 
chmatological  work,  as  well  as  of  cedes  the  winter  rains  and  it  is  right 
value  to  commercial  and  business  in-  at  this  period  when  the  river  water  is 
terests.  at   jts    maximum   hardness.     It   has 

A  mercurial  and  an  aneroid  barom-  been  the  experience  at  the  Columbus 

eter     for     determining     atmospheric  plant,  with  the  hardness  of  the  river 

pressure.  water  around  450  parts  per  million 

A    whirling    psychrometer,    United  and  with  low  temperature,  that  the 

States  Weather  Bureau  pattern,  for  practical  limit  for  water  softening  is 

determining  the  percentage  of   rela-  about  125  parts  per  million.    With  the 

tive  humidity  hardness  of  the  raw  water  around  350 

'       „  ..                        ^               A  .  .  parts  per  million,  it  seems  practical 

Soil  thermometers  for  ascertaining  f0  reduce  the  hardness  to  about  100 
the  temperature  of  the  soil  at  van-  arts  r  miliion.  On  account  of  the 
cms  depths,  of  the  pattern  devised  for  £xpenSe  involved,  the  permanent  or 
the  New  York  Agricultural  Expen-  incrrustants  hardness  is  usually  not  re- 
ment  Station.  A  separate  thermom-  duced  to  less  than  40  parts  per  mil- 
eter  is  required  for  each  foot  of  depth  lion>  If  however,  the  entire  supply 
investigated  and  consists  of  a  stout  were  to  be  used  exclusively  for  boiler 
stem  graduated  and  figured  thermom-  feed  purp0ses  or  for  laundry  work,  it 
eter,  inclosed  in  a  wooden  case,  the  woul(f  then  be  practicable  to  add 
upper  front  of  which  is  cut  put,  ex-  enough  soda-ash  to  remove  all  of  the 
posing  the  scale,  which  is  11  m.  long,  permanent  hardness.  Columbus  con- 
this  length  being  the  same  for  all  sumers  are  pleased  with  a  water  hav- 
thermometers.  The  thermometers  are  m  a  hardness  of  85  parts  per  million, 
protected  by  a  shelter  with  louvred  fairly  well  satisned  with  a  water  hav- 
front  and  sides,  and  elevated  3  in.  {  a  hardness  of  100  parts  per  mil- 
above  the  ground.  lioilj  but  complain  when  the  hardness 

An    evaporation    station    including  of  the  water  is  up  around  120  and  125 

an  anemometer  and  a  hook  gage,  for  parts  per  million, 

testing   the    rate   of   evaporation    of  

water-  What  Government  Costs.— The  av- 

Instructions  for  installing  the   in-  erage  cost  of  government    for    each 

struments  are  furnished  by  the  United  person  in  this  country  is  $96.16  divid- 

States     Weather     Bureau,     and     the  ed  as  follows: 

water-resources  branch  of  the  United        Federal  Government $35.47 

States   Geological   Survey,  Washing-  gg^&SS? ==ZZZZZZ  «!£ 

ton,  U.  L>.  County  Government 6.91 
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Regulations  of  Various  States  Discussed  in  Paper  Presented  May  12  at 

Annual  Meeting  of  American  Association  for  Promotion  of 

Hygiene  and  Public  Baths 

By  ARTHUR  M.  CRANE 

Treasurer,  American  Association  for  Promoting  Hygiene  and  Public  Baths 


This  is  not  only  the  era  of  the 
swimming  pool,  but  it  is  also  the  day 
of  standards.  Today  we  have  stand- 
ards for  almost  everything.  A  benefi- 
cent government  has  established 
"standards"  which  common  carriers 
must  observe  in  providing  travelers 
with  water  for  drinking,  and  by  legis- 
lative enactment  we  have  "standards" 
of  alcoholic  content  for  other-  bever- 
ages, and  the  manufacturers  of  water- 
purifying  equipment  have  adopted 
standard  rates  of  filtration  and 
standard  specifications  for  filters.  So 
it  is  that  the  American  Association 
for  Promoting  Hygiene  and  Public 
Baths  is  right  in  line  in  its  advocacy 
of  standards  for  swimming  pools  and 
shower  baths. 

The  state  regulations  and  the  re- 
ports of  the  Committee  on  Bathing 
Places  of  the  American  Public  Health 


Pool  at  College  of  the  City  of  New  York. 

Association  appearing  in  our  1923 
Journal  show  that  much  progress  has 
been  made  since  we  set  forth  certain 
ideals  in  our  Swimming  Pool  Stand- 
ards adopted  in  1915.  They  were 
prompted  by  the  .survey  of  272  pools 
presented  under  the  title  of  "The 
Safeguarding  and  Care  of  the  Indoor 
Swimming  Pool"  at  our  Baltimore 
Convention  in  1913,  supplemented  by 
the  intensive  investigations  of  Dr. 
Manheimer  and  others.  The  appalling 
conditions  then  existing  in  many 
places  would  have  warranted  terming 
the  pool  a  "menace"  rather  than  an 
"aid"   to   the   public  health.     A   few 


municipal  health  departments  exam- 
ined the  water — usually  only  on  in- 
vitation or  complaint;  and  that  was 
about  all. 

In  definite  State  supervision, 
Louisiana  seems  to  have  been  the 
pioneer  by  the  promulgation  of  their 
health  regulations,  Feb.  26,  1923. 
California  was  next — by  legislative 
enactment  April  6,  1913.  Florida  and 
West  Virginia  followed  in  1919;  with 
Virginia  in  1920,  Arkansas,  Idaho  and 
Washington  in  1921,  Tennessee  and 
New  Mexico  in  1922,  and  now  Utah  is 
about  to  fall  in  line. 

Divergence  of  Opinion  in  State 
Regulations. — A  comparison  of  the 
various  state  regulations  shows  a  wide 
divergence  of  opinion,  and  several 
states  have  gone  into  a  wealth  of  de- 
tail, architecturally  and  otherwise, 
that  in  the  opinion  of  this  writer 
seems  unnecessary.  This,  however,  is 
nothing  more  than  can  be  expected 
when  a  number  of  enthusiasts  are  at- 
tacking an  enemy  from  different  an- 
gles. It  should  be  recognized  that  the 
existing  regulations  are  of  a  prelim- 
inary or  experimental  nature;  and  the 
condition  need  not  cause  the  slightest 
alarm,  for  it  is  even  now  in  process  of 
being  remedied.  In  addition  to  the 
Bathing  Place  Committee  of  the  Sani- 
tary Engineering  Section  of  the 
American  Public  Health  Association, 
a  similar  committee  of  the  State 
Sanitary  Engineers  Conference  com- 
posed of  precisely  the  same  personnel, 
all  of  whom  hold  office  as  State  Sani- 
tary Engineers,  is  at  present  at  work 
on  minimum  standards  of  quality  of 
water  for  swimming  pools  and  other 
bathing  places.  This  committee  has 
been  at  work  since  their  1920  con- 
ference, and  so  far  has  made  two  re- 
ports. It  can  be  hoped,  therefore,  that 
eventually  order  will  be  brought  out 
of  chaos,  and  that  uniform  and  prac- 
ticable regulations  will  be  adopted  by 
all  of  the  states.  This  is  as  it  should 
be,  for  the  present  variation  does  not 
command  the  ready  acceptance,  ac- 
quiescence and  co-operation  that 
would    ensue   from    a    uniform   code. 
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Perhaps  it  may  not  be  considered 
amiss  to  sympathetically  point  out 
some  of  the  divergencies,  for  while 
there  is  a  pretty  general  agreement, 
either  specified  or  implied,  with  the 
ideals  set  forth  by  our  standards, 
there  are  some  exceptions. 

Regulations  Regarding  Pool  and 
Surrounding  Floor. — Our  Standard 
No.  4  provides  that  "The  pool  and  the 
surrounding  floor  should  be  free  from 
obstructions";  and  yet  we  find  that 
Florida,  New  Mexico,  Tennessee, 
Washington  and  West  Virginia  speci- 
fy that  the  pool  be  entirely  sur- 
rounded by  "a  concrete  curb  at  least 
2-in.  high  by  12-in.  wide"  as  a  check 
against  floor  drainage  flowing  into  the 
pool.  Virginia  specifies  the  height  but 
not  the  width  of  such  curbing.  That 
curb  is  just  what  we  wanted  to  pre- 
vent when  we  recommended  that  "the 
surrounding  floor  should  be  free  from 
obstructions."  Many  persons  have 
stumbled  on  just  such  a  ledge  and 
taken  an  unexpected  header  into  the 
pool,  to  the  injury  either  of  them- 
selves or  to  some  bather.  Coupled 
with  this  specification  several  of  the 
States  stipulate  that  the  floor  drain- 
age be  conveyed  to  the  sewer;  and 
New  Mexico  and  Tennessee  absolutely 
prohibit  the  return  of  such  drainage 
to  the  circulating  system.  This  speci- 
fication does  not  recognize  the  fact 
that  modern  pool  construction  fre- 
quently provides  drainage  from  the 
floor  into  the  overflow  trough  or  so- 
called  "scum  gutter,"  and  that  said 
overflow  trough  is  connected  directly 
to  the  main  drain  or  sewer  line  of  the 
pool  from  which  the  circulating  pump 
takes  its  suction.  Certainly  if  persons 
in  street  clothing  are  prohibited  from 
the  walkway  around  the  pool,  and  this 
is  the  prevailing  rule,  the  water  on 
this  walkway  will  not  be  any  different 
than  the  water  in  the  pool  which  is 
being  re-filtered;  and  it  is  a  useless 
waste  of  water  and  a  useless  expendi- 
ture for  additional  piping  to  provide 
separate  drainage  from  the  walkway 
to  the  sewer. 

Width  of  Walks.— Several  of  the 
States  attempt  to  specify  the  mini- 
mum width  of  the  walks  surrounding 
the  pool.  Florida  and  Washington 
say  they  shall  be  5  ft.;  California, 
New  Mexico,  Tennessee  and  West  Vir- 
ginia place  it  at  4  ft.  These  variations 
naturally  raise  the  question, — which 
is  right  ?    Who  knows  ? 

These  architectural  details  are 
things   which   should   be   left  to   the 


architect  who  specializes  in  swimming 
pools  and  who  informs  himself  by  con- 
sultation with  swimming  instructors 
and  those  directly  in  charge  of  pools, 
as  to  the  actual  requirements. 

Condition  of  Water. — Our  Standard 
No.  5  provides  that  "the  water  should 
be  maintained  in  a  transparent  state 
so  that  any  submerged  person  may  be 
readily  seen."  That  tells  the  whole 
story.  It  gives  the  specifications  and 
states  the  reason  therefor.  Yet  some 
of  the  State  regulations  go  into  an 
elaboration  of  this.  Florida  requires 
that  the  pool  water  shall  be  such  that 
"markings  on  the  bottom  of  the  pool 
can  be  distinctly  seen  at  all  times"; 
New  Mexico  that  "bathers  may  be  dis- 
tinctly seen  on  the  bottom  of  all  parts 
of  the  pool";  Virginia — that  both  the 
construction  and  the  water  be  such 
that  the  bottom  be  plainly  visible  at 
all  times;  California — that  the  "water 


A  Private  Pool  at  Manhasset,   L.  I. 

in  the  pool  shall  at  all  times  of  use^  be 
sufficiently  transparent,  under  exist- 
ing lighting  conditions,  when  the 
water  surface  is  not  excessively  agi- 
tated by  the  bathers,  to  enable  a  per- 
son standing  at  the  side  of  the  pool 
to  distinctly  see  the  bottom  of  the 
pool  where  the  depth  of  the  water  is 
six  feet  or  less";  and  Tennessee  and 
West  Virginia  agree  with  this. 
Washington  would  have  it  "so  clear 
that  markings  on  the  bottom  of  the 
pool  may  be  distinctly  seen  at  all 
time";  and  has  a  further  stipulation 
to  the  same  end,  viz.:  "The  color  of 
pool  walls  and  floor  and  the  lighting 
of  the  pool  room  shall  be  such  that 
the  black  lines  on  the  bottom  can  be 
distinctly  seen  at  all  times."  Louisi- 
ana says  nothing  about  the  quality  of 
the  water  but  seemingly  puts  it  up  to 
the  color,  stipulating  that  "the  bottom 
and  sloping  sides  of  all  tanks  or  pools 
shall  be  white,  so  that  objects  may  be 
clearly  seen,  so  far  as  possible,  in  all 
portions  of  the  pool  or  tank." 
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Bathing  Suits. — Our  Standard  No. 
10  is :  "The  use  of  clothing  should  be 
prohibited  or  limited  to  the  use  of 
white  suits  of  lintless  material  steril- 
ized by  the  establishment."  Now- 
adays, in  most  pools  where  the  bath- 
ers are  segregated  by  age  and  sex,  no 
clothing  is  worn  by  the  males,  and  the 
regulations  of  most  of  the  States  ap- 
pear to  be  in  accord  with  this 
standard,  except  Idaho,  and  it  stands 
out  unique  with  this  positive  injunc- 
tion: "Bathers  must  be  clothed.  No 
person  shall  be  allowed  to  enter  any 
public  bathing  pool,  spring,  pond  or 
other  similar  bathing  place,  without 
first  being  supplied  with  proper  and 
sufficient  clothing  to  completely  and 
effectually  cover  their  private  parts." 

Quantity  of  Water  Per  Bather. — 
The  greatest  difference  in  the  various 
States  is  in  the  quantity  of  water  al- 
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week  which  use  the  pool  divided  by 
the  capacity  of  the  pool  in  thousands 
of  gallons."  Florida,  Tennessee  and 
Washington  require  that  in  any  event 
"fill  and  draw"  pools  be  emptied, 
cleaned  and  refilled  at  least  once  a 
week  and  at  any  time  when  the  week- 
ly bathing  load  exceeds  20.  This 
means,  for  example,  that  when  1,200 
persons  have  used  a  60,000  gal.  pool  it 
must  be  emptied.  It  will  be  noted, 
therefore,  that  the  restriction  to  a 
"weekly  bathing  load  of  20"  is  equiva- 
lent to  an  allowance  of  50  gal.  per 
capita.  This  coincides  with  what  the 
Committee  of  the  State  Sanitary  En- 
gineers offered  for  "further  study  and 
criticism"  in  their  first  report  (Bos- 
ton, 1921),  viz.: 

"1.  The  total  number  of  bathers 
using  a  swimming  pool  during  any 
period  of  time  shall  not  exceed  20  per- 


Swimming:  Pool   at  Amusement   Park,   Springfield,   Mass. 


lowed  per  bather.  California  suggests 
a  minimum  of  800  gal.  per  bather  in 
pools  of  either  the  "fill  and  draw" 
type  or  where  there  is  an  intermittent 
or  constant  replacement  by  the  addi- 
tion of  new  or  purified  water.  New 
Mexico  suggests  the  continuous  addi- 
tion of  new  water  in  the  quantity  of 
800  to  2,000  gal.  per  bather,  or  drain- 
ing and  re-filling  so  often  as  the  re- 
quirements demand.  Virginia  requires 
500  to  800  gal.  when  operating  under 
the  "fill  and  draw"  method.  Arkansas 
stipulates  a  continuous  flow  during 
bathing  hours  of  not  less  than  400  gal. 
per  bather  per  day,  "based  on  the 
average  daily  attendance."  Florida 
and  Washington  "prefer"  the  same  as 
Arkansas,  using  "new"  water;  and 
Tennessee  likewise,  using  either  new 
or  re-filtered  water. 

For  so-called  "fill  and  draw"  pools, 
viz.:  those  which  are  simply  emptied 
and  refilled  with  new  water  from  time 
to  time,  Florida,  Tennessee,  Washing- 
ton and  West  Virginia  specify  that 
the  "weekly  bathing  load"  not  exceed 
20.  West  Virginia  explains  the  term 
as  follows :  "The  weekly  bathing  load 
is  the  number  of  bathers  during  the 


sons  for  each  100  gal.  of  clean  water 
added  to  the  pool  during  that  period. 
The  term  clean  water  as  used  above 
may  be  interpreted  to  mean,  new  clean 
water  used  to  refill  the  pool,  new 
clean  water  used  to  replace  loss  by 
splashing  or  during  cleaning,  water 
taken  from  the  pool  and  returned 
after  effective  filtration,  or  any  com- 
bination of  such  waters." 

To  the  writer,  50  gal.  per  capita 
seems  much  more  reasonable  than  800 
or  even  400;  for  50  gal.  would  provide 
more  than  a  respectable  bath  in  the 
average  New  York  bath-tub,  and  we 
must  never  permit  the  pool  to  be  used 
as  a  tub. 

Sanitary  Condition  of  Water. — It 
goes  without  saying  that  the  sanitary 
condition  of  the  water  is  the  crux  of 
the  whole  matter,  and  since  all  of  the 
regulations  stipulate  or  imply  that 
this  must  be  acceptable  to  the  State 
authority,  variation  in  suggestions  or 
instructions  pertaining  to  construction 
or  maintenance  are  of  only  minor  im- 
portance, for  they  can  be  revised 
from  experience.  In  fact,  this  has 
been  done  by  Arkansas,  California, 
and  Idaho. 
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The  permissible  bacteria  content  is 
limited  by  Arkansas,  California, 
Idaho,  New  Mexico  and  Tennessee. 
The  regulations  of  Florida,  Virginia 
and  Washington  do  not  mention  the 
degree  of  contamination  but  do  speci- 
fy disinfection,  and  West  Virginia 
suggests  it. 

Re-filtration  of  the  pool  water  also 
is  suggested  by  California,  New  Mex- 
ico, Tennessee,  Virginia  and  West  Vir- 
ginia. New  Mexico  and  West  Vir- 
ginia recommend  that  the  equipment 
be  large  enough  to  accomplish  the  re- 
filtration  of  the  entire  contents  of  the 
pool  in  6  to  10  hours;  California — in 
8  to  12  hours;  Virginia — during  the 
period  of  daily  use;  and  Tennessee — 
that  is  should  be  operated  constantly 
whilst  the  pool  is  in  use. 

The  rate  of  filtration  suggested  by 
California  is  2  to  3  gal.  per  minute  per 


Playground  Pool,  San  Francisco,  Calif. 

square  foot  of  surface  area  of  filter 
bed;  and  the  value  of  alum  in  swim- 
ming pol  re-filtration  is  question^  New 
Mexico  recommends  the  minimum 
rate — 2  gal.,  and  the  use  of  alum. 
"Separate  reaction  and  coagulation 
basins  do  not  appear  to  be  warranted 
in  the  filtration  of  swimming  pool 
water"  is  what  California  has  to  say 
on  this  point;  but  New  Mexico  advises, 
'Coagulation'  basins  of  a  holding  ca- 
pacity of  one  hour's  flow." 

The  definite  financial  saving  in  the 
cost  of  water  and  heat  by  re-filtration 
is  pointed  out  in  the  West  Virginia 


regulations  and  they  strongly  recom- 
mend the  use  of  this  system. 

Filtering  the  Water. — The  writer's 
individual  opinion  is  that  under  aver- 
age conditions  no  coagulation  basin  is 
necessary  and  it  will  suffice  to  provide 
equipment  adequate  to  completely  re- 
filter  the  contents  of  the  pool  once 
during  each  period  of  daily  use  at  the 
rate  of  3  gal.  per  minute  per  square 
foot  of  filter  surface;  and  then,  if  it 
found  that  this  degree  of  purification 
does  not  keep  apace  with  the  contam- 
ination, supplement  it  by  a  longer 
period  of  re-filtration  (irrespective  of 
the  length  of  time  the  pool  is  in  use) 
and  also  by  more  frequent  disinfec- 
tion. 

The  type  of  filter  is  irrelevant.  Un- 
der equal  conditions  the  same  degree 
of  purification  ensues.  In  most  places, 
however,  "pressure"  filters  are  found 
the  more  convenient.  Such  are  those 
not  only  of  the  indoor  pools  of  the 
Public  Baths,  Schools  and  other  insti- 
tutions here  in  Jersey  City,  but  for 
such  large  outdoor  pools  as  Lake  Tak- 
a-dip,  Springfield,  Mass.,  and  Dream- 
land Park,  close  by  us  here  in  Newark, 
N.  J.  Although  the  majority  of  in- 
door pools  are  equipped  with  pressure 
filters,  there  are  some  of  the  gravity 
type,  as,  for  example,  Columbia  Uni- 
versity and  the  Rutgers  Place  and 
East  54th  Street  Public  Baths,  New 
York  City.  All  of  these  are  of  similar 
construction  to  a  municipal  water- 
works filtration  plant,  having  a  tank 
affording  a  sedimentation  period  after 
the  coagulant  has  been  added  to  the 
circulating  water.  The  time  provided 
is  about  one  hour.  At  Columbia  the 
plant  is  of  reinforced  concrete;  at  the 
Public  Baths  mentioned  they  are  of 
wood  tank  construction.  One  of  the 
reasons  for  this  was  that  the  pools 
were  added  after  the  buildings  were 
finished  and  there  were  no  openings 
large  enough  to  admit  completed  pres- 
sure filter  tanks.  In  all  cases  the  ar- 
rangement is  practically  the  same, 
viz.,  the  circulating  pump  is  connected 
to   the    drain    line    of   the   pool    and 


Table  I — Schedule  of  Sizes  and  Capacities  of   Filters 

in  Relation  to  Pool 

Internal 

Diameter 

of  Filter 

Filtering  Area 

Capacity  per  Minute 

Size  of  pool  for  which  suitable,  to  filter  in — 

Inches 

Square  feet 

3-gal.  rate 

8  hours 

16  hours                       24  hours 

30 

4.90 

14.7 

7,056 

14,112                           21,168 

36 

7.06 

21.1 

10,128 

20,256                           30,374 

42 

9.62 

28.8 

13,824 

27,648                           41,472 

48 

12.56 

37.6 

18,048 

36,096                           54,134 

54 

15.90 

47.7 

22,896 

45,790                           68,688 

60 

19.63 

58.8 

28,224          • 

56,448                           84,672 

72 

28.27 

84.8 

40,604 

81,208                         121,812 

84 

38.48 

115.4 

55,392 

110,784                         166,176 

96 

50.27 

150.8 

72,384 

144,768                         217,152 
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pumps  the  water  to  (or  through)  the 
filtration  plant,  from  which  it  flows 
back  to  the  pool.  Where  salt  water  is 
used,  the  filters  usually  are  of  non- 
corrosive  material;  for  example— at 
the  New  York  Aquarium  there  are 
pressure  filters  constructed  entirely  of 
copper.  The  Venice  Salt  Water 
Plunge,  Venice,  California,  has  grav- 
ity filters  of  reinforced  concrete. 
Sometimes  iron  piping  is  coated  with 
an  enamel,  but  it  would  be  better  to 
have  the  filter  strainer  system  and 
wash-troughs  of  concrete  and  to  so  far 
as  possible  utilize  concrete  flumes  in 
place  of  iron  piping. 

Pressure  Filters. — So  far  as  pres- 
sure filters  are  concerned,  the  Asso- 
ciated Manufacturers  of  Water  Puri- 
fying Equipment  have  established  cer- 
tain standard  sizes  for  all  makes. 
These  sizes,  with  their  capacity  at  the 
3-gal.  per  square  foot  rate  and  the 
size  pools  which  they  are  capable  of 
filtering  or  re-filtering  in  a  period  of 
8,  16  and  24  hours,  are  shown  in 
Table  I. 


Use  of  Hydrants  for  Purposes 
Other  Than  Extinguish- 
ing Fires 

Abstract  of  a  Paper  Presented  May  25 

at  Annual  Convention  of  American 

Water   Works   Association 

By  JOHN  W.  TOYNE, 

Engineer,    South    Bend,    Ind. 

It  was  but  the  outgrowth  of  the 
common  use,  by  every  one,  of  the 
"town  pump"  that  directed  the  use  of 
its  successor,  the  public  fire  hydrant 
as  the  general  temporary  water  serv- 
ice medium,  and  it  is  not  surprising 
that  this  use  of  the  fire  hydrant  be- 
came universal,  especially  in  munici- 
pally owned  water  utilities. 

So  universal  is  this  practice,  that  I 
have  failed  to  find  a  single  munici- 
pally owned  plant  and  very  few  pri- 
vately owned  plants  where  service  is 
not  rendered,  either  voluntarily  or 
otherwise. 

Within  the  past  month,  I  was  in  a 
small  city  in  Northern  Indiana,  and 
was  informed  that  no  service  was  per- 
mitted from  the  fire  hydrants,  yet  in 
less  than  an  hour  I  counted  a  build- 
ing contractor,  a  crew  cleaning  sew- 
ers, a  teamster  watering  his  team  in 
a  tub  and  a  tank  wagon  filling.  In 
two   of  the   cases,   Stillson  wrenches 


were  being  used  to  operate  the  hy- 
drants with  the  usual  results,  and  I 
noted  where  a  number  of  other  hy- 
drants had  experienced  the  same 
treatment. 

I  have  talked  with  a  number  of  city 
officials  relative  to  this  practice  and 
have  been  surprised  at  the  lack  of 
thought  that  has  been  given  the  two 
most  essential  elements  entering  into 
the  consideration  of  this  abuse  of  one 
of  the  most  necessary  pieces  of  fire 
fighting  equipment, — Cost  and  Reli- 
ability. 

Thousands  of  dollars  are  appro- 
priated for  the  purpose  of  fire  fight- 
ing apparatus — pumpers,  hose  wagons, 
deluge  sets,  aerials,  in  fact  everything 
that  the  ingenuity  of  man  can  con- 
ceive and  contrive  that  will  tend  to 
assist  the  firemen  in  their  work  of 
fighting  fire,  and  surely  the  adminis- 
trators of  our  municipal  government 
would  be  subject  to  severe  criticism  if 
they  failed  in  their  duty  in  this  re- 
spect. At  the  same  time,  permission 
will  be  granted,  to  almost  any  one  de- 
siring water  for  almost  any  purpose, 
to  use  a  fire  hydrant,  notwithstanding 
the  fact  that  the  hydrant  is  not  de- 
signed as  a  service  connection  and 
that  its  use  as  such,  not  only  builds 
up  an  exorbitant  maintenance  cost 
but  reduces  the  available  fire  protec- 
tion. 

This  latter  statement  is  not  merely 
assumption  based  on  the  law  of  aver- 
ages, but  is  fact,  proven  by  actual 
conditions  that  have  come  under  my 
observation,  and  no  doubt  parallel 
cases  have  been  within  the  experience 
of  almost  every  one  connected  with 
water  utility  of  fire  protection  work. 
I  will  cite  one  or  two  instances — not 
that  they  are  unique  or  novel  in  any 
way — but  because  they  are  pertinent 
to  the  subject  under  discussion.  A 
fire  alarm  was  answered  in  an  addi- 
tion where  the  streets  were  badly  cut 
up  through  sewer  construction.  The 
hydrant  that  should  have  been  used 
was  tied  up  with  a  service  line,  with- 
out even  a  union  and  by  the  time  the 
hose  wagon  had  backed  out  to  another 
hydrant,  the  house  had  burned  down. 
At  a  hydrant  ordinarily  used  by  the 
street  sprinkler  for  filling  purposes, 
and  on  which  the  side  cap  was  usually 
left  open,  a  handful  of  small  rock  was 
discharged  into  the  fire  hose  plugging 
the  nozzle  and  allowing  a  roof  fire, 
set  to  wood  shingles  from  an  adjacent 
fire,  to  gain  considerable  headway  be- 
fore the  hydrant  could  be  closed,  the 
nozzle     removed    and    another    sub- 
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stituted.  Small  boys  were  severely 
criticized  for  dropping  the  rock  into 
the  hydrant,  but  as  I  see  it,  the  criti- 
cism was  directed  to  the  wrong  place 
entirely. 

It  would  be  difficult  to  estimate  the 
cost  in  property  damage  and  loss  of 
life  that  has  accrued  from  this  prac- 
tice and  that  is  continuing  as  one  of 
our  disgraces. 

When  I  was  asked  to  "discuss"  this 
subject,  the  first  thought  I  had  was, 
that  it  would  be  much  easier  to  "just 
cuss  it"  and  the  farther  I  go,  the 
easier  it  seems. 

Really  there  are  no  arguments  in 
favor  of  it,  and  the  only  question  open 
is,  how  long  will  it  take  for  the  citi- 
zens of  our  communities  to  wake  up 
to  the  fact  that  their  lives  and  prop- 
erty are  being  placed  under  an  un- 
necessary hazard  and  compel  us  to 
stop  it. 

Sewer  Connections  Made  by  Mu- 
nicipality at  Owners' 
Expense 

A  recent  court  decision  of  interest 
to  municipal  officials  is  cited  as  fol- 
lows in  the  May  18  issue  of  Public 
Health  Reports,  a  publication  of  the 
U.  S.  Public  Health  Service. 

The  facts  in  a  recent  case  before 
the  Supreme  Court  of  New  Jersey 
were  as  follows: 

A  board  of  health  ordinance  re- 
quired property  owners  along  the  line 
of  an  existing  sewer  immediately  to 
connect  their  premises  with  the  sewer, 
and  upon  failure  to  do  so  after  re- 
ceiving notice  the  connection  was  to 
he  made  by  the  local  board  of  health 
at  the  expense  of  the  property  owner. 
The  defendant  did  not  connect  his 
premises  with  the  sewer,  and  an  ex- 
amination of  his  premises  was  made 
by  some  of  the  members  of  the  board 
of  health,  who  reported  that  a  public 
nuisance  existed.  The  board  of  health 
passed  a  resolution  adopting  the  re- 
port and  notified  the  defendant  to 
abate  the  nuisance  by  connecting  his 
premises  with  the  sewer.  The  de- 
fendant failing  to  comply  with  the  no- 
tice, the  board  of  health  made  the 
connection  and  brought  suit  to  re- 
cover the  amount  expended.  The  pur- 
pose of  the  suit,  as  stated  in  the  com- 
plaint, was  to  recover  the  cost  of 
abating  a  nuisance.  The  inspection 
of  the  defendant's  premises  and  that 
adjudication    by    the    board    that    a 


nuisance  existed  were  had  without  no- 
tice to  the  defendant  and  without  his 
being  given  an  opportunity  of  being 
heard  upon  the  question  whether  or 
not  such  nuisance  existed. 

The  supreme  court  held  that,  in  the 
instant  case,  under  the  issue  raised 
by  the  pleadings,  the  board  of  health 
was  entitled  to  recover  only  if  a  pub- 
lic nuisance  in  fact  existed  at  the 
time  the  notice  to  abate  was  served 
and  also  held  that  the  adjudication 
by  the  board  that  a  nuisance  existed 
was  not  conclusive,  inasmuch  as  the 
defendant  had  not  been  notified  of  the 
proceeding  and  had  been  give  no  op- 
portunity of  being  heard.  The  pri- 
mary question  of  whether  or  not  a 
nuisance  existed  at  that  particular 
time  not  having  been  submitted  to  the 
jury,  because  of  the  trial  court's 
charge  that  the  only  question  for  the 
jury's  determination  was  whether  the 
defendant  was  notified  by  the  board 
to  connect  his  premises  with  the 
sewer  and  that,  if  he  was  so  notified 
and  failed  to  comply,  the  action  of  the 
board  in  making  the  connection  was 
legally  justified,  the  judgment  in 
favor  of  the  board  was  reversed. 


Typhoid      Mortality      Decreasing. — 

Deaths  from  typhoid  fever  are  de- 
creasing, according  to  the  eleventh 
annual  survey  of  typhoid  fever  mor- 
tality in  cities  of  the  United  States 
having  100,000  population  or  more, 
conducted  by  the  American  Medical 
Association.  Since  1920  each  of  the 
12  largest  cities  had  a  typhoid  rate 
under  10,  and,  as  in  1920  also,  all  ex- 
cept one  had  a  rate  under  5.  In  1921 
7  of  these  12  cities  showed  a  slight 
typhoid  death  increase,  as  compared 
with  the  remarkably  low   figures   for 

1920.  The  year  just  passed  has  wit- 
nessed a  resumption  of  the  decline  in 
the  death  rate,  all  but  three  of  these 
cities  showing  a  lower  rate  for  1922 
than  for  the  low  rate  of  1920.  Five 
cities,  however,  show  slight  increases 
for   1922   over   the   mortality  rate   of 

1921.  According  to  the  report  of  the 
association's  survey,  the  Southern 
cities  as  well  as  the  Northern  have 
shared  in  the  decrease  in  typhoid  mor- 
tality. Richmond,  with  a  rate  of  4.4, 
compares  favorably  with  the  Balti- 
more rate.  Nashville  is  reported  to 
have  the  highest  death  rate,  16.2. 
Trenton,  a*  city  in  the  Northern  group, 
is  listed  with  having  a  death  rate  of 
15.9. 
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Estimating  Bills  for  Water 


Considerations  in  Deciding  on  Amount 
of  Water  to  Be  Charged  for  When 
the    Meter    Fails    to    Register 
Outlined  in  Paper  Presented 
May  24  at  Annual  Meet- 
ing of  American  Water 
Works  Association 

By  W.  C.  HAWLEY, 

Chief    Engineer    and    General    Superintendent 
Pennsylvania   Water   Co. 

There  are  few  more  perplexing  du- 
ties which  the  water  works  manager 
is  called  upon  to  perform  than  esti- 
mating what  is  the  proper  and  just 
amount  of  water  to  be  charged  for 
when  the  meter  has  stopped  register- 
ing. Fortunately  a  very  small  per- 
centage of  the  meters  in  service  fail 
to  register  and  again,  fortunately,  in 
the  great  majority  of  such  cases  there 
is  little  difficulty  in  making  a  bill  to 
which  there  can  be  no  reasonable  ob- 
jection on  the  part  of  the  consumer, 
but  there  are,  occasionally,  cases  for 
which  it  is  extremely  difficult  to  find 
a  satisfactory  solution. 

Some  of  the  Public  Service  Com- 
pany Laws  or  the  Commissions  oper- 
ating under  them  have  ruled  how  bills 
shall  be  made  where  the  meter  has 
stopped  registering.  The  registration 
of  the  previous  billing  period  or  the 
rate  of  registration  of  a  new  meter 
or  of  the  old  meter  after  it  has  been 
repaired  for  a  certain  period  are 
among  the  rules  so  laid  down.  For 
men  so  unfortunate  as  to  be  working 
under  such  conditions  there  is  noth- 
ing to  do  but  follow  them,  but  it  is 
worth  while  in  passing  to  point  out 
that  such  laws  or  rules  are  unjust. 
In  many  cases  they  are  undoubtedly 
the  right  rules  to  follow  but  in  others 
they  will  result  in  gross  injustice, 
sometimes  to  the  water  utility  and 
sometimes  to  the  consumer.  It  is  to 
be  regretted  that  such  questions  have 
to  be  solved  by  rule  rather  than  by 
the  judgment  of  men  of  experience 
and  of  proved  ability  and  integrity, 
guided  by  the  Golden  Rule  and  an 
honest  intent  to  give  a  square  deal. 

Benefit  of  Doubt  Goes  to  Consumer. 

— It  is  a  fact  which  it  is  well  to  keep 
in  mind  that,  as  a  general  rule,  if  any 
reasonable  question  arises  in  making 
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an  estimated  bill,  the  benefit  of  the 
doubt  is  given  to  the  consumer.  This 
does  not  mean  that  that  method  of 
computation  which  makes  the  small- 
est bill  should  always  be  used.  There 
may  be  two  or  more  possible  methods 
of  computation  and  a  study  of  the 
available  date  in  the  case  may  indi- 
cate that  it  is  more  reasonable  to  use 
a  method  giving  a  larger  bill.  But  if 
two  or  more  methods  are  possible 
without  data  to  warrant  a  reason  for 
choosing  one  method  as  preferable 
then  the  only  thing  to  do  is  to  use 
the  method  giving  the  smallest  bill. 

Where  bills  are  sent  out  each 
month  the  difficulties  in  making  es- 
timated bills  will  be  less  than  where 
the  utility  is  on  a  quarterly  or  semi- 
annual basis,  because  the  period  cov- 
ered by  the  estimate  is  shorter  and 
the  bill  correspondingly  less.  Meters 
should  be  read  at  least  quarterly  even 
though  the  bills  are  sent  out  only 
twice  per  year.  In  cases  where  rather 
large  quantities*  of  water  are  used  it 
is  good  practice  to  read  the  meters 
each  month  or  even  oftener. 

Reading  the  Meter. — It  is  important 
that  the  fact  that  a  meter  is  not 
registering  should  be  discovered  at 
the  earliest  opportunity.  The  meter 
reader  should  therefore  be  given  in- 
structions to  pay  particular  attention 
to  this  matter.  In  case  the  registra- 
tion for  the  period  is  less  than  ordi- 
nary he  should  open  a  spigot  and 
watch  the  one  foot  hand  to  see  if  the 
meter  is  registering.  The  meter 
books  when  returned  to  the  office 
after  reading,  should  be  carefully  in- 
spected and  all  suspicious  readings 
should  be  listed  and  inspectors  sent 
to  make  check  readings.  This  will  be 
found  worth  while  not  only  in  picking 
up  meters  which  are  not  registering 
and  have  been  overlooked  by  the 
meter  reader,  but  in  the  elimination 
of  mistakes  in  meter  reading  and  thus 
saving  trouble  over  incorrect  bills. 

Why  It  Is  Necessary  to  Make  an 
Estimated  Bill. — The  necessity  for 
making  an  estimated  bill  comes  to  us 
in  this  way.  The  meter  reader  re- 
ports that  the  meter  on  a  certain 
property  has  stopped  registering.  If 
the  meter  reading  indicates  that  the 
meter  has  registered  since  the  last 
previous  reading,  it  is  only  the  regu- 
lar billing  period  which  the  estimate 
has  to  cover.  If  the  meter  reading 
is  the  same  as  the  former  one,  it  in- 
dicates  that   the   meter   has   stopped 
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registering  prior  to  or  about  the  time 
of  the  previous  reading.  If  the 
amount  registered  during  the  previ- 
ous period  was  less  than  usual  and 
has  been  billed  and  paid  for,  the  ques- 
tion arises,  can  a  corrected  bill  be 
sent  out  and  collected?  We  will  as- 
sume, however,  that  the  estimate  is  to 
cover  one  billing  period  only.  When 
the  rate  of  registration  for  several 
quarters  past  has  been  fairly  uni- 
form, that  rate  can  be  used  as  the 
basis  of  the  estimate  and  ordinarily 
the  estimate  will  be  accepted  without 
objection  by  the  consumer.  If  there 
is  a  slight  seasonal  variation  it  may 
be  better  to  use  the  registration  for 
a  previous  corresponding  period. 
Even  then  there  will  probably  be  an 
occasional  demand  for  a  reduction. 

Use  of  Squared  Paper  in  Billing. — 

In  cases  where  the  rate  of  registra- 
tion has  not  been  uniform  it  may  be 
advisable  to  use  as  a  basis  the  rate  of 
registration  for  the  period  immedi- 
ately preceding  the  billing  period  or 
to  use,  at  least  as  a  check,  the  rate 
for  a  period  of  three  or  four  weeks 
after  a  new  meter,  or  the  old  meter 
repaired,  has  been  set.  If  there  is  a 
material  difference  between  the  rates 
of  registration  immediately  before 
and  after  the  period  to  be  billed  it 
may  be  best  to  use  the  average  of  the 
two  rates  as  the  basis  for  billing  if 
the  two  periods  were  of  about  equal 
length.  If  they  were  not,  probably 
the  best  solution  will  be  made  by  the 
use  of  squared  paper,  using  the  hori- 
zontal scale  for  time  and  the  vertical 
scale  to  represent  either  the  meter 
readings  or  registration..  By  prolong- 
ing the  lines  into  the  period  for  which 
the  registration  is  to  be  estimated  un- 
til they  intersect  we  can  find  the 
probable  date  when  the  change  in 
rate  of  registration  took  place  and 
thus  determine  approximately  the 
periods  during  which  each  rate  of 
registration  occurred  and  the  total 
amount. 

For  the  more  complicated  problems 
of  this  kind  the  use  of  squared  paper 
will  be  found  very  helpful.  With  the 
record  of  registration  thus  shown 
graphically  facts  are  disclosed  that 
are  not  readily  discovered  by  the  most 
careful  inspection  of  the  meter  read- 
ing sheet  or  by  calculation.  It  is 
well  to  go  back  for  a  considerable 
period, — two  or  three  years  in  some 
cases  and  the  more  readings  that 
have   been   taken,   the   better.     This 


will  give  information  of  any  changes 
in  rate  of  consumption  and  will  show 
up  an  actual  dropping  off  in  registra- 
tion of  the  meter  such  as  happens 
when  the  gear  train  gradually  wears 
out.  One  of  the  best  features  of  the 
use  of  squared  paper  is  that  in  case 
of  a  disputed  bill  a  customer  is  more 
easily  convinced  than  he  can  be  by 
any  calculation.  The  facts  are  pre- 
sented in  a  way  which  a  person  of 
ordinary  intelligence  can  understand 
and  the  chances  for  argument  are  re- 
duced to  a  minimum. 

The  Question  of  Leakage. — Some  of 
the  most  perplexing  problems  in  the 
making  of  estimated  bills  occur  where 
a  meter  has  been  registering  for 
years  at  a  comparatively  uniform  rate 
and  a  leak  suddenly  develops,  water 
going  to  waste  in  large  quantities. 
Usually  the  first  knowledge  of  the 
waste  of  water  is  obtained  by  the 
meter  reader  when  he  finds  that  the 
meter  is  registering  continuously.  In 
such  a  case  he  should  get  the  rate 
of  registration  by  noticing  the  length 
of  time  required  to  register  a  con- 
venient quantity.  This  information 
may  be  very  valuable  in  settling  a 
dispute  over  the  bill.  The  meter 
reader  should  also,  if  possible,  make 
an  inspection  of  the  property  and  de- 
termine where  the  leak  occurs  and  the 
consumer  should  be  notified  of  the 
fact  that  there  is  a  leak. 

Sometimes  in  a  case  like  the  fore- 
going the  meter,  already  in  service 
for  some  years  and  with  some  of  its 
parts  worn,  is  put  out  of  commission 
by  the  high  rate  of  registration  and 
there  is  nothing  to  show  when  it  stop- 
ped registering  or  how  much  water 
has  been  taken  without  being  register- 
ed. If  the  leak  has  not  been  repaired 
a  new  meter  should  be  set  at  once 
until  the  old  meter  can  be  repaired 
and  the  rate  of  registration  deter- 
mined. With  this  information  a 
reasonable  bill  can  be  prepared. 

If,  however,  the  leak  has  been  re- 
paired before  the  meter  reader  dis- 
covers that  tlje  meter  is  not  register- 
ing, it  leaves  the  waterworks  man 
with  little. data  upon  which  to  base 
a  bill.  He  may  be  perfectly  confident 
that  a  large  amount  of  water  has 
been  taken,  but  he  has  no  basis,  or 
at  best  not  a  very  good  one,  on  which 
to  make  an  estimate.  The  fact  that 
the  consumer  "has  never  had  a  big 
bill  before"  will  be  a  strong  argu- 
ment against  any  large  bill  which  is 
presented. 
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The  foregoing  are  but  a  few  sam- 
ples of  the  problems  which  are  pre- 
sented from  time  to  time  in  a  water- 
work  man's  experience.  It  is  evident 
that  the  manager  needs  the  thought- 
ful and  intelligent  cooperation  of  the 
meter  reader  to  reduce  his  difficulties 
to  a  minimum.  Many  of  the  problems 
can  be  solved  readily  and  for  the 
more  difficult  ones  the  squared  paper 
will  be  found  helpful.  In  making  an 
estimate  of  the  water  used  the  man- 
ager must  study  each  problem  care- 
fully, considering  the  various  possible 
solutions  and  the  justice  of  each  as 
between  the  water  utility  and  the  con- 
sumer. A  careful  study  of  the  figures 
made  in  solving  each  problem  should 
be  kept  for  reference  in  case  of  a 
complaint  by  the  consumer  against 
the  bill. 

The  Consumer  and  the  Estimated 
Bill. — There  is  bound  to  be  a  certain 
number  of  complaints  against  esti- 
mated bills,  most  of  which,  however, 
will  amount  to  merely  a  request  for 
an  explanation  of  how  the  bill  was 
made.  Others  will  be  demands  for 
reduction  in  the  bill  and  these  should 
be  given  serious  and  courteous  atten- 
tion, keeping  in  mind  the  fact  that 
while  the  bill  has  been  made  upon 
the  basis  of  such  information  as  was 
available,  there  may  have  been  other 
facts  which  were  entitled  to  consider- 
ation. A  reduction  of  the  bill  when 
justified  by  a  consideration  of  the 
additional  facts  presented  will  gen- 
erally result  in  satisfaction  to  the 
consumer.  Occasionally  there  will  be 
the  case  of  a  consumer  who  merely 
objects  to  paying  the  bill.  He  has  no 
reasonable  basis  for  a  reduction  but 
comes  in  thoroughly  angry.  He  may 
be  sincere  in  feeling  that  the  bill  is 
too  large  or  he  may  know  better  and 
be  bluffing.  These  are  the  cases  that 
tax  the  courtesy,  tact  and  patience 
of  the  manager.  There  is  no  rule 
for  handling  them  except  to  let  the 
consumer  state  his  case  fully,  making 
notes  as  he  goes  along,  listen  cour- 
teously to  all  he  has  to  say  and  when 
he  has  finished,  his  statement  can  be 
compared  with  the  records  of  the 
meter  readers,  etc.  He  may  be  satis- 
fied or  he  may  not  but  in  the  latter 
case  the  Manager  can  feel  that  he 
has  done  his  duty  and  that  the  con- 
sumer in  the  case  is  merely  one  of 
that  fraction  of  one  per  cent  of  all 
consumers  who  cannot  or  will  not 
appreciate  courtesy  and  fair  dealing. 
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Influence  of  Irrigation  on  Ex- 
pansion   of    Agricultural 
Industry  in  California 

Although  California  ranks  18th 
among  the  states  in  area  of  land 
farmed,  it  is  in  the  5th  position  in 
value  of  farm  crops.  This  result,  ac- 
cording to  Bulletin  No.  6,  "Irrigation 
Requirements  of  California  Lands," 
issued    recently    by   the    Division    of 
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Demand  for  Agricultural   Products,  Expansion 

of    Farm    Area    and    Curve    of    Irrigation 

Area. 

Engineering  and  Irrigation  of  the 
California  Department  of  Public 
Works,  is  due  to  the  more  intensive 
farming  of  the  rich  agricultural  lands, 
and  because  of  the  introduction  of  ir- 
rigation and  the  continued  extension 
of  this  practice.  The  accompanying 
diagram  from  the  bulletin  shows  the 
expansion  of  the  agricultural  industry 
in  the  state.  The  notes  following  also 
are  taken  from  the  bulletin. 

The  demand  for  agricultural  prod- 
ucts from  1870  to  the  present  day  is 
shown  by  a  curve  expressing  the  val- 
ues of  agricultural  produce  marketed 
in    the    various    years.*      A    second 


*U.  S.  Census  Reports. 
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curve  shows  the  expansion  of  the  im- 
proved area  in  farms  as  this  demand 
increased.  A  third  curve,  taking  its 
origin  with  the  beginning  of  irriga- 
tion in  1870,  depicts  the  increase  in 
farming  area  receiving  irrigation 
waters  in  succeeding  years.  The  up- 
wardly directed  sections  of  these 
curves,  which  are  drawn  to  connect 
the  values  in  successive  years,  repre- 
sent increase  in  value  or  expansion 
of  acreage.  The  steeper  slopes  indi- 
cate a  greater  rate  of  increase,  and 
sections  parallel  to  the  base  show  that 
no  increase  occurred.  The  curve  of 
demand  for  agricultural  products  pro- 
gresses steadily  upward  and  at  an  in- 
creasingly steeper  inclination  with  the 
passing  of  time  as  it  approaches  the 
present  day,  thus  indicating  the  accel- 
erated rate  at  which  the  demand  for 
the  state's  farm  products  has  con- 
tinued to  grow. 

The  increasing  demand  for  Cali- 
fornia's agricultural  products  that  oc- 
curred prior  to  1870,  was  satisfied  by 
dry  farming  additional  areas  of  land 
each  succeeding  year.  The  curve  ex- 
pressing the  expansion  of  the  im- 
proved area  in  farms,  shows  that  this 
extension  of  area  continued  up  to  the 
year  1885.  At  this  time  the  curve 
turns  and  becomes  parallel  to  the 
base.  This  indicates  that  there  has 
been  no  increase  in  the  area  of  the 
total  land  under  cultivation  since  that 
date. 

With  23,000,000  acres  of  arable 
land  in  the  state,  the  extension  of 
agriculture  to  new  lands  stopped  at 
12,000,000  acres.  Since  the  demand 
for  the  products  of  the  agriculturist 
continued  to  increase,  and  at  an  ac- 
celerated rate  after  the  expansion  of 
the  farming  area  had  ceased,  every 
circumstance  and  condition  existed  for 
the  continuance  of  the  extension  of 
agriculture  to  new  areas  if  it  were 
possible.  As  a  result  of  the  unprofit- 
able farming  conditions  obtaining  on 
the  remaining  uncropped  11,000,000 
acres,  the  area  under  cultivation  did 
not  further  increase.  The  experience 
of  the  practical  agriculturist  limited 
the  total  area  farmed  to  12,000,000 
acres.  Statistics  indicate  that  with 
12,000,000  acres  cultivated,  all  of  the 
state's  agricultural  area  with  sufficient 
natural  moisture  to  mature  a  profit- 
able crop  had  been  brought  into  use, 
together  with  some  additional  area 
having  inadequate  natural  moisture, 
but  for  which  accessory  supplies  were 
developed   economically. 

After   1885,   with  the  demand   for 


California's  agricultural  products 
constantly  increasing,  the  state  had 
no  additional  area  that  could  be  prof- 
itably utilized  for  agriculture.  In  re- 
sponse to  the  continuing  favorable 
market,  a  more  intensive  farming  of 
the  land  already  under  cultivation  re- 
sulted; for  California,  favorably  sit- 
uated, its  fertile  agricultural  soil  not 
producing  to  capacity  under  dry  farm- 
ing conditions,  required  only  that  ad- 
ditional water  be  applied  to  these 
lands  to  multiply  the  yield.  The 
practical  farmer,  responding  to  the 
market  created  for  his  products  by 
the  ever-growing  demand,  increased 
the  yield  of  each  acre  by  supplement- 
ing the  soil's  natural  moisture  with 
water  applied  through  irrigation.  The 
increase  in  the  area  irrigated  in  the 
years  succeeding  1885,  after  the  in- 
creased demand  for  the  state's  farm 
products  could  be  no  longer  satisfied 
by  enlargement  of  the  farmed  area, 
is  depicted  on  the  diagram. 

Although  starting  in  1870,  the  area 
irrigated  did  not  increase  very  rapidlv 
until  the  years  following  1885.  This 
curve  of  irrigated  area  and  the  curve 
of  demand  for  agricultural  products 
closely  conform  in  shape.  The  sim- 
ilarity of  these  curvatures  in  the  suc- 
ceeding years,  expresses  the  depend- 
ency of  agriculture  upon  irrigation 
and  the  affect  of  irrigation  in  aug- 
menting the  yield  to  a  production 
commensurate  with  demand;  for  Cali- 
fornia's lands,  potent  in  possibilities, 
needed  only  the  accessory  moisture 
that  irrigation  supplied  to  enhance 
their  yield  that  the  state  might  re- 
spond to  the  demand  for  its  prod- 
ucts. The  upwardly  directed  paths  of 
both  the  demand  curve  and  the  curve 
of  irrigated  area,  ascending  with 
greatly  increased  steepness  as  they 
approach  the  present  day,  show  that 
still  more  intensive  farming  must  be 
practiced  in  the  future  and  that  the 
irrigated  area  must  expand  at  a  still 
greater  rate  than  in  the  past,  or  the 
state's  progress  will  be  retarded 
through  agricultural  production  fail- 
ing to  meet  the  demand. 

Pure  Drinking  Water  in  New  York. 
—Of  the  10,651,000  people  who  live  in 
the  State  of  New  York,  9,182,000  are 
now  supplied  with  drinking  water 
from  public  water  supplies,  and 
7,796,000  drjnk  water  that  has  been 
sterilized,  according  to  a  statement  of 
the  Director  of  the  Division  of  Sani- 
tation of  the  State  Department  of 
Health. 
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The   Detroit    Convention    of    the 
American  Water  Works 
Association 


June, 


From  every  point  of  view  the  43rd 
Annual  Convention  of  the  American 
Water  Works  Association  at  Detroit, 
Mich.,  May  21-25  inclusive,  was  one 
of  the  most  successful  ever  held  by 
the  organization.  The  attendance 
broke  all  records  for  meetings  of  the 
association,  the  total  registration 
numbering  1,271,  of  which  539  were 
active  members,  250  associate  mem- 
bers and  482  guests.  The  convention 
program  was  an  excellent  one.  The 
entertainment  features  were  well 
handled,  and  the  exhibition  of  water 
works  equipment  and  supplies  was  of 
unusual  interest. 

The  program  of  papers  and  reports 
covered  a  wide  range — from  "Micro 
forces  with  reference  to  Orientation 
and  Curvature"  to  questions  of  pack- 
ing and  lubrication  of  fire  hydrants 
and  valves.  A  considerable  part  of  the 
program  was  devoted  to  the  everyday 
problems  of  the  operator  of  the  small- 
er plants.  The  program  was  so  ar- 
ranged that  every  member  in  attend- 
ance had  the  opportunity  outside  the 
listed  sessions  to  discuss  his  special 
troubles  or  triumphs  with  others  in- 
terested in  such  matters.  In  all,  some 
60  papers  and  committee  reports  were 
presented.  Some  of  these  will  be 
found  elsewhere  in  this  issue. 

The  convention  proper  opened  on 
May  22  with  general  and  new  busi- 
ness and  announcement  of  the  new 
officers  for  the  current  year  elected  by 
the  letter  ballot.  These  officers  are 
George  W.  Fuller,  New  York  City, 
president;  Frank  C.  Jordan,  Indian- 
apolis, vice-president;  W.  W.  Brush, 
New  York  City,  (re-elected)  treas- 
urer; C.  R.  Bettes,  Far  Rockaway,  N. 
Y.,  and  E.  E.  Wall,  St.  Louis,  trus- 
tees. 

The  nominating  committee  for  the 
ticket  for  officers  for  1924-25  reported 
the  following  names: 

President,  Frank  C.  Jordan,  secre- 
tary of  Indianapolis,  Ind.,  Water  Co.; 
vice-president,  Harry  F.  Huy,  general 
manager,  Western  New  York  Water 
Co.,  Buffalo,  N.  Y.,  and  Charles  B. 
Burdick,  hydraulic  and  sanitary  en- 
gineer, Chicago,  111.  Treasurer,  Wil- 
liam W.  Brush,  deputy  chief  engineer, 
Department  of  water  supply,  gas  and 
electricity,  New  York  City.    Trustee, 


District  No.  3,  E.  M.  Hoopes.  Trus- 
tee, District  No.  6,  F.  J.  Randlett, 
chief  engineer,  water  bureau,  Port- 
land, Ore.,  and  J.  Arthur  Jensen,  su- 
pervisor, water  works  department, 
Minneapolis,  Minn. 

The  annual  meeting  of  the  Water 
Works  Manufacturing  Association 
was  held  May  23,  and  the  following 
officers  for  the  ensuing  year  were 
elected: 

President,  John  F.  Reagan,  Nep- 
tune Meter  Co.;  vice-president,  C.  R. 
Wood,  R.  D.  Wood  &  Co.;  treasurer, 
Denis  F.  O'Brien,  A.  P.  Smith  Mfg. 
Co.;  secretary,  John  A.  Kienle,  Math- 
ieson  Alkali  Co. 

On  the  first  ballot  for  convention 
city  for  1924;  Memphis,  Tenn.,  re- 
ceived 159  votes,  Montreal,  Que.,  148, 
Chicago,  43,  Des  Moines,  la.,  43  and 
Evansville,  Ind.,  24,  with  scattering 
votes  for  a  few  other  places.  On  the 
second  ballot  only  the  two  cities  with 
the  highest  votes  were  voted  on, 
Memphis  winning  out  by  a  vote  of 
184  to  182. 


Tests  of  Plumbing  Fixtures 

Hot  and  cold  water  tests  on  10 
brands  of  porcelain  lavatories,  to 
develop  a  test  which  would  give  an 
indication  of  the  tendency  of  such 
wares  to  fail  in  service  when  sub- 
jected to  changes  in  temperature, 
have  been  completed.  The  cold  sam- 
ples were  treated  with  hot  water  at 
different  temperatures,  both  boiling 
water  and  cold  water  were  allowed  to 
strike  them  at  the  same  time,  and 
they  were  given  a  series  of  rapid 
cyles  from  water  at  15°  C.  (59°  F.) 
to  water  at  90°  C.  (194°  F.)  and  re- 
verse. No  failures  occurred  in  any 
of  these  tests,  which  would  lead  to 
the  conclusion  that  a  hot  and  cold 
water  test  is  not  severe  enough  to 
draw  a  comparison  between  different 
lavatories.  A  series  of  quenching 
tests  in  which  the  lavatories  will  be 
heated  to  temperatures  above  100°  C. 
(212°  F.)  and  quenched  in  cold  water 
will  be  conducted  as  soon  as  suitable 
apparatus  is  completed. 


Filtration  Plants  in  Ohio. — There 
are  62  water  purification  plants  in 
Ohio,  serving  32  cities,  23  villages  and 
7  unincorporated  places.  The  total 
population  thus  served  is  2,567,000  as 
of  the  1920  census. 
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Determining  Proper  Equipment  for  Pumping 

Stations 


A  Paper  Presented  at  the  Convention  of  the  American  Water  Works 
Association,  Detroit,  Michigan,  May  22,  1923 

By  ARTHUR  L.  MULLERGREN, 

Consulting  Engineer,   Kansas   City,   Mo. 


The  objective  in  the  designing  of  a 
pumping  plant  is  the  selection  and  in- 
stallation of  such  equipment  as  will 
give  the  most  reliable  and  adequate 
service  at  the  lowest  possible  cost, 
taking  into  consideration  all  fixed 
charges  and  operating  costs.  The 
modern  pumping  station  is  similar  to 
the  electric  power  station  in  that 
both  are  called  upon  to  deliver  essen- 
tial commodities  continuously  and 
adequately  at  a  minimum  of  expense. 
The  pumping  station  is  somewhat  dif- 
ferent in  that  reliability  of  service  is 
the  prime  requisite,  as  continuous 
service  must  be  given  at  all  times 
even  at  a  sacrifice  of  economy.  How- 
ever, economy  never  has  to  be  greatly 
sacrified  in  a  well  designed  station. 
The  three  principal  factors  to  be  con- 
sidered in  the  design  of  a  pumping 
station  are  in  the  following  sequence : 

First:    Reliability. 

Second :    Adequacy. 

Third :     Economy. 

Reliability  can  always  be  obtained 
by  the  selection  of  the  best  types  of 
equipment  known  and  by  duplication 
of  all  parts  throughout  the  instal- 
lation. 

Adequacy  can  always  be  obtained 
by  using  liberal  sizes  of  equipment 
and  appurtenances. 

The  economy,  however,  is  affected 
by  the  first  two  factors  in  that 
unnecessarily  expensive  equipment 
might  be  selected  for  the  particular 
installation  and  avoidable  duplication 
made,  as  well  as  by  installing  equip- 
ment too  large  for  the  particular  re- 
quirements. 

There  is  a  happy  medium  that  can 
be  reached  by  properly  proportioning 
and  selecting  the  various  equipment 
for  each  particular  installation  that 
will  give  amply  adequate  and  reliable 
service  at  an  economically  satisfac- 
tory annual  overall  cost.  Therefore, 
in  the  designing  of  a  pumping  sta- 
tion, the  three  factors  mentioned 
above  should  be  carefully  weighed  in 
the  determination  of  each  piece  of 
equipment  that  goes  into  the  station. 

Overall  Economy. — Inasmuch  as  the 


overall  economy  of  a  station  depends 
upon  delivering  the  required  quantity 
of  water  at  the  require  pressure  with 
the  least  possible  fuel  and  labor 
charges  in  addition  to  the  fixed 
charges,  it  is  important  that  careful 
consideration  be  given  the  various 
component  parts  of  the  station  equip- 
ment so  that  the  completed  station 
will  give  the  results  desired.  In  some 
instances  it  is  impossible  to  secure  a 
highly  economical  installation,  due  to 
location  of  plant  and  space  require- 
ments. A  water  pumping  plant  must 
always  be  located  with  regard  to  the 
available  supply,  regardless  of  the  de- 
sirability of  the  location  from  an  op- 
erating standpoint.  The  location  af 
a  plant  generally  has  some  effect  upon 
the  type  of  equipment  selected  and 
consequently  each  particular  location 
requires  careful  consideration.  When 
considering  the  reconstruction  or  re- 
habilitation of  an  existing  plant,  a 
greater  overall  plant  and  system  econ- 
omy may  be  secured  by  selecting  a 
different  site.  In  some  cases  it  is  pos- 
sible to  have  a  choice  of  a  half  a 
dozen  different  locations  from  a  water 
supply  standpoint,  and  in  such  cases, 
the  determination  of  the  site  can  be 
made  from  a  purely  operating  stand- 
point. 

Improvements  in  Pumping  Machin- 
ery.— There  has  been  marked  improve- 
ment of  the  design  of  pumping  ma- 
chinery and  power  station  equipment 
in  the  last  few  years.  Up  until  very 
recently,  for  very  large  pumping  sta- 
tions, the  vertical  triple  expansion 
flywheel  pumping  engine  has  been 
pre-eminent  from  an  economic  and 
mechanical  standpoint.  This  type  of 
engine  under  favorable  steam  and 
water  conditions  has  reached  a  duty 
exceeding  200  million  foot  pounds 
per  thousand  pounds  of  steam.  These 
engines  have  been  very  reliable  and 
the  maintenance  cost  very  low.  How- 
ever, they  require  very  expensive 
buildings  and  foundations  and  the  in- 
vestment *is  very  high.  The  installa- 
tion of  such  engines  is  prohibitive  in 
the  smaller  plants,  owing  to  the  very 
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high  fixed  charges 

charges  on  this  type  of  pumping  en- 
gine will  exceed  $700  per  million  gal- 
lon daily  capacity. 

With  the  very  marked  development 
made  in  steam  turbines  in  the  last  few 
years  and  the  improvements  made  in 
the  design  of  the  centrifugal  pumps, 
the  steam  turbine  driven  centrifugal 
pump  has  reached  an  overall  economy 
that  will  exceed  the  vertical  triple 
expansion  flywheel  pumping  engine 
where  favorable  steam  conditions  can 
be  obtained.  There  is  no  question 
now  as  to  the  reliability  of  the  steam 
turbine,  as  the  general  electric  power 
stations  use  this  type  of  prime  mover 
exclusively  and  have  used  them  for  a 
sufficient  time  to  demonstrate  thor- 
oughly their  usefulness  as  a  reliable 
and  economical  source  of  power. 
There  is  no  question  as  to  the  relia- 
bility of  the  centrifugal  pump  and  the 
designers  of  these  pumps  have  now 
increased  their  efficiency  to  a  very 
high  state,  reaching  as  high  as  86  per 
cent.  One  of  the  difficulties  formerly 
encountered  in  the  turbine  driven  cen- 
trifugal pumping  unit  was  the  gearing 
used  to  reduce  the  pump  speed  to  a 
satisfactory  point.  The  double  helical 
reduction  gear  now  employed  for  this 
purpose  has  overcome  this  difficulty, 
as  such  gears  have  an  efficiency  of 
98%  per  cent  and  operate  with  very 
little  noise  and  maintenance  and  ap- 
parently have  a  life  equal  to  the  unit. 

High  Pressures  and  Temperatures. 
— The  steam  turbine  is  admirably 
adapted  to  high  steam  pressures  and 
high  superheat,  as  well  as  a  high 
vacuum.  With  the  increasing  ten- 
dency towards  higher  steam  pressure 
pumping  unit  will  naturally  benefit  in 
economy  to  a  greater  extent  than  the 
reciprocating  type  of  pumping  engine. 
Consequently,  there  will  be  an  im- 
provement in  the  duty  of  the  turbine 
pumping  unit  as  improvements  in  the 
boiler  plants  are  made.  Materials 
capable  of  withstanding  a  total  steam 
temperature  of  750  degrees  Fahren- 
heit, are  commercially  used  in  tur- 
bines, boilers  and  piping,  and  this 
temperature  seems  to  be  about  the 
commercially  practicable  limit  at  pres- 
ent, although  there  is  considerable 
research  work  being  undertaken  to 
develop  materials  capable  of  with- 
standing  much  higher  temperatures. 

The  highest  duty  probably  reached  so 
far  under  an  actual  operating  test  by 
a  turbine  centrifugal  pump  was  that 
of  a  thirty  million  gallon  centrifugal 
pumping  engine  at  the  Mount  Royal 
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land. The  duty  reached  by  this  en- 
gine on  test  was  170  million  foot 
pounds  per  1,000  lbs.  of  steam,  when 
delivering  water  at  the  rate  of  45 
million  gallons  per  day  at  a  pressure 
of  180  ft.  with  a  steam  pressure  of 
172  lbs.  superheated  53  deg.  Fahren- 
heit and  a  28.9  in.  vacuum. 

The  City  of  Omaha,  Nebr.,  has  re- 
cently contracted  for  the  installation 
of  a  fifty  million  gallon  per  day  280  ft. 
head  steam  turbine  centrifugal  pump 
and  the  manufactureres  have  guaran- 
teed a  duty  of  189  million  foot  pounds 
per  thousand  pounds  of  steam  based- 
on  250  lbs.  steam  pressure  at  150 
deg.  F.  superheat  and  70  deg.  cooling 
water.  This  duty  is  exclusive  of  the 
condensate  pump  and  the  hurling 
water  pump  for  the  hydraulic  air 
ejected,  which  two  pumps  are  direct 
connected  on  one  shaft  to  a  24  brake 
horse  power  steam  turbine  operating 
non-condensing.  The  duty  included, 
however,  all  other  auxiliary  equipment 
used  by  the  pump,  condenser  and  tur- 
bine. The  non-condensing  steam  tur- 
bine for  driving  the  auxiliaries  men- 
tioned is  used  to  secure  a  proper  heat 
balance  in  the  station.  Consequently, 
the  total  station  duty  will  not  be  ad- 
versely affected  and  may  possibly  be 
improved. 

Improvement  in  Turbo-Pumps. — In 
most  of  the  larger  pumping  stations 
made  in  the  last  year  or  so,  the 
steam  turbine  driven  centrifugal  pump 
has  been  installed.  Centrifugal  boiler 
feed  pumps,  both  steam  turbine  and 
electric  motor  driven  are  quite  com- 
mon now,  and  there  has  recently  been 
developed  a  satisfactory  small  steam 
turbine  for  stoker  drive. 

Boiler  Efficiencies. — The  large  cen- 
tral electric  power  stations  have  made 
great  improvements  in  the  overall 
plant  economy.  This  improved  econ- 
omy has  been  secured  largely  through 
the  improvements  in  the  boiler  plant 
equipment.  An  overall  plant  thermal 
efficiency  of  18  per  cent  has  been 
reached,  and  it  is  expected  20  per 
cent  will  be  reached  shortly. 

The  boiler  plant  has  always  been, 
and  is  yet,  the  least  efficient  part  of 
the  pumping  station  or  the  central 
power  station,  and  power  plant  en- 
gineers are  making  a  great  effort  to 
improve  the  efficiency  of  this  part  of 
the  plant.  Larger  boiler  units  are 
being  installed  with  higher  steam 
pressures  and  higher  superheat.  Fur- 
thermore, the  tendency  is  to  operate 
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the  boilers  at  much  higher  ratings, 
which  keeps  down  the  investment  and 
fixed  charges  and  the  thermal  effi- 
ciency of  the  boiler  is  not  seriously 
affected. 

The  central  station  engineers  have 
been  endeavoring  to  secure  as  nearly 
as  practicable  a  perfect  heat  balance 
in  the  station,  which,  of  course,  in- 
creases the  overall  plant  economy. 
This  is  attained  by  utilizing  the  great- 
est possible  number  of  heat  units  of 
the  fuel  and  returning  the  conden- 
sate to  the  boiler  at  the  highest  pos- 
sible temperature.  In  a  recent  boiler 
installation  made  in  a  central  station, 
the  furnace  walls  were  lined  with 
cast  iron  blocks  surrounding  steam 
tubes  through  which  the  boiler  water 
circulated.  It  is  expected  that  the 
additional  heating  surface  furnished 
in  this  manner  will  give  a  much  higher 
overall  boiler  efficiency,  due  to  the 
fact  that  more  of  the  heat  units  of 
the  fuel  will  be  utilized.  It  is  fur- 
thermore expected  that  the  furnace 
maintenance  expense  will  be  reduced 
over  the  regular  fire  brick  lining, 
which  is  always  a  source  of  expense. 

Economizers  and  Auxiliaries. — The 

judicious  use  of  economizers  has  also 
considerably  increased  the  boiler  plant 
efficiency.  Recent  tests  indicate  that 
greater  plant  economy  can  be  secured 
by  bleeding  the  main  turbine  units 
at  the  lower  stages  for  feed  water 
heating  than  by  using  small  steam 
non-condensing  auxiliaries  for  this 
purpose;  in  fact,  better  overall  re- 
sults were  obtained  by  bleeding  a 
sufficient  amount  to  secure  the  re- 
quired feed  water  temperature  than 
by  using  economizers  and  steam 
driven  auxiliaries  or  house  turbines. 
This  bleeding  also  relieves  the  lower 
stages  of  congestion.  Either  electric 
driven  or  waterwheel  driven  auxil- 
iaries can  often  be  used  to  a  better 
advantage  from  an  installation  as  well 
as  an  economic  standpoint.  In  water 
works  stations  the  waterwheel  driven 
auxiliaries  with  hydraulic  air  eject- 
ors, returning  the  cooling  water  to 
the  suction  of  the  main  pumps,  offer 
simplicity  and  economy.  However, 
only  the  very  largest  pumping  sta- 
tions would  warrant  a  boiler  plant 
installation  similar  to  that  used  in  the 
best  type  of  central  stations,  but  in 
many  cases  it  would  be  possible  to  se- 
cure a  greater  overall  station  econ- 
omy by  the  use  of  central  station 
methods  and  equipment  adapted  to  the 
particular  condition. 


There  are  now  on  the  market  mo- 
tors for  the  boiler  room  that  will  rec- 
ord fairly  accurately  the  various  op- 
erating conditions  of  the  boiler  plant, 
thus  making  it  possible  to  check  up 
any  unusual  loss  occurring  therein. 
A  modern  boiler  room  should  contain 
all  such  meters  as  will  enable  the 
operating  engineer  to  tell  the  condi- 
tion of  his  combustion,  water  tem- 
peratures, output  and  any  defects  in 
his  equipment.  A  gain  of  a  few  per 
cent  in  efficiency  in  each  part  of  the 
plant  may  mean  a  considerable  reduc- 
tion in  the  total  annual  expense. 

Co-ordination  of  Equipment  a  Prime 
Requisite  for  Economy. — In  the  deter- 
mination of  the  equipment  for  a 
pumping  station,  there  lias  been  a 
tendency  to  select  a  very  highly  effi- 
cient pumping  unit  sometimes  without 
regard  to  the  adaptability  of  the  unit 
for  the  conditions  under  which  it  will 
operate,  and  particularly  without  re- 
gard to  economic  considerations,  and 
at  the  same  time  the  boiler  plant 
equipment  and  auxiliaries  is  selected 
with  very  little  thought.  The  pump- 
ing station  should  be  considered  as  a 
unit  and  all  equipment  entering  into 
its  construction  should  be  carefully 
selected  with  regard  to  the  adaptabil- 
ity and  economy  of  the  various  parts 
with  respect  to  each  other  and  to  the 
whole.  Much  publicity  has  been  given 
at  times  to  the  very  high  thermal 
efficiency  reached  by  some  pumping 
units,  and  in  some  cases  the  overall 
thermal  efficiency  of  the  plant  has 
been  commented  upon.  Our  goal  has 
apparently  been  to  secure  a  high  duty 
per  B.T.U.  If  the  efficiencies  of  some 
of  these  plants  had  been  measured  in 
duty  p*er  dollar  of  annual  charges, 
they  probably  would  not  have  made 
such  a  satisfactory  showing.  After 
all,  the  duty  per  dollar  of  annual 
charges  is  the  true  measure  of  effi- 
ciency of  the  pumping  station,  and  in 
the  selection  of  the  equipment  for  a 
station,  this  should  be  the  basis  for 
its  determination. 

Where  Electric  Plants  Are  Advan- 
tageous.— Since  the  development  of 
the  central  station  to  its  high  degree 
of  efficiency  and  the  extensive  trans- 
mission systems  emanating  from  such 
stations,  there  are  conditions  where 
electric  motor  driven  pumping  plants 
would  show  a  considerably  higher  duty 
per  dollaj  of  annual  charges  than  a 
very  highly  efficient  steam  plant. 
This  is  particularly  true  in  the  smaller 
installations  and  where  electric  power 
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18  available  at  reasonable  rates. 
Where  synchronous  motors  can  be 
used,  central  stations  are  offering  at- 
tractive rates  to  the  water  pumping 
plants,  as  this  type  of  motor  assists 
in  correcting  the  power  factor  of  the 
transmission  system,  and  the  hours 
for  pumping  can  be,  in  a  great  many 
cases,  arranged  to  suit  the  central  sta- 
tion. Motor  driven  centrifugal  pump- 
ing units  have  been  installed  that  have 
shown  a  combined  overall  efficiency  of 
82  per  cent,  which  is  a  very  good 
showing  when  we  consider  that  the 
mechanical  efficiency  of  a  vertical 
triple  expansion  flywheel  pumping  en- 
gine is  about  93  per  cent. 

Reliability  of  service  is  one  of  the 
principal  reasons  that  electric  drive 
has  not  been  more  generally  adopted. 
However,  with  the  duplicate  or  loop 
transmission  lines  and  interconnected 
central  stations,  practically  as  great 
a  reliability  as  the  self-contained 
plant  will  be  secured.  Furthermore, 
emergency  equipment  operated  inde- 
pendently by  an  inexpensive  steam  or 
oil  engine  installation  may  be  pro- 
vided, thus  insuring  absolutely  con- 
tinuous service,  and  by  carrying  the 
fixed  charges  on  this  emergency  equip- 
ment together  with  the  small  amount 
of  operating  expense  that  may  be  in- 
curred in  its  operation,  plus  the  reg- 
ular operating  expenses  and  fixed 
charges  of  the  electric  driven  plant, 
the  annual  charge  of  the  entire  instal- 
lation may  be  considerably  under  the 
annual  charge  of  a  highly  efficient 
steam  plant. 

Some  of  the  larger  central  stations 
have  their  plants  installed  at  the  coal 
mines  and  own  these  mines,  conse- 
quently their  fuel  costs  are  not  sub- 
ject to  the  wide  fluctuations  of  the 
average  water  pumping  plant,  and  as 
a  result,  by  considering  the  annual 
operating  and  fixed  costs  over  a  period 
of  years,  the  purchase  of  electric 
power  will  in  a  great  many  in- 
stances show  up  considerably  under 
that  of  producing  the  power.  Super- 
power plants  and  systems  are  being 
built  and  the  greater  the  system,  the 
greater  the  advantages  of  purchasing 
power  over  producing  it  with  isolated 
plants.  The  pumping  stations  located 
in  these  superpower  zones  may  well 
look  to  electric  driven  equipment,  or 
a  composite  electric  and  steam  driven 
plant  so  arranged  and  operated  as  to 
take  advantage  of  the  low  power  costs, 
low  fixed  charges,  flexibility  and  sim- 
plicity of  operation. 


Diesel  Engine  Plants. — The  Diesel 
type  oil  engine  has  been  developed  to 
a  very  high  state  of  efficiency  and  re- 
liability and  in  certain  localities,  this 
type  of  pumping  plant  would  prob- 
ably make  an  unexpected  showing, 
insofar  as  the  annual  costs  are  con- 
cerned. The  investment  in  this  type 
of  equipment  is  very  high,  but  the 
fuel  economy  is  high,  such  engines 
reaching  a  thermal  efficiency  of  35 
per  cent. 

In  stations  having  a  daily  capacity 
of  ten  million  gallons  and  above,  and 
with  coal  costs  around  $6.00  per  ton, 
the  high  pressure  steam  driven  centri- 
fugal pump  will  ordinarily  show  the 
best  duty  per  dollar  of  annual 
charges,  over  any  other  isolated  type 
of  plant.  In  plants  below  this  capac- 
ity, each  particular  installation  would 
require  a  thorough  investigation  and 
a  careful  balancing  of  all  costs,  be- 
fore a  definite  type  of  plant  could  be 
decided  upon.  It  is  generally  recog- 
nized that  in  plants  of  three  to  five 
million  gallon  daily  capacity,  that  the 
cross  compound  flywheel  pumping  en- 
gine will  make  the  most  favorable 
showing.  In  regard  to  thermal  effi- 
ciency, this  may  be  very  true,  but  it 
would  not  hold  in  every  case  if  the 
duty  per  dollar  of  annual  charges  was 
considered. 

In  conclusion  I  might  say  that  defi- 
nite annual  cost  data  on  each  type  of 
plant  for  different  conditions  would  be 
of  considerable  value  in  supporting 
the  above;  but  there  are  so  many  dif- 
ferent conditions  and  so  many  differ- 
ent types  of  plants  that  could  be  con- 
sidered for  each  particular  condition, 
that  it  would  require  considerable 
space  to  present  them. 

The  point  that  I  wish  to  emphasize 
in  this  paper  is,  that  in  the  selection 
of  the  various  equipment  entering 
into  a  pumping  plant,  that  instead  of 
endeavoring  to  select  the  individual 
plant  units  having  the  highest  ther- 
mal or  mechanical  efficiencies,  or  even 
securing  the  highest  total  plant  duty 
on  a  heat  unit  basis,  that  the  com- 
pleted plant  should  give  the  highest 
duty  per  dollar  of  annual  charges,  in 
which  would  be  included  all  operating 
expenses,  maintenance,  interest,  de- 
preciation, insurance  and  any  other 
fixed  costs,  and  at  the  same  time  tak- 
ing into  consideration  the  reliability, 
adequacy  and  future  growth  of  the 
plant. 
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Final  Report  of  Committee  on  Standardizing  Stated  Quantities  for 

Slides  in  Meter  Schedules  Submitted  at  Convention  of  American 

Water  Works  Association,  May,  1923 

Committee — Allen  Hazen,  Chairman;   Isaac  S.  Walker,  Secy.;   Theeodore  A. 
Leisen,  George  N.  Schoonmaker,  Burton  Lowther. 

Arthur  E.  Blackmer,  Representative  of  the  New  England  Water  Works  Assn. 


To  the  Council  on  Standardization  of 
the  American  Water  Works  Assn.: 

Your  Committee,  on  May  19th,  1922, 
presented  its  preliminary  report,*  in 
which  was  incorporated  tentative  rec- 
ommendations for  a  standard  form  of 
Meter  Rates.  Prior  to  the  prepara- 
tion of  the  preliminary  report,  your 
Committee  reviewed  the  work  of  the 
Committee  on  Meter  Rates  of  the 
New  England  Water  Works  Associa- 
tion. This  Committee  had  made  an 
exhaustive  study  of  the  whole  field  of 
meter  rates,  and  in  February,  1916, 
had  reportedf  to  the  New  England 
Water  Works  Association,  recom- 
mending the  adoption  of  a  form  of 
rate  schedule,  containing  a  service 
charge  and  three  steps  or  slides.  In 
November,  1916,  the  report  was 
adopted  and  has  been  the  standard 
of  that  Association  to  the  present 
time.  The  forms  for  the  schedules, 
as  recommended,  are  given  in  detail  in 
our  preliminary  report. 

A  Satisfactory  Form. — This  form  of 
schedule,  identical  with  the  standard 
of  the  New  England  Water  Works 
Association,  has  been  adopted  by  a 
large  number  of  water  works  sys- 
tems. A  list  of  the  cities  or  works 
known  to  have  adopted  it  was  given 
in  our  preliminary  report.  The  total 
population  served  under  this  form  of 
rates  aggregated,  at  that  time,  about 
two  million.  Your  Committee  wrote 
to  representatives  of  these  works  to 
obtain  the  benefit  of  their  views 
based  upon  practical  experiences  with 
this  form  of  rate  schedule.  Replies 
from  these  representatives  in  all  cases 
expressed  general  satisfaction  with 
the  schedules,  both  from  the  stand- 
point of  the  utility  and  the  consumer, 
and  no  radical  changes  were  sug- 
gested. There  were  several  sugges- 
tions to  incorporate  in  the  schedule  a 
fourth  or  lower,  rate  for  large  manu- 
facturers. 


♦Journal  A.  W.  W.  A..  Vol.  9,  July,  1922, 
page  636. 

tJournal  N.  E.  W.  W.  A.,  Vol.  30,  Sept.. 
1916,  page  361. 


Your  Committee  obtained  the  views 
of  each  member  of  the  former  Com- 
mittee on  Meter  Rates  of  the  New 
England  Association  as  to  the  desira- 
bility of  making  any  changes  in  the 
former  recommendations.  No  impor- 
tant changes  were  suggested,  how- 
ever. 

New  England  Water  Works  Asso- 
ciation Form. — There  are  about  as 
many  different  ideas  on  the  proper 
form  of  rate  schedule  as  there  are 
contributors  on  the  subject.  It  is  ob- 
vious that  no  two  persons,  or  group 
of  persons,  working  independently, 
would  arrive  at  the  same  conclusions 
as  to  the  number  of  slides  to  be  in- 
corporated in  the  schedule,  or  as^  to 
the  stated  quantities  in  each  slide. 
The  New  England  standard  form  is  a 
three  rate  schedule,  the  rates,  for  con- 
venience, being  called  first,  the  Domes- 
tic Rate;  second,  the  Intermediate 
Rate;  and  third,  the  Wholesale  or 
Manufacturing  Rate.  The  quantities 
allowed  under  each  rate  may  be  sum- 
marized as  follows: 

12  3 

At              At  At 

Inter-  Manufac- 

Domestic    mediate  turing 

Rate           Rate  Rate 

First          Next  AH  Over 
Quantities  in  Gal., 

Bills  AnnuaHy....300,000  2,700,000  3,000,000 
Quantities  in  Gal., 

Bills  Quarterly..  75,000  675,000  750.000 
Quantities  in  Gal., 

Bills  Monthly....  25,000  225,000  250,000 
Quantities,  Cu.  Ft., 

Bills  Annually....  40,000  360,000  400,000 
Quantities,  Cu.  Ft., 

Bills  Quarterly....  10,000  90,000  100,000 
Quantities,  Cu.  Ft., 

Bills  Monthly 3,300          30,000  33,300 

The  quantity  of  water  covered  by 
the  first  or  Domestic  Rate  will  in- 
clude substantially  all  water  used  by 
private  residences,  and  also  much  of 
the  water  used  by  small  commercial 
and  industrial  establishments.  Your 
Committee,  in  presenting  its  prelim- 
inary report,  could  see  no  good  rea- 
son to  make  any  changes  in  the  quan- 
tities above  listed,  which  are  conven- 
ient in  application,  whether  billed  in 
gallons  or  in  cubic  feet. 


(313) 


1332 


Water  Works 


June, 


As  previously  stated,  schedules  in 
the  above  form  have  been  adopted  by 
many  works,  and  have  been  satisfac- 
tory. The  form  is  becoming  more 
generally  recognized  as  standard. 
Nothing  would  have  been  gained  by 
the  adoption  of  different  standards  by 
the  two  largest  water  works  associa- 
tions. Your  Committee,  therefore,  in 
its  preliminary  report,  incorporated 
practically  in  toto,  the  standard  form 
of  schedule  as  adopted  by  the  New 
England  water  works  Association,  us- 
ing the  same  quantity  slides.  The 
only  changes  were  an  improvement  in 
the  form  of  statement,  and  the  inclu- 
sion in  the  schedule,  under  certain  con- 
ditions, of  a  fourth  rate,  to  be  known 
as  the  Sepcial  Rate,  which  should  ap- 
ply only  to  quantities  in  excess  of  30 
million  gallons  per  anuum,  equal  to 
2%  million  gallons  per  month,  or  to  4 
million  cubic  feet  per  annum,  one  mil- 
lion cubic  feet  per  quarter,  or  333,300 
cu.  ft.  per  month.  This  was  following 
tentative  recommendation  in  the  pre- 
liminary report  of  the  New  England 
Committee,  not  incorporated  in  their 
final  report.  Your  Committee  is  of 
the  opinion  that  under  certain  local 
conditions,  in  plants  supplying  large 
industries,  a  fourth  special  rate  of  this 
character  is  desirable,  in  order  to  en- 
courage the  liberal  use  of  water  for 
manufacturing  purposes  and  to  attract 
new  enterprises. 

Recommendations  of  A.  W.  W.  A. 
Committee. — The  following  are  the 
forms  for  the  schedules,  as  recom- 
mended. They  are  given  in  alternate 
forms  according  to  whether  gallons  or 
cubic  feet  are  used,  and  whether  the 
unit  of  time  is  monthly  or  quarterly. 
It  will  be  noted  that  the  average  daily 
quantities  of  water  in  each  class  are 
uniform  throughout.  The  form  for 
service  charges  is  the  same  in  each 
case,  and  is  therefore  here  given  only 
with  the  first  table. 

-BILLS 


QUANTITIES  IN  GALLONS 
MONTHLY 

Service    Charge 
Monthly       Size  of 
Charge 
$ 


Meter 

3  in. 

4  in. 
6  in. 
8  in. 

10  in. 
addition 


Monthly 
Charge 
$ 


For  the  first  25,000  gal.  per  month  $ 

per   1,000   gal. 

For  the  next  225,000  gal.  per  month  $ 

per   1,000   gal. 

For  the  next  2,250,000  gal.  per  month  $ 

per    1,000   gal. 

For  all  over  2,500,000  gal.  per  month  $ 

per   1,000  gal. 

QUANTITIES    IN    GALLONS -BILLS 
QUARTERLY 

For  water  delivered  in  addition  to  the  service 
charge,  there  shall  be  a  charge  for  all  water 
delivered,   as  follows : 

For  the  first  75,000  gal.  per  quarter  $ 

per    1,000    gal. 

For  the  next  675,000  gal.  per  quarter  $ 

per   1,000   gal. 

For  all  over  750,000  gal.  per  quarter  $ 

per  1,000  gal. 

Where  the  fourth  or  special  rate  is  used, 
the   schedule   will   be   as   follows: 

For  the  first  75,000  gal.  per  quarter  $ 

per   1,000  gal. 

For  the  next  675,000  gal.  per  quarter  $ 

per  1,000  gal. 

For  the  next  6,750,000  gal.  per  quarter 
$ per   1,000   gal. 

For  all  over  7,500,000  gal.  per  quarter 
$ per  1,000  gal. 

QUANTITIES   IN   CUBIC   FEET- 
BILLS    MONTHLY 

For  water  delivered.  In  addition  to  the 
service  charge,  there  shall  be  a  charge  for  all 
water  delivered,   as  follows: 

For  the  first  3,300  cu.  ft.  per  month  $ 

per  100  cu.  ft. 

For  the  next  30,000  cu.  ft.  per  month  $ 

per   100  cu.   ft. 

For  all  over  33,300  cu.  ft.  per  month  $ 

per   100   cu.   ft. 

Where  the  fourth  or  special  rate  is  used,  the 
schedule  will  be   as    follows: 

For  the  first  3,300  cu.  ft.  per  month  $ 

per   100   cu.  ft. 

For  the  next  30,000  cu.  ft.  per  month  $ 

per    100   cu.   ft. 

For  the  next  300,000  cu.  ft.  per  month 
$ per    100    cu.   ft. 

For  all  over  333,300  cu.  ft.  per  month 
$ per  100  cu.  ft. 

QUANTITIES    IN    CUBIC    FEET- 
BILLS    QUARTERLY 

For  water  delivered.  In  addition  to  the 
service  charge,  there  shall  be  a  charge  for 
all    water   delivered,    as    follows: 

For  the  first  10,000  cu.  ft.  per  quarter 
$ per    100    cu.    ft. 

For  the  next  90,000  cu.  ft.  per  quarter 
$ per   100   cu.   ft. 

For  all  over  100,000  cu.  ft.  per  quarter 
$ per   100   cu.   ft. 

Where  the  fourth  or  special  rate  is  used, 
the  schedule  will  be  as  follows : 

For  tfie  first  10,000  cu.  ft.  per  quarter 
$ per    100    cu.    ft. 

For    the    next    90,000    cu.    ft. 
$ per   100   cu.   ft. 

For    the    next    900,000    cu. 
$ per    100    cu.   ft. 

For    the    next    900,000    cu. 
$ per    100   cu.   ft. 

For  all  over  1,000,000  cu.  ft.  per  quarter 
$ per    100    cu.    ft. 


per  quarter 
ft.  per  quarter 
ft.    per    quarter 


Size  of  Meter 
%  in.  or  less 
3/i  in. 

1  in. 
%  in. 

2  in. 
For     water     delivered     in     addition     to     the 

service  charge,  there  shall  be  a  charge  for  all 
water   delivered,    as    follows : 

For  the  first  25,000  gal.  per  month  $ The  above  schedules  were  presented  as 

PeFor'0t0h°e  SSrt  225,000  gal.  per  month  $ the     tentative     recommendations     of 

per  l.ooo  gal.  your  Committee  in  its  preliminary  re- 

For  all  over  250,000  gal.  per  month  $ port.    It  was  urged  that  the  prelimin- 

PeWher0e°  thf  fourth    or    special    rate    is    used,        ^   reP?rt  be  made   the   basis   °f  dis" 
the  schedule  will  be  as  follows: 


General  Acceptance  of  the  Form. 
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in  order  to  obtain  divergent  views, 
and  ascertain  if  possible,  through  gen- 
eral discussion,  if  there  were  any  valid 
objections  to  the  form  of  schedule  rec- 
ommended. The  report  brought  forth 
some  discussion  on  rate  matters  in 
general,  but  there  was  but  little  on  the 
form  of  schedule.  There  was  no  ad- 
verse comment. 

The  original  and  particular  purpose 
of  your  Committee,  according  to  its 
own  interpretation,  was  limited  to  the 
question  of  setting  up  a  form  of  meter 
rates  which  could  be  adopted  as  a 
standard  by  the  American  Water 
Works  Association  and  recognized  as 
such.  This  could  not  be  accomplished 
without  a  more  or  less  complete  in- 
vestigation of  the  whole  field  of  meter 
rates,  and  your  Committee  accordingly 
asked  and  was  empowered  to  extend 
its  scope  as  far  as  necessary. 

There  is  a  wide  divergence  of  views 
among  water  works  operators  as  to 
the  best  basis  for  calculation  of  water 
rates  to  distribute  the  burden  equi- 
tably among  all  classes  of  consumers. 

Your  Committee  does  not  feel  that 
it  is  advisable  or  necessary  for  it  to 
enter  this  discussion.  Much  has  been 
written  on  this  subject  and  the  excel- 
lent work  of  your  Committee  on  Pri- 
vate Fire  Protection,  whose  report  is 
found  in  the  Journal,  Volume  6,  page 
679,  1919,  constitutes  one  of  the  most 
thorough  and  exhaustive  discussions 
yet  presented  on  this  subject. 

What  the  committee  now  wishes  to 
emphasize  is  that,  whatever  decisions 
may  be  reached  as  to  these  matters, 
the  form  of  rate  now  proposed  is  suf- 
ficiently flexible  to  permit  reasonably 
accurate  expression  of  any  views  that 
it  may  be  desirable  to  express  in 
water  rates,  and  that  it  meets  all  re- 
quired conditions  as  well  as  it  is  pos- 
sible for  any  reasonably  simple  form 
of  rate  to  do. 

Factors  Entering  Rate  Schedules. 
— In  fixing  rates  under  this  schedule 
these  matters  must  be  determined, 
First,  the  amount  of  revenue  to  e  be 
raised,  or  in  other  words,  how  high 
the  general  scale  of  rates  must  be. 
Second,  the  amount  of  spread;  that  is 
to  say  that  the  ratio  between  rates 
given  to  the  smallest  and  largest  tak- 
ers, and  Third,  the  proportion  of  the 
total  revenue  to  be  raised  from  serv- 
ice charges,  and  the  most  equitable 
means  of  its  distribution.  Flexibility 
in  these  determinations  gives  all 
needed  latitude  in  adjusting  rates  to 
what  may  be  considered  equitable  for 
each  class  of  takers. 


Your  Committee,  therefore,  submits 
the  forms  for  the  schedules  as  given 
in  its  preliminary  report  and  listed 
in  detail  above,  as  its  final  recommen- 
dations, and  asks  that  they  be  adopted 
by  the  Association  as  its  standard 
form  of  meter  rates. 

By  the  above  action,  the  standards 
of  both  the  American  and  New  Eng- 
land Water  Works  Associations  will 
be  identical,  which  will  accomplish 
the  greatest  good,  and  tend  to  elim- 
inate doubt  and  confusion  in  the 
minds  of  operators  contemplating  a 
revision  of  their  rate  schedules. 

Advantages  of  the  Form. — The 
benefits  to  be  derived  from  a  simpli- 
fied and  standard  form  of  meter  rates 
are  so  manifest  that  detailed  discus- 
sion would  appear  unnecessary.  Many 
superintendents  of  plants,  laboring 
under  complex  meter  schedules  with 
many  steps,  to  which  is  frequently 
added  the  burden  of  flat  rates  with  a 
multitude  of  different  items,  will  find 
the  suggested  form  of  rate  a  great 
boon.  Much  time  will  be  saved  in 
the  work  of  accounting  and  billing. 
Many  complaints  due  to  misunder- 
standings incidental  to  complicated 
schedules  should  be  eliminated.  It 
will  be  possible  to  intelligently  com- 
pare water  rates  of  different  cities, 
which  is  practically  impossible  under 
present  schedules. 

One  of  the  most  important  points 
to  be  considered  in  the  question  is  the 
attitude  of  regulating  bodies.  In  many 
states  no  changes  in  the  rate  struc- 
ture are  permitted  without  the  prior 
approval  of  the  Public  Service  Com- 
mission. In  the  hundreds  of  rate  ad- 
justments during  the  past  four  or 
five  years,  there  are  only  a  few  where 
the  new  rates  have  been  made  upon 
scientific  lines.  In  a  number  of  cases 
which  have  come  to  the  attention  of 
your  Committee,  the  Commissions 
have  taken  upon  themselves  the  fram- 
ing of  the  quantity  slides  and  have 
added  additional  slides  in  the  rate 
schedules.  Your  Committee  respect- 
fully presents  that  it  is  the  province 
of  water  works  engineers  to  work  out 
their  own  forms  of  rate  schedules. 
The  Commission  may  then  fix  the  ac- 
tual rates  to  be  applied  under  the 
Standard  Schedules. 

As  stated  in  our  preliminary  report, 
it  is  the  opinion  of  your  Committee 
that  probably  the  greatest  benefit 
which  will. result  from  the  adoption 
of  a  standard  form  of  rates,  is  the 
simple  fact  that  it  is  a  standard,  ap- 
proved and  in  form  recommended  by 
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the  leading  water  work  associations. 
Rates  in  the  suggested  form  have 
already  been  approved  by  several 
State  Utility  Commissions,  and  others 
will  undoubtedly  follow.  As  a  more 
or  less  universal  and  established  pro- 
cedure, therefore,  it  must  be  received 
and  accepted  by  water  consumers  as  a 
recognized  standard,  and  should  thus 
eliminate  to  a  great  extent  the  misun- 
derstandings and  opposition  instituted 
by  many  communities,  particularly  on 
the  question  of  service  charges. 

Charges  in  the  Schedule. — Up  to 
this  point  we  have  not  discussed  the 
rates  or  charges  in  the  schedule.  The 
schedule  does  not  fix  these  rates. 
They  are  left  to  be  fixed  for  each 
case  as  may  be  necessary  to  produce 
the  required  revenue.  In  the  general 
application  of  unit  prices  to  the  steps 
of  the  schedule,  your  Committee  holds 
to  its  recommendations  in  the  pre- 
liminary report,  which  are  also  in  ac- 
cordance with  the  New  England  As- 
sociation standard,  and  are  briefly  as 
follows : 

That  the  price  per  1,000  gal.  or  per 
100  cu.  ft.  be,  wherever  possible,  an 
even  number  of  cents,  omitting  frac- 
tions. 

That  the  Intermediate  price  for 
water  to  be  the  nearest  cent  midway 
between  the  average  and  the  mean 
proportional  of  the  domestic  and  the 
manufacturing  rate.  By  this  rule  the 
intermediate  rate  is  definitely  fixed  at 
an  amount  halfway  between  the  two, 
or  halfway  between  the  two  less  one- 
half  cent.  This  may  not  be  a  strictly 
scientific  adjustment,  but  it  would  ap- 
pear to  be  as  satisfactory  a  procedure 
as  could  be  selected.  Consideration 
may  thus  be  concentrated  on  the 
proper  charges  for  the  domestic  and 
manufacturing  rates. 

In  regard  to  the  amount  of  slide  in 
the  schedule  your  Committee  is  of  the 
opinion  that  the  ratio  between  the 
domestic  and  manufacturing  rates 
should  not  be  excessive,  and  should 
be  limited  to  about  2  to  1.  It  is  also 
suggested  that  in  cases  where  the 
fourth  or  special  rate  is  used,  the 
amount  of  slide  between  the  first  and 
fourth  rates  should  not  exceed  the 
ratio  of  3  to  1. 

Your  Committee  recognizes,  how- 
ever, that  there  can  be  no  hard  or  fast 
rule  which  can  be  applied  to  all  cases. 
We  have  endorsed  the  sliding  scale 
principle,  up  to  the  limits  of  slide 
above  recommended,  and  are  of  the 
opinion  that  such  slides  are  not  dis- 
criminatory, but  are  fully  warranted 


to  cover  the  extra  cost  of  distribution 
to  small  takers.  It  is  sometimes 
claimed  that  all  of  these  additional 
costs  to  the  small  user  should  be 
made  up  in  the  service  charge,  and 
that  the  price  of  water  should  be  the 
same  to  everyone.  The  principal  rea- 
son for  slide  in  the  schedule  is  the 
greater  investment  in  street  mains 
supplying  small  consumers,  in  individ- 
ual service  lines  and  meters,  and  the 
additional  cost  of  meter  reading,  bill- 
ing and  collecting. 

In  certain  municipal  plants  where 
it  is  the  practice  to  require  consumers 
to  pay  for  the  water  mains  according 
to  frontage,  install  their  own  service 
lines  and  meters  and  repair  the  same, 
the  reasons  for  the  sliding  scale  are 
largely  removed.  In  such  cases  a  uni- 
form rate  per  thousand  gallons  to  all 
consumers,  in  addition  to  the  serv- 
ice charge  may  be  satisfactory.  This 
is  not  a  case  where  the  proposed 
charge  may  be  satisfactory.  This  is  a 
case  where  the  proposed  form  of  rate 
does  not  apply.  It  is  instead  a  special 
case  in  that  the  slide  ratio  between 
the  highest  rate  and  the  lowest  rate 
is  reduced  to  one  and  the  rates  for  all 
classes  are  made  the  same.  In  the 
case  of  a  privately  owned  utility, 
however,  required  under  Public  Utility 
rulings  to  install  at  its  own  expense 
all  mains,  services  and  meters,  and 
keep  the  same  in  repair,  if  attempt  is 
made  to  include  all  these  costs  in  the 
service  charge,  and  a  correspondingly 
low  rate  for  water,  this  condition 
would  approach  the  flat  rate  basis  of 
charge  and  nullify,  to  a  large  extent, 
the  benefits  of  metering.  In  such 
cases,  therefore,  the  better  practice  is 
to  adopt  a  service  charge  lower  than 
the  entire  cost  of  readiness  to  serve, 
and  to  use  the  sliding  scale  to  dis- 
tribute the  remainder,  as  nearly  as 
possible,  where  it  should  fairly  go. 

Your  Committee  deems  it  inadvis- 
able in  this  report  to  discuss  in  detail 
its  opinions  as  to  just  how  to  deter- 
mine these  charges.  It  fears  this 
would  befog  the  issue,  and  possibly 
defer  the  adoption  of  the  standard 
form  of  schedules,  which  is  consid- 
ered to  be  of  greatest  importance. 

In  our  preliminary  report  questions 
pertaining  to  the  sliding  scale,  serv- 
ice charges,  minimum  rates  and  prin- 
ciples involved  in  the  determination  of 
rates  were  discussed  at  same  length. 
Members  are  referred  to  these  discus- 
sions, and  they  will  not  be  repeated 
here. 
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Bibliography.  —  Your  Committee 
would  also  recall  the  attention  of 
members  to  the  following  recent  pa- 
pers on  rate  matters  which  are  wor- 
thy of  study. 

Reports  of  Committee  on  Private  Fire  Pro- 
tection.    J.   A.  W.  W.  A.,  Nov.,   1919,  p.  736. 

"Municipal  Water  Rates,"  by  Bankson, 
Davis  and  Finley.  J.  A.  W.  W.  A.,  Sept., 
1921,  p.  497. 

"Water  Rates,"  by  Nicholas  S.  Hill.,  Jr.  J. 
A.  W.  W.  A. 

"Water  Rates,"  Discussion — Allen  Hazen, 
J.   A.  W.  W.  A.,  May,   1922,  p.   528. 

"Water  Rates,"  by  J.  O.  Craig.  J.  A.  W. 
W.  A.,   Mar.,   1923,  p.   265. 

"The  Propriety  of  the  Service  Charge  for 
Water  Service,"  by  George  W.  Biggs,  Jr. 
Proceedings  of  the  Pennsylvania  Water  Works 
Assn.,   1921,  p.  193. 

"Meter  Rates  for  Detroit,"  by  George  H. 
Fenkell,    City   Document,    1923. 

"Meter  Rates  for  Water  Works,"  by  Allen 
Hazen,  John  Wiley  &  Sons,  1918. 

In  the  papers  by  Messrs.  Bankson, 
Davis  and  Finley,  and  by  Mr.  Biggs, 
the  principles  of  establishing  a  scien- 
tific schedule  of  rates  are  discussed 
at  length,  and  concrete  illustrations 
are  given  showing  methods  of  appor- 
tioning the  charges  for  water  services. 

In  practically  all  recent  writings, 
the  #  service  charge  is  generally  rec- 
ognized as  the  best  solution  yet  de- 
vised for  distributing  that  part  of  the 
burden  which  it  represents. 

Service  Charges  Made  Popular. — 
Many  Public  Service  Commissions 
have  given  preference  to  such  a  charge 
rather  than  the  meter  minimum. 
There  is  unfortunately  a  common  pub- 
lic misunderstanding  of  the  service 
charge.  Where  utilities  are  contem- 
plating a  change  in  their  rate  sched- 
ules an  effort  should  be  made  to  in- 
form their  consumers  what  the  service 
charge  is  and  why  it  should  be  in- 
corporated in  the  schedule.  It  should 
be  explained  that  it  is  not  an  attempt 
to  extract  more  revenue  from  them, 
but  rather  to  establish  their  charges 
on  a  fairer  and  more  equitable  basis; 
that  the  utility  must  have  sufficient 
earnings  to  pay  its  way  and  earn  a 
fair  return  on  invested  capital,  re- 
gardless of  whether  its  schedule  con- 
tains a  service  charge,  minimum 
charge  or  any  other  form  of  rate; 
that  the  service  charge  is  not  a  charge 
of  three  or  six  dollars  or  more  a  year 
for  a  meter  that  costs  ten  or  twelve 
dollars,  which  is  the  popular  miscon- 
ception, but  rather  that  it  is  a  fair 
charge  for  the  cost  of  keeping  the 
plant  in  readiness  to  serve  him  at  all 
times,  and  pay  interest  on  capital  in- 
vested to  serve  him.  The  average  con- 
sumer,  where    service    charges    have 


been  instituted,  believes  he  is  paying 
for  something  which  he  does  not  get. 
If  a  serious  attempt  is  made  to  en- 
lighten him,  it  can  be  readily  shown 
that  it  actually  does  cost  the  utility 
real  money  to  have  water  on  tap  at 
high  pressure  for  his  service  even 
though  he  does  not  use  a  drop  of 
water,  and  that  it  is  this  readiness  to 
serve  cost,  or  at  least  a  portion  of  it, 
which  is  represented  by  the  service 
charge.  With  this  fact  admitted,  he 
can  then  be  shown  that  he  is  paying 
for  exactly  what  he  uses,  and  that, 
on  the  contrary,  under  the  minmum 
basis,  he  is  being  grossly  discrimin- 
ated against. 

The  service  charge  seems  to  be  the 
point  upon  which  public  opposition 
has  centered.  This  opposition  has  oc- 
curred not  only  in  water  works  but 
also  in  the  gas  industry.  To  over- 
come this  objection  a  number  of  gas 
companies  have  devised  a  form  of 
rate,  in  which  the  service  charge  is 
buried  in  a  higher  charge  for  the 
first  small  block  of  one  hundred  cubic 
feet  of  gas.  For  instance,  assuming 
a  monthly  service  charge  of  50  cts. 
and  a  $1.10  gas  rate,  this  scheme 
would  result  as  follows: 

Service  Charge  $0.50 

Gas  11 


Rate  for  first  block  of  100  cu.  ft.    .61 
Rate  for  next  block  per  1,000  cu. 

ft 1.10 

This  scheme  is  a  subterfuge,  and 
your  Committee  does  not  approve  of 
its  application  to  water  rates. 

The  term  "Service  Charge,"  has 
probably  had  something  to  do  with  the 
objections  against  it.  If  the  service 
of  the  utility  has  suffered  interrup- 
tions and  is  not  up  to  the  usual 
standard,  the  consumer  may  feel  that 
in  the  payment  of  the  service  charge, 
he  is  being  charged  for  something  he 
did  not  get,  namely,  good  service. 

One  case  has  come  to  the  attention 
of  your  Committee,  of  the  water  rates 
at  Daytona,  Florida,  where  the  sched- 
ule service  charge,  is  called  by  an- 
other name.  It  appears  in  the  sched- 
ule as  follows: 
Annual  Maintenance  Fee  for  %- 

in.  service  $5.00 

Annual  Maintenance  Fee  for    1- 

in.   service   $7.00 

It  would  appear  to  your  Commit- 
tee that  this  form  of  expression  has 
some  merit,  and  we  see  no  reason  why 
it  should  not  be  adopted,  if  it  will 
make  the  charge  easier  of  adoption 
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under  any  local  conditions.  This 
change  will  not  affect  the  form  of  rate 
recommended  and  simply  means  the 
substitution  of  one  term  for  another. 
It  is  a  matter  of  gratification  to 
the  members  of  your  Committee  that 
rates  conforming  wholly  or  in  part  to 
the  standards  set  forth  in  its  prelim- 
inary report,  and  now  recommended 
for  adoption  by  the  Association,  have 
been  adopted  during  the  past  year  by 
several  important  water  works  sys- 
tems. These  include  Norfolk,  Vir- 
ginia, where  the  service  charge  is 
adopted  in  the  new  rates,  but  without 
following  the  exact  classification  of 
water  quantities,  and  Providence, 
Rhode  Island,  where  the  classification 
of  quantities  is  followed  but  with  a 
minimum  charge  instead  of  a  service 
charge.  Two  large  systems  have 
adopted  the  complete  standard.  These 
are  the  East  Jersey  Water  Company 
and  its  subsidiaries  supplying  part  of 
the  New  Jersey  Metropolitan  District, 
and  the  City  of  Detroit,  which  has 
adopted  rates  in  standard  form,  to 
become  effective  July  1,  1923.  These 
systems,  in  addition  to  those  enumer- 
ated in  the  committee's  preliminary 
report,  will  bring  the  population 
served  by  works  using  meter  rates  in 
standard  form  to  over  three  million 
people. 


Indicators  for  pH  Control  of 
Alum  Dosage 

By   BARNETT    COHEN, 

Associate  Chemist,  Hygienic  Laboratory, 
U.  S.  Public  Health  Service. 

It  has  been  shown  by  Theriault  and 
Clark  (Public  Health  Reports,  1923, 
38,  181,  Reprint  No.  813),  in  laboratory 
experiments,  that  the  hydrogen  ion 
concentration  of  the  final  mixture  of 
water  and  alum  is  of  fundamental  im- 
portance in  the  formation  of  floe. 
They  found  the  optimum  condition  for 
floe  formation  at  pH  5.5,  and  suggest 
that  precise  pH  control  should,  in 
favorable  cases,  permit  great  economy 
in  alum  dosage.     Whether  or  not  ex- 

*From  April  6  Public  Health  Reports. 


perience  in  large-scale  waterways  will 
confirm  the  optimum  pH  range  found 
under  laboratory  conditions,  it  seems 
quite  certain  that  the  fundamental 
principle  will  remain  valid. 

Attention  is  therefore  again  directed 
to  some  of  the  new  indicators  pro- 
posed by  the  author  (Public  Health 
Reports,  1922,  38,  199,  Reprint  No. 
814),  as  well  as  to  some  in  the  Clark 
and  Lubs  series,  which  may  find  an 
important  application  in  the  control 
of  alum  dosage.  The  suggestions  here 
offered  are,  of  course,  based  on  theoret- 
ical considerations  and  are  illustra- 
tive of  the  procedure  to  be  followed. 
The  practical  waterworks  operator 
will  have  to  determine  the  pH  best 
suited,  to  the  particular  conditions 
with  which  he  has  to  deal. 

Assuming  that  pH  5.5  is  the  opti- 
mum, it  remains  to  determine  the  best 
indictor  to  use  in  plant  operation. 

It  will  be  understood,  of  course, 
that  while  the  midpoint  of  color  trans- 
formation is  definitely  fixed  for  a 
given  indicator,  the  "pH  range"  varies 
somewhat  with  the  conditions  of  use. 
However,  if  we  are  to  deal  with  ap- 
proximate values,  the  following  tabu- 
lation may  be  used.  Let  it  be  assumed 
that  a  mixture  of  alum  and  water  is  to 
be  adjusted  to  pH.  The  color  changes 
of  the  indicators  would  then  be  as 
shown  in  Table  I. 

The  colors  to  be  expected  when  the 
mixture  is  too  acid  or  too  alkaline  to 
the  extent  of  0.5  and  1.0  pH  units  are 
shown  in  the  table.  Other  useful  com- 
binations may  be  readily  invented 
after  a  study  of  the  neutralization 
curves  or  apparent  dissociation  con- 
stants of  the  various  indicators.  It 
lies  with  the  operator  to  determine 
the  indicators  best  adapted  to  his 
special  uses. 


Annual  Meeting  of  Southwest  Wa- 
ter Works  Association. — The  South- 
west Water  Works  Association  will 
hold  its  annual  convention  at  Wichita 
Falls,  Tex.,  June  18,  19,  20  and  21. 
The  official  headquarters  will  be  at 
the  Kemp  Hotel.  F.  N.  Lawton, 
Wichita  Falls,  is  Vice-President  of 
the    association. 


TABLE    I. 


4.5 


5.0 


Color  at  pH — 
5.5 


6.0 


1.6 


Indicator. 

Methyl  red  Red    Red    Orange    Yellow  Yellow. 

Brom  cresol  green  — Yellow  Green    Blue   Blue  Blue. 

Brom  phenol  red  Yellow   Yellow  Yellow   Orange    Red. 

Brom  thymol  blue   ...Yellow  Yellow  Yellow  Yellow   Green. 
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Principal'  Features  and  Possible  Economies  of  Modern  Refuse  Dis- 
posal Plant  Outlined  in  Paper  Presented  Before  Montreal 
Branch  of  Engineering  Institute  of  Canada 

By  F.  A.  COMBE 

burning  in  furnaces,  and  utilization  of 
the  heat  generated  by  the  combustion 
to  produce  steam  in  boilers. 

The  reduction  process  is  in  use  al- 
most solely  in  the  United  States 
where  it  is  economically  possible  by 
reason  of  the  greater  wastes  of  food 
material  there  than  in  European 
countries.  It  is  not  within  the  scope 
of  this  paper  to  deal  with  this  process, 
but  it  may  be  mentioned  that  approxi- 
mately 40  lb.  to  60  lb.  of  grease  and 
160  lb.  to  200  lb.  of  tankage  are  recov- 
ered per  ton  of  garbage;  the  grease 
being  sold  to  packers  or  soap  manu- 
facturers, and  the  tankage,  which  con- 
tains about  2V2  per  cent  nitrogen  as 
ammonia,  4  per  cent  bone,  and  1  per 
cent  potash,  to  fertilizer  mixing  com- 
panies. 

The  market  for  these  materials  is 
very  uncertain;  high  prices  were  ob- 
tained  during  the  years   1918,   1919, 


Refuse  or  wastes  collected  by  muni- 
cipal service  are  commonly  classified 
under  three  headings : — Garbage,— 
comprising  organic  or  putrescible 
matter  from  kitchens,  hotels,  restau- 
rants, markets  and  stores.  Rubbish, 
— comprising  general  non-putrescible 
matter,  partly  combustible  and  partly 
incombustible;  such  as  paper,  wood, 
glass,  crockery,  metals,  rags,  leather, 
and  other  household  wastes  in  addi- 
tion to  certain  trade  wastes.  Ashes, 
— from  household  furnaces  and  from 
heating  boilers  in  buildings  and 
stores;  power  plants  usually  disposing 
of  their  ashes  separately.  In  addition 
there  are  street  sweepings  which  may 
be,  but  usually  are  not,  disposed  of 
through  the  same  channels. 

The  quantity  and  composition  of  the 
different  classes  of  refuse  will,  of 
course,  vary  to  a  considerable  extent 
in  different  localities  and  at  different 


n   n  n  n 


Fig.   1. — English  Continuous  Grate  Destructor. 

seasons,  but  the  following  table  gives  and    1920,   when    grease    reached    11 

an    approximate    average    production  cents  per  pound,  but  today  the  price 

per  day  per  1,000  of  population,  for  has  dropped  to  around  2  to  4  cents 

the  extreme  summer  and  winter  con-  per  pound. 

ditions,  which  might  be  expected  in  a  As  regards  the   second  method   of 
large  Canadian  city.  disposal,  the  furnaces  in  which  garb- 
August        February  aSe    and    refuse    are   burned   can   be 

Garbage  l.oooib.         400  1b.  classed  as  of  two  general  types: — (a) 

R^bish  600  lb.         400  lb.  Those   in   which   the   temperature   is 

Ash  2001b'       4'0001b-  generally  below  1,200°,  and  which  are 

Methods  of  Disposal.— Of  the  vari-  technically  known  as  incinerators  or 
ous  methods  of  disposal  which  give  crematories;  and  (b),  those  in  which 
opportunity  for  a  revenue  to  offset  the  a  temperature  of  over  1,200  is  mam- 
cost  of  disposal,  the  two  usually  con-  tamed,  technically  termed  destructors, 
sidered  for  a  large  city  are: — (a)  The  low  temperature  incinerators 
Treating  the  garbage  alone  by  a  re-  were  developed  chiefly  in  America  and 
duction  process,  whereby  the  fats  and  for  that  .reason  are  often  referred  to 
grease  are  extracted  and  the  residue  as  the  American  type.  They  were  de- 
— termed  tankage — utilized  as  a  base  signed  presumably  to  destroy  the  ref- 
for   fertilizers,      (b)    Destruction   by  use  in  the  cheapest  way  and  do  not 
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employ  any  forced  draft  or  special 
means  for  maintaining  a  high  temper- 
ature. 

There  have  been  hundreds  of  differ- 
ent types  of  incinerators  built,  from 
the  crude  stew  pots,  giving  off  odor- 
ous fumes  freely,  such  as  are  still 
used  in  many  of  the  small  towns  in 
the  United  States  and  Canada,  to  the 
more  elaborate  designs  in  which  the 
volatile  gases,  distilled  off  from  the 
slowly  drying  and  burning  mass  in 
the  furnace,  are  passed  over  coal  fires 
with  the  idea  of  oxidizing  them;  or 
again  in  others  where  the  garbage  is 
spread,  dried  and  burned  on  the  per- 


years  ago,  the  design  of  a  continuoi 
series  of  grates  in  one  furnace  com- 
municating with  a  common  combus- 
tion chamber  was  adopted,  as  shown 
roughly  in  Fig.  1,  and  this  has  become 
universally  known  as  the  English 
destructor. 

In  this  design  the  refuse  is  fed  al- 
ternately on  to  the  different  grates, 
which  may  have  drying  and  burning 
sections,  (the  garbage  being  raked 
over  from  one  to  the  other  as  needed), 
or  burning  sections  alone,  depending 
upon  the  class  of  refuse  to  be  de- 
stroyed. There  are  always  then  two 
or  more  actively  burning  beds  from 


Fig.  2. — City  of  Rotterdam  Destructor  Plant. 


forated  top  of  a  flue  from  a  separate 
fuel  grate.  While  such  furnaces  may 
serve  the  purpose  for  a  small  com- 
munity where  the  short  collections 
hauls  allow  them  to  beset  sufficiently 
far  distant  to  avoid  nuisance,  they 
cannot  be  considered  for  larger  cities. 
The  English  Destructor. — In  Eng- 
land and  the  older  countries,  where 
the  population  is  more  congested,  the 
attention  of  engineers  has  for  a  long 
time  been  directed  to  the  design  of 
furnaces  in  which  combined  household 
wastes  could  be  destroyed  in  a  sani- 
tary way  without  creating  a  nuisance 
to  the  immediate  neighborhood,  and 
further,  to  utilize  the  heat  generated 
by  the  burning  refuse  to  produce 
steam  for  power  purposes.  In  this 
way  furnaces  were  developed  through 
various    forms    until,    about    twenty 


which  the  hot  products  of  combustion 
will  mix  with  the  distilled  gases  from 
the  freshly  fired  charges,  and  render 
oxidization  complete  in  the  combus- 
tion chamber  before  passing  to  the 
chimney  or  boiler.  Improvements  in 
details  have  been  made  from  time  to 
time,  with  special  features  by  differ- 
ent makers,  but  the  general  principle 
of  combustion  has  been  retained,  and 
that  it  has  proved  successful  for  the 
purpose  intended  is  evidenced  by  the 
fact  that  it  is  a  common  sight  to  see 
destructor  plants  in  the  middle  of  res- 
idential district  next  to  city  halls, 
schools,  or  other  public  buildings. 

Apart  from  a  few  special  designs  in 
Germany,  this  form  of  destructor  has 
been  used  generally  throughout 
France  and  other  European  countries, 
and  in  nearly  all  cases  electric  power 
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is  developed  from  the  operation.  It 
was  thought  for  some  time  in  the 
United  States  that  such  a  design  of 
furnace  would  not  be  suitable  for  the 
special  conditions  existing  in  that 
country,  and  many  different  designs 
have  been  tried  out,  yet  it  is  worthy 
of  note  that  the  large  majority  of 
modern  installations,  both  in  the 
United  States  and  Canada,  have  been 
based  on  this  same  English  design. 

The  peculiar  nature  of  the  material 
to  be  disposed  of  calls  for  a  furnace 
design  and  treatment  different  to 
those  employed  for  burning  other  wet 
refuse  such  as  bark,  bagasse,  etc.  Dis- 
regard or  ignorance  of  these  special 
requirements  has  been  the  cause  of 
many  of  the  incinerator  failures  and 
has  led  to  the  impression  held  by 
many  that  it  is  doubtful  whether  city 
refuse  can  be  burned  without  produc- 
ing offensive  odors. 

Garage. — Garbage  is  the  most  trou- 
blesome component  to  burn,  due  not 
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this,  preferably  1,400°  to  2,000°, 
should  be  maintained  to  ensure  com- 
plete combustion. 

Complicated  reactions  take  place 
when  garbage  is  in  the  process  of  de- 
cay or  putrefaction,  and  a  quantity  of 
different  gases  are  given  off  at  com- 
paratively low  temperatures.  Where 
garbage  is  mixed  with  a  sufficient  pro- 
portion of  combustible  rubbish  or  coal 
ash  to  furnish  the  heat  required  to 
evaporate  the  moisture  from  the 
garbage  and  maintain  a  high  temper- 
ature, the  particular  characteristics  of 
these  reactions  and  volatiles  may  not 
be  of  practical  importance,  but  it  has 
been  recognized  that  they  can  be 
made  use  of  in  southern  and  semi- 
tropical  countries  where  large 
amounts  of  fruit  wastes  and  similar 
matter  are  destroyed  without  the 
same  admixture  of  combustible  waste. 
In  South  America  a  method  has  been 
developed  of  utilizing  the  combustible 
volatiles  given  off  from  refuse  while 


-Section  AA- 


Fig.  3. — Ruttan  Incinerator,  Winnipeg. 


only  to  the  high  moisture  content,  but 
also  to  the  fact  that  this  moisture  is 
largely  contained  within  the  cellular 
structure  of  the  material  and  is  not  as 
easily  dealt  with  as  in  the  case  of 
superficial  moisture.  Sixty-six  per 
cent  moisture  content  means  that  for 
every  pound  of  dry  garbage  burned,  2 
lb.  of  water  must  be  evaporated  and 
raised  to  the  temperature  of  the  furn- 
ace gases.  This  makes  it  impossible 
to  maintain  a  sufficiently  high  furnace 
temperature  when  garbage  is  burned 
alone  on  an  ordinary  grate,  (if  it  will 
burn),  to  ignite  the  combustible  mat- 
ter, with  the  result  that  the  process 
becomes  one  of  destructive  distillation 
with  the  emission  of  the  objectionably 
smelling  volatiles.  The  theoretical 
ignition  temperature  of  these  volatile 
gases  is  about  1,200°,  and,  in  actual 
practice,  a  higher  temperature  than 


in  a  heated  storage  chamber  to  pro- 
vide the  additional  heat  necessary  to 
cause  combustion  of  refuse  on  the 
furnace  grate,  so  that  no  auxiliary 
fuel  is  needed.  This  is  an  extremely 
interesting  process. 

Rubbish. — Rubbish  will  vary  widely 
in  composition  at  different  seasons 
and  places.  In  the  winter  there  will 
be  a  larger  proportion  of  incombust- 
ible matter,  both  because  of  the 
greater  amount  of  canned  goods  con- 
sumed, and  also  because  the  wood  and 
easily  burned  material  will  be  burned 
in  the  house  heating  furnaces.  There 
is  no  difficulty  in  burning  the  usual 
rubbish  aggregate  collected,  and,  in 
this  country,  the  amount  is  generally 
sufficient  to  supply  the  extra  heat  re- 
quired for  burning  the  garbage  when 
rubbish  and  garbage  are  mixed  to- 
gether. 
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The  higher  proportion  of  combusti- 
ble rubbish  in  the  summer  compen- 
sates in  some  degree  for  the  greater 
amount  of  green  garbage  at  such 
times,  but  August  and  September  are 
still  the  most  troublesome  months  for 
incinerators  and  destructors  of  the 
usual  type. 

Approximately  30  per  cent  of  the 
rubbish  as  collected  has  a  marketable 
value  and  in  some  places,  notably  Buf- 
falo, complete  sorting  has  been  car- 
ried out  for  many  years  and  a  consid- 
erable revenue  derived  therefrom. 
When  rubbish  is  to  be  burned,  the 
sorting  out  of  many  of  the  incom- 
bustible materials  is  of  considerable 
benefit  also,  because  of  the  trouble 
caused  by  them  in  clinkering  the  fuel 
bed. 

Ashes. — Household  ashes  in  this  sec- 
tion of  the  country  where  American 
anthracite  is  used  as  fuel  for  heating, 
differ  considerably  both  in  quantity 
and  general  characteristics  from  the 
ashes  from  bituminous  or  semi-bitum- 
inous coals  as  used  in  England  and 
Europe.  The  ashes  here  are  made  up 
of  unburned  particles  of  coal  which 
have  sifted  through  the  grate,  often 
in  the  original  state,  mixed  with 
bone,  slate,  stone  and  a  large  propor- 
tion of  very  fine  ash,  whereas  those 
from  European  household  fuels  com- 
prise coke,  clinker,  and  a  smaller  pro- 
portion of  dust. 

The  fine  particles  of  the  anthracite 
ashes  form  a  dense  blanket  on  the  de- 
structor furnace  grate  obstructing  the 
passage  of  air  for  combustion.  For 
this  reason,  and  because  the  actual 
weight  of  such  ashes  is  not  greatly 
reduced  after  passing  through  the 
furnace,  many  municipalities  consider 
the  fuel  value  is  more  than  offset  by 
the  cost  of  double  handling  and  the 
trouble  caused,  and  prefer  to  cart  the 
ashes  direct  for  fill. 

The  percentage  of  residue  from 
American  anthracite  coal  used  for 
household  purposes  is  often  25  per 
cent  and  over,  especially  at  the  pres- 
ent time,  while  that  from  English 
coals  would  be  10  per  cent  or  less. 
Those  who  have  been  burning  Welsh 
anthracite  recently  will  appreciate 
this  difference.  Taking  25  per  cent 
combustible  in  each  ash  residue,  which 
is  a  conservative  figure,  means  that  25 
per  cent  of  25  per  cent,  or  6^  per 
cent,  of  the  combustible  in  American 
anthracite  is  wasted  against  25  per 
cent  of  10  per  cent,  or  2XA  per  cent, 
of  the  combustible  in  English  coals. 
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The  increased  waste,  then,  is  consid- 
erable. Screening  the  ashes  to  re- 
cover the  larger  and  more  combustible 
material  has  been  done  to  a  limited 
extent,  but  for  a  large  city  a  more 
complete  process  of  separation  of  the 
greater  part  of  the  combustible  mat- 
ter from  the  ash  is  feasible  and  should 
be  considered. 

The  quirements  for  the  combustion 
of  the  coal  ash  residue  are  entirely 
different  from  those  for  burning  garb- 
age and  rubbish,  and  in  our  climate, 
where  the  ash  production  is  high  dur- 
ing the  heating  season,  it  would,  in 
the  writer's  opinion,  be  the  proper 
course  to  collect  and  burn  the  ashes  in 
separate  furnaces  designed  for  the 
purpose  where  the  heat  could  be  uti- 
lized profitably. 

Destructor  Design. — It  has  been 
proved  that  the  English  form  of  de- 
structor will  successfully  consume  the 
mixture  of  garbage  and  rubbish 
usually  collected  in  Canada,  without 
auxiliary  fuel  and  with  an  entire  ab- 
sence of  nuisance  in  the  neighborhood, 
as  evidenced  by  the  plants  in  opera- 
tion in  Westmount,  Toronto,  and  other 
Canadian  towns. 

At  the  same  time  there  seems  to  be 
room  for  decided  improvement  both 
in  methods  of  feeding  and  burning  the 
materal  in  order  to  reduce  the  amount 
of  hand  labor  now  required,  and  also 
the  general  dusty  conditions  of  oper- 
ation. 

During  the  past  ten  years  there  has 
been  a  great  advance  both  in  the  de- 
sign of  furnaces  for  burning  primary 
fuels  and  factory  wastes,  and  also  in 
automatic  stokers  and  labor-saving 
methods  of  boiler  plant  operation,  but 
there  does  not  appear  to  have  been 
such  notable  advance  in  this  respect 
in  the  design  of  incinerator  and  de- 
structor plants.  The  general  method 
employed  is  to  feed  periodically  heavy 
charges  of  refuse  on  to  each  grate 
section,  spreading  and  raking  it  over 
by  hand  labor  to  assist  the  combus- 
tion. The  residue  from  successive 
charges  builds  up  on  the  stationary 
grates  under  the  burning  mass,  often 
as  a  hard  vitreous  clinker,  gradually 
blocking  the  air  for  combustion,  and 
the  consequent  frequent  cleaning  of 
the  fires  and  removal  of  the  clinker 
and  ash,  is  an  arduous  hand  task.  In 
fact,  generally  speaking,  the  fires  are 
cleaned  in  the  same  manner  as  a  coal 
fired  stationary  grate,  but  with  in- 
finitely worse  clinker  conditions. 

When   ashes    are   mixed    with    the 
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garbage  and  the  resulting  clinker  is 
hard,  one  English  destructor  employs 
a  special  trough  grate  which,  besides 
allowing  the  air  for  combustion  to  be 
introduced  at  the  sides  as  well  as  the 
bottom  of  each  fuel  bed  section,  also 
moulds  the  clinker  into  a  form  in 
which  it  can  be  drawn  out  by  mechan- 
ical means  without  breaking.  Another 
incinerator  has  been  built  with  a  disc 
grate,  of  which  the  four  quadrants 
are  used  in  rotation  for  charging, 
burning,  clinker  cooling  and  clinker 
removal. 

As  regards  feeding  in  the  refuse, 
the  method  commonly  used  today  for 
the  larger  furnaces  is  to  rake  the  ma- 
terial by  hand  from  a  storage  or  re- 
ceiving bin  into  charging  chutes, 
which  are  set  directly  over  the  closing 
door  of  the  furnace  mouth.  The  door 
is  mechanically  operated  from  the  fir- 
ing floor,  being  opened  to  allow  a 
fresh  charge  to  be  dropped  on  the 
grate  when  the  fire  is  in  a  condition 
to  receive  it.  The  amount  of  each 
charge  is  usually  about  1  cu.  yd.,  this 
being  generally  considered  to  be  the 
most  economical  quantity  from  a 
labor  standpoint.  This  means  that  a 
dense  wet  soggy  mass  weighing  about 
one-half  ton  is  dropped  periodically 
into  the  furnace.  The  doors  are  then 
opened  and  the  material  spread  by 
hand  rakes,  allowing  an  inrush  of  cold 
air  to  still  further  cool  the  furnace. 
In  the  light  of  modern  developments, 
this  method  appears  crude  to  say  the 
least,  and  it  is  not  to  be  wondered  at 
that  the  brickwork  needs  frequent  re- 
newal. It  is  the  writer's  opinion  that 
an  entirely  different  method  of  feed- 
ing the  green  refuse  and  removing 
the  residue  might  be  adopted,  and 
that  future  developments  will  prob- 
ably be  towards  improvements  in  this 
respect. 

Some  destructor  plants,  notably  in 
Europe,  deliver  the  refuse  to  the 
furnace  in  closed  containers  which 
are  carried  by  a  crane  from  the  re- 
ceiving point  and  either  discharged 
automatically  by  mechanism  which 
opens  the  bottom  of  the  containers 
and  the  furnace  door  as  soon  as  placed 
in  position;  or  the  containers  are  set 
over  the  feed  doors  to  be  mechanically 
discharged  as  required  by  the  furnace 
tender.  An  example  of  this  is  il- 
lustrated in  Fig.  2,  which  shows  a 
cross-section  of  the  Rotterdam  plant 
of  400  tons  per  day  capacity,  and  it 
will  be  seen  that  with  such  a  system 
the  exposure  of  the  refuse  with  its  at- 
tendant mess   and   smell   is   entirely 


absent.  The  illustration  also  shows 
the  method  of  drawing  out  the  clinker 
from  the  trough  grates  on  to  cradles 
which  are  carried  away  Dy  a  crane  to 
the  clinker  house.  Boilers  are  in- 
stalled in  connection  with  this  plant 
and  steam  generated  at  160  lb.  pres- 
sure for  a  turbo-generator  station. 
The  St.  Ouen  destructor  plant  in  Paris 
is  of  similar  type. 

Some  cities  go  so  far  as  to  furnish 
the  householders  with  refuse  recept- 
acles of  a  uniform  size  which  are  col- 
lected in  special  trucks  and  the  con- 
tents discharged  direct  into  the  de- 
structor furnaces  without  exposure  at 
any  time  to  the  atmosphere.  The  cans 
are  then  cleaned  by  steam  and  re- 
turned. Such  a  service  would  be  gen- 
erally very  costly  and  could  seldom  be 
adopted,  but  it  shows  what  high 
standards  of  sanitation  have  been 
reached.  On  this  continent  no  such 
elaborate  methods  have  been  used, 
and  in  only  a  few  cases  has  any  at- 
tempt been  made  to  utilize  or  to  de- 
rive revenue  from  destruction  of  the 
refuse. 

Canadian  Plants. — Through  the 
courtesy  of  Geo.  B.  Wilson,  street 
commissioner,  of  Toronto,  the  follow- 
ing information  regarding  the  200-ton 
destructor  installed  in  that  city  in 
1917,  is  given.  This  is  an  English 
destructor  of  the  Sterling  type,  hav- 
ing the  same  general  principles  of 
design  as  those  previously  described. 

The  location  is  close  to  a  group  of 
residences,  and  1,800  ft.  from  a  large 
hospital,  and  it  is  stated  that  there 
have  not  been  any  complaints  regard- 
ing nuisance,  while  the  surrounding 
property  has  actually  increased  in 
value.  Mixed  garbage  and  combustible 
rubbish  are  burned,  the  general  in- 
combustible rubbish  collected,  as  well 
as  ashes,  not  being  delivered  to  the 
plant.  The  labor  cost  per  ton  of  garb- 
age consumed  is  given  as  87  cents, 
and  the  total  charges  $1.29  per  ton. 
The  labor  employed,  including  yard 
men,  plant  tenders,  and  foremen 
amounts  to  1.4  man-hours  per  ton. 
No  attempt  is  made  to  utilize  the 
waste  heat. 

Brief  reference  may  be  made  to  two 
types  of  incinerators  which  have  been 
built  in  Canada,  and  which  possess 
features  of  interest.  One  of  these  is 
at  Winnipeg,  designed  by  the  former 
-city  engineer,  and  has  a  capacity  of 
50  tons  in  12  hours.  Fig.  3,  taken 
from  the  patent  drawings,  copies  of 
which  were  kindly  furnished  by  Mr. 
Brereton,  the  present   city  engineer, 
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shows  a  plan  and  cross-section  of  one 
unit.  This  comprises  four  separate 
furnace  cells  set  back  to  back  in  pairs, 
connected  through  a  common  flue  to  a 
combustion  chamber. 

Each  furnace  has  a  perforated  arch 
on  which  the  refuse  is  dumped  and 
dried  before  being  raked  off  to  the 
main  grates.  Forced  draft  is  used, 
the  air  being  preheated  by  the  com- 
bustion chamber  gases  and  passing 
through  a  duct  set  over  the  main  flue 
on  its  way  to  the  ash  pits.  About  40 
tons  of  garbage,  mixed  with  a  small 
amount  of  rubbish,  but  no  ashes,  is 
burned  during  the  12-hour  daily  run, 
the  labor  costs  for  one  foreman,  two 
firemen,  two  floor  men  and  two  labor- 
ers being  approximately  82.2  cents  per 
ton. 

The  De  Carie  incinerator  of  which 
one  is  installed  at  Outremont,  employs 
water  cooled  pipe  baskets  set  in  a 
high  brick  furnace,  and  in  which  the 
refuse  is  dried  before  dropping  on  the 
grate.  The  baskets  are  operated  hy- 
draulically  from  the  firing  floor.  In  a 
test  made  on  this  incinerator  by  the 
writer,  it  was  found  that  steam  could 
be  generated  from  the  water  in  these 
baskets  in  quantity  up  to  approxi- 
mately one-quarter  of  one  pound  of 
steam  per  pound  of  refuse  burned. 
These  incinerators  are  of  the  compar- 
atively low  temperature  type. 

Economics. — In  districts  served 
with  hydro-electric  power,  there  is 
possibly  not  the  same  incentive  to  uti- 
lize the  heat  from  the  combustion  of 
refuse  for  generating  electricity  as  in 
localities  using  steam-electric  power, 
but  other  opportunities  and  possibili- 
ties should  not  be  overlooked  or  light- 
ly considered.  Steam  is  required  in 
every  large  town  for  many  purposes, 
not  only  in  factories  but,  particularly 
in  this  climate,  for  heating  buildings. 

A  modern  high  temperature  de- 
structor will  furnish  sufficient  waste 
heat  for  the  evaporation  of  from  one 
to  two  pounds  of  steam  per  pound  of 
refuse  burned,  depending  upon  the 
composition  of  the  materials,  in  addi- 
tion to  any  preheating  of  air  required 
for  the  furnace  operation.  Taking  a 
conservative  figure  of  1,750  lbs.  of 
steam,  or  50  boiler  horse  power  per 
ton  of  mixed  garbage  and  rubbish 
burned  per  hour,  as  available  for  ac- 
tual outside  use,  then  a  200-ton  de- 
structor plant,  which  normally  would 
take  care  of  a  population  of  200,000, 
equipped  with  boilers  and  operating 
16  hours  per  day,  as  is  common  prac- 


tice, can  supply  over  20,000  lbs.  of 
steam  per  hour  for  manufacturing 
purposes,  or  say  1,000  engine  horse 
power. 

The  household  ashes  collected  from 
a  district  containing  the  same  popula- 
tion can  be  utilized  to  generate  up  to 
70,000  lbs.  of  steam  per  hour,  24  hours 
per  day,  throughout  the  heating  sea- 
son, depending  on  the  outside  tem- 
perature. In  other  words  there  would 
be  sufficient  fuel  to  operate  a  central 
station  to  heat,  and  supply  domestic 
service  for  buildings  aggregating  over 
10,000,000  cu.  ft.  volume.  To  appre- 
ciate better  what  this  means  it  may 
be  mentioned  that  the  cubic  contents 
of  the  entire  group  of  buildings  of 
McGill  University  are  approximately 
8,000,000  cu.  ft. 

Operating  Cost  and  Revenue  of  a 
200-ton  Destructor. — The  following 
figures  will  give  some  concrete  idea 
of  actual  costs  and  revenue  for  the 
case  under  consideration.  The  total 
annual  cost  of  operating  a  200-ton 
destructor  alone,  consuming  50,000 
tons  of  garbage  and  rubbish  per  year 
can  be  taken  as  about  $65,000,  in- 
cluding interest  on  investment,  depre- 
ciation, and  all  overhead  charges.  If 
boilers  were  installed  to  utilize  the 
waste  heat,  the  increased  annual 
charges  would  be  approximately 
$5,000.  The  revenue  derived  from  the 
sale  of  only  25  per  cent  of  the  steam 
produced,  at  75  cts.  per  1,000  lbs. 
would  be  $15,800,  leaving  a  net  return 
of  $10,800  to  help  pay  the  destructor 
operating  costs.  With  a  higher  load 
factor,  the  revenue  would  be  corre- 
spondingly increased. 

If  then  a  further  boiler  plant  were 
installed  to  utilize  the  combustible  in 
the  ashes,  the  additional  annual 
charges  might  be  $50,000,  including 
extra  hauling  and  preliminary  treat- 
ment of  the  ashes.  The  net  revenue 
from  steam  supplied  for  heating,  after 
deducting  total  distribution  charges, 
would  amount  to  around  $150,000  per 
year,  leaving  a  net  return  of  $100,000, 
or  more  than  sufficient  alone  to  pay 
the  whole  operating  costs  of  the  de- 
structor plant.  The  treated  ash  fuel  is 
not  limited  to  use  in  a  central  steam 
plant.  It  can  be  stored  or  it  can  be 
marketed,  and  actually,  if  cleaned, 
might  be  a  better  fuel  than  that  from 
which  it  originated. 

Because  some  cities  have  found 
that  they  cannot  profitably  burn  an- 
thracite coal  ashes  in  their  incinerat- 
ors or  destructors,  mixed  with  refuse, 
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it  is  often  concluded  that  there  is  no 
way  of  profitably  utilizing  their  fuel 
value.  In  the  district  of  Montreal 
there  is  thrown  away  in  the  ashes 
from  heating  furnaces  a  potential 
fuel,  equivalent  to  over  50,000  tons  of 
coal  during  each  heating  season.  The 
recovery  of  this  at  the  present  time  of 
coal  shortage  would  be  of  material 
assistance,  apart  from  its  marketable 
value.  Many  other  uses  for  the  steam 
available  from  destructors  might  be 
considered.  One  interesting  purpose, 
to  which  a  part  of  the  power  develop- 
ed from  a  plant  in  France  is  put,  is 
to  charge  storage  batteries  for  elec- 
tric collection  trucks. 

In  addition  to  actual  power  produc- 
tion there  is  a  considerable  revenue 
to  be  derived  from  the  clinker  and 
also  from  the  marketable  wastes.  The 
city  of  Buffalo  has  shown  a  profit  over 
cost  of  disposal  from  the  sale  of  such 
material  alone.  In  Great  Britain 
and  Europe  it  may  be  said  to  be  the 
invariable  practice  to  utilize  the  heat 
from  the  destruction  of  mixed  refuse 
and  usually  to  show  a  profit  over  cost 
of  destruction,  yet  here,  where  we 
have  opportunities  of  heat  recovery 
far  in  excess  of  those  prevailing  in 
Europe,  and  probably  unequalled  in 
any  country  in  the  world,  due  to  our 
climate  and  conditions,  this  source  of 
revenue  is  largely  disregarded.  West- 
mount  is  one  of  the  few  cases  where 
the  heat  is  utilized,  and  although  this 
is  a  small  plant,  burning  usually  only 
garbage  and  rubbish,  and  the  steam  is 
used  to  generate  electricity,  which  is 
not  the  best  load  from  a  revenue 
standpoint  in  this  district,  yet  it  has 
proved  worth  while. 

A  plan  which  suggests  itself  as  a 
possible  means  of  obtaining  the  maxi- 
mum  value   from    city    wastes   in    a 


large  city  on  this  continent  is  a  com- 
bination of  reduction  and  destructor 
plants  wherein  the  ashes  and  rubbish 
— after  sorting  out  marketable  incom- 
bustible materials — would  be  burned 
to  generate  steam  for  the  reduction 
of  the  garbage,  but  considering  the 
many  factors  entering  into  such  a 
scheme,  the  conditions  for  successful 
application  would  be  somewhat  excep- 
tional. 

The  separate  collection  of  ashes, 
which  is  advisable  when  household 
refuse  is  burned  in  districts  using  a 
considerable  quantity  of  American  an- 
thracite coal,  does  not  involve  much 
difficulty  or  extra  expense.  House- 
holders in  any  case  usually  place 
ashes  in  a  different  receptacle  to  that 
used  for  kitchen  refuse,  and  the  addi- 
tional cost  of  cartage  is  more  than 
made  up  by  the  short  hauls  made  pos- 
sible by  a  centrally  located  destructor 
and  the  possible  surplus  revenue  from 
the  operation  of  the  plant. 


Industrial    Interpretation   of 

Analysis  of  a  City  Water 

Supply 

An  interesting  industrial  and  engi- 
neering interpretation  of  an  analysis 
of  the  Bull  Run  water  supply  of  the 
city  of  Portland,  Ore.,  is  given  by  F. 
M.  Randlett,  Chief  Engineer  Water 
Bureau  in  the  annual  report  of  the 
Department  of  Public  Utilities  of 
Portland,  for  the  fiscal  year  ending 
Nov.  30,  1921. 

The  analysis,  which  follows,  com- 
pares the  Bull  Run  water  with  water 
from  the  Columbia  River: 


Soap  costs  (cost  in  cents,  1916  prices  for  soap, 
to  produce  lather  with  1,000  gal.)    

Softening  water — 

No.  pounds  90%  lime  needed  for  1,000  gal 

No.  pounds  95%  soda  ash  for  1,000  gal 

Foaming  coefficient  (F-2.7  Na+2.K)  from  to 
sodium  and   potassium    

Coefficient  of  corrosion  in  boiler  tubes,  etc.,  due 
to  aluminum,  magnesium  and  iron  content — 
not  in  form  of  carbonates  (C=) 

Coefficient  of  corrosion  .0503  Ca= 

Pounds  of  scale  formed  on  boiler  tubes  from 
1,000  gal.  of  water  

Pounds  of  hard  scale  formed  on  boiler  tubes 
from  1,000  gal.  of  water  

Coefficient  of  hardness Not  hard 

(325) 


Sample 

Columbia 

Bull  Run  Watei 

River  Water  at 

from  Faucet 

Cascade  Locks. 

at  the  City  Hall. 

67.0  cts. 

17.0  cts. 

.0441 

0.071 

None 

None 

33.8 

9.7 

—0.815 

—0.155 

+0.04 

—0.0146 

(semi-corrosive) 

(non-corrosive) 

+0.922 

+0.121 

0.152 

None 

0.15 
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Iron  Removal  from  Public  Water  Supplies 


Practice  in  Ohio  Described  in  Paper  Presented  at  1922  Ohio  Con- 
ference on  Water  Purification 

By  A.  ELLIOTT  KIMBERLY, 

Consulting  Engineer,  Columbus,  O. 


With  few  exceptions,  the  ground 
waters  of  Ohio  are  hard  and  many 
contain  large  quantities  of  free  car- 
bonic acid,  high  iron  and  sometimes 
sulphuretted  hydrogen.  When  for 
various  reasons,  ground  water  forms 
the  only  practical  source  of  water 
supply  and  contains  iron  and  carbonic 
acid  and  is  corrosive,  it  is  necessary 
to  provide  devices  for  the  removal  of 
these  constituents.  Such  waters  are, 
of  course,  confined  to  the  smaller  com- 
munities. With  the  removal  of  iron 
and  free  carbonic  acid,  the  public  is 
furnished  a  palatable,  safe  water  sup- 
ply of  lower  average  temperature  but 
ordinarily,  of  course,  considerably 
harder  than  supplies  from  surface 
sources. 

There  are  seventeen  iron  removal 
plants  at  present  in  operation  in  Ohio, 
the  principal  ones  being  located  at 
Garrettsville,  Shelby,  Lodi,  Wads- 
worth,  Xenia,  Leroy,  and  Barberton. 
The  largest  plant  is  at  Wadsworth, 
nominal  capacity  1,500,000  gal.;  the 
smallest  at  Leroy,  nominal  capacity 
150,000  gal. 

Chemistry  of  Iron  Removal. — Prac- 
tically all  iron  bearing  or  chalybeate 
waters  are  similar  in  that  they  con- 
tain relatively  large  quantities  of  free 
carbonic  acid  and  practically  no  dis- 
solved oxygen.  The  iron  exists  in 
solution  in  the  ferrous  state  and  in  a 
majority  of  instances  rapidly  oxidizes 
and  in  time  completely  precipitates 
after  the  carbonic  acid  is  liberated 
through  exposure  to  the  air  or  through 
forced  aeration.  Generally  ^  speaking, 
there  are  three  classes  of  iron  bear- 
ing waters  differing  from  one  another 
with  respect  to  the  extent  to  which 
the  oxidized  iron  will  coagulate  after 
aeration  as  follows: 

A.  Complete  precipitation  and  co- 
agulation. 

B.  Partial  precipitation,  remainder 
in  indefinite  colloidal  suspension. 

C.  No  precipitation,  ferric  oxide  en- 
tirely in  colloidal  form. 

The  Ohio  iron  bearing  waters  ap- 
parently belong  to  Classes  A  and  B 
since  after  thorough  aeration,  the  iron 
coagulates    completely    when    passed 


through  filters  of  coarse  or  fine  mate- 
rial. 

The  waters  of  Class  C,  of  which 
there  appear  to  be  none  in  Ohio,  con- 
tain organic  matter  and  manganese 
in  addition  to  iron  and  carbonic  acid, 
although  in  some  cases  the  carbonic 
acid  may  be  very  low,  and  require 
chemical  treatment  with  lime  or  soda 
ash  or  sulphate  of  alumina. 

The  following  law  developed  by 
Darapsky*  in  1905  appears  to  be  di- 
rectly applicable  to  waters  of  Classes 
A  and  B: 

"The  removal  of  iron  from  water 
requires  the  very  intimate  admixture 
of  an  excess  of  air  (oxygen),  follow- 
ing which  to  secure  coagulation,  the 
aerated  water  must  be  subjected  to 
the  catalytic  action  of  previously  pre- 
cipitated iron  sludge.  The  required 
time  of  contact  is  inversely  propor- 
tional to  the  relative  quantity  of  oxy- 
gen introduced." 

Note  particularly  that  the  removal 
of  iron  takes  place  in  two  stages, 
namely,  oxidation  of  the  ferrous  iron 
by  the  displacement  of  the  carbonic 
acid  by  oxygen  and  second  coagula- 
tion of  the  ferric  hydroxide. 

All  of  the  Ohio  iron  removal  plants 
include  aeration  as  the  initial  step  in 
the  process,  differing  to  be  sure  as  to 
details,  but  with  the  exception  of  the 
plant  at  Leroy,  and  to  some  extent 
in  the  coke  aerators  at  Shelby  and 
Xenia,  none  provide  an  opportunity 
for  contact  action  with  previously 
precipitated  iron  sludge,  except  that 
incident  to  the  passage  of  the  water 
through  the  upper  layers  of  sand 
filters. 

Aeration  and  Coagulation. — Essen- 
tial details  of  seven  of  the  state's 
iron  removal  plants  are  presented  in 
an  appended  table.  The  different 
methods  employed  to  prepare  the 
water  for  final  filtration  are  as  fol- 
lows : 

Garrettsville.  —  Water  discharged 
onto  an  umbrella-shaped  aerating  de- 
vice  4   ft.   in   diameter   thence   5   ft. 


♦Darapsky,    "Enteisenung   von   Grundwasser, 
Leipsic   1905. 
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through  the  air  into  a  20-hour  coagu- 
lation basin. 

Shelby  and  Xenia. — Three  coke 
trays  containing  12  in.  of  coke  each, 
12-in.  air  spaces  between  trays.  Water, 
applied  through  perforated  grid, 
trickles  through  aerator  at  rate  of 
17  gal.  per  sq.  ft.  per  minute  to  1-hour 
coagulation  basin. 

Lodi. — Five  8-in.  layers  of  Wz-  to 
3-in.  coke  in  trays  separated  by  air 
spaces,  total  height  of  aerator  7  ft.; 
rate  167  mgad.  Discharge  from 
aerator  enters  0.5-hr.  coagulation 
basin. 

Wadsworth. — Whirling  spray  noz- 
zles, height  of  spray  about  6  ft. 
Water  flows  from  collecting  trays  into 
0.6-hour  baffled  coagulation  basin. 

Leroy. — Ten  Binks  spray  nozzles 
operating  at  11  gpm  at  10  lbs.  pres- 
sure, height  of  spray  about  8  ft.  Fine 
spray  falls  onto  collecting  tray  con- 
taining 12  in.  of  3-in.  limestone, 
thence  to  roughing  filter  with  6  ft.  of 
1%-in.  limestone.  Roughing  filter 
operates  at  97  mgad.  No  coagulation 
provided. 

Barberton.  —  Water  raised  from 
wells  by  air  lift  pumps,  falls  onto 
surface  of  water  in  1.33-hour  coagula- 
tion basin.  No  other  aeration  pro- 
vided. 

Efficiency  of  Iron  Removal  Plants. 
— Through  the  courtesy  of  the  Engi- 
neering Division  of  the  State  Depart- 
ment of  Health  and  Mr.  Philip  Bur- 
gess of  Burgess  &  Niple,  Columbus, 
0.,  it  is  possible  to  present  analytical 
data  showing  the  efficiency  of  the 
plants  at  Shelby,  Wadsworth,  Xenia 
and  Leroy.  These  data  tabulated  in 
Table  I  show  a  satisfactory  removal 
of  iron  as  indicated  by  the  filtered 
water  results,  but  with  the  exception 
of  Leroy,  the  actual  work  of  iron  re- 
moval is  accomplished  by  the  filters. 


Coagulation  Basins  Make  No  Ma- 
terial Change  in  the  Iron  Content. — 

At  Leroy,  the  iron  is  completely  re- 
moved by  the  coarse  limestone  of  the 
aerator.  It  is  true,  of  course,  that 
the  Leroy  plant  operates  at  only  a 
small  percentage  of  its  nominal  ca- 
pacity and  has  been  in  service  for  only 
a  relatively  short  time.  For  these 
reasons,  it  appears  that  the  12-in. 
layer  of  coarse  limestone  has  hitherto 
served  as  a  roughing  filter.  It  seems 
reasonable  to  expect  that  in  time,  due 
to  the  shallow  depth  of  the  limestone 
in  the  aerator,  its  efficiency  as  regards 
the  elimination  of  the  iron  will  de- 
crease and  that  the  roughing  filter 
will  assume  its  intended  function. 

Coagulation  Basins  Versus  Rough- 
ing Filters. — The  function  of  a  coagu- 
lation basin  in  a  water  purification 
plant  is  to  afford  opportunity  for  the 
completion  of  the  chemical  reactions 
between  the  coagulating  chemicals 
and  the  raw  water  and  also  to  provide 
for  the  removal  of  a  portion  of  the 
resulting  floe.  In  iron  removal  prac- 
tice, judging  from  analytical  data  for 
the  important  plants  in  Ohio,  with 
aeration  as  hitherto  the  only  treat- 
ment, the  water  is  not  yet  prepared 
for  coagulation,  that  is,  the  iron  while 
oxidized,  is  in  colloidal  form  and  re- 
mains in  this  condition  until  the  water 
comes  in  contact  with  masses  of  pre- 
viously precipitated  iron  sludge, 
where  under  the  catalytic  action  of 
this  sludge,  the  actual  separation  of 
the  iron  is  effected. 

It  thus  appears  that  Darapsky's  law 
is  correct  as  applied  to  the  ground 
waters  of  Ohio,  or,  in  other  words, 
roughing  filters  and  not  coagulation 
basins  should  precede  the  finishing- 
sand  filters.  To  be  sure  in  many  in- 
stances the  sand  filters  effectively  free 
the  water  from   even  last  traces   of 


Table  I — Analytical  Data  Showing  Efficiency  of  Representative  Ohio  Iron 

Wadsworth  Shelby 

I     a     d        a    I  s     d  all 

§      -      *        ftM   §  ft     g  ft    g.g   g 

8       & •     «     .    d r.-g  &      q        .  o     88    8 

~      o       a   3    ^    ~  o       ft      IS  °    ~*    - 

Raw    Water 1.4     1.8     12.5     17     35     16  0.0     10.6       0  46     1.4     2.0 

Eff.   Aerator   1.4     8.8     15.0     87       6     ....  7.1     11.0     64  0.0 

Eff.   Coag.   Basin 1.3     9.1     15.0     90       4     10      23     1.5     0.0* 

Eff.   Filter  0.0     9.8     16.0     99       4    0.1      8     0.1     0.0 

Period     between 

washing     of     filter 

days    4     1     ....  *. 

♦Effluent  roughing  filter. 
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Leroy 

a 

A 

*          a 

8          ft 

ft 

O 

s 

■5       .   o" 

a     s  ° 
a     m   % 

0.0 
9.6 
8.6* 
6.8 

12.2       0.0     164 
17.2     88.4     20 
16.7*  87.3*   19* 
16.1     68.4     23 
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iron,  but  this  is  accomplished  by  the 
use  of  a  much  greater  volume  of  wash 
water  than  is  necessary  when  the 
water  has  previously  passed  through 
a  roughing  filter.  These  were  the  con- 
siderations which  prompted  the  au- 
thor to  provide  roughing  filters  at  Le- 
roy  instead  of  the  usual  coagulating 
basins.  The  results  so  far  secured 
appear  fully  to  justify  this  decision. 

Of  course,  in  some  plants  the  coke 
aerators  provide  opportunity  for  con- 
tact with  previously  precipitated 
sludge  and  therefore  act  as  roughing 
filters.  But  it  is  also  a  fact  that  such 
aerators  clog  and  require  frequent 
flushing  and  when  clogged  cause  im- 
paired aeration.  Ordinarily,  the  sludge 
from  the  aerators  is  permitted  to  flow 
into  the  coagulation  basin,  and  in 
such  plants  an  important  function  of 
the  coagulation  basin  is  to  provide 
storage  for  this  sludge.  Inasmuch  as 
but  little  iron  appears  to  be  removed 
by  coagulation  or  reaction  basins  can- 
not such  basins  be  entirely  eliminated 
by  providing  connection  to  the  wash 
water  drain  for  the  direct  discharge 
of  the  sludge  into  the  sewer?  While 
it  is  a  fact  that  coagulation  basins  in 
Ohio  plants  require  cleaning  two  or 
three  times  a  year,  may  it  not  be  rea- 
sonable to  assume  that  a  large  part 
of  the  accumulated  deposits  originate 
in  the  clogged  aerators  ? 

A  practical  remedy  for  aerator 
clogging  would  appear  to  provide 
greater  areas  or  in  other  words  lower 
rates  of  application.  Under  such  con- 
ditions, the  aerators  virtually  become 
roughing  filters  and  with  flushing  ar- 
rangements with  wash  water  drain 
connections,  it  will  appear  that  the 
coagulation  or  reaction  basin  is  not 
needed  since  the  iron  still  remaining 
in  the  water  can  very  readily  be  re- 
moved by  the  sand  filters. 

The  use  of  roughing  filters  instead 
of  coagulating  basins  will  necessarily 
slightly  increase  the  head  against 
which  it  is  necessary  to  pump  the  raw 
water,  but  the  decreased  first  cost  in- 
cident to  the  omission  of  the  rela- 
tively more  expensive  coagulation 
basin  and  the  reduced  consumption  of 
wash  water  would  appear  to  offset  the 
increased  cost  of  pumping  to  a  ma- 
terial degree.  The  increased  efficiency 
of  roughing  filters  and  sand  filters  ap- 
pears fully  to  justify  the  elimination 
of  the  coagulation  basin  which  ap- 
parently has  but  little  work  to  per- 
form in  iron  removal  practice  where 
no  coagulants  are  used. 

Roughing  filters  are  used  at  nearly 


all  of  the  German  plants  where  the 
art  of  iron  removal  has  been  exten- 
sively developed  owing  to  the  ex- 
tended use  of  ground  water  for  public 
water  supply  and  also  in  many 
American  plants*  as  for  example  at 
Asbury  Park,  N.  J.,  Atlantic  High- 
lands, N.  J.,  Cohasset,  Mass.,  Brook- 
line,  Mass.,  and  Middleboro,  Mass. 
Most  recently,  in  a  report  on  the 
Memphis,  Tenn.,  water  supply,** 
Fuller  and  McClintock  advise  the  con- 
struction of  an  iron  removal  plant 
which  includes  aeration  by  air  lift 
pumps,  supplementary  aeration  by 
nozzles,  coke  beds  as  roughing  filters, 
partial  lime  treatment,  finishing  with 
mechanical  filters. 

Comments  on  Design. — Roughing 
filters  may  be  constructed  of  the  most 
accessible  material  provided  it  is 
rough,  coarse  and  permanent.  Ma- 
terials used  comprise  coke,  limestone, 
trap  rock,  brick,  saggers,  slag  and 
waste  blocks  of  wood.  The  essential 
feature  appears  to  be  to  secure  a  ma- 
terial which  offers  sufficiently  free 
passage  for  the  water  and  is  at  the 
same  time  capable  of  retaining  the 
ferric  hydroxide  sludge  essential  for 
the  adsorption  of  the  colloidal  ferric 
iron.  Rates  of  filtration  may  range 
from  1.5  to  2.0  gal.  per  square  foot 
per  minute.  Free  passage  of  air 
through  the  roughing  filter  is  very  es- 
sential, in  other  words,  the  high  water 
level  in  the  sand  filters  should  be 
slightly  below  the  outlet  of  the 
roughing  filters. 

In  the  course  of  time,  of  course, 
roughing  filters  require  flushing  and 
arrangements  should  be  made  there- 
for. At  Leroy,  through  proper  piping 
connections,  wash  water  is  admitted 
to  the  bottom  of  the  filter  until  the 
water  covers  the  upper  surface  of  the 
limestone.  A  6-in.  valve,  on  a  line 
connected  to  the  wash  water  drain  of 
the  sand  filter,  is  then  opened  and  the 
entire  volume  of  water  is  permitted  to 
escape  into  the  drain.  Also,  this 
method  of  flushing  may  be  supple- 
mented by  water  under  pressure 
through  a  hose.  After  11  months' 
operation  it  has  not  been  necessary  to 
flush  the  roughing  filter  due,  doubt- 
less, to  the  relatively  small  volume  of 
water  which  has  passed  through  the 
plant  as  compared  to  its  nominal 
capacity. 

In  addition  to  contact  with  previ- 


♦Engineering  News-Record,  Vol.  89,  p.  566, 
Oct.   5,   1922. 

♦♦Bulletin  No.  7,  University  of  Kansas, 
April  1916. 
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ously  precipitated  sludge  it  is  essen- 
tial for  effective  iron  removal  that  the 
water  be  very  thoroughly  aerated. 
The  analytical  data  for  the  four  Ohio 
plants  indicate  that  both  nozzles  and 
special  aerating  devices  of  the  splash 
type  with  layers  of  coke  or  other 
coarse  material  are  very  effective  in 
displacing  the  carbonic  acid  and  in 
furnishing  the  oxygen  required  for 
the  conversion  of  the  iron  to  the  fer- 
ric state.  Unless  the  cost  of  the  ad- 
ditional head  required  for  nozzles  is 
prohibitive,  it  is  the  author's  judg- 
ment that  nozzles  are  to  be  preferred 
to  aerators  of  the  splash  system  since 
the  resulting  aeration  is  more  thor- 
ough and  the  removal  of  dissolved 
gases  more  complete. 

In  this  connection,  it  may  be  pointed 
out  that  while  aeration  produced  by 


nozzles  appears  to  be  constant  under 
normal  operating  conditions,  that  se- 
cured by  coke  aerators  is  dependent 
upon  proper  flushing.  This  is  il- 
lustrated by  recent  experiences  at 
Shelby  where  insufficient  flushing  of 
the  coke  aerators  caused  pooling  and 
excessive  rates  of  filtration  and  con- 
siderably decreased  efficiencies  as 
shown  by  the  following  analyses  for 
iron: — Raw  water  3.2,  effluent  coagu- 
lating basin  2.9,  effluent  filter  0.7 
parts  per  million  or  several  times  that 
normally  present  in  the  filtered  water. 
Following  flushing  of  the  aerators, 
normal  results  were  again  secured. 

Conclusions. — There  are  still  a  num- 
ber of  communities  in  Ohio  which  are 
supplied  with  well  water  containing 
excessive  quantities  of  iron.  The  ob- 
jectionable condition,  which  dissolved 


Population 

Nom.  Cap.  gpd 

Source 

Aeration 

Coag.  Basin 

Table  II — Iron  Removal  Plants  in   Ohio 

Wadsworth                       Shelby                            Xenia 

4,000                                5,500                               9,100 
1,500,000                         1,000,000                        1,000,000 
.    2  dr.  wells  255  ft.          2  dug  wells  45  ft.            2  12-in.  wells 

73  ft. 
1  10-in.  well 
112  ft. 
.Nozzles     with    Pipe  grid  about  3       Same  as  Shelby. 
.  whirling    spray.        12-in.    layers 
Water  falls  into        coke  with  12-in. 
coag.  basin.                spaces,   thence 
into  coag.  basin, 
rate  17  gal.  per 
sq.  ft.  per  min. 

Leroy 

350 

150,000 

Artesian  well 

Nozzles     over     12 
in.      of      3      in. 
limestone. 

Dimensions 

Capacity  gal _.. 

25x21x11 

38,000 

0.6 

: 3 

18 
30 

25 
196 
125 

19 

43  x  14  x  10 
47,300 

0.8  ft.  per  min. 
2 

12 
24 

24 
238 
100 

21 

31xl2x  13 
37,000 

0.6  ft.  per  min. 
3 
16 

28 

24 
150 
100 

24 

Rate  of  flow 

1 

Gravel  ins 

Sand  ins 

Top  sand  to  top 

gutter  ins 

Area  sq.ft 

17 

27 

24 
65 
100 

Wash  water  vert, 
rise  ins.  per  min. 

20 

Population 

Nom.  Cap.  gpd 

Garrettsville 

1,100 

l 

Lodi 
1,200 
00,000 

led  wells                2   c 
b 
ng      device    No 
5    8-in.    layers         i 
.    Total  height 

of    basin    un- 
ator. 

k  7.5x6 
4,700 
0.5 
2 

Barberton 

18,800 
1,000,000 

Source 

Aeration 

Coagulation  basin- 

10  driven  wells                        Drr 

40  ft.  73  in. 

Distributi 

Umbrella  shaped  device        above 
about  4  ft.  dia.,  5  ft.         of  coke 
above  coag.  basin.               7  ft. 

[rilled   wells   pumped 
y  air. 

aeration     provided 
n  addition  to  air  lift. 

Dimensions 

der  aer 

14 

Capacity  gals 

18,000 

Period  hrs 

20 

1.33 

Filter  units 

2 

Gravel  ins 

16 

Sand  ins 

24 

20 

Top  sand  to  top  gutter 

22 

Area  sq.  ft 

Rate  mgad 

96 

65 

72 

227 
100 

Wash  water  vert,  vise 
ins.  per  min. 


24 


♦Roughing  filter — Dimensions,  10x6.75x6;  Rate  mgad,  97;  Material,  1%  in.  limestone. 
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iron  and  the  accompanying  tree  car-  J^e  Use  of  Chlorine  to  Assist 

bonic  acid  create,  can  be  overcome  at  n  ~»— «^  *vr  rmmm§mm^ 

relatively  small   first  cost  along  the  Coagulation 

lines  indicated  in  the  foregoing  dis-  

CUSsion.      The  costs    of   operation   are       Experiences    at     Exeter,     N.     H.,     Are 
low  and  in  general  there  would  appear  General     Observations     Given     in 

to  be  no  reason  why  these  communi-  Paper  Presented  May  24  at  An- 

des which  must  of  necessity  depend  nual  Meeting  of  Amer- 

on  ground  water  supplies  should  not  can   Water  Works 

be  furnished  water  as  free  from  ob-  Association 

jectionable    mineral    constituents    as 

that  available  through   the  filtration  The    Exeter,    N.     H.,    purification 

of     supplies     derived     from     surface  plant  was  built  in  1906  to  treat  the 

sources.  -  water    stored    in    an    unstripped   im- 

pounding  reservoir  which  flooded  sev- 

Suggested  Standards  for  Shower  eral  peat  bogs  and  banks  and  bottoms 

Baths  of  Doulder  clay.    The  water  is  of  the 

At  the  annual  meeting  of  the  Peaty  type-soft,  colored,  sometimes 
American  Association  for  Promoting  ^rbld  and  alwaJs  difficult  to  treat 
Hygiene  and  Public  Baths,  held  May  even  ^lth,  ^ood  .  miXmg  and  an 
11  and  12  at  Jersey  City,  N.  J.,  the  ^us^a"y  J°n«  period  of  coagulation. 
Committee  on  Shower  Bath  Stand-  The  difficulties  were  increased  forw- 
ards submitted  its  report  containing  l^  the  raising  of  the  reservoir  dam  m 
the  suggestions  for  standards.  It  J90^.  and  again  m  1916,  thereby 
was  decided  to  publish  these  sugges-  floodmS  additional  unstripped  acres, 
tions  with  a  view  to  securing  com-  Analysis  of  Water. — The  average 
ment  and  criticism  so  that  if  possible  analytical  results  during  1913  when 
some  formal  action  can  be  taken  next  the.  water  was  treated  with  an  aver- 
year.  The  suggestions  were  as  fol-  age  of  32.6  parts  of  sulfate  of  alumina 
lows:  per    million — nearly   2    g.    p.    g.    are 

1.     The  showers  and  dressing  com-  given  in  Table  I. 

partments  should  be  well  lighted.  T  . .    T    A  „,.**, 

9        TV.o    ol*«w«~    „*A    A*.^^*™   „~ Table  I — Average  Results  of  Analyses  of  Sam- 

l.       I  he    Shower    and    dressing    COm-  ples  of  Reservoir  Water  and  Filter  Effluent 

partments  should  be  constructed  of  a  at  Exeter,  N.  h.,  1913 

material    impervious   to   water,   sani-  Parts  per  Million 

tary  and  easily  cleaned     The  interior  Determination  "SK"    *%%* 

surfaces  of  compartments  should  pre-  Cold  Odor i-veg.  oo 

sent  a  perfectly  smooth  surface,  with  H<>t  Odor 3-veg.  2-veg. 

as  few  cracks  and  crevices  as  possible  cotor^ so  27 

to  avoid  the  shelter  for  dirt  and  dis-  OxygenConsurned'..lZZ    8.23  3.75 

ease  germs.  Free  Ammonia 050  .083 

3.  The     floor     of     compartments  Nitriteln°id  Ammonia ggg  -Jg 

should  be  of  a  sanitary  material  and  NitratesZlZZZlZ.l......      .13  .12 

sloped  to  carry  off  the  water  used  in  Chlorine 4^90  s!i2 

bath  and  should  be  non-slipping.  YST^ff  of  Soap ?H  33'6 

a        t<i  ~  1        u    v  Y  Alkalinity 16.9  12.4 

4.  There   Should   be   an   ample   SUp-  Residue  on  Evaporation, 

ply  of  hot  and  cold  water  at  all  times.         Total 79.0  80.0 

5.  All   pipes,   fittings   and   valves  *ron; ----.- ;-----•- A-84  0  -30 

should  be  of  heavy  and  durable  metal  Bacteria  at  ii.5'€ZZ~m.  32! 

placed  SO  as  to  be  easily  accessible.  B.  coli,  presumptive....  Four  out  of  0^ 

6.  The  shower  head  should  be  self-  D     .. .'     A  sLx  positive 

cleansing  and  so  constructed  that  the  R  coh  m  10  c'  c °-  °- 

water  consumption  may  be  controlled,  Owing  to  the  difficulties  in  opera- 

and  placed  at  the  top  of  the  shower  tion,  namely,  the  choice  between,  the 

compartment — set  at  an  angle  of  45°.  evils  of  under-coagulation  with  inade- 

7.  The  hot  and  cold  water  should  quate  purification  or  over-coagulation 
be  controlled  either  with  a  mixing  with  corrosion;  the  accumulations  of 
valve  so  designed  to  prevent  back  slimy  coatings  and  mud  balls  in  the 
water  pressure  or  with  separate  valve  filter  sand ;  the  high  percentage  of 
on  each  hot  and  cold  water  line.  wash  water  and  at  times  unpleasant 

The  committee  consists  of  August  vegetable  taste  of  the  filtered  water, 

P.   Windolph,   25   W.   33rd    St.,   New  various  expedients  were  tried. 
York   City,   chairman;    Robert    F.    G.  First  Application  of  Chlorine. — The 

Kelley,  and  Arthur  M.  Crane.  plant  was  designed  with  wide  allow- 
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??iCoSilnd  0Pe*ated Aat  a  low  rate.  In  value,  the  treatments  were  separated. 
1913,  the  wash  water  supply  was  in-  Alum  and  chlorine  are  now  added  to 
creased  and  an  air-washing  system  the  raw  water,  and  soda  when  it  is 
was  installed.  Still  the  difficulties  necessary,  is  added  to  the  effluent, 
prevailed,  and  in  November  of  that  Subsequently,  Mr.  Gammage  made 
year  they  were  unusually  great.  By  the  experiments  at  Belfast,  the  re- 
treatment  with  alum  alone,  coagula-  suits  of  which  have  been  published, 
tion  was  poor;  mud  balls  were  trouble-  and  .the  process  has  been  applied  by 
some  and  the  color  was  reduced  in-  0ur  firm  at  the  Acadia  Mills  and  else- 
sufficiently.  It  was  decided,  therefore,  wnere.  Recently  Mr.  Howard  has 
to  apply  chlorine  in  they  form  of  published  the  results  of  similar  work 
bleaching  powder,  mixed  directly  with  at  Toronto 
the  alum,  and  fed  through  the  same 

apparatus.      Accordingly,    in    Decern-  General  Observations.— In  1913,  the 

ber,  1913,  bleaching  powder  was  sent  average  engineer  concerned  with  the 

to  Exeter,  and  on  January  12,  1914,  problem  of  purifying  a  colored  water 

Mr.     Arthur     L.      Gammage,     chief  with    a    l°w    alkalinity    would    have 

analyst  of   Weston  &   Sampson,  was  used  large  doses  of  alum  with  enough 

sent   there   to   determine   the   proper  alkali  to  insure  an  alkalinity  of  8  to 

dosage.  10  p.  p.  m.  in  the  filtered  water.     In 

At  first,  the  bleach,  mixed  with  sul-  other   words,   he   would   increase   the 

fate    of    alumina    solution,    was    ap-  color    absorption    by    increasing    the 

plied    in   amounts   equivalent    to   one  Dulk  of  the  precipitate.  In  the  writer's 

part  of  available  chlorine  per  million.  mmd  at  least  there  was  little  thought 

Later  the  dose  was   reduced   to   less  °*  the  bearing  of  ionic  concentrations 

than  0.6  p.  p.  m.     It  was  found  that  uPon  the  problem, 

the  addition  of  0.7  part  of  chlorine  It   was    understood,   however,    that 

per    million    effected    the    following  color  was  colloidal  and  of  two  kinds, 

change   (see  Table  II)   in  the  charac-  charged  negatively  and  positively,  re- 

ter  of  the  effluent.  spectively.     Obviously,  the  positively 

Table    II— Significant    Results    of    Analyses    of  charged    Color    particles    WOUld   not    be 

Filter  Effluent  With  and  Without  the  coagulated   readily  by   the   positively 

Use  of  Chlorine  charged  hydrate  particles,  and  treat- 

D  P30>* M'  f  h  nient    with    alum   would    remove    the 

1913  '         1914  negatively   charged   color   completely 

Chlorine  Added o.o             o.7  and    only    part    of    that     positively 

SjJ.,dity    2-<>             J.o  charged.  It  is  also  known  that  freshly 

Oxygen  Consumed  ^JZLZZ    3^68            l.'ss  dissolved  vegetable  color,  of  which  the 

Nitrogen  as  Albuminoid  Exeter  water  contained  much,  is  not 

MtoSTt  S5S=ZZ:    K          Hit  »«HW    coagulated    as    was    the 

iron   0.22            o.io  color  dissolved  from  an  old  peat  bog, 

increase  in  Chlorine o.oo            o!28  and  his  idea  was  that  chlorine  might 

Dfttoe"?37B5  0CCC'at  2°°  °'  46"                   1  Ege   the    freSh    COl°r    b°dieS    by   °Xida" 

tion,  or,  as  it  was  unscientifically  ex- 
Results  From  Use  of  Chlorine  Gas.  pressed  at  the  time,  harden  the  vege- 
— Subsequentlw  chlorine  gas  was  sub-  table  matter  so  that  it  could  be  coag- 
stituted  for  bleach,  and  the  average  ulated  by  alum. 

dose  decreased  to  0.6  p.  p.  m.  or  less.  We  may  now  make  a  better  expla- 
This  has  been  the  only  modification  in  nation  of  this  empirical  process  which 
eight  years.  However,  the  better  works  to  save  coagulant  and  wash 
purifiction  decreased  the  amount  of  water,  to  reduce  the  color  of  the 
organic  matter  in  the  effluent  and  effluent  and  also  the  accumulations  of 
consequently  the  amount  of  matter  slime  in  the  filter  beds  and  to  length- 
accumulating  on  the  insides  of  the  en  tne  period  between  washings.  Ap- 
services.  To  reduce  the  increasing  parently  the  addition  of  chlorine  de- 
corrosive  effect,  soda  was  added  when-  crease  the  pH  value  without  lowering 
ever  the  alkalinity  was  low,  thereby  tne  alkalinity  and  saturates  organic 
decreasing  the  concentration  of  H.-  compounds,  thereby  changing  their 
ions.  Soda  was  first  added  to  the  res-  physical  state,  thereby  making  them 
ervoir  water,  but  with  the  realization  more  easily  precipitated  by  metallic 
of   the   fact   that   the   best   condition  hydrates. 

for  the  coagulation  of  color  is  one  of  Chlorine   Treatment   or   Waters   of 

low  pH  value,  and  that  for  the  pre-  High   Vegetable  and   Color  Contents. 

vention  of  corrosion  one  of  high  pH  —There  are  many  plants  where  this 
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process  might  be  used  with  advan- 
tage, especially  those  which  treat 
waters  of  high  vegetable  and  color 
contents.  Chlorine  treatment  of  these 
waters  before  coagulation  would  re- 
duce the  amounts  of  unsaturated  or- 
ganic compounds  in  the  effluent, 
thereby  reducing  the  liability  to.  the 
formation  of  odors  and  tastes  due  to 
compounds  between  the  organic  matter 
in  the  effluent  and  the  chlorine  used 
to  disinfect  it  after  nitration. 

Since  the  war  there  has  been  a 
tendency  to  economize  on  coagulant, 
to  be  satisfied  with  a  lower  degree  of 
color  removal  and  to  place  more  re- 
liance upon  chlorine  to  make  the  water 
safe  for  drinking.  In  some  of  these 
cases  complaints  because  of  odors  and 
tastes  in  the  filtered  water  have  arisen 
where  no  complaints  arose  during  the 
period  when  larger  doses  of  alum 
were  used.  In  others,  more  effort  has 
been  required  to  keep  the  sand  beds 
free  from  accumulations  of  organic 
matter.  The  writer  therefore  sug- 
gests that  the  application  of  as  much 
chlorine  to  the  raw  water  as  the  or- 
ganic matter  will  absorb,  might  effect 
a  considerable  saving  in  coagulant 
over  that  required  to  remove  most  of 
the  color,  besides  greatly  reducing  the 
amount  of  organic  matter  remaining 
in  the  filtered  water  and  readily  com- 
bined with  chlorine. 

Chlorine  Application  to  Raw  Wa- 
ters.— It  would  seem  that  the  princi- 
pal reason  why  chlorine  has  not  been 
applied  to  the  raw  water  more  fre- 
quently is  because  more  perfect  dis- 
infection can  be  obtained  by  the  ap- 
plication of  smaller  doses  of  chlorine 
to  the  filter  effluent.  This  is,  of 
course,  true,  and  in  some  cases  it  is 
also  true  that  more  chlorine  has  been 
added  to  the  raw  water  than  the  or- 
ganic matter  would  absorb.  It  is 
generally  true,  however,  that  if  a 
dose  of  chlorine  only  large  enough  to 
just  saturate  the  organic  matter  be 
added  to  the  raw  water,  the  resulting 
effluent  after  treatment  with  alum  and 
filtration,  will  contain  much  less  or- 
ganic matter  than  if  pretreatment 
with  chlorine  were  omitted,  and  fur- 
thermore, it  will  require  less  chlorine 
for  disinfection  than  if  none  of  this 
element  were  added  to  the  raw  water. 

In  reservoir  waters  treated  with 
copper  sulfate  to  kill  algae,  it  is  often 
wise  to  add  chlorine  before  filtration 
to  insure  the  destruction  of  the  odo- 
riferous   compound    set    free    at    the 
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death  of  the  organism.    Dr.  Hale  has 


employed  this  principle  for  treating 
waters  which  are  not  filtered,  and  it 
should  be  no  less  useful  where  filters 
are  employed. 

The  empirical  methods  of  water 
treatment  are  becoming  antiquated 
rapidly,  but  there  are  some  who  still 
cling  to  them.  The  work  of  members 
of  this  association  has  demonstrated 
some  of  the  conditions,  especially  ionic 
conditions,  under  which  coagulation 
is  at  its  optimum.  Some  of  these 
are  the  presence  of  free  carbon  diox- 
ide and  a  low  pH  value  for  a  complete 
precipitation  of  aluminum  hydrate 
and  a  high  pH  value  to  render  ef- 
fluents less  corrosive.  To  these,  in 
the  writer's  opinion,  should  be  added 
the  use  of  chlorine  to  oxidize  or  sat- 
urate certain  organic  compounds 
which  otherwise  are  not  readily  co- 
agulated by  sulfate  of  alumina  alone. 


26  Reclamation  Projects  Under  Con- 
sideration by  Government. — Possible 
reclamation  projects  now  being  sur- 
veyed and  investigated  by  the  United 
States  Department  of  the  Interior 
number  twenty-six  and  will  irrigate 
5,088,000  acres  of  arid  lands  should 
they  be  undertaken.  The  largest  pro- 
ject is  the  Columbia  River  basin  in 
the  State  of  Washington,  which  will 
develop  some  1,753,000  acres.  The 
second  is  the  Colorado  storage,  known 
as  Boulder  Canyon,  which  is  expected 
to  furnish  water  covering  710,0o0 
acres. 


New  Jersey  Water  Tax  Upheld.- 
New  Jersey's  law  of  imposing  a  tax 
on  municipalities  for  excess  water 
diversion,  has  been  sustained  by  the 
U.  S.  Supreme  Court  today  in  cases 
brought  by  the  cities  of  Newark  and 
Trenton.  Under  the  law,  the  quantity 
of  water  used  by  the  various  municip- 
alities is  measured  by  the  State, 
which  fixes  a  maximum  that  can  be 
furnished  free  and  imposes  a  tax  of 
$1  per  1,000,000  gallons  on  the  excess. 
Newark  and  Trenton,  controlling 
water  works  of  their  own,  contended 
that  they  were  entitled  tax  free  to  all 
the  water  which  the  water  works 
were  prepared  to  furnish  at  the  time 
the  cities  obtained  control  of  them. 
The  State  courts  had  sustained  the 
excess  water  taxes. 
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The  Freight  Rate 
Blunder  of  a  Year  Ago 

The  average  freight  rate  per  ton- 
mile  is  now  approximately  52  per  cent 
above  the  rate  in  1913.  The  average 
wholesale  price  of  commodities  is 
about  60  per  cent  above  that  in  1913. 
Wage  rates  average  about  90  per  cent 
above  the  prewar  level.  Yet,  in  the 
face  of  such  facts,  there  are  many 
people  who  urge  a  further  reduction 
in  freight  rates. 

When  the  Interstate  Commerce 
Commission  ordered  a  10  per  cent  re- 
duction in  freight  rates  a  year  ago, 
it  made  a  great  economic  blunder. 

In  accepting  the  10  per  cent  reduc- 
tion without  an  appeal  to  the  Su- 
preme Court,  the  railway  companies 
likewise  erred. 

Apparently  railway  presidents 
thought   that   general   price   deflation 


was  inevitable,  and  that  they  might  as 
well  accept  their  allotment  of  the  bit- 
ter medicine  at  once.  But  during  the 
year  that  has  elapsed,  both  average 
prices  and  average  wages  have  in- 
creased, and  seem  destined  to  increase 
still  more. 

When  the  I.  C.  C.  ruled  that  5.75 
per  cent  was  a  fair  return  rate,  it 
made  a  mistake  of  the  first  magni- 
tude, for  such  a  rate  is  barely  above 
the  level  of  bond  interest  rates.  When 
it  applied  this  rate  to  an  estimated 
value  of  the  railways  based  on  his- 
torical costs,  it  made  an  error  equally 
great,  for  it  virtually  declared  that 
railway  stockholders  should  be  paid 
no  more  dollars  than  they  had  re- 
ceived before  the  great  depreciation 
of  our  currency.  Only  in  degree  does 
such  action  differ  from  that  of  the 
governments,  of  Russia,  Austria  and 
Germany  when  they  pay  bondholders 
in  currency  that  is  nearly  valueless. 
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Missouri  Commission 

Uses  Depreciated 

Reproduction  Cost  as 

Rate  Base 

Many  decisions  have  been  made  by 
the  U.  S.  Supreme  Court  in  favor  of 
"present  value"  as  opposed  to  "orig- 
inal cost"  as  the  basis  for  "rate- 
making  values,"  but  to  an  already 
long  list  of  such  decisions  two  more 
have  been  recently  added,  one  in  a 
Missouri  telephone  company  case  and 
the  other  in  a  West  Virginia  water 
company  case. 

The  telephone  case  decision  has  led 
the  Missouri  Public  Service  Commis- 
sion to  abandon  its  practice  of  using 
historical  cost  as  its  basis  for  rates, 
for  its  recent  (June  4)  decision,  re- 
lating to  the  value  of  the  United  Rail- 
ways of  St.  Louis,  the  commission 
added  50  per  cent  to  the  historical 
cost  of  the  plant,  other  than  land, 
"to  cover  increase  in  price."  But  then 
the  commission  deducted  30  per  cent 
for  accrued  depreciation,  which  is,  we 
believe,  the  greatest  percentage  ever 
deducted  by  a  commission  for  the  ac- 
crued depreciation  of  a  street  railway. 
Rarely  does  a  street  railway  property 
show  an  accrued  depreciation  exceed- 
ing 20  per  cent. 

It  is  to  be  noted,  however,  that 
the  Missouri  Commission  showed  a 
greater  liberality  in  its  estimate  of 
non-physical  values  than  is  usually 
shown  by  commissions  where  depre- 
ciated reproduction  cost  is  used  as  a 
base,  as  the  following  table  shows: 

Actual    investment    cost   of   physical 

property  other  than   land $35,013,419 

Add    50    per    cent   to   cover   increase 

in  prices  17,506,710 


Total    $52,520,129 

Deduct  30  per  cent  for  accrued  de- 
preciation    $15,756,038 


Total    $36,764,071 

Add  for  construction  overhead  costs     5,252,013 
Add    for    land    at    present    market 

value    3,262,470 

Add   franchise    (money   actually  ex- 
pended)            208,522 

Add  for  working  capital  and  stores 

and  supplies  2,151,014 

Add   for   promotion,   cost  of   financ- 
ing   and    consolidation 2,700,000 

Add  for  going  concern  value 2,500,000 


Total    fair    present    value    as    of 

Jan.  1,  1919 $52,838,110 

All  in  all,  this  commission  decision 
as  to  value  for  rate-making  seems 
to  us  to  be  decidedly  encouraging,  as 
it  conforms  in  spirit  with  the  rulings 


of  the  U.  S.  Supreme  Court.  Of 
course,  it  lies  within  the  power  of 
such  a  commission  virtually  to  nul- 
lify the  court's  ruling  by  cutting  the 
"fair  return"  down  to  a  percentage 
barely  above  a  bond  interest  rate.  It 
is  conceivable  that  a  commission 
might  decide  that  5  per  cent  is  a 
"fair  return,"  and  be  upheld  by  the 
Supreme  Court.  If  so,  what  matters 
it  that  the  rate-making  value  is  based 
on  present  prices?  Let  30  per  cent 
be  deducted  for  depreciation  and  let 
another  30  per  cent  be  deducted  from 
a  true  "fair  return  rate,"  and  a  com- 
pany would  find  itself  better  off  with 
its  original  cost  as  the  base  for  rates 
with  8  per  cent  as  a  fair  return. 


The  Inadequate  Salaries 

of  Railway  Chief 

Engineers 

Five  years  ago  the  Railroad  Wage 
Commission  published  a  list  of  2,500 
railway  salaries  that  exceeded  $5,000 
during  the  year  1917.  Railway  Age 
published  a  list  of  about  640  names  of 
railway  officials  who  received  not  less 
than  $10,000  nor  more  than  $20,000 
during  1917,  in  which  we  find  the  fol- 
lowing 16  chief  engineers  and  their 
salaries : 


A.  S.  Baldwin,  111.  C : 

E.     S.     Collins,     Sheffield     & 

Tionesta   

A.  B.  Corthell,  Boston  &  Me... 

W.  H.  Finley,  C.  &  N.  W 

H.  Fernstrom,  N.  Y.,  N.  H. 
Edward   Gagel,   N.  Y.,   N.   H. 

&  H 

A.  H.  Hogeland,  Gt.  Nor 

Wm.  Hood,  So.  Pac 

G.  W.  Kittredge,  N.  Y.  Cent... 
C.  F.  Loweth,  C,  M.  &  St.  P... 

A.  M.  Lupfer,  S.  P.  &  S 

C.  A.  Morse,  C,  R.  I.  &  P 

A.  W.  Newton,  C,  B.  &  Q 

H.  T.  Porter,  Bessemer  &  L. 

Erie   

G.  J.  Ray,  D.,  L.  &  W 

H.  E.  Stevens,  Nor.  Pac 


$12,000 

12,000 
10,000 
15,000 


10,000 
15,000 
14,220 
18,000 
15,000 
12,400 
18,000 
12,000 

10,440 
10,000 
10,000 

These  were  the  salaries  paid  in 
1917,  before  the  great  rise  in  wages. 
Without  doubt  they  average  some- 
what higher  now,  but  we  may  be 
quite  sure  that  the  increase  in  these 
salaries  has  not  equalled  the  increase 
in  the  cost  of  living,  to  say  nothing 
of  the  increase  in  the  general  wage 
level. 
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This  list  contains  none  who  received 
$20,000  or  more  a  year,  but  of  those 
there  were  probably  none.  If  so,  only 
two  chief  engineers  in  America  re- 
ceived as  much  as  $18,000,  and  only 
three  received  as  much  as  $15,000, 
and  only  four  as  much  as  $12,000  a 
year!  Is  it  to  be  wondered  that  many 
ambitious  civil  engineers  have  so  long 
avoided  employment  by  railway  com- 
panies when  the  financial  rewards  of 
the  most  successful  engineers  were  so 
meager  ? 


Experience    with    Electric 
Traction. 

Editorial  in  Railway  Age. 

"On  electrified  sections  where  there 
is  no  steam  traffic  the  renewal  of 
catenary  and  dropper  wires  necessi- 
tated by  corrosion  is  only  about  10 
per  cent  of  that  on  sections  where  a 
heavy  steam  traffic  is  still  running." 
"It  is  found  that  a  new  motorman  can 
obtain  a  working  knowledge  of  the 
control  system  in  from  two  to  three 
weeks."  These  statements  appear  in 
a  paper  presented  recently  before  the 
Institution  of  Civil  Engineers  in  Eng- 
land by  Henry  Walter  Huntingford 
Richards  and  are  outstanding  facts 
which  have  been  verified  by  twelve 
years'  operation  of  electric  traction 
on  the  London,  Brighton  &  South 
Coast  Railway.  Rapid  development  of 
electric  traction  has  been  prevented 
in  all  countries  by  the  war,  since 
which  other  factors  have  retarded 
development,  maintenance  was  of  ne- 
cessity deferred.  Civil  engineers  have 
recently  convened  to  take  a  hand  in 
the  development.  This  period  of  com- 
parative~~Ihaction  has,  however,  per- 
mitted experience  in  practical  opera- 
tion to  be  gained  with  unexpectedly 
heavy  traffic  with  reduced  facilities. 
For  example,  the  shopmen's  strike 
demonstrated  the  dependability  ot 
electric  traction  equipment  and  showed 
that  it  could  be  made  to  operate  satis- 
factorily over  comparatively  long  pe- 
riods when  maintenance  was  of  neces- 
sity deferred.  Civil  engineers  have 
recently  convened  to  take  a  hand  in 
the  development  of  electric  traction 
and  a  preliminary  report  was  pre- 
sented to  the  American  Society  of  Civil 
Engineers  on  January  17,  1923.  This 
report  states  that  in  the  opinion  of 
the  committee,  electrification  of  steam 
railroads  is  not  primarily  or  even 
largely  a  question  of  the  choice  of  a 
particular  system  or  type  of  electrifi- 
cation, but  om  the  contrary  and  espe- 


cially at  this  time,  is  more  largely  de- 
pendent on  financial  and  economic 
conditions.  The  report  states  also 
that  if  these  conditions  in  any  case 
justify  the  cost  of  electrification,  little 
or  no  difficulty  would  be  had  in  the 
selection  of  the  system  or  type  of 
electrification  which  would  reasonably 
meet  the  requirements.  It  is  quite 
generally  recognized  that  electric  op- 
eration has  progressed  beyond  the 
experimental  stage  and  has  demon- 
strated its  ability  to  increase  track 
capacity,  relieve  tunnel  congestion, 
increase  suburban  traffic,  decrease 
operating  expense,  minimize  the  effect 
of  bad  weather  conditions,  etc.  Elec- 
tric motive  power  is  a  comparatively 
new  tool  for  the  railroads,  but  when 
used  in  the  right  place,  it  is  evidently 
a  valuable  one  and  there  are  now  a 
number  of  roads  with  an  eye  to  the 
future  making  investigations  to  deter- 
mine the  advantages  of  using  or  of 
increasing  the  use  of  electric  motive 
power.  Enough  information  and  expe- 
rience is  now  available  to  make  the 
findings  of  such  investigations  accur- 
ate and  the  possibilities  in  the  use  of 
this  new  power  should  not  be  over- 
looked. 


Some  Reflections  on  Rail 
Statistics 

Editorial    in    Railway   Engineering   and    Main- 
tenance 

The  statistics  of  rail  oroHuction  in 
1922,  compiled  by  the  American  Iron 
&  Steel  Institute  and  abstracted  on 
another  page,  reflect  a  number  of 
trends  in  maintenance  of  way  prac- 
tices which  are  of  special  significance. 
In  the  first  place,  one  is  impressed 
with  the  practically  complete  substi- 
tution of  open-hearth  for  Bessemer 
steel.  Although  first  coming  into  use 
in  any  quantity  less  than  20  years  ago 
and  passing  Bessemer  steel  in  tonnage 
for  the  first  time  in  1911,  the  general 
adoption  of  open  hearth  has  been  so 
rapid  that  less  than  three  per  cent  of 
the  tonnage  rolled  last  year  was  of 
Bessemer  steel.  In  fact,  the  propor- 
tion is  now  so  small  as  to  be  negli- 
gible. 

Of  equal  interest  is  the  trend 
towards  the  use  of  rail  of  heavier 
sections.  While  rail  weighing  85  lbs. 
per  yard  and  over  was  first  divided 
into  two  groups  in  1914,  when  the 
tonnage  of  sections  weighing  100  lbs. 
and  over  aggregated  only  60  per  cent 
as  much  as  that  weighing  85  lbs.  and 
less  than  100  lbs.,  the  heavier  sections 
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exceeded  those  next  lighter  last  year 
by  20  per  cent.  Furthermore,  a  num- 
ber of  roads  have  gone  to  sections 
above  100  lbs.  this  year  for  the  first 
time,  so  that  the  showing  will  be  even 
more  pronounced  when  the  1923  sta- 
tistics are  available. 

Even  more  significant  was  the  low 
volume  of  rail  tonnage  rolled  last 
year,  maintaining  as  it  did  the  low 
production  of  the  preceding  year.  The 
volume  of  rails  rolled  for  the  steam 
roads  was  less  in  1922  than  in  any 
year  since  1914  and  was  only  two- 
thirds  of  the  average  for  the  five  year 
period  from  1909  to  1913,  inclusive. 
This  decline  would  have  been  more 
striking  if  the  tonnage  could  be  con- 
verted into  mileage  and  thus  elimi- 
nate the  influence  of  the  heavy  sec- 
tions. This  decline  is  a  reflection  of 
the  decrease  in  construction  activities, 
but  it  indicates  even  more  the  less 
liberal  policy  in  rail  replacements. 
While  experience  has  demonstrated 
that  the  heavier  sections  of  rails  are 
yielding  a  greater  proportionate  serv- 
ice life  than  the  increase  in  sections 
would  indicate,  the  marked  reduction 
in  consumption  is  a  direct  reflection 
of  the  extent  to  which  maintenance  of 
way  expenditures  have  been  curtailed 
during  the  last  two  years.  The  pres- 
ent year,  with  its  large  program,  will 
show  a  marked  reversal  in  this  re- 
spect. 


Public  Utility  Course  at  University 
of  Illinois 

A  4-year  public  utility  course  has 
been  established  at  the  University  of 
Illinois.  The  course  includes  the  reg- 
ular foundation  for  general  business 
in  the  first  two  years,  with  special 
emphasis  on  economics  and  account- 
ing. In  the  third  and  fourth  years, 
specialized  courses  covering  the  his- 
tory, operation,  administration  and 
public  relations  phases  of  the  business 
are  taken  up.  Throughout  the  course, 
effort  will  be  made  to  create  in  the 
student's  mind  a  correct  impression  of 
the  utilities  industry,  its  problems, 
and  its  methods  of  handling  these 
problems.  Dean  Charles  M.  Thomp- 
son of  the  School  of  Commerce  and 
Business  Administration  of  the  Uni- 
versity of  Illinois  was  instrumental  in 
arranging  the  curriculum,  working  in 
conjunction  with  representatives  of 
the  various  companies  in  the  state 
which  had  been  more  or  less  active  in 
getting  the  movement  under  way. 


Clips  for  Fastening  Track  Rails  to 
Stringers  of  Ore  Dock 

A  novel  detail  of  the  new  ore  dock 
at  Superior,  Wis.,  of  the  Great  North- 
ern Ry.,  is  the  provision  of  forged 
steel  rail  clips  for  fastening  the  track 
rails  to  stringers.  This  was  consid- 
ered more  desirable  than  riveting  or 
bolting  the  flanges  of  stringers  to  the 
rail  bases  as  the  letter  method  has, 
on  other  dock  jobs,  required  shipping 
the  rails  to  the  bridge  shop  for  rivet- 
ing to  tops  of  stringers,  or  else  the 
field  drilling  of  many  holes  in  addi- 
tion to  the  riveting  or  bolting.  An- 
other feature  is  the  provision  of  two 
lines    of    6-in.    by    6-in.    fir    timber 


Clip   for  Holding;  Track  Rails  in  Place. 

bumper  strips  about  20  ft.  long  under 
all  ore  spout  bottoms.  These  were 
inserted  between  the  bottom  plates 
and  4-in.  by  %-in.  steel  straps.  These 
bumpers  were  considered  essential  be- 
cause it  was  found  that  the  dropping 
of  the  spouts  on  the  edges  of  vessel 
hatchways  soon  bent  the  bottom  steel 
straps  and  angles  so  that  the  bottom 
plates  were  badly  dented.  These 
formed  high  points  in  the  path  of  the 
flowing  ore  and  these  points  were  con- 
sequently the  first  to  wear  so  thin  as 
to  require  repairs  in  a  few  years.  An 
interesting  description  of  the  new 
dock  is  given  by  H.  A.  Gerst,  assistant 
bridge  engineer,  Great  Northern  Ry., 
in  the  Railway  Age,  from  which  the 
above  note  is  taken. 
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Current  Material  Prices 


Iron  bars, 
Iron  bars, 
Steel  bars, 


Iran  and  Steel  Prices 

(From   the    Iron   Age,    June    7,    1923). 

Prices  as  of  June  5,  f.  o.  b.  Pittsburgh: 
Open     hearth     rails,     heavy,     per     gross, 

ton $43.00 

Light   rails    (25-45    lb.    section),    per    lb.     2.25 
Track   spikes,   9/16   in.   and   larger   base, 

per    100    lb 3.15 

Track  spikes,  %  in.,  7/16  in.  and  %  in., 

100  lb.  3.75 

Track  spikes,   5/16  in 3.75 

Spikes,    boat    and    barge,    base,    per    100 

lb 3.50  to  3.75 

Track  bolts,   %  in.  and  larger,  base,  per 

100   lb 4.25  to  4.50 

Track    bolts,    %    in.    and    %    in.,    base, 

per    100    lb 5.50 

Tie  plates,  per   100  lb 2.60  to  2.75 

Angle    bars,    base,   per   lb 2.75 

Finished   Iron    and   Steel 

Per  lb.  to 

large  buyers. 

Cents 

Philadelphia  2.72 

Chicago    2.60 

Pittsburgh    2.40 

Steel  bars,  Chicago  2.60 

Steel  bars,  New  York   , 2.74 

Tank  plates,  Pittsburgh 2.50 

Tank  plates,  Chicago 2.80 

Tank  plates,  New   York   2.84 

Beams,  Pittsburgh    2.50 

Beams,  Chicago   2.70 

Beams,  New  York  2.84 

Steel    hoops,    Pittsburgh 3.30 

Freight    Rates 

All  rail  freight  rates  from  Pittsburgh  on 
domestic  shipments  of  finished  iron  and  steel 
products,  in  carload  lots,  to  points  named,  per 
100  lb.,  are  as  follows: 

Philadelphia _ $0,325 

Baltimore  0.315 

New  York  0.34 

Boston  „_ 0.365 

Buffalo    0.26 

Cleveland   0.21 

Cleveland,   Youngstown,   comb 0.19 

Detroit    0.29 

Cincinnati    0.29 

Indianapolis     0.31 

Chicago     ..„ 0.34 

St.   Louis   •. 0.43 

Kansas  City    _ 0.735 

Kansas  City  (pipe)  0.705 

St.   Paul  0.60 

Omaha    0.735 

Omaha    (pipe)    0.705 

Denver    1.27 

Denver    (pipe)    .„. 1.215 

Pacific  Coast - 1.50 


Pacific  Coast,    ship    plates , 1.26 

Birmingham    0.69 

Memphis  0.385 

Jacksonville,  all   rail    0.50 

Jacksonville,  rail  and  water 0.415 

New  Orleans  0.515 

Rails    and    Track    Supplies    at    Chicago 
Standard  Bessemer  and  open-hearth  rails,  $43  ; 
light  rails,  rolled  steel,   2.25c,  f.  o.  b.  makers' 
mills. 

Standard  railroad  spikes,  3.25c  mill  track 
bolts  with  square  nuts,  4.25c  mill ;  iron  tie 
plates,  2.85c  steel  tie  plates,  2.60c,  f.  o.  b. 
mill ;  angle  bars,  2.75c,  f.   o.  b.  mill. 

Jobbers  quote  standard  spikes  out  of  ware- 
house at  3.80c  base  and  track  bolts,  4.80c  base. 

Cement  Prices 

Recent  quotations,  per  bbl.,  in  carload  lots, 
exclusive    of   package: 

Pittsburgh $2.24 

Cincinnati    2.54 

Detroit    2.47 

Chicago    2.20 

Milwaukee   _  2.37 

Duluth     2.14 

Minneapolis  2.39 

Davenport,   la 2.43 

Cross  Tie  and  Lumber  Prices 

(From  Lumber,   June  8,    1923). 
F.    o.    b.    cars,    Chicago,    June    6. 

White    Oak   Ties 

No.    5—7x9x8   $1.85 

No.    3—6x8x8   . 1.55 

No.    1—6x8x8    .._ 1.35 

No.   4—7x8x8   1.75 

No.    2—6x7x8   _  1.45 

Red  oak  ties,  10@15c  less  than  white  oak. 
Sap  pine  and  sap  cypress,  10c  less  than  red 
oak. 

White  oak  switch-ties,  per  M.  ft $55  to  $58 

Red   Oak  switch-ties,  per  M.   ft 49  to     51 

White    Oak   Ties 

F.  o.  b.  cars,  St.  Louis,  March  5. 

No.    5—7x9x8   : $1.65 

No.    4—7x8x8   1.45 

No.    3—6x8x8   1.35 

No.    2—6x7x8   _  1.25 

No.    1—6x6x8   1.15 

Red  oak  ties,  10c  per  tie  less  than  white  oak . 
prices.      Heart   pine   and    heart   cypress,    same 
prices  as  red  oak.     Sap  pine  and   sap  cypress, 
25c  less  than  white  oak. 

White  oak  switch  ties,  per  M.  ft $48.00 

Red   oak  switch  ties,   per  M.   ft 45.00 

Bridge  and  crossing  plank,  same  prices  as 
switch  ties. 


Market    Prices  of    Lumber 

Flooring,  2x4, 

1x4,  16  ft., 
No.  1  common  No.  1  common 

Boston — Yel.    Pine    

New   York-— Yel.    Pine $54.25  $46.75 

Buffalo— Yel.    Pine   59.00  

Chicago— Yel.  Pine  50.00  39.00 

St.    Louis— Yel.    Pine 30.00  39.00 

Seattle,   Wash.— D.   Fir 57.00  


Alexandria — So.  Pine  . 
Birmingham — So.  Pine 
Hattiesburg — So.  Pine  . 
Kansas   City — So.    Pine. 


Southern   Mill   Prices 
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Timbers, 
6x6 

$56@58.00 
51@53.50 


Flooring, 

1x4, 

No.  1  flat 

$45.00 

2x4, 
16  ft.,  No.  1 
$31.25 
30.83 
32.34 
30.81 

Timbers, 

No.  1, 
4x4  to  8x8 

45.07 

45.63 

$28.31 
35.32 

Timbers, 

12x12 

$65.00@70.00 

60.00@67.50 

49.50@53.50 

$58.00 

41.50 

26.00 

Timbers, 

No.  1. 

3x12  to  12x12 


$50.75 
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Method  of  Computing  Overhaul 

Station  to  Station  Method  Offered  as  a  Standard 


In  a  report  to  the  executive  board 
of  the  Associated  General  Contractors 
by  J.  H.  Ellison,  vice-president  of 
Winston-Dear  Co.,  contractors,  Min- 
neapolis, Minn.,  the  station  to  station 
method  is  suggested  as  a  standard  for 
computing  overhaul.  The  report  is 
reprinted  below  from  the  June  issue 
of  The  Constructor,  the  official  publi- 
cation of  the  Associated  General  Con- 
tractors: 

The  wide  variation  of  results  that 


to  pay  an  excessive  amount  and  in 
another  the  contractor  may  be  under- 
paid for  his  work,  while  in  either  case 
there  is  an  undesirable  gamble.  Since 
the  actual  overhaul  is  a  definite 
quantity,  though  often  not  accurately 
determined,  it  appears  advisable  that 
some  method,  whichever  is  most  suit- 
able from  the  standpoint  of  accuracy 
and  simplicity,  should  be  adopted  and 
used  throughout  the  country.  Such  a 
standard  employed  by  both  the  owner 
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Fig.  A-l — Hypothetical   case   showing   overhaul   conditions   under   which   the   center   to   center   of 
mass  method  of  computation  gives  a  lower   station  yardage  than  the  station  to  station  method. 

This  result  occurs  when  the  bulk  of  both  cut  and  embankment  lie  close  to  the  free  haul 
limits,  or  stated  otherwise,  when  the  distance  between  the  two  centers  of  mass  is  less  than  the 
distance  between  the  center  of  the  cut  and  the  center  of  the  embankment,  disregarding  that 
portion  within  the  free.  haul.  When  the  center  of  mass  of  the  excavation  overhauled  coincides 
with  its  chainage  center  point  and  the  same  condition  is  true  of  the  embankment,  then  the  result 
by  one  of  these  methods,  in  the  hypothetical  case,  is  the  same  as  that  obtained  by  the  other. 


may  be  obtained  in  computing  over- 
haul quantities  on  a  grading  project, 
by  the  different  methods  of  computa- 
tion in  use,  has  frequently  entailed 
uncertainty  or  controversy  over  the 
payment  for  excavation.  This  vari- 
ation, under  certain  conditions  may 
amount  to  as  much  as  30  per  cent, 
which  on  work  of  considerable  magni- 
tude introduces  an  error  too  great  to 
be  disregarded.  As  a  consequence,  in 
one  instance  the  owner  may  be  obliged 


and  the  contractor,  would  undoubtedly 
prove  advantageous  to  both  parties 
concerned. 

Standard  Method  of  Computation. — 
Opinions  obtained  from  engineers  and 
contractors  in  various  sections  of  the 
country  indicate  that  they  are  in  com- 
mon agreement  as  to  what  a  standard 
method  of  computation  should  pro- 
vide, but  that  some  doubt  exists  as 
to  which  method  actually  gives  the 
most  satisfactory  results.    It  is  recog- 
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nized,  however,  that  any  method  se- 
lected as  a  standard  should  possess 
the  following  characteristics : 

First — Sufficient  simplicity  to  be 
practically  applied  and  generally 
understood. 

Second  —  Accuracy  commensurate 
with  the  usual  practice  of  earthwork 
measurement. 

Third — Minimum  discrepancy  for 
all  of  the  variable  conditions  of  cut 
and  fill  to  be  encountered. 

Fourth — A  definite  free-haul  limit. 

Fifth — Susceptibility  to  clear  word- 
ing in  the  contract. 

Three  Methods  Compared. — For  the 
purpose  of  applying  the  test  of  these 
principles  to  several  methods  and 
showing  some  of  the  oustanding  fea- 
tures of  overhaul  computation  which 
will  assist  in  the  selection  of  a  stand- 
ard, the  three  methods  most  commonly 
used  are  herewith  compared.  These 
are  commonly  designated  as 

1.  The  center  to  center  of  mass 
method. 

2.  The  mass  diagram  method. 

3.  The  station  to  station  method. 
The    first   is   that   method    usually 

taught  in  university  text  books  and 
in  various  field  manuals,  the  second 
is  a  graphical  method,  and  the  third 
may     be     termed     an     arithmetical 


method,  though  all  of  them  are  de- 
rived from  the  theory  of  mechanics. 

Four  cases  are  here  used  to  show 
how  the  variation  by  use  of  the  dif- 
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Fig.   A-f — Hypothetical   case   showing   overhaul   conditions    under   which   the   center   to   center    of 
mass  method  gives  a  higher  station  yardage  than  the  station  to  station  method. 

This  result  occurs  when  the  bulk  of  the  cut  and  the  embankment  lie  close  to  the  outside  balance 
points,  or,  stated  otherwise,  when  the  distance  between  the  two  centers  of  mass  is  greater  than 
the  distance  between  the  center  of  the  cut  and  the  center  of  the  embankment,  disregarding  that 
portion  within  the  free  haul   limits. 
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ferent  methods  occurs.  In  each  one  a 
free-haul  limit  of  400  ft.  is  assumed 
and  no  allowance  is  made  for  swell  or 
shrinkage  in  the  excavated  material. 
Where  it  is  desirable  to  allow  for  this, 
the  proper  percentage  is  added  or  de- 
ducted from  the  volume  included 
between  station  points  of  the  embank- 
ment. 

Fig.  A-l  represents  a  hypothetical 
case  of  one  extreme  where  the 
heaviest  excavation  and  the  deepest 
embankment  are  adjacent  to  the  free- 
haul  limit.  In  this  instance,  the  center 
to  center  of  mass  method  gives  a 
station  yardage  115,200  less  than  that 
obtained  by  the  station  to  station 
method. 


suits  under  assumed  conditions  ap- 
proximately those  encountered  in  the 
field.  In  B-l  the  center  to  center  of 
mass  method  gives  67,590  station 
yards  less  than  the  station  to  station 
method,  while  in  B-2  it  gives  24,700 
more,  indicating  a  greater  variation 
of  results  by  the  former  method. 

Conclusions. — Without  resort  to  a 
complete  theoretical  discussion  of  the 
three  methods  here  shown,  the  essen- 
tial features  of  each  are  indicated  by 
the  figures  and  the  results  of  the 
computations.  These  may  be  sum- 
marized as  follows: 

1.  The  center  to  center  of  mass 
method  fills  all  the  requirements 
stated  only  under  certain  conditions, 
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Fig.  B-l — Showing  conditions  similar  to  those  encountered  in  the   field,  under  which  the  center 

to  center  of  mass  method  gives  a  lower  station  yardage  than  the  station  to  station  method.     As 

in  the  hypothetical  case,  this  occurs  when  the  centers  of  mass  of  the  embankment  and  the  cut 

are  relatively  close  together  with  the  deepest  cut  and  fill  near  the  free  haul  limits. 


Fig.  A-2  represents  a  hypothetical 
case  of  the  other  extreme  where  the 
heavy  cut  is  near  one  end  of  the  sec- 
tion and  the  heavy  fill  is  near  the 
other  end.  In  this  instance,  the  center 
to  center  of  mass  method  gives  a 
station  yardage  115,200  greater  than 
that  obtained  by  the  station  to  station 
method.  In  both  of  these  cases  the 
amount  of  material  moved  is  the 
same. 

Figs.  B-l  and  B-2  show  similar  re- 


wherein  the  centers  of  mass  lie.  rela- 
tively near  to  the  chainage  center  of 
the  excavation  to  be  overhauled  and 
the  embankment  which  it  is  to  make. 
It  introduces  an  error  increasing  as 
these  centers  of  mass  move  relatively 
close  together  or  far  apart. 

2.  The  mass  diagram  methoM  can 
be  made  to  meet  the  necessary  re- 
quirements of  accuracy  by  large  scale 
and  careful  plotting,  but  it  possesses 
the  disadvantage  of  being  difficult  of 
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understanding  and  uncertain  to  per- 
sons not  familiar  with  plotting  and 
graphical  solutions. 

3.  The  station  to  station  method 
apparently  meets  all  of  the  require- 
ments satisfactorily,  and  especially 
that  of  the  point  of  accuracy  under 
all  variable  conditions  to  be  en- 
countered. 

The  accuracy  of  the  station  to  sta- 
tion method  is  derived  from  the  fact 
that  the  excavation  and  embankment 
quantities  are  treated  in  relatively 
small  increments,  by  which  procedure 


In  view  of  the  points  here  cited  and 
the  fact  that  the  station  to  station 
method  is  quite  generally  used  and 
understood  by  railroad  contractors, 
many  of  whom  are  now  doing  high- 
way work,  it  is  recommended  that  an 
effort  be  made  to  establish  this  method 
as  a  standard  for  earth  work  meas- 
urement; and  to  secure  the  co-oper- 
ation necessary  to  accomplish  this 
result,  it  is  suggested  that  the  matter 
be  considered  jointly  with  the  proper 
committee  of  the  American  Associa- 
tion of  State  Highway  Officials. 
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Fig.  B-2 — Showing  conditions  similar  to  those  encountered  in  the  field,  under  which  the  center  to 

center  of  mass  method  gives  a  higher  station  yardage  than  the  station  to  station  method.     As  in 

the  hypothetical  case  A-2,  this  occurs  when  the  centers  of  mass  of  the  embankment  and  the  cut 

are  relatively  far  apart,  with  the  deepest  cut  and  fill  near  to  the  balance  point. 


the  overweighting  of  volumes  and  the 
discrepancies  introduced  by  irregular 
contour  are  reduced  to  a  minimum. 
This  is  an  especially  important  con- 
sideration when  the  profile  is  very 
irregular.  Almost  any  desired  ac- 
curacy can  be  obtained  by  breaking 
stations  to  compute  excessive  humps 
or  depressions. 

Some  objection  might  be  raised  to 
this  method  on  the  ground  that  the 
'computations  are  somewhat  longer 
than  by  the  use  of  the  others,  but  as 
these  computations  are  all  extremely 
simple  this  objection  is  believed  to  be 
overweighed  by  the  advantages. 


Electrification  of  French  Railways. 

— The  French  Minister  of  Public 
Works  has  approved  the  first  section 
of  the  program  for  the  electrification 
of  the  Orleans  and  Midi  railway  sys- 
tems. For  the  Midi  Railway,  the  pro- 
gram from  1923  to  1927  affects  1,576 
kiloms.  The  first  section  of  the  Or- 
leans line  to  be  electrified  will  be  the 
section  from  Paris  to  Brive,  with  the 
Bretigny-Dourdan  branch  line  and  the 
lines  from  Saint  Sulpice  Lauriere  to 
Gannat  and  Brive  to  Clermont,  mak- 
ing a  total  distance  of  916  kiloms. 
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Pavement  Design  for  Street 
Railway  Traffic 

Practice  in  New  York  City  Outlined  in 
Paper  Presented  at  Conference  of 
City    and    Railway    Engineers 
at  Engineers  Club,  Phil- 
adelphia 

By  C.  M.  PINCKNEY 

Chief  Engineer,  Department  of  Public  Works. 
Manhattan    Borough,    New    York    City 

In  New  YTork  City,  we  use  several 
different  kinds  of  pavement  in  the 
railway  area,  but  a  majority  of  the 
street  railway  areas  are  paved  with 
modern  granite  block.  We  find  that 
meets  conditions  better  than  some  of 
the  other  types  by  reason  of  the  fact 
that  it  is  more  durable  and  it  is 
readily  removed  and  restored  when 
repairing  the  railway  structure. 

We  changed  our  design  of  paving 
in  the  railway  area  slightly  in  1922 
and  expect  to  make  this  standard; 
that  is,  put  two  rows  of  granite  block 
on  the  outside  of  the  rail,  adjoining 
asphalt  paving,  for  instance,  running 
to  the  asphalt  and  to  the  rail. 

Provisions  for  Drainage. — As  to 
drainage:  where  we  do  not  use  the 
overhead  trolley  and  have  a  slot  in 
the  center  of  the  track,  the  drainage 
in  the  railway  area  is  carried  usually 
along  the  rail  to  the  street  intersec- 
tion, where  it  runs  off  to  the  gutters 
or  it  is  carried  directly  from  the  rail 
into  the  gutter. 

We  also  provide  for  drainage  with 
the  slot.  That  is  not  as  satisfactory 
as  it  might  be.  If  you  have  a  long 
stretch  of  railway  track  on  a  street 
that  is  all  straight  grade — and  it 
doesn't  have  to  be  severe — the  water 
will  follow  that  rail,  and  the  first 
thing  you  know,  it  comes  in  great 
volume,  and  traffic  has  to  proceed 
against  the  stream  of  water  running 
along  the  rail.  The  result  is,  the 
water  is  splashed  over  everybody.  It 
finally  reaches  the  intersection,  where 
it  runs  into  a  basin,  and  there  you 
have  a  flood.  There  ought  to  be  some 
way  of  checking  the  flow  of  that  water 
before  it  becomes  such  a  great  volume, 
thereby  relieving  that  situation. 

Where  slot  construction  is  used  the 
slot  rail  and  a  foot  or  so  each  side  of 
it  is  higher  than  the  tram  rails.  That 
is  all  right  when  you  are  traveling 
with  the  railroad  traffic,  but  in  driving 
across  the  railroad  track,  the  amount 


that  the  slot  rail  is  raised  above  the 
tram  rail  gives  you  a  very  nice  little 
shake-up.  We  would  like  to  have 
some  arrangement  whereby  that 
crown  can  be  reduced. 

There  is  also  another  important 
factor  in  the  drainage  of  street  rail- 
way tracks — that  is  the  joint  between 
the  rail  and  the  paving — we  have 
been  unable  to  design  any  method  to 
keep  this  waterproof.  The  result  is 
that  water  leaks  down  between  the 
rail  and  the  paving  into  the  subgrade, 
and  then  your  trouble  begins. 

Our  slot  type  of  construction  is  very 
rigid  and  the  question  of  drainage 
along  the  rail  is  not  such  an  im- 
portant item.  But  in  sections  where 
we  have  overhead  trolley,  with  wooden 
tie  construction,  the  question  of  get- 
ting water  cleared  away  from  the  rail 
and  not  allowing  it  to  seep  down 'is  a 
very  important  matter  and  should 
have  careful  consideration  by  tne 
engineer. 

Effects  of  Tracks  on  Paving. — This 
is  a  very  much  mooted  question,  and 
on  account  of  the  high  cost  of  ma- 
terials and  labor  and  everything  en- 
tering into  the  operation  of  the  rail- 
way, it  has  become  a  very  important 
item  in  a  great  many  towns  and 
cities. 

The  paving  is  affected  by  the  street 
railway  tracks,  in  my  opinion>  first, 
by  the  vibration  from  the  operation 
of  the  cars;  second,  the  construction 
of  the  street  railway  tracks,  the 
original  construction,  is  a  very  im- 
portant item  with  respect  to  whether 
the  paving  will  be  effective.  If  the 
construction  is  inferior,  why,  the  pav- 
ing is  going  to  be  affected  corre- 
spondingly. 

The  paving  of  a  street  is  also  af- 
fected by  the  street  railway  tracks, 
due  to  the  divergence  of  traffic.  We 
find  that  in  narrow  streets  where 
street  railway  tracks  exist,  where  the 
vehicle  has  to  follow  partly  in  the 
railroad  track  and  partly  on  a  paved 
area,  there  is  a  different  wear  than 
where  no  railway  track  exists. 

We  also  find  that  where  the  side 
paving  is  in  good  condition  the  aver- 
age motor  vehicle  or  vehicle  of  any 
kind,  hesitates  to  ride  the  rails.  They 
only  ride  the  rails  where  the  paving 
is  not  satisfactory  outside. 

The  state  of  repair  of  the  street 
railway  track  itself  has  a  great  bear- 
ing upon  the  condition  of  the  paving. 
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Special  Pile  Driver  Used  in 
Trestle  Reconstruction 

The  driving  of  heavy,  long  and 
abnormally  large  diameter  piles  for 
the  trestle  approaches  to  a  bridge 
over  Corte  Madera  Creek  on  the 
Northwestern  Pacific  Ry,  required  the 
use  of  special  equipment,  which  is 
described  as  follows  in  Railway  Engi- 
neering and  Maintenance. 

The  railroad's  track  driver  leads 
were  not  wide  or  long  enough  for  the 
redwood  piles,  nor  was  its  framework 
of  sufficient  strength  to  handle  them. 
With  the  tracks  designed  for  13  ft. 
centers,  there  would  not  be  enough 
width  on  one-half  of  the  double-track 
trestle  caps  to  permit  the  use  of  the 
ordinary  top  driver  that  skids  on  top 


two  units  or  8-in.  by  17-in.  timbers, 
chorded  together  with  %-in.  bolts 
through  separators  2  in.  thick.  Each 
chord  is  trussed  by  a  l^-in.  rod,  pro- 
vided with  turnbuckles,  passing  over 
the  caps  of  two  10-in.  by  10-in.  posts. 
These  truss  rods  are  also  provided 
with  "eyes"  at  the  sill  ends,  and  con- 
nect with  pins  2  in.  in  diameter  which 
pass  through  the  sill  timbers.  They 
function  to  prevent  any  appreciable 
deflection  of  the  forward  end  of  the 
framework  when  it  is  overhanging  the 
runner  supporting  sills,  and  is  sub- 
jected to  the  greatest  loading,  which 
is  occasioned  by  the  lifting  of  the 
longer  piles.  The  bottoms  of  the  sills 
are  shod  with  8-in.  by  3-in.  ironwood 
skids. 

At  the  forward  end  of  the  sills  is 


Side  Elevation 


Principal   Details  of  Special  Pile  Driver  Used  by  Northwestern  Pacific  Ry.  in  Trestle 

Reconstruction. 


of  the  caps  of  the  vents.  A.  A.  Rob- 
ertson, foreman  of  bridges  and  build- 
ings, therefore,  designed  and  con- 
structed a  special  type  of  land  skid 
driver,  with  a  leaning  tower,  from 
which  pendulum  or  swinging  leads  are 
hung,  that  facilitates  the  driving  of 
all  the  piles,  both  plumb  and  batter, 
exactly  as  called  for  in  the  plans. 
This  driver  is  shown  in  the  drawing. 
The  .sills  of  this  driver  consist  of 
two  parallel  chords  45  ft.  in  length 
and  14  ft.  out  to  out  in  width,  braced, 
tied  and  strutted  so  as  to  form  a  rigid 
framework.     Each   chord   consists   of 


a  heavy,  double  crossbeam,  the  over- 
hanging end  of  which  is  trussed  up 
with  a  2-in.  rod  passing  over  a  post 
at  the  center.  Near  the  middle  of 
the  sills  is  another  double  cross-beam 
securely  anchored  to  the  sills.  Upon 
these  cross-beams  stands  a  tapering 
tower  about  70  ft.  high,  consisting  of 
four  posts,  all  tapered  from  12  in.  by 
12  in.  at  the  bottom  to  8  in.  by  8  in. 
at  the  top,  the  forward  posts  being 
inclined  as*  shown,  with  a  batter  of 
2*4:  in.,  per  ft.  The  tower  is  braced 
on  each  of  its  sides  by  4-in.  by  8-in. 
timbers   bolted   to   the   posts,  and   is 
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backstayed  by  two  lines  of  %-in. 
cables  fastened  to  the  rear  truss-rod 
pins  in  the  sills.  Near  the  top  and  on 
each  side  of  the  tower  8-in.  by  17-in. 
beams  are  framed  which  project  about 
3  ft.  at  the  front  face.  These  project- 
ing ends  support  the  bearings  for  the 
3-in.  pivot  pin  upon  which  hangs  the 
pendulum  or  swinging  leads.  At  the 
top  of  the  tower  are  two  6-in.  by  8-in. 
beams,  upon  which  are  the  bearings 
for  two  sets  of  12-in.  sheaves  for  the 
pile  and  hammer  lines. 

The  pendulum  leads  are  made  from 
10-in.  by  12-in.  timbers  spliced  and 
blocked  together,  there  being  five 
blocks  shaped  from  8-in.  by  17-in.  tim- 
bers 4  ft.  long.  The  lead  timbers  are 
26  in.  face  to  face,  and  are  provided 
with  2-in.  by  ^-in.  iron  plate  runners. 
A  ladder  is  built  on  one  side  of  the 
leads  for  the  convenience  of  members 
of  the  crew  in  placing  pile  rings,  ad- 
justing blocks  in  yoke  irons,  etc. 

A  horizontal  guide  frame  for  ad- 
justing the  batters  is  fastened  to  the 
bottom  of  the  pendulum  leads  by 
means  of  pins  2%  in.  in  diameter,  and 
extends  into  the  interior  of  the  tower, 
where  it  rests  upon  the  12-in.  by  12-in. 
caps  of  two  framed  bents  of  two 
12-in.  by  12-in.  batter  posts,  braced 
longitudinally  by  4-in.  by  10-in.  tim- 
bers. The  movable  or  adjusting  guide 
frame  consists  of  two  8-in.  by  12-in. 
timbers,  40  ft.  6  in.  long,  placed  4  ft. 
9  in.  center  to  center,  and  framed  to- 
gether by  three  8-in.  by  6-in.  ties 
bolted  thereto.  It  moves  on  the  out- 
side of  a  stationary  frame  of  two  8-in. 
by  12-in.  timbers  bolted  to  the  caps 
of  the  supporting  bents.  Holes  for 
stop  pins  2  in.  in  diameter  are  pro- 
vided at  the  proper  points  in  both 
frames  for  holding  the  leads  in  the 
position  desired  to  give  the  piles  the 
direction  called  for  by  the  trestle 
plans.  The  frame  and  leads  are  moved 
backwards  and  forwards  by  means  of 
two  lines  running  to  the  gypsy  of 
the  donkey  engine. 


Construction  to  Be  Started  Soon 

on  6  Mile  Railway  Tunnel  in 

Colorado 

On  June  11  the  U.  S.  Supreme 
Court  handed  down  a  decision  uphold- 
ing the  legality  of  the  act  creating  the 
Moffat  tunnel  commission  and  its  pow- 
ers, and  also  the  action  of  the  legisla- 
ture in  passing  the  bill  providing  for 
the  issuance  of  $6,720,000  in  bonds  for 


the  construction  of  the  tunnel.  As  a 
result  it  is  expected  that  work  will  be 
started  in  September  on  the  6-mile 
tunrtel  through  the  Continental 
Divide,  which  will  do  away  with  snow 
blockades  on  the  Moffat  railroad  as 
well  as  the  stiff  grades. 

The  general  plans  contemplate  the 
construction  of  45  miles  of  new  rail- 
road from  Crested  on  the  Moffat  road 
to  Dotsero,  on  the  Denver  &  Rio 
Grande  Western,  after  the  tunnel  is 
completed.  This  would  shorten  the 
distance  between  Denver  and  Salt 
Lake  by  178  miles  and  would  bring 
Glenwood  Springs  and  Grand  Junc- 
tion into  less  than  a  day's  train  ride 
of  Denver.  It  would  also  shorten  the 
time  by  several  hours  between  Denver 
and  San  Francisco  and  Los  Angeles. 

General  particulars  regarding  the 
tunnel  follow: 

Length  of  tunnel,  6.04  miles. 

Location,  3  miles  from  Tolland  and 
50  miles  by  rail  from  Denver. 

Western  portal,  near  'Vasquez,  81 
miles  from  Denver. 

When  tunnel  is  completed,  distance, 
Denver  to  Vasquez,  57^  miles. 

Elevations  of  tunnel,  eastern  portal, 
9,190  ft.;  western  portal,  9,100  ft. 

Construction  of  tunnel  lowers  rail- 
road tracks  vertical  distance  of  2,406 
ft. 

Grades,  0.3  per  cent  on  eastern  end 
and  0.8  per  cent  on  western  end. 

Size  of  tunnel,  16  ft.  in  width  and 
24  ft.  in  height. 

Construction,  main  tunnel  through 
a  pioneer  tunnel  first  to  be  driven. 
Pioneer  tunnel  8x8  ft.  and  center  line 
75  ft.  from  main  tunnel. 

Formation,  probably  of  granite, 
gneiss  and  schist;  mine  tunnels  show 
rock  stands  up  without  support;  no 
anticipation  of  encountering  water. 

Time  of  construction,  3%  years. 

Trains  will  be  operated  through  the 
main  tunnel  by  electricity.  The 
pioneer  tunnel  will  be  used  to  carry 
electric  light  and  power  lines  and  it  is 
also  proposed  that  the  pioneer  tunnel 
be  used  for  bringing  water  from  the 
western  slope  to  Denver.  Filings  on 
water  have  been  made  by  the  city  of 
Denver  and  by  the  tunnel  commission. 

The  construction  of  the  tunnel  will 
be  carried  out  under  the  direction  of 
the  Moffat  Tunnel  Commission,  Den- 
ver, Colo.,  of  which  William  P.  Robin- 
son is  president.  D.  W.  Brunton,  Den- 
ver, Colo.,  J.  Waldo  Smith  and  J.  V. 
Davies  of  New  York  City,  are  the  con- 
sulting engineers. 
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Tie  Renewals 


Practical      Suggestions      on      Use      and 

Handling  of  Ties  Given   in   Paper 

Presented  Before  Manitenance  of 

Way   Association   of   Kansas 

City   Southern   Ry. 

By  J.  E.  JACOBS, 

Section    Foreman,   Kansas   City   Southern   Ry. 

Distributing  Ties.— The  best 
method  of  distribution  is,  I  believe, 
from  cars  handled  by  local  freight. 
Adjoining  section  forces  should  assist 
each  other  in  unloading  the  ties.  Two 
section  gangs  of  four  men  each  will 
probably  be  sufficient,  and  these  men 
should  meet  the  train  at  the  point 
where  the  unloading  is  to  begin.  A 
written  line-up  showing  the  different 
points  where  the  ties  are  to  be  un- 
loaded should  be  furnished  the  train 
crew. 

The  section  foreman  should  get  on 
the  top  or  the  side  of  the  train  and 
check  the  ties  as  they  are  unloaded, 
each  foreman  checking  one  side  of 
the  train.  When  the  desired  number 
are  unloaded  at  each  location,  proceed 
to  the  next  place. 

It  is  a  good  plan  to  place  a  couple 
of  ties  near  the  track  at  each  point 
where  ties  are  to  be  unloaded,  and 
advise  the  engineer  that  he  is  to  stop 
or  slow  down  at  these  places.  If  this 
is  done,  he  will  not  run  by  any  point 
where  it  is  desired  to  unload  ties. 

In  the  interest  of  safety,  it  is  a 
good  plan  to  have  two  men  follow  the 
train  on  a  hand  car,  to  move  back  any 
ties  that  have  fallen  too  near  the 
track  in  the  unloading,  and  to  carry 
the  forces  back  when  the  unloading  is 
completed. 

Ties  should  not  be  unloaded  in  nar- 
row cuts,  and  especially  if  they  are  to 
remain  there  any  length  of  time,  they 
should  be  unloaded  at  the  ends  of  the 
cuts.  After  the  ties  are  unloaded  the 
foreman  should  count  the  number  he 
has  received  and  make  a  memorandum 
showing  how  many  he  has  on  each 
mile,  both  on  hand  and  just  unloaded. 

Stocking  Ties. — If  the  ties  are  to 
remain  on  the  ground  for  any  length 
of  time  they  should  be  stacked,  but  I 
am  not  in  favor  of  covering  them 
with  dirt  on  any  territory  where  oil 
burning  engines  are  used,  because  if 
the  ties  are  covered  with  dirt  for  a 
year  and  go  through  the  winter  and 
spring   rains,  the  top  layer  will   de- 


preciate as  much  as  in  the  track,  so 
far  as  decay  is  concerned. 

The  roadbed  condition  should  be 
considered  when  distributing  ties  for 
insertion.  The  best  ties  should  be 
placed  in  soft  spots,  on  curves  and  in 
public  crossings.  It  has  been  my 
practice  so  far  as  possible  to  select 
heart  pole  ties  for  soft  spots  and  pub- 
lic crossings.  I  prefer  the  butt  cuts 
as  they  are  a  much  better  grade  of 
timber  than  the  top  of  the  tree,  hav- 
ing less  sap  and  being  much  tougher. 
I  prefer  well  seasoned  pole  white  oak 
ties  for  public  crossings  as  they  do 
not  rail  cut  as  fast  as  treated  red 
oak  ties.  A  treated  red  oak  tie  seems 
to  get  soft  and  spongy  when  covered 
with  plank  as  in  a  public  crossing. 

Placing  Ties  in  Track. — Ties  should 
be  properly  spaced  when  inserted  in 
the  track,  to  equalize  the  load  they 
have  to  carry.  The  track  should  be 
put  in  proper  gage  to  equalize  the 
holding  power,  and  to  prevent  undue 
strain  on  a  few  ties;  if  this  is  not 
done,  it  will  soon  be  necessary  to 
regage  the  track.  In  some  cases  it 
is  necessary  to  adze  the  ties  and  reset 
the  spikes,  both  of  which  tend  to 
shorten  the  life  of  the  tie.  Rails  and 
tie  plates  should  set  at  on  the  ties; 
spikes  should  be  driven  straight  down 
into  the  ties  in  order  to  obtain  the 
full  spiking  strength. 

How  to  Make  Renewals. — I  believe 
the  best  method  to  follow  in  making 
the  renewals  is  governed  by  the  con- 
ditions. Where  there  are  four  or  five 
to  the  panel  to  renew,  I  prefer  to  sur- 
face them  in,  especially  if  the  track 
is  in  the  least  center  bound,  or  in- 
clined to  be  rough.  All  the  ties  will 
then  have  an  equal  bearing,  and  the 
track  rides  and  looks  better. 

Where  the  gage,  surface  and  line 
are  good,  with  only  a  few  ties  to 
come  out,  I  favor  spotting  them  in.  I 
think  one  of  the  best  ways  to  spot 
in  ties,  under  ordinary  circumstances, 
is  to  take  two  jacks,  spring  the  rails 
up  a  little,  cut  the  ballast  away  from 
the  ends  of  the  old  ties,  and  pull  them 
out. 

When  a  little  tie  is  pulled  out,  a 
small  tie  should  be  selected  to  take  its 
place;  likewise  with  a  large  tie.  If 
the  old  tie  is  badly  rail  cut  or  has  a 
few  large  knots,  and  you  can't  spring 
the  rails  enough  without  humping  the 
track,  pull  the  spikes  from  the  ties  on 
each  side  of  the  old  tie.  I  favor  any 
method  rather  than  digging  them  out, 
for  one  of  the  most  expensive  methods 
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of  making  tie  renewals  is  to  dig  them 
out;  not  only  does  it  require  more 
man  hours  per  tie,  but  it  injures  the 
roadbed,  and  it  is  hard  to  keep  the 
new  ties  from  churning.  This  con- 
dition, if  allowed  to  continue,  will 
cause  extra  work,  and  probably  addi- 
tional renewals,  if  the  ties  on  each 
side  of  the  churning  ones  are  not  very 
good,  as  they  will  be  forced  to  carry 
too  much  weight. 

I  favor  putting  in  new  ties  about 
%-in.  high,  if  shovel  tamped.  If  the 
ties  are  tamped  with  bars  or  tamping 
picks,  V2  in.  is  sufficient.  In  gravel 
ballast,  it  is  well  to  tamp  the  ties  be- 
fore spiking  them,  if  the  gage  is  good 
and  only  one  or  two  ties  are  renewed 
in  a  place — not  more  than  two, 
especially  if  the  steel  is  tight,  and  on 
curves — then  allow  a  few  trains  to 
pass  over  the  track,  when  they  will  be 
in  good  shape  for  spiking  without 
having  to  nip  them  up.  In  stone  or 
crushed  rock,  I  believe  solid  tamping 
on  a  level  is  best. 

Burning  Old  Ties. — Some  thought 
should  be  given  to  the  old  ties  re- 
moved. They  should  not  be  piled  for 
burning  under  telegraph  wires,  or 
near  telegraph  poles,  fences,  bridges 
or  buildings.  Every  precaution  should 
be  taken  in  the  burning  of  the  ties. 
The  piles  of  old  ties  should  be  fired 
in  the  morning,  when  conditions  are 
suitable,  and  should  be  given  close  at- 
tention. About  noon  or  shortly  there- 
after, the  burnt  ends  should  be  ■ 
bunched  together  to  make  a  clean  job, 
and  to  be  certain  that  the  fire  cannot 
spread. 


iValuation   Engineer    Wanted. — The 

U.  S.  Civil  Service  Commission, 
Washington,  D.  C,  will  hold  open 
competitive  examinations  for  the  fol- 
lowing positions:  Valuation  engineer, 
$3,600  to  $4,800  a  year;  associate  val- 
uation engineer,  $3,000  to  $3,600  a 
year.  Applications  will  be  rated  as 
received  until  Aug.  31.  The  examina- 
tion is  to  fill  vacancies  in  the  Tech- 
nical Staff  of  the  Income  Tax  Unit 
of  the  Bureau  of  Internal  Revenue, 
Treasury  Department,  and  in  posi- 
tions requiring  similar  qualifications. 
The  duties  of  these  positions  involve 
the  estimation  of  the  quantity  of  oil 
and  gas,  coal  or  timber,  in  place;  the 
theoretical  and  market  values  of  oil 
and  gas,  coal  or  timber  in  place,  and 
rtheir  products ;  and  the  value  of  equip- 
ment ordinarily  used  in  the  discovery. 


New  Highway  Crossing  Rules 
of  Illinois 

Rules  and  regulations  regarding 
highway  crossings  in  the  State  of  Illi- 
nois, based  on  a  study  of  previous 
legislation  and  designed  to  provide 
greater  protection  for  the  public,  have 
been  adopted  by  the  Illinois  Com- 
merce Commission.  The  rules  include 
the  following: 

Signs  at  Grade  Highway  ^Crossings 
— Standard  Railroad  Crossing  Signs. 
— Every  railroad  operating  in  Illinois 
shall  erect  and  maintain  in  a  con- 
spicuous place  at  every  public  high- 
way crossing  at  grade  on  its  line  or 
lines  in  this  state,  outside  of  incorpo- 
rated cities  and  villages,  whether 
designated  extra-hazardous  or  not,  on 
both  sides  of  the  tracks  (except  when 
otherwise  ordered  by  the  Illinois  Com- 
merce Commission)  within  its  right- 
of-way  lines  crossing  signs  of  such 
type  and  design  as  may  now  be  used 
and  maintained  by  it  at  such  cross- 
ings. Such  signs  shall  have  painted 
on  each  side  in  capital  letters,  of  at 
least  the  six  of  9  in.  each,  the  words 
"RAILROAD  C  R  O  S  S  I  N  G,"  or 
"LOOK   OUT   FOR   THE    CARS." 

Stop  Signs  at  Extra  Hazardous 
Crossings.— When  directed  to  do  so 
by  the  Commission  every  railroad 
operating  in  Illinois  shall  erect  and 
maintain  such  stop  signs  as  the  Com- 
mission shall  determine  are  necessary 
on  both  sides  of  every  public  highway 
crossing  at  grade,  designated  as  ex- 
tra-hazardous by  the  Commission, 
provided  that  at  all  public  highway 
crossings  at  grade  designated  as  ex- 
tra-hazardous on  one  side  only  such 
stop  signs  shall  be  erected  and  main- 
tained on  that  particular  side  only. 

Approach  Signs  at  Extra  Hazardous 
Crossings. — When  directed  to  do  so 
by  the  Commission  every  highway 
commissioner  in  the  state  of  Illinois 
shall  erect  and  maintain  at  every 
highway  crossing  at  grade  in  his  dis- 
trict designated  as  "extra  hazardous" 
by  this  Commission,  approach  signs 
alongside  the  roadway  at  distances  of 
300  ft.  on  each  side,  provided  that  at 
all  public  highway  crossings  at  grade 
designated  as  extra  hazardous  on  one 
side  only,  such  signs  shall  be  erected 
and  maintained  on  that  side  only. 
Such  signs  shall  be  erected  upon  a 
substantial  post  or  pedestal  at  a 
height  of  approximately  5  ft.  above 
the  level  of  the  highway  at  the  point 
where  such  sign  is  located  and  shall 
be  located  not  less  than  3  ft.  or  more 
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than    5     ft.    from    the    traveled    or 
graded  portion  of  the  said  highway. 

No  advertising  or  other  signs  shall 
be  placed  upon  the  highway  or  upon 
the  railroad  right-of-way  within  50  ft. 
of  any  sign  required  by  law  to  be 
placed  at  or  near  grade  crossings. 

Gates  at  Grade  Crossings. — Here- 
after wherever  crossing  gates  are  in- 
stalled at  a  grade  crossing  where  any 
street  or  highway  is  crossed  by  the 
track  of  any  railroad  such  gates  shall 
be  maintained  and  operated  for  the 
full  period  of  each  24  hours;  pro- 
vided, in  cases  where  it  is  absolutely 
certain  that  there  will  be  no  traffic  on 
the  railroad  for  a  period  of  at  least 
6  hours  in  any  24-hour  period,  the 
gates  in  such  cases  may  be  left  with- 
out an  attendant. 

Construction  of  Crossings. — Every 
railroad  shall  construct  every  new 
highway  crossing  at  grade  in  this 
state,  and  shall  reconstruct  every  ex- 
isting highway  grade  crossing  other 
than  improved  hard  road  so  that  the 
planking  or  other  materials  shall  be 
flush  and  level  with  the  top  of  rails, 
not  only  between  the  rails  of  each 
track  involved,  but  between  tracks, 
and  for  distances  of  at  least  16  in.  be- 
yond the  outside  rails.  The  planking 
or  other  materials  in  every  case  shall 
be  not  less  than  18  ft.  in  width  mea- 
sured at  right  angles  to  the  center 
line  of  the  highway,  and  in  the  case 
of  crossings  located  on  highways  im- 
proved with  hard  surfaces  the  plank- 
ing or  other  crossing  materials  shall 
be  not  less  than  30  ft.  in  width.  In 
every  case  where  the  traveled  or 
graded  portion  of  a  public  highway 
immediately  outside  of  right-of-way 
lines  exceeds  18  ft.  in  width,  the  cross- 
ing thus  rebuilt  shall  have  a  width  at 
least  as  wide  as  such  traveled  or 
graded  portion,  the  center  of  the 
crossing  to  be  coincident  with  the  cen- 
ter line  of  the  highway. 

Approaches  to  Grade   Crossings. — 

Except  when  relieved  by  the  Commis- 
sion every  railroad  shall  hereafter 
construct  the  approaches  to  all  new 
grade  crossings  so  that  the  grade  of 
the  approaches  shall  not  exceed  1  per 
cent  for  the  first  25  ft.  each  way  from 
the  track  rails,  beyond  which  the  said 
approaches  within  right-of-way  lines 
shall  be  on  grades  not  to  exceed  3  per 
cent.  The  top  surface  of  the  ap- 
proaches to  all  public  highway  cross- 
ings at  grade  shall  be  maintained  at  a 
uniform  elevation  and  at  a  width  of 


not  less  than  the  traveled  or  graded 
portion  of  the  highway  immediately 
outside  of  right-of-way  lines;  pro- 
vided, that  no  such  approaches  shall 
be  constructed  with  a  top  width  less 
than  18  ft. 

Removing  Obstructions  to  View  on 
Right-of-Way  at   Grade   Crossings. — 

Except  when  relieved  by  the  Commis- 
sion every  railroad  shall  remove  from 
its  right-of-way  at  all  grade  highway 
crossings  all  brush,  shrubbery  and 
trees,  together  with  such  other  ob- 
structions to  view  as  in  the  judgment 
of  the  Commission  should  be  removed, 
for  distances  of  not  less  than  500  ft. 
in  each  direction  from  every  such 
grade  crossing. 

On  Public  Highway  at  Grade  Cross- 
ings.— It  is  recommended  that  every 
highway  commissioner  shall  act  with 
diligence  in  removing,  or  causing  to  be 
removed,  from  the  highways  within 
300  ft.  from  each  side  of  every  public 
highway  crossing  at  grade  within  his 
jurisdiction,  all  removable  obstruc- 
tions to  view  at  such  grade  crossings, 
such  as  brush,  shrubbery,  weeds,  etc., 
and  shall  cause  to  be  trimmed,  all 
hedges  and  trees  upon  the  highway,  or 
on  line  fences  overhanging  the  high- 
way, at  such  crossings  for  distances 
of  not  less  than  300  ft.  each  way 
therefrom. 

Growing  Crops  on  Right-of-Way. — 

Every  railroad  is  prohibited  from 
planting  or  growing,  or  permitting  to 
be  planted  or  grown,  any  crops  on  its 
right-of-way  within  500  ft.  each  way 
from  any  public  highway  crossing  at 
grade  on  its  line,  which  in  any  man- 
ner will  obscure  the  view  of  approach- 
ing trains  to  highway  traffic. 


Reclamation   of   Frogs  and  Switch 
Points    by   Welding 

At  the  recent  convention  of  the 
Purchases  and  Stores  Division  of  the 
American  Railway  Association  in  a 
committee  report  on  the  reclamation 
and  conservation  of  discarded  ma- 
terial, the  following  information  re- 
garding the  reclamation  of  frogs  and 
switch  points  by  welding  was  given: 
29  railways  reported  that  they  were 
welding  with  good  results;  4  reported 
that  this  work  was  still  in  the  experi- 
mental ^tage;  4  reported  they  had 
done  welding  but  had  stopped  because 
it  proved  unsatisfactory  or  too  costly. 
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Causes  of  Train   Accidents  in  Proper  gage,  imperfect  drainage,  ex- 
-  Qrt-  cessive  curvature  and  other  defects  in 
1*Ja1  and  improper  maintenance  of  way  and 
According  to  a  paper  presented  May  structures. 
25   at  the  annual  convention   of  the  In  all  16  accidents  were  attributable 
Safety  Section  of  the  American  Rail-  to   defects   in   bridges,   trestles,   cul- 
way  Association,  there  were  3,138  ac-  verts  and  tunnels,  resulting  in  7  in- 
cidents to  trains  in  1921,  the  greater  juries.     There  were  no  accidents  at- 
portion  of  which  were  due  to  improper  tributable   to    failure    of   bridges   or 
maintenance.  trestles  to  carry  the  maximum  capac- 
There  were  976  derailments  due  to  ity  for  which   they   are  constructed, 
rails  and  joints,  resulting  in  4  killed  and   none   for  improper  construction 
and    331    injured.      Of   these    derail-  or  insufficient  maintenance  of  tunnels, 
ments  566  were  due  to  broken  rails,  Four  accidents  were  due  to  structural 
7  to  flow  of  metal,  1  to  split  heads,  42  defects  or  the  failure  of  bridges,  one 
to  split  webs,  9  to  broken  bases  and  5  to   deficient  maintenance   of  bridges, 
to  other  forms  of  failures.    A  total  of  three  to  structural  defects  or  failure 
43    derailments    were    due    to    rails  ot  trestles,  and  two   to  improper  or 
spreading  on  account  of  being  improp-  insufficient  maintenance  of  trestles. 

erly    spiked    or    braced,    8    to    rails  _  ,  _.    ; — "  _  _ 

spreading  because  of  joints  loosely  or  *~o*t  or  Operating  Railway  Motor 
improperly  bolted,  149  to  rails  spread-  Cars 

ing  from  other  causes,  and  48  to  rails  Figures  showing  the  actual  cost  of 

giving  way  or  causing  accidents  be-  motor  car  operation,  compiled  for  a 

cause  of  their  worn  condition.  railroad  having  nearly  700   of  these 

There    were    44    derailments    from  cars  in  use,  are  given  as  follows  in 

broken    or    otherwise    defective    rail  Railway    Engineering    and    Mainte- 

joints  and  14  from  improperly  com-  nance;      The    figures    represent    the 

promised  joints  or  other  compromise  average  performance  of  13   different 

joint  failures,  making  a  total  of  306  styles   of  cars   purchased   from   four 

accidents  from  these  causes.  different  manufacturers.    The  mileage 

There  were  583  derailments  attrib-  per  car  per  year  averaged  3,870,  while 

utable  to  frogs  and  switches.    Classi-  the  average  consumption  of  gasoline 

fied,  these  were  caused  by  broken  or  per  mile  shows  22%  miles  per  gallon, 

missing   frog   bolts,   defective   guard  but  ranged  from  15  miles  to  42  miles, 

rails,   missing   or   improperly   placed  depending  on  the  style  and  size  of  the 

fastenings,  broken  frog  springs,  loose  car.     The  cars  average  78  miles  per 

or  defective  frog  spring  bolts,  broken  pint  of  oil. 

frog  wing  rails,  broken  frog  points  The  total  cost  of  operation  for  the 
and  other  defects  in  frogs,  lost  motion  cars,  including  interest,  depreciation, 
in  switches,  broken  switch  lugs,  bent  operation  and  maintenance,  averaged 
or  sprung  switch  points,  broken  switch  4.8  ct.  per  mile,  83  ct.  per  day  or 
points,  worn  switch  points,  loose  head  $186.69  per  car  per  year.  With  a  cost 
blocks,  also  broken  or  defective  head  of  less  than  a  dollar  for  the  operation 
blocks,  broken  or  disconnected  switch  of  the  motor  car  per  day,  it  is  clear 
rods,  bent  or  sprung  switch  rods,  that  a  very  small  saving  in  the  time 
broken  keeper  latches,  defective  or  of  the  men  would  more  than  compen- 
missing  electric  appurtenances,  loose  sate  for  the  greater  cost  of  motor  car 
spiked  switches  and  other  defects  in,  as  compared  with  hand  car  operation, 
or  improper  maintenance  of  switches.  The  itemized  cost  of  motor  car  opera- 
Tie  and  tie  plates  were  responsible  tion  on  the  basis  of  cost  per  car  per 
for  459  derailments,  resulting,  how-  year  and  cost  per  mile  operated  is 
ever,  in  only  11  injuries,  while  de-  given  in  the  table, 
cayed  and  worn  ties  were  responsible  Operating  Results  Obtained  With  680 
for  381  accidents.  A  total  of  68  de-  Motor  ^"nuai  Cost 
railments  were  attributable  to  soft  Per  Car  Per  Mile 
ties  and  poor  quality  of  timber,  being  interest  on  investment  at  6 
the  result,  of  poor  inspection  or  false  tS^SSLiSTSTSS^  \\Z  StlZ 
economy  in  the  purchase  of  inferior  Gasoline    ..„ 39.60        0.0102 

ties.  Oil  and  Grease 5.89  .0015 

J&  ^n«iead  of , mis?ellaneT  KSWissszzz  £it     0S8Z 

accidents,    1,081    Were    due    to    msuffi-  Supervision   (field)   25.06  .0065 

cient,  excessive  or  uneven  supereleva-  Repair  Parts  46.30  .0119 

tion  of  track,  improper  alignment  or  Total  Cost  Per  Year j -^^    ~y— 

Surface,  low  joints,  track  Setlling,  lm-  Cost  Per  Car  Per  Day   (225  days) $0.83 
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Cutting  Street  Railway  Equipment  Maintenance 

Costs 


Practice  of  the  Connecticut  Co.  Summarized  in  Paper  Presented  at 
Meeting  of  Section  of  American  Electric  Railway  Association 

By  LESLIE  SPRAGGON, 

Supervisor  of  Equipment,  Connecticut  Co.,  New  Haven,   Conn. 


In  the  electric  railway  industry  we 
have  been  for  the  last  6  or  8  years 
confronted  with  the  problem  of  giving 
better  service  for  less  money.  In  1915 
the  cost  of  labor  and  material  began 
to  rise  very  rapidly  and  we  were  un- 
able to  secure  a  proportionate  in- 
crease in  the  rate  of  fare.  It  was 
two  years  later,  before  a  20  per  cent 
increase  in  rate  of  fare  was  obtained, 
and  in  the  meantime  the  cost  of  ma- 
terial had  advanced  80  per  cent  and 
wages  18  per  cent.  This  was  not  the 
end.  In  1919  wages  had  advanced  90 
per  cent,  material  72  per  cent  and  the 
rate  of  fare  30  per  cent.  We  were 
forced  to  operate  under  these  condi- 
tions for  narly  2  years.  Labor  and 
material  continued  to  advance  until 
1920  when  they  reached  their  peaks. 
The  cost  of  labor  had  advanced  132 
per  cent  and  material  123  per  cent 
while  the  rate  of  fare  had  advanced 
only  100  per  cent. 

It  was  at  this  time  that  the  increase 
in  rate  of  fare  came  nearest  ap- 
proaching the  increase  in  cost  of  oper- 
ation. But  this  was  not  for  long. 
The  cost  of  labor  and  materials  de- 
clined slightly  in  1921  and  in  1922  the 
rate  of  fare  was  reduced  and  again  in 
April  of  this  year.  It  can  readily  be 
seen  that  during  this  entire  period  the 
rate  of  fare  was  far  lower  in  propor- 
tion to  the  cost  of  labor  and  material 
than  it  was  in  1916.  This  is  not  all, 
during  this  period  our  patrons  de- 
manded far  better  service  and  our 
problem  was  not  only  that  of  giving 
service  at  a  much  higher  cost,  but  we 
were  forced  to  give  better  service  and 
at  the  same  time  reduce  our  operating 
expenses  to  a  point  where  they  would 
come  within  the  revenue.  We  were 
not  entirely  successful  in  this  latter 
respect,  but  we  did  and  are  still  giving 
better  service  than  ever  before. 

It  is  obvious  that  if  we  are  today 
giving  much  better  service  at  a  much 
lower  cost  to  the  public  in  proportion 
to  the  increase  in  cost  of  labor  and 
material,  the  efficiency  has  been  in- 
creased to  a  great  extent.  When  the 
cost  of  labor  and  material  began  to 


rise  it  was  plainly  evident  to  every 
one  connected  with  our  organization 
that  some  drastic  action  must  be 
taken.  As  we  were  unable  to  secure  a 
proportionate  increase  in  the  rate  of 
fare,  our  salvation  depended  entirely 
upon  the  extent  to  which  the  efficiency 
of  the  operating,  maintenance  of  way, 
rolling  equipment,  power  plants,  etc., 
could  be  improved.  We  have  prac- 
tically eliminated  hot  journals,  re- 
duced the  number  of  defective  arma- 
tures, and  are  now  giving  the  operat- 
ing department  better  maintained  and 
cleaner  cars  than  ever  before. 

During  this  trying  period  our  man- 
agement purchased  a  large  number  of 
new  cars.  These  cars  are  the  last 
word  in  car  design,  both  from  a  stand- 
point of  economical  operation  and  all 
that  is  to  be  desired  in  a  car  by  the 
car  riders. 

Importance  of  Shop  Efficiency. — 
With  the  exception  of  those  engaged 
in  the  street  railway  business,  who 
come  more  or  less  directly  in  contact 
with  the  maintenance  of  rolling  equip- 
ment, few  realize  the  important  effect 
of  shop  efficiency  and  condition  of  roll- 
ing equipment  on  both  the  cost  and 
quality  of  the  service  rendered  by  the 
street  railway.  It  is  impossible  to  give 
good  service  at  a  reasonable  cost  if 
the  shops  are  inefficient,  and  it  is  im- 
possible to  give  good  service  at  any 
cost  if  the  rolling  equipment  is  poorly 
maintained  and  unclean.  Good  sched- 
ules and  frequent  service  cannot  be 
maintained  unless  the  equipment  is  in 
such  condition  as  to  insure  against 
failure  in  service.  Not  only  must 
equipment  be  well  maintained,  but  it 
must  be  maintained  at  a  cost  which, 
together  with  the  costs  of  all  the 
other  items  that  enter  into  our  busi- 
ness, will  permit  us  to  earn  a  fair  re- 
turn on  the  investment  when  the  rate 
of  fare  is  commensurate  with  the 
service  rendered. 

As  the  necessity  for  increased 
efficiency  in  the  shops  presented  itself 
from  time  to  time,  which  has  been 
very  frequently  in  the  last  5  or  6 
years,  it  seems  that  we  have  always 
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been  able  to  take  another  stride  for- 
ward. We  are  fortunate  that  the  men 
in  our  shops  have  a  keen  sense  of  fair 
play  and  are  imbued  with  a  determi- 
nation to  do  the  best  work  possible. 
We  find  them  always  ready  to  accept 
higher  standards  of  workmanship  and 
improved  methods  of  doing  work,  pro- 
vided we  show  them  just  how  these 
improvements  can  be  made.  As  a 
matter  of  fact,  we  get  a  great  many 
valuable  suggestions  for  improving 
the  quality  and  quantity  of  the  work 
from  these  men  and  the  progress  we 
have  made  is  due  in  a  large  measure 
to  their  fine  spirit  and  cooperation. 

Dipping  and  Baking  Armatures. — 
Early  in  1918  we  began  to  realize  the 
possibility  of  a  large  saving  in  the 
cost  of  maintaining  our  car  motors. 
Of  all  equipment  failures,  the  most 
frequent  failures  and  the  most  costly 
ones  are  the  failures  of  motor  arma- 
tures. After  a  close  study  of  the  situ- 
ation, we  decided  to  dip  all  of  our  re- 
paired armatures  in  varnish  and  then 
bake  them  at  a  temperature  of  212°  F. 
Before  dipping  in  the  varnish,  the 
armatures  are  dried  in  an  oven  at  a 
temperature  of  212°  F.  for  24  hours. 
In  this  manner  all  the  moisture  is  first 
removed  and  then  a  covering  of  mois- 
ture-proof varnish  is  baked  on  to  the 
armature.  This  renders  the  armature 
almost  impervious  to  moisture. 

When  we  first  started  to  dip  and 
bake  armatures,  we  were  rewinding  5 
armatures  a  day,  or  approximately 
1,500  a  year.  In  1922,  our  rewound 
armatures  average  was  approximately 
1%  armatures  per  day  or  551  for  the 
year.  In  other  words,  we  now  rewind 
fewer  armatures  for  the  entire  sys- 
tem than  we  did  a  few  years  ago,  for 
any  one  of  our  4  large  divisions.  This 
saving  in  armature  repairs  alone, 
amounts  to  approximately  $75,000  a 
year. 

Although  cost  of  maintenance  of 
equipment  has  increased  materially 
for  the  last  5  or  6  years,  it  has  by  no 
means,  kept  pace  with  the  increased 
cost  of  labor  and  material.  The  cost 
for  the  year  1922  is  57  per  cent  higher 
than  the  cost  for  1915,  whereas  the 
cost  of  labor  is  up  90  per  cent  and 
material  50  per  cent.  Of  course, 
maintenance  of  equipment  costs  can 
be  made  to  show  a  decided  decrease 
for  a  while,  at  least,  if  all  overhauling 
is  discontinued  and  the  equipment  is 
allowed  to  depreciate.  This  however, 
does  not  account  for  our  low  cost.  Any 
decreace  that  has  taken  place  in  the 
cost  of  maintenance  of  equipment  is 


due  mostly  to  improved  shop  methods, 
the  cost  of  labor  and  materials  having 
decreased  but  slightly. 

Savings  in  Overhauling  Cars. — In 
1920  we  overhauled  163  cars,  or  16.7 
per  cent  of  our  closed  cars,  and  our 
maintenance  cost  was  5.48  ct.  per  car 
mile.  In  1921  and  1922  we  overhauled 
approximately  140  per  cent  more  cars 
and  our  maintenance  of  equipment 
cost  was  considerably  less. 

The  better  condition  of  equipment 
is  not  only  reflected  in  the  mainte- 
nance of  equipment  cost,  but  is  just  as 
plainly  manifested  to  the  car  riders. 
Never  in  the  history  of  our  company 
has  the  equipment  caused  the  operat- 
ing department  as  little  trouble  as  it 
does  today.  Nowadays  one  seldom 
sees  a  service  delay  due  to  a  defective 
car.  The  number  of  defective  cars 
removed  from  service  during  the 
month  of  March  of  this  year  is  ap- 
proximately one-third  of  the  number 
removed  in  1914,  which  was  in  the 
good  old  days  when  conditions  were 
supposed  to  be  ideal.  The  number  of 
defective  cars  removed  from  service  is 
a  true  barometer  of  the  condition  of 
the  rolling  equipment  and  from  your 
observation  of  the  condition  of  the 
equipment  as  you  see  it  on  the  streets, 
there  can  be  no  doubt  in  your  minds 
that  the  Equipment  Department  is  a 
very  important  factor  in  the  street 
railway  business  and  like  all  other  de- 
partments of  the  company,  this  de- 
partment today  is  giving  the  car  rider 
much  more  for  his  money  than  he  has 
ever  before  received. 

The  excellent  condition  of  our  roll- 
ing equipment  has  been  further  dem- 
onstrated by  its  performance  during 
this  last  winter,  one  of  the  most 
severe  winters  we  have  experienced  in 
this  section  of  the  country  for  a  great 
many  years.  Due  to  the  fact  that  the 
weather  was  so  bad  and  the  use  of 
automobiles  was  rendered  impossible, 
we  were  not  only  forced  to  combat  the 
bad  weather  conditions,  but  it  was 
necessary  to  take  care  of  a  large  in- 
crease in  riding.  On  some  of  our  divi- 
sions we  used  practically  all  of  our 
cars  during  the  rush  hour  periods. 
This  meant  that  where  ordinarily  we 
were  permitted  to  have  5  per  cent  of 
our  cars  in  the  shop  for  repairs  and 
overhauling,  all  of  the  cars,  with  the 
exception  of  2  or  3  per  cent,  had  to  be 
available  for  the  morning  and  evening 
rush  hour  periods. 

It  is  true,  as  previously  stated,  that 
the  efficiency  of  the  Equipment  De- 
partment has  been  greatly  improved. 
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I  do  not  mean  to  leave  the  impression, 
however,  that  we  are  100  per  cent 
efficient  for  we  have  by  no  means 
reached  that  point.  Improvements  in 
methods  of  maintenance  are  slow  to 
develop  and  it  sometimes  takes  a  year 
or  two  to  determine  by  actual  test 
which  is  the  best  method  for  doing  a 
particular  job. 

Specifications  for  Overhauling  Cars. 

— Among  the  other  important  im- 
provements in  our  shop  methods,  is 
our  present  method  of  overhauling 
cars.  This  work  is  now  done  as  effi- 
ciently as  work  is  done  in  most  of  our 
large  manufacturing  establishments. 
We  have  drawn  up  a  specification  cov- 
ering the  proper  method  of  doing  each 
particular  job  in  connection  with  the 
overhauling  of  a  car.  This  specifica- 
tion was  made  up  after  a  very  de- 
tailed study  had  been  made  of  the  va- 
rious methods  and  material  employed 
in  doing  this  work.  It  embodies  the 
use  of  the  most  up-to-date  materials 
as  we  know  them  for  each  particular 
job.  The  materials  used  are  such  as 
to  give  the  longest  possible  life  and 
the  methods  are  such  as  to  insure  that 
these  materials  are  properly  installed. 
All  closed  cars  are  overhauled  every 
100,000  miles  in  accordance  with  this 
specification.  After  a  car  has  been 
overhauled  and  inspected  by  the  shop 
organization,  it  is  gone  over  by  an  in- 
spector from  the  supervisor's  office 
and  is  closely  inspected  to  insure  that 
it  is  in  perfect  condition  before  being 
returned  to  service.  When  an  over- 
hauled car  is  returned  to  service,  we 
are  absolutely  sure  that  the  equip- 
ment is  in  A-l  condition  and  that  it 
will  run  until  the  next  overhauling 
without  any  extensive  repairs  being 
necessary,  provided,  of  course,  it  is 
properly  inspected  every  1,000  or 
1,500  miles,  depending  upon  whether 
it  is  being  operated  in  suburban  or 
city  service. 

Among  other  important  parts  of  the 
equipment  covered  by  this  specifica- 
tion is  the  testing  of  armatures.  After 
the  armatures  are  dipped  and  baked, 
as  previously  described,  they  are 
tested  at  a  potential  of  1,000  to  2,000 
volts,  depending  on  whether  or  not 
they  have  been  repaired  or  rewound; 
field  coils  are  tested  in  the  same  man- 
ner; compressors  are  tested  to  deter- 
mine whether  or  not  they  are  up  to 
standard;  case  hardened  bolts  and 
bushings  are  used  in  the  brake  rigging 
and  wherever  it  is  necessary  in  order 


that  these  parts  will  not  wear  out  be- 
fore the  car  has  run  100,000  miles. 

New  Light  Weight  Cars. — As  con- 
cerns economies  to  be  effected  by  the 
use  of  light  weight  cars,  we  have  pur- 
chased 50  double-truck  light  weight 
safety  cars.  These  cars  will  weigh  ap- 
proximately 31,000  lb.  and  will  have  a 
seating  capacity  of  44  as  compared  to 
a  weight  of  46,000  lb.  for  one  of  the 
old  style  closed  cars  which  has  a  seat- 
ing capacity  of  40  persons.  These  cars 
will  be  equipped  with  all  the  standard 
safety  devices  and  variable  load  brake 
equipment. 

The  power  consumption  of  this  car 
will  be  very  low  as  compared  to  some 
of  the  older  types  of  cars  now  in 
service  as  is  shown  on  the  chart. 

Power  Saving  Record. — The  follow- 
ing statement  of  progress  made  in 
power  saving  is  sure  to  be  interest- 
ing: 

Kilowatt  Hours  Consumed  Per  Car  Mile 

1916  3.71 

1917  3.64  2.0  $37,335 

1918  3.30  11.0  231,900 

1919  3.15  15.0  356,821 

1920  3.45*  7.5  212,435 

1921  2.98  20.0  587,109 


Total     — $1,425,600 


*Bad  ice  storm  this  year. 

It  will  be  noted  that  as  compared  to 
1917,  the  kilowatt  per  car  mile  con- 
sumed for  each  of  the  following  years 
shows  a  very  large  decrease.  In  1921, 
as  compared  to  1917,  this  saving 
amounted  to  $587,109.  It  is  estimated 
that  50  per  cent  of  this  saving  is  due 
to  the  light  weight  cars  that  had  been 
put  into  service  during  that  time  and 
the  other  50  per  cent  has  been  made 
possible  by  the  use  of  power  saving 
recorders.  To  reduce  our  power  bill 
to  the  extent  of  20  per  cent  in  five 
years  is  an  achievement  which  we 
should  be  proud  of.  This  only  goes  to 
demonstrate  further  the  farsighted- 
ness of  our  management  in  purchas- 
ing light  weight  cars  and  avoiding 
waste  of  power  wherever  possible. 

From  what  has  been  previously 
said,  it  can  readily  be  seen  that  equip- 
ment Conditions  have  been  greatly 
improved  in  the  last  5  or  6  years,  but 
there  is  still  room  for  considerable 
improvement.  Other  street  railways, 
too,  are  doing  their  utmost  to  increase 
their  efficiency  and  a  comparison  of 
figures  from  time  to  time  would  be 
very  interesting. 


(297) 


1370  Railways  June, 

Fuel  Determinations  on  Steam  Locomotives* 


Road  Tests  on  Oil  Burning  Engines  Setting  Standard  for  Comparison 
With  Electric  Locomotives  Discussed  in  Paper  Presented  April  25 
at  Spring  Convention  of  American  Institute  of  Electrical  Engineers 

By  A.  H.  BABCOCK, 

Electrical   Engineer,    Southern   Pacific   R.   R. 


Whenever  electrification  of  steam 
railways  on  a  large  scale  is  advocated 
one  of  the  principal  arguments  ad- 
vanced is  the  large  saving  in  fuel  sure 
to  result  therefrom;  in  fact,  this  was 
the  initial  point  of  attack  in  the  early 
days  of  the  art,  long  before  overtime 
of  train  and  engine  crews  had  become 
the  very  real  expense  in  train  opera- 
tion it  is  today. 

Fuel  consumption  of  steam  locomo- 
tives using  coal  cannot  be  analyzed  as 
can  that  of  electric  locomotives,  be- 
cause it  is  impossible  to  obtain  accu- 
rate measurements.  When  fuel  oil  is 
used,  much  more  precise  determina- 
tions are  possible. 

The  Test  Engine.— Engine  No.  3,614 
of  the  Southern  Pacific  R.  R.  was  se- 
lected because  the  records  of  the  fuel 
bureau  showed  it  to  be  an  "average 
performer"  in  through  freight  service. 
It  is  of  the  2-10-2  type,  having  cylin- 
ders 27^ -in.  long  x  32-in.  stroke. 
The  weight  on  drivers  is  273,000  lb., 
on  the  leading  truck  29,000  lb.  and  on 
the  trailing  truck  46,000  lb.  The 
rated  tractive  power  is  63,300  lb.  The 
tender  is  of  the  cylindrical  type.  It 
weighs  empty  64,900  lb.  and  has  a 
capacity  of  3,120  gal.  of  fuel  oil  and 
10,030  gal.  of  water.  The  weight  of 
the  tender  loaded  is  173,460  lb. 

On  every  run  a  different  engine 
crew  handled  the  train  while  making 
the  tests,  the  selection  being  by  the 
usual  "first  in,  first  out"  method 
standard  on  the  railway.  A  trained 
observer  rode  the  engine  and  made  all 
the  readings.  The  train  weights, 
taken  from  the  yardmaster's  reports 
at  the  initial  points,  were  corrected, 
during  the  runs,  for  fuel  and  water 
consumed. 

The  Test  Runs. — It  was  found  dur- 
ing the  test  runs  that  all  engineers 
handled  the  trains  very  much  alike, 
changing  throttle  or  cutoff  at  or  near 
the  flags  that  had  been  placed  at  the 
reference  points  given  in  Fig.  1.  Meter 
readings  and  times  were  recorded  at 
all  such  points  and  at  all  starts  and 
stops.     In  the  final  analysis  all  fuel 


measurements  were  reduced  to  60°  F. 
Approximate  correction  factors  on  the 
train  tonnage  for  water  and  fuel  were 
made.  The  train  tonnage,  then,  is  the 
gross  weight  of  the  train,  everything 
included. 

The  result  is  a  complete  record  of 
fuel  consumption.  In  the  ordinary 
system  of  fuel  records  all  fuel  con- 
sumed in  firing  up,  standing  in  the 
engine  house  and  on  the  outgoing 
track  up  to  the  time  the  engineer  as- 
sumes responsibility,  i.e.,  30  minutes 
before  he  is  called  to  leave  the  ter- 


♦From  the  Electric  Railway  Journal. 


Fig.     1.      Profile,    Baker  sfield    to    Mojave. 

minal,  is  charged  to  engine  house 
service;  all  consumed  from  that  time 
until  the  engine  is  placed  on  the  in- 
coming track  at  the  end  of  the  run  is 
charged  to  road  service. 

Division  of  Fuel  Consumption. — The 
fuel  consumption  may  be  divided  into 
three  groups: 

1.  Variation  of  fuel  used  in  firing 
up,  i.e.,  losses  independent  of  the 
manner  in  which  the  engine  is  used 
after  steam  is  raised. 

2.  Fuel  burned  in  holding  the  en- 
gine under  steam  at  terminals  or  on 
the  road;  i.e.,  losses  dependent  upon 
operating  staff  efficiency,  and  inde- 
pendent of  speed. 

3.  Fuel  consumption  while  moving; 
accelerating,  running,  entering  and 
leaving  sidings,  etc.,  all  of  which  de- 
pend largely  upon  tonnage  and  speed. 

Group  1. — For  this  determination 
the  boiler  was  filled  to  1/3-gage  glass, 
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with  water  at  120°  F.  Steam  for  oil 
atomizer  and  blower  was  taken  from 
the  house  steam  lines  until  the  boiler 
pressure  reached  70  lb.  gage.  Fig.  2 
shows  fuel  with  respect  to  boiler 
water  temperature  and  steam  gage 
pressure.  A  second  curve  shows  fuel 
consumption  with  time. 

From  other  tests  it  has  been  deter- 
mined that  the  atomizer  and  blower 
add  14  per  cent  to  the  fuel  consump- 
tion. Therefore,  if  14  per  cent  of  the 
84  gal.  used  up  to  the  time  when  the 
boiler  furnished  its  own  steam  for 
these  purposes  be  added  to  the  119 
gal.  to  bring  the  boiler  pressure  up  to 
200  lb.  gage,  we.  have  131  gal.  total 
fuel  used  to  raise  steam  with  feed 
water  at  120°  F. 

Assuming  that  the  fuel  consump- 
tion is  proportional  to  the  rise  in  tem- 
perature, the  fuel  per  degree  rise  is 
0.522  gal.;  from  which  then  can  be 
determined  the  value  of  storing  the 
heat  from  boilers  being  blown  down 
for  washing,  to  use  in  firing  up  other 
engines  for  the  road.  Thus,  to  fire  up 
with  feed  water  from  the  hydrant  at 
60°  takes  167  gal.  of  oil;  similarly  for 
feed  water  at  180°,  from  a  hot  water 
boiler  washing  and  filling  plant,  96 
gal.  With  fuel  oil  at  $1.50  per  bbl., 
the  71  gal.  saved  per  engine  fired  up 
amounts  to  $2.54,  but  the  saving  is 
even  more,  because  the  time  of  turn- 
ing an  engine  washed  and  filled  with 
hot  water  is,  by  record,  3%  hours  less 
than  the  7%  to  8  hours  required  when 
cold  water  is  used.  Heavy  power  rep- 
resents an  investment  worth  at  least 
$4  per  hour.  Hence  the  time  saved 
adds  $14  per  engine  turned  to  the  fuel 
saved,  and  the  total  economy  then  is 
$16.54  per  engine  turned. 

Group  2. — The  upward  branch  of 
the  time-oil  curve,  Fig.  2,  shows  the 
fuel  required  to  hold  an  engine  under 
steam  while  standing  in  the  engine 
house  where  these  tests  were  made  to 
b  17.4  gal.  per  hour,  with  no  auxil- 
iaries running.  During  the  tests, 
placing  this  engine  in  the  open  yard, 
oil  used  averaged  36.6  gal.  per  hour. 
Air  temperatures  during  this  period 
ranged  roughly  from  20°  to  50°  F. 
Therefore,  19.2  gal.  is  the  excess  fuel 
consumed  per  engine-hour  when 
standing  in  the  open  in  ordinary 
weather. 

Similarly,  the  fuel  cost  of  standing 
on  sidings  with  full  tonnage  train  is 
found  to  be  42.8  gal.  per  hour.  Since 
no  steam  was  used  for  heating  in 
either  case,  6.2  gal.  is  the  fuel  cost 


per  hour  of  maintaining  air  pressure 
in  the  train  line,  ready  for  service/ 

Group  3. — To  obtain  results  for  the 
third  group  a  more  rigid  treatment  is 
necessary.  R.  S.  Twogood,  assistant 
engineer  Southern  Pacific  Co.,  is  re- 
sponsible for  the  details  of  the  test 
and  the  analysis  of  the  results.  In  the 
reductions  of  the  observations,  the 
fuel  oil  density  is  taken  at  0.96;  the 
heat  content,  18,000  B.t.u.  per  lb.  The 
time,  fuel  meter  reading,  fuel  temper- 
ature and  location  of  train  were  re- 
corded at  every  start,  grade  change  or 
other  important  point,  and  stop.  The 
speeds  were  determined  by  counting 
engine  driver  revolutions.  All  grade 
changes  at  other  than  station  points 
were  marked  by  white  flags  (see  Fig. 
1).  Grade  compensation  for  curva- 
ture is  applied  at  0.04  per  cent  grade 
per  degree  of  curvature. 

Total  train  resistance  was  based  on 


Fig.    2.      Fuel   and    Time    Required   for    Firing 
Locomotive. 

Schmidt's  tables,  the  value  for  level 
tangent  track  being  taken  at  7  lb.  per 
ton.  The  average  thermal  efficiency 
was  determined  from  the  total  horse- 
power-hours and  the  fuel  burned  when 
moving  over  sections  where  the  total 
resistance  was  positive. 

Fuel  Consumption  on  Various 
Grades. — The  average  gallons  of  fuel 
per  thousand  ton-miles,  in  both  direc- 
tions, for  every  section  of  track,  but 
not  corrected  for  variations  in  speed 
within  a  section,  are  shown  in  Fig.  3 
plotted  against  equivalent  grade, 
wherein  the  curve  as  drawn  has  been 
adjusted  to  give  fuel  requirements  for 
constant  speed.  Thus  is  shown  the 
fuel  cost  of  acceleration,  and  how,  in 
the  stop,  provided  the  brakes  are  not 
used,  a  large  proportion  of  the  work 
done  in  acceleration  is  made  useful  in 
moving  the  train  over  the  track.  This 
is  indicated  by  points  on  the  left  of 
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the  curve;  points  on  the  right  show  in- 
crease in  fuel  consumptions  during  ac- 
celeration. 

The  dotted  part  of  the  curve,  for 
grades  less  than  0.5  per  cent,  either 
positive  or  negative,  should  not  be  de- 
pended on  for  accurate  results,  be- 
cause there  is  no  section  of  level  track 
between  Bakersfield  and  Mojave. 

A  locomotive  of  lower  thermal  effi- 
ciency would  burn  more  fuel  for  any 
given  grade  than  that  shown  on  the 
curve.  The  result  would  be  a  flatter 
curve.  On  the  other  hand  a  locomo- 
tive of  higher  thermal  efficiency  would 
burn  less  fuel  than  shown  and  the 
curve  would  be  steeper.  It  is,  there- 
fore, apparent  that  the  slope  of  the 
curve  is  a  function  of  the  efficiency, 
and  the  steeper  the  curve  the  higher 
the  efficiency. 

From  the  curve,  the  fuel  required 
per  1,000  ton-miles  of  a  2  per  cent 
grade  equals  38.0  gal.,  and  for  a  1  per 
cent  grade  equals  23.3  gal.  The  differ- 
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Grades. 

ence,  14.7  gal.,  represents  the  fuel 
burned  moving  a  1,000-ton  train  1 
mile  over  a  1  per  cent  grade  without 
friction  because  both  figures  are  for 
grade  resistance  plus  train  friction. 
The  train  friction  being  the  same  in 
each  case,  the  difference  is  for  a  grade 
resistance  of  1  per  cent.  A  1  per  cent 
grade  resistance  is  20  lb.  per  ton. 
Then  the  work  done  in  moving  the 
given  train  1  mile  over  a  1  per  cent 
grade  without  friction  equals  105,600,- 
000  ft.-lb.  This  required  14.7  gal.  of 
fuel  or  1,647,082,080  ft.-lb.  The  ther- 
mal efficiency  equals  6.41  per  cent. 
This  method  of  determining  engine 
thermal  efficiency  is  independent  of 
train  resistance  at  driver  tires,  which, 
at  best,  is  difficult  to  determine  accu- 
rately, and  it  should  be  very  nearly 
correct. 

Locomotive  Friction  Large  Item. — 
The  fuel  burned  on  a  1  per  cent  grade 
for  grade  and  train  resistance  is  23.3 


gal.,  from  which  the  train  resistance 
equals  11.7  lb.  per  ton. 

This  does  not  check  with  the  as- 
sumed 7  lb.  per  ton,  because  the  7  lb. 
covers  only  rolling  friction,  and  the 
11.7  lb.  is  for  rolling  friction  plus  lo- 
comotive internal  friction,  such  as  pis- 
tons, valves  and  other  engine  parts. 
If  Schmidt's  7  lb.  is  correct  for  the 
rolling  friction,  then  the  difference, 
4.7,  is  the  locomotive  internal  friction. 
For  the  given  train  of  1,000  tons  this 
is  equal  to  a  drawbar  pull  of  4,700  lb., 
or  about  9.0  per  cent  of  the  total 
drawbar  pull  on  the  maximum  grade 
of  2.31  per  cent  from  Flag  No.  5  to 
Flag  No.  6. 

As  the  negative  grade  increases,  the 
fuel  consumption  is  reduced  until  the 
negative  grade  resistance  is  numeri- 
cally equal  to  the  total  frictional  re- 
sistance of  train  and  engine.  The 
minimum  fuel  consumption  of  2.5  gal. 
per  mile  as  shown  on  the  curve  repre- 
sents standby  losses  and  should  be 
about  equal  to  the  fuel  burned  stand- 
ing on  a  siding  with  the  train.  For 
heavy  negative  grades  the  fuel  con- 
sumption is  again  increased,  for 
pumping  air  for  braking  purposes. 

The  over-all  efficiency  determined 
by  this  test,  5.57  per  cent,  is  the  ratio 
of  the  integrated  foot-pounds  of  work 
done  by  the  engine  whenever  the 
drawbar  pull  was  positive  to  the  total 
energy  in  the  fuel  used  over  the  same 
time.  Apparently  it  is  constant  for 
all  grades  grater  than  0.5  per  cent. 

While  drifting  saves  fuel,  it  is  sel- 
dom possible  to  drift  to  rest  except  on 
positive  grades.  Fig.  4  gives  a 
measure  of  the  saving  that  may  be 
made.  The  kinetic  energy  in  terms  of 
fuel  in  a  1,000-ton  train  moving  at  50 
miles  per  hour  equals  27.74  gal.  If 
the  engineer  makes  a  sudden  stop  by 
heavy  braking  the  greater  part  of  this 
is  lost  in  heat  at  the  brake  shoes.  If 
his  train  schedule  will  permit  him  to 
drift  down  to  25  m.p.h.  before  apply- 
ing brakes  the  fuel  equivalent  for 
kinetic  energy  is  6.93  gal.,  and  20.81 
gal.  of  fuel  will  be  saved.  Drifting  to 
one-half  normal  running  speed  before 
applying  brakes  saves  75  per  cent  of 
the  fuel  equivalent  for  kinetic  energy. 
The  fuel  burned  in  actual  tram  move- 
ments depends  upon  the  efficiency  of 
the  locomotive  and  the  skill  of  the  en- 
gineer, while  that  burned  for  miscella- 
neous purposes  depends  upon  traffic 
conditions  and  the  general  efficiency 
of  the  division  organization  in  han- 
dling traffic.  In  this  discussion  the 
ratio  between  the  fuel  burned  moving 
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the  train  and  the  total  fuel  charged  to 
road  service  is  called  "operating  effi- 
ciency, fuel."  Such  a  ratio  is  a  mea- 
sure of  the  operating  efficiency  of  the 
division  organization.  The  high  value 
determined  by  this  test,  92.5  per  cent, 
indicates  a  co-operation  between  dis- 
patchers and  train  crews  not  often 
realized.  It  indicates  also  a  very 
small  margin  of  possible  gain  be- 
tween steam  locomotives,  well  han- 
dled, and  the  theoretical  limit  of  the 
electric  locomotive,  100  per  cent  less 
engine  auxiliaries. 

Though  the  locomotive  used  for  this 
test  is  one  of  the  well  known  types  for 
heavy  mountain  service,  and  was 
tested  under  its  most  economical  load, 
yet  the  average  thermal  efficiency  is 
less  than  6  per  cent;  hence  a  slight 
numerical  increase  in  this  efficiency 
would  result  in  a  tremendous  saving 
in  fuel.  The  superpower  survey 
showed  an  expected  fuel  saving  of  67 
per  cent  in  freight  service,  which 
means  a  thermal  efficiency  of  about 
8.5  per  cent.  In  making  such  com- 
parisons it  is  necessary  to  take  ac- 
count of  the  ratio,  revenue  freight 
weight  to  total  train  weight.  In  this 
study  it  was  0.743.  In  electric  service 
it  may  be  very  different.  The  effi- 
ciency determined  during  this  test  is 
lower  than  many  published  values, 
but,  as  a  rule,  such  tests  are  made 
with  picked  locomotives,  especially 
adjusted  and  operated  by  the  best 
crews. 

It  is  not  desired  to  give  the  impres- 
sion that  the  values  of  factors  given 
as  the  result  of  this  investigation  are 
absolute  and  applicable  to  all  condi- 
tions. It  is  believed  that  this  method 
of  testing  attacks  the  problem  from 
an  entirely  different  angle,  from 
which  it  is  possible  to  make,  of  certain 


factors,  analysis  in  detail  that  has  not 
been  possible  by  other  methods. 

Discussion. — Dr.  Cary  T.  Hutchin- 
son, in  a  written  discussion,  stated 
that  the  paper  is  the  most  noteworthy 
yet  published  on  the  subject,  and  that 
probably  no  one  ever  has  attempted 
fuel  determinations  of  similar  accu- 
racy. It  is,  however,  not  general  in 
scope,  being  limited  to  conditions  of 
service  on  this  particular  section  of 
the  Southern  Pacific.  No  drawbar  pull 
measurements  were  made,  hence  fig- 
te 
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ures  for  efficiency  are  based  on  calcu- 
lations of  work  done  from  the  profile, 
under  the  author's  assumptions. 

Using  the  data  presented,  Dr.  Hut- 
chinson says  he  is  led  to  certain  re- 
sults at  variance  with  the  author's. 
By  a  mathematical  analysis  it  is 
shown  that  the  straight  part  of  the 
curve  in  Fig.  3  should  be  concave  to- 
ward the  axis  of  abscissas.  From  an- 
other series  of  equations  it  is  deduced 
that  for  53  lb.  per  ton  resistance,  the 


Table   I— Grade 

and    Curvature — Tehachapi    Eastbound 

Total 

Points 

Distance, 
Miles 

Rise, 

Feet 

in  Fig.  3 

From 

To 

Degrees 

A 

Kern  Jet. 

Magunden 

3.4 

17.8 

B 

Magunden 

Edison 

3.1 

135.7 

C 

Edison 

Flag  1 

5.6 

342.9 

17.5 

D 

Flagl 

Flag  2     • 

1.0 

—68.9 

99.3 

E 

Flag  2 

Flag  3 

6.2 

268.9 

589.5 

F 

Flag  3 

Flag  4 

0.9 

89.0 

376,3 

G 

Flag  4 

Flag  5 

2.2 

115.0 

417.5 

H 

Flag  5 

Flag  6 

23.4 

2,575.0 

6,751.0 

l 

Flag  6 

Tehachapi 

1.2 

79.5 

17.6 

J 

Tehachapi 

Summit 

1.8 

58.5 

K 

Summit 

Flag  7 

2.1 

—46.0 

L 

Flag  7 

Flag  8 

1.1 

—65.0 

13.6 

M 

Flag  8 

Proctor 

1.5 

.     5.5 

46.4 

N 

Proctor 

Flag  9 

1.5 

—39.5 

O 

Flag  9 

Flag  10 

|  0.9 

—80.0 

98.3 

P 

Flag  10 

Flag  11 

1.9 

—50.0 

27.8 

Q 

Flag  11 
Total  distance 

Flag  12 

8.6 
67.8 

—960.0 

547.7 
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maximum  value  found  in  the  tests,  the 
oil  burned  was  0.4  gal.  and  the  effi- 
ciency 5.93  per  cent.  The  author's 
maximum  thermal  efficiency  of  6.41 
per  cent  is  declared  to  be  erroneous. 
The  actual  maximum  thermal  effi- 
ciency, as  based  on  the  author's 
curves,  is  thus  0.5  per  cent  less  than 
the  figure  he  gives.  Referred  to  the 
drawbar  the  efficiency  is  reduced  still 
further  to  4.45  per  cent. 

The  author  says  the  over-all  effi- 
ciency determined  by  this  test  was 
5.57  per  cent,  and  apparently  was  con- 
stant for  all  grades  greater  than  0.5 
per  cent.  The  derivation  of  this  figure 
is  not  given,  but  it  may  be  taken  to 
represent  the  average  thermal  effi- 
ciency when  the  engine  is  doing  work, 
based  on  the  oil  used  during  those 
periods,  and  eliminating  all  oil  used  at 
terminals  or  when  the  tractive  force 
is  negative.  This  efficiency  is  referred 
to  the  rim  of  the  driver  and  not  the 
drawbar.  Using  the  given  values,  the 
following  is  found : 

East-    West- 
bound bound  Both 
Total  oil,   for  positive  trac- 
tive  force   1,550     547     2,097 

Total  oil,  stand-by  and  neg- 
ative tractive  force 291     409        700 


Total  oil  for  the  run 1,841     956     2,797 

The  thermal  efficiency,  based  on 
total  oil  used  referred  to  the  drivers, 
is  4.17  per  cent.  But  the  only  "effi- 
ciency" that  is  significant  in  compari- 
son with  any  other  form  of  motive 
power  is  that  referred  to  the  drawbar. 
From  the  data  given,  the  weight  with 
the  tender  about  two-thirds  loaded  is 
250  tons  for  engine  and  tender,  with 
750  tons  trailing.  The  average  effi- 
ciency at  the  drawbar  is  then  3.12  per 
cent,  while  the  maximum,  likewise 
referred  to  the  drawbar,  is  4.45  per 
cent.  In  a  word,  assuming  the  author's 
fundamental  result,  "5.57  per  cent 
over-all  efficiency,"  the  correct  state- 
ment is  an  over-all  thermal  efficiency 
at  the  drawbar  of  3.12  per  cent,  with 
a  maximum  of  4.45  per  cent. 

Several  minor  errors  in  the  paper 
are  pointed  out. 

Dr.  Hutchinson  states  that  the  elec- 
tric drive  to  replace  this  steam  service 
would  be  a  4-axle,  110-ton  electric 
locomotive  for  750  tons  trailing 
weight;  at  15  m.p.h.  on  the  limiting 
grade  the  input  would  be  less  than 
2,000  kw.  Taking  the  efficiency  from 
power  house  to  drivers  at  63  per  cent 
(the  author  assumes  70  per  cent  in  an 
earlier  paper),  the  ratio  of  power  at 
drawbar  to  that  at  power  house  will 


be  0.55.  This  section  is  ideal  for  re- 
generation. Under  such  conditions  the 
comparative  figures  for  energy  used 
are  given  in  the  following  tables: 

Table  II— Work  Done  At  Drivers,  Steam  Drive 

Eastbound  Westbound 

Weight  of  train,  tons 1,000  1,000 

Work  at  drivers,  kw.-hr. : 

(a)  Grade  2,760  985 

(b)  Curve     250  25 

(c)  Track   „ 690  240 


1,250 


Total    3,700 

Available  for  regeneration 

(a)— (b-f-c)    1,820  720 

Deliverable      to      contact 

system    (75  per  cent)....     1,365  540 

Deliverable  at  driver    (80 

per   cent)    1,090  430 

At  driver   as  per   cent   of 

total    work   29.4  34,4 

per  cent        per  cent 
Same,     for     round     trip, 

same  tonnage  both  ways       30.6  per  cent 

Table  III — Relative   Heat   Requirements   Steam 
and  Electric  for   Same  Service 

Steam  Electric 

Weight  of  train,  tons 1,000  860 

Energy  at  driver,  total  kw.-hr.       4,950         4,250 
Energy    at    driver,    from    oil, 

kw.-hr 4,950         2,970 

Energy    at    driver,    from    oil, 

per    cent   100  60 

Heat  required  at  drawbar  per 

kw.-hr.,   B.t.u 109,000       45,500 

Total  heat  required,  10.6 

B.t.u 540  135 

Total  heat  required,  per  cent..  100  25 

This  means  that  in  comparison  with 
the  author's  test  result,  electric  drive 
would  reduce  the  fuel  required  by  75 
per  cent,  a  ratio  of  steam  to  electric 
of  four.  If  allowance  be  made  for  the 
difference  between  test  and  service 
conditions  this  ratio  will  be  even 
greater.  These  results  are  in  prac- 
tical agreement  with  the  estimates  of 
the  superpower  report. 

N.  W.  Storer  commended  the  com- 
pleteness of  the  test  made,  but  said 
that  7  lb.  per  ton  was  too  high  a  train 
resistance  for  a  whole  run,  so  the 
work  calculated  was  more  than  would 
be  the  case.  He  also  questioned  the 
accuracy  of  the  determination  of  loco- 
motive resistance. 

W.  J.  Davis  pointed  out  that  the  re- 
sults were  better  than  could  be  ev- 
pected  from  a  coal-fired  locomotive, 
stating  that  the  cinder  loss  varied 
from  10  per  cent  to  18  per  cent  in 
coal-fired  locomotives  with  the  rate  of 
coal  burning  varying  from  100  lb.  per 
sq.  ft.  per  hour  to  125  lb.  per  sq.  ft. 
per  hour. 

Mr.  Davis's  principal  point  was  that 
even  though  there  were  fuel  savings, 
the  fixed  charges  of  electrification 
might  easily  offset  them,  but  that  the 
chief  reason  for  electrification  still  ex- 
isted in  the  advantages  in  conducting 
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transportation.  He  cited  increased 
capacity  of  tracks,  reduction  of  over- 
time, very  great  savings  in  locomo- 
tives, repairs  per  locomotive  and  re- 
duction of  number  of  locomotives,  be- 
cause the  average  steam  locomotive 
was  available  for  service  only  25  per 
cent.  Mr.  Davis  concluded  that  be- 
cause electric  could  be  made  larger, 
one  electric  might  actually  replace  4 
to  5  steam  locomotives.  Thus,  said 
Mr.  Davis,  even  with  the  fuel  saving 
counterbalanced  by  fixed  charges  the 
saving  in  maintenance  of  locomotives, 
in  maintenance  of  ways  and  struc- 
tures, and  the  saving  in  wages,  total 
transportation  economies  of  25  to  50 
per  cent  might  be  realized. 

Mr.  Twogood,  in  replying  for  Mr. 
Babcock,  said  that  they  had  tried  all 
sorts  of  mathematical  analyses,  espe- 
cially for  the  derivation  of  the  curve 
of  Fig.  3,  and  while  that  was  an  aver- 
age curve  drawn  through  the  points, 
they  could  come  to  no  other  conclu- 
sion than  the  one  given.  He  admit- 
ted that  fuel  was  not  the  determin- 
ing factor.  He  pointed  out  that  op- 
erating officials  were  interested  in  the 
weight  of  the  locomotive  as  well  as  of 
the  train  because  eventually  it  was 
net  revenue  freight  which  paid  the 
bill. 


Students  at  Engineering  Schools. — 

The  total  attendance  at  engineering 
and  mining  schools  in  the  United 
States  in  1923  was  52,083;  compared 
with  52,144  in  1922.  In  1923  12,167 
were  taking  civil  engineering  courses, 
this  total  including  2,018  seniors  and 
2,433  juniors. 


Portland  Cement  Production  in.  May. 

— With  a  production  of  nearly  13,- 
000,000  bbls.  of  cement  in  May,  the 
cement  industry  of  the  country  estab- 
lished a  new  high  record  for  any 
single  month.  May  production  was 
more  than  1,500,000  bbls.  greater  than 
in  April  and  1,700,000  bbls.  or  15 
per  cent  greater  than  in  May,  1922. 
For  the  first  five  months  of  the  cur- 
rent year,  production  very  closely  ap- 
proached the  50,000,000-bbl.  mark — 
14,000,000  bbls.  more  than  in  any  simi- 
lar period.  Shipments  from  the  mills 
during  May  were  also  heavy  and 
reached  a  total  of  14,257,000  bbls.  or 
12  per  cent  more  than  in  May,  1922. 
For  the  five  months'  period  ending 
May  31,  shipments  were  approxi- 
mately 48,900,000  as  compared  with 
about  34,600,000  during  the  first  five 


months  of  1922,  the  best  previous 
record.  Stocks  of  cement  in  manu- 
facturers' hands  at  the  end  of  May 
were  10,115,000  bbls.  as  compared 
with  an  average  on  that  date  of  11,- 
725,000  bbls.  for  the  five-year  period 
—1919-1923. 


New   Capstan   Car   Puller 

A  new  electric  capstan  car  puller 
brought  out  recently  by  the  Gifford- 
Wood  Co.,  Hudson,  N.  Y.,  is  illustrated 
below.  In  car  "spotting"  with  this 
capstan  it  is  simply  necessary  to  hook 
the  rope  onto  the  car  to  be  pulled, 
give  it  a  few  turns  around  the  cap- 
stan head,  and  throw  the  motor 
switch.  No  manual  effort  is  required, 
as  the  free  end  of  the  rope  is  gently 
pulled  in  as  it  comes  off.  The  capstan 
occupies  a  space  2  ft.  8  in.  by  2  ft.  9 
in.  plus  room  for  gear  guard  and 
motor  housings.  It  gives  a  rope  speed 
of  44  ft.  per  minute,  and  a  pull  on 
rope  of  2,630  lb.    The  capstan  has  a 


G-W  Electric  Capstan  Car  Puller. 

cast  iron  housing  enclosing  the  bevel 
gears  and  one  pair  of  cut  gears.  Bear- 
ings are  babbitted  and  provided  with 
grease  cup  lubrication.  Bronze  thrust 
collars  on  vertical  shaft.  Gear  guard 
and  motor  housing  of  No.  14  gauge 
steel.  Shafts  of  cold  rolled  steel. 
Bevel  gears  of  cast  iron  with  cast 
teeth,  36* and  22  teeth,  1%  in.  pitch. 
Spur  gears  of  cast  iron  with  cut  teeth, 
64  and  15  teeth,  4  diametrical  pitch; 
120  and  15  teeth,  5  diametrical  pitch. 
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The  Railways  an  Economic  Not  a  Political  Problem 


Abstract  of  an  Address  Presented  Feb.  24  Before  Prairie  Club, 
Des  Moines,  la. 


By  JAMES  C.  DAVIS, 

Director   General  of   Railroads 


The  views  contained  in  this  paper 
are  wholly  personal,  not  connected 
with  any  official  responsibility,  and 
represent  no  one  but  myself. 

The  greatest  problem  of  vital  in- 
terest to  the  American  people,  the 
one  having  the  most  direct  bearing 
upon  every  commercial  and  agricul- 
tural investment,  is  the  question  of 
railroad  transportation.  Unless  this 
controlling  factor  in  modern  civil- 
ization functions  to  the  end  that  our 
people  receive  efficient  transportation 
service,  at  such  rates  as  will  permit 
a  free  interchange  in  the  way  of  both 
passenger  and  freight  movements,  we 
can  have  no  permanent  or  widespread 
prosperity. 

In  Iowa  the  farming  element  is  pe- 
culiarly dependent  for  its  prosperity 
upon  the  railroads,  and  the  railroads 
are  peculiarly  dependent  upon  farm 
products  for  net  earnings.  With  these 
two  great  interests  so  interdependent, 
there  should  exist  between  the  farm- 
ers and  the  railroads  the  most  cordial 
co-operation.  The  complexities  in- 
volved in  railroad  operation,  their 
value,  the  true  amount  of  investment 
in  this  property,  and  their  actual  earn- 
ings, have  not  been  the  subject  of  im- 
partial and  detailed  study.  The  rail- 
road question  has  been  approached  by 
the  people  as  a  political  rather  than  a 
very  complex  economic  question.  A 
spirit  of  antagonism  has  been  greatly 
fostered  by  the  distribution  of  mis- 
information. The  railroads  for  more 
than  30  years  have  been  subject  to 
ever-increasing  governmental  control. 

From  1870  to  perhaps  1916  or  1917, 
covering  a  period  of  less  than  50 
years,  there  has  been  constructed  the 
present  system  of  national  railway 
transportation,  undoubtedly  the  great- 
est and  most  efficient  plant  of  its 
kind  the  world  has  ever  produced. 
Since  1917  more  miles  of  railroad 
have  been  abandoned  than  have  been 
constructed.  This  reduction  in  mile- 
age can  only  be  accounted  for  by  the 
fact  that  railroad  earnings  and  con- 
ditions have  not  justified  further  cap- 
ital investments.  This  showing  does 
not  indicate  a  healthy  condition  of 
this  industry. 


In  the  beginning  of  the  period  of 
increased  railroad  building,  the  con- 
struction of  railroads  and  the  invest- 
ment of  private  capital  in  them  was 
supported  by  the  public  in  every  pos- 
sible way.  Land  grants  were  made  by 
the  federal  government,  and  aid  was 
liberally  voted  by  states,  counties, 
townships  and  municipalities.  The 
railroads  were  recognized  as  private 
property,  and  operated  as  such,  with- 
out appreciable  effort  at  government 
control.  Of  course,  under  these  con- 
ditions, exploitation  and  indefensible 
abuses  became  prevalent.  There  was 
much  stock  manipulation;  frequent 
and  reprehensible  discrimination,  not 
only  as  between  communities,  but  as 
between  individuals.  Secret  rebates, 
in  the  way  of  freight  charges,  were 
granted  favored  interests,  and  the  is- 
suance of  free  transportation  to  pub- 
lic officers  and  influential  individuals 
became  a  public  scandal. 

The  First  Railway  Regulation.— In 
1876  the  Supreme  Court  of  the  United 
States,  in  approving  the  Granger  leg- 
islation, sustained  state'  legislation 
regulating  railroads  and  public  eleva- 
tors and  warehouses.  These  decisions 
started  an  avalanche  of  state  and  na- 
tional legislation  in  the  matter  of  rail- 
road regulation  and  control,  which 
continued  down  to  the  commencement 
of  the  World  War.  Because  of  real 
or  fancied  abuses,  there  was  a  com- 
plete revulsion  of  public  opinion  in  re- 
gard to  railroad  corporations. 

In  1887  Congress  enacted  the  Inter- 
state Commerce  Act,  which  by  fre- 
quent amendments  has  been  enlarged 
and  extended.  Legislatures,  treating 
the  highly  complicated  question  of 
transportation  as  a  political  issue, 
without  any  sort  of  economic  study  of 
the  problem,  regulated  the  details  of 
operation  without  regard  to  the  pos- 
sibility of  the  carriers  complying  with 
same,  or  the  effect  such  regulation 
would  have  upon  their  net  revenues. 
The  2-cent  passenger  fare  law,  passed 
in  very  sparsely  settled  states,  full- 
crew  laws,  average  speed  for  stock 
trains,  are  fair  examples  of  the  leg- 
islation of  this  character. 

Every   one   of   these   thousands   of 
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legislative  enactments  was  for  the 
benefit  either  of  the  public,  the  pa- 
trons of  the  railroads,  or  of  the  em- 
ployes; alT  of  them  tended  to  increase 
operating  expenses  or  reduce  reve- 
nues, and,  until  the  enactment  of  the 
present  Transportation  Act,  there  was 
not  a  line  in  any  of  this  legislation 
looking  to  the  protection  of  the  own- 
ers of  the  property.  For  many  years 
the  carriers  successfully  met  this  ris- 
ing tide  of  operating  expenses  and 
diminished  showing  of  net  earnings 
by  efficiency  in  operation,  largely  by 
reducing  grades  and  curves,  laying 
heavier  rail,  and  purchasing  locomo- 
tives with  greater  tractive  power  and 
freight  cars  with  larger  tonnage  ca- 
pacity. By  1917  this  saving  had 
reached  its  limit.  Many  of  the  roads 
were  suffering  from  deferred  mainte- 
nance, and  large  capital  expenditures 
were  in  demand,  for  increased  equip- 
ment, better  terminals,  and  improved 
shop  machinery  and  other  facilities. 

The  Interstate  Commerce  Commis- 
sion had  refused  what,  in  the  light  of 
subsequent  events,  would  seem  to  have 
been  reasonable  and  necessary  in- 
creases in  freight  rates;  many 
thoughtful  experts  in  railroad  opera- 
tion were  apprehensive  of  a  break- 
down of  the  national  system  of  rail- 
road transportation,  and  government 
ownership  began  to  be  considered  as 
perhaps  more  than  a  possibility. 

Federal  Control  During  War  Period. 
— The  World  War  caused  a  truce  in 
the  railroad  situation.  Federal  con- 
trol was  necessary  incident  to  a  suc- 
cessful prosecution  of  the  war.  Federal 
control  stabilized  the  income  of  the 
carriers,  so  that  without  default  they 
could  meet  their  liabilities  in  the  way 
of  paying  current  obligations  for  in- 
terest charges  and  usual  stock  div- 
idends. There  would  have  been  a 
sharp  dislocation  in  the  financial  sit- 
uation of  the  railroads,  due  wholly  to 
war  conditions,  independent  of 
whether  the  government  had  taken 
them  over  or  not. 

The  financial  condition  of  the  car- 
riers at  the  end  of  federal  operation 
arose  from  causes  for  which  the  car- 
riers were  not  responsible,  and  over 
which  they  exercised  no  authority.  I 
cannot  at  this  time  go  into  the  de- 
tails of  federal  control.  There  will 
always  be  differences  of  opinion  as  to 
whether  or  not  the  government,  hav- 
ing the  powers,  should  have  raised 
rates  as  operating  expenses  increased. 
Personally,  I  have  no  criticisms  to  of 
fer.    War  conditions  made  it  difficult 


to  determine  the  proper  course  to  pur- 
sue. The  government  adopted  a  plan 
whereby  operating  deficits  should  be 
borne  as  a  general  war  expense.  This, 
in  the  end,  made  the  reconstruction 
period  more  difficult  for  the  carriers. 

During  federal  control  the  govern- 
ment undoubtedly  did  the  best  it  could 
so  far  as  hard  and  fast  legislative 
enactment  was  concerned.  An  effort 
was  made  not  only  to  preserve  the 
physical  value  and  condition  of  the 
carriers'  property,  but  also  to  main- 
tain that  elusive  and  uncertain  ele- 
ment designated  as  "going  value." 
Just  and  perhaps  generous  provisions 
were  made  for  compensation  for  the 
use  of  the  property;  carefully  pre- 
pared plans  for  maintenance  were  put 
in  force;  conditions  were  provided  for 
the  advance  of  funds  to  meet  press- 
ing obligations  to  those  carriers  which 
were  not  in  a  situation  to  promptly 
pay,  and  large  sums  were  expended 
for  additions  and  betterments. 

The  financial  misfortunes  of  federal 
control  were  not  borne  solely  by  the 
carriers.  When  the  final  page  of  the 
history  of  this  period  is  written,  it  will 
be  found  that  the  government,  for  its 
share  in  the  venture,  lost  in  the  neigh- 
borhood of  $1,800,000,000.  This  sum 
includes  operating  losses,  payments 
during  the  guaranty  period,  payments 
to  deficit  short  lines,  and  all  inci- 
dental losses  directly  the  result  of 
federal  control. 

The  Transportation  Act  of  1920.— 
An  ideal  transportation  system  could 
be  described  as  one  which  furnishes 
prompt,  adequate,  and  efficient  service 
to  the  public,  at  rates  that  are  rea- 
sonable, and  will  permit  that  free  ex- 
change of  commodities  essential  to  a 
prosperous  commercial  life,  pay  all 
employes  sufficient  compensation  to 
live  and  rear  their  families  under  civ- 
ilized standards  of  living,  and  return 
to  the  owners  of  the  property  held 
and  used  in  the  service  of  transpor- 
tion  a  fair  compensation,  based  on  the 
value  of  such  property. 

This  result  is  the  aim  and  purpose 
of  the  Transportation  Act  of  1920. 
Heretofore  Congress  and  state  leg- 
islatures have  overlooked  the  protec- 
tion of  the  many  individuals  who  for 
full  value  are  the  real  owners  of  the 
railroads  of  this  country.  The  latest 
reliable  data  indicate  that  the  stock- 
holders in  railroads  aggregate  about 
768,000.  *  In  one  great  company,  the 
Pennsylvania  R.  R.,  the  number  is 
140,000.  If  you  add  to  this  number 
of  stockholders  the  bondholders,  you 
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have  an  aggregate  of  separate  hold- 
ers, corporate  and  individual,  equal- 
ing perhaps  the  number  of  employes 
in  the  service,  which  is  something 
over  2,000,000.  It  is  an  interesting 
fact  that  the  number  of  small  invest- 
ors in  railroad  securities  has  very  sub- 
stantially increased  in  the  last  few 
years.  It  is  entirely  possible  that 
large  holders  of  these  securities,  an- 
ticipating a  depression  of  railroad  ob- 
ligations, by  reason  of  the  political 
rather  than  economic  consideration 
which  this  property  is  receiving  from 
the  state  and  federal  governments, 
have  unloaded  on  a  more  confiding 
and  trusting  general  public. 

The  reprehensible  acts  in  railroad 
operation  and  manipulation  occurred 
many  years  ago.  The  experience  of 
the  abuses  has  resulted  in  such  leg- 
islation as  effectively  prevents  a 
repetition  of  the  wrong-doing.  There 
is  in  this  country  a  new  set  of  own- 
ers, who  have  paid  full  value  for  their 
investment,  and  acts  committed  long 
ago,  by  persons  for  whom  the  present 
owners  are  not  responsible,  should 
permit,  as  to  most  of  these  matters,  a 
plea  of  the  statute  of  limitations. 

Protection  of  Private  Rights  in 
Railroad  Property.  —  The  Supreme 
Court,  construing  the  protection  of 
private  rights  in  railroad  property,  in 
the  Minnesota  Rate  Cases,  laid  down 
these  simple  and  easily  understood 
rules:  "What  the  company  (railroad) 
is  entitled  to  demand,  in  order  that  it 
may  have  just  compensation,  is  a  fair 
return  upon  the  reasonable  value  of 
the  property  at  the  time  it  is  being 
used  for  the  public.  In  ascertaining 
the  present  value  we  are  not  limited 
to  the  consideration  of  the  amount  of 
the  actual  investment.  If  that  has 
been  reckless  or  improvident,  losses 
may  be  sustained  which  the  com- 
munity does  not  underwrite.  As  the 
company  may  not  be  protected  in  its 
actual  investment,  if  the  value  of  its 
property  be  plainly  less,  so  the  mak- 
ing of  a  just  return  for  the  use  of 
the  property  involves  the  recognition 
of  its  fair  value  if  it  be  more  than 
its  cost." 

The  provision  of  Section  15a  of  the 
Interstate  Commerce  Act,  as  amended 
by  the  Transportation  Act,  is  drawn 
with  great  care,  so  that  it  conforms 
to  the  foregoing  rules,  which  must  be 
recognized  by  all  good  citizens  as  the 
law  of  the  land. 

The  acts  also  contemplates  a  plan 
of  consolidation  for  the  purpose  of 
equalizing  the  earning  capacity  of  the 


roads.  If  such  a  plan  could  be  per- 
fected, it  would  remedy  perhaps  the 
most  serious  defect  in  the  present 
system  of  government  control,  where- 
by, under  a  rigid  schedule  of  rates, 
net  earnings  are  inequitably  distri- 
buted, roads  favorably  located  enjoy- 
ing excessive  returns. 

The  rate  and  wage  provisions  in 
the  Transportation  Act  effectively 
take  from  the  carriers  all  authority 
over  rates.  The  taking  over  of  these 
vast  property  interests  cannot  be  ac- 
complished without  some  responsibil- 
ity on  the  part  of  the  government,  in 
the  way  of  assurances  to  the  owners 
of  the  property  that  they  will  re- 
ceive, as  stated  by  the  Supreme  Court: 
"A  fair  return  upon  the  reasonable 
value  of  the  property  at  the  time  it 
is  being  used  for  the  public." 

Section  15a  of  the  act,  although 
most  bitterly  assailed  by  critics  of 
this  legislation,  simply  attempts  to 
announce  rules  wholly  consistent  not 
only  with  the  plain  language  of  the 
Constitution  but  with  the  decisions  of 
the  courts. 

In  fixing  of  rates,  the  commission 
is  directed  to:  "Prescribe  just  and 
reasonable  rates  so  that  carriers  as  a 
whole  will  earn  an  aggregate  annual 
net  railway  operating  income  equal,  as 
nearly  as  may  be,  to  a  fair  return 
upon  the  aggregate  value  of  the  rail- 
way property  of  such  carriers  held 
for  and  used  in  the  service  of  trans- 
portation." 

And,  further,  the  law  provides  that 
for  the  two  years  beginning  March 
1,  1920,  5Mj  per  cent  on  such  value 
shall  be  taken  as  a  fair  return.  Since 
the  expiration  of  the  two  years  the 
Commission  has  fixed  the  rate  of  re- 
turn at  5%  per  cent.  Provision  is 
also  made  for  the  return  to  the  gov- 
ernment of  excess  earnings  of  any 
carrier  over  the  amount  which  the  act 
provides  shall  be  deemed  reasonable. 

This  provision,  attempting  to  pro- 
vide reasonable  compensation  for  the 
owners  of  the  property,  is  not  in  any 
wise  a  guaranty  of  earnings.  At  most, 
it  is  but  a  legislative  expression  of 
well  recognized  rules  of  the  Consti- 
tution. 

Under  the .  provisions  of  this  act, 
the  net  return  of  the  railroads  has 
been  as  follows:  For  the  year  1920 
there  was  a  deficit  of  .08  per  cent; 
in  1921  the  net  earnings  were  2.95 
per  cent,  and  in  1922  4  per  cent  (es- 
timated). The  carriers  have  no  way 
to  recoup  themselves  for  the  very  sub- 
stantial difference  between  what  they 
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actually  earned   and  the  fair   return 
fixed  by  Congress. 

The  Rate  Making  Value.— It  must 
always  be  understood  that  the  value 
upon  which  the  act  provides  for  a 
fair  return  is  not  the  book  or  invest- 
ment value,  nor  the  stock  and  bond 
value,  but  is,  as  described  in  the  act, 
"upon  the  aggregate  value  of  the  rail- 
way property  of  such  carriers  held 
and  used  in  the  service  of  transpor- 
tation." 

The  Interstate  Commerce  Commis- 
sion is  required  from  time  to  time  to 
fix  this  aggregate  value,  which  is,  as 
of  Dec.  31,  1921,  $19,412,201,000.  The 
Commission,  in  arriving  at  this  value, 
had  the  advantage  of  the  details  of 
annual  reports  made  since  1888,  and 
the  results  of  the  physical  valuation 
of  all  the  railroad  property,  which,  un- 
der an  act  of  Congress,  has  been  in 
progress  since  1913,  an  investigation 
in  such  detail  as  to  have  cost  the  car- 
riers and  the  government  about  $85,- 
000,000.  This  inquiry  is  now  so  near 
completion  that  the  commission,  hav- 
ing access  to  its  results,  may  deter- 
mine with  some  accuracy  what  the 
final  valuation  will  be. 

This  finding  of  the  commission  is, 
therefore,  the  only  valuation  made 
under  the  form  and  with  the  sanction 
of  law,  and  must  be  taken  as  the 
basis  upon  which  rates  are  fixed,  until 
some  new  valuation  is  arrived  at.  The 
Interstate  Commerce  Commission  has 
found,  upon  investigation,  that  the  net 
par  amount  of  stock  and  bonds,  not 
held  by  the  railroads,  but  in  the  hands 
of  the  public,  is  $16,993,930,263.  Fre- 
quent reference,  in  the  public  discus- 
sion of  railroad  matters,  is  made  to 
the  fluctuating  value  of  railroad  stock 
and  bonds.  These  values,  many  of 
them  speculative,  are  not  and  cannot 
in  any  sense  be  made  the  basis  of 
rate  making.  Legislation  depressing 
rates  below  a  fair  return  on  the  prop- 
erty can  easily  destroy  the  entire 
value  of  outstanding  railroad  invest- 
ments. 

Present  Rates  Direct  Result  of  Eco- 
nomic Conditions. — An  impartial  con- 
sideration of  the  present  rate  situa- 
tion should  justify  the  conclusion  that 
it  is  not  in  any  wise  the  result  of 
the  Transportation  Act,  but  is  the 
direct  result  of  economic  conditions. 
It  is  an  aftermath  of  the  war,  and,  if 
there  had  been  no  provision  such  as 
15a,  the  Interstate  Commerce  Com- 
mission, acting  under  the  rule  of  the 
property  just  compensation  for  its 
public  use,  would  have  had  to  fix  rates 


as  high  or  even  higher  than  the  pres- 
ent schedule.  In  reaching  any  sort 
of  a  fair  and  impartial  conclusion  as 
to  why  it  is  necessary  to  maintain, 
at  least  for  the  present,  the  existing 
schedule  of  rates,  you  cannot  ignore 
undisputed  facts,  summarized  as  fol- 
lows: When  the  government  took 
over  the  property,  it  was  operated  so 
as  to  return  reasonable  net  earnings; 
when  it  was  returned  operating  re- 
sults exhibited  a  deficit. 

Surely  this  was  what  might  be 
properly  described  as  a  profound  dis- 
turbance in  the  financial  condition  of 
the  property.  A  descent  in  three 
years  from  net  earnings  of  nearly 
$1,000,000,000  to  a  deficit  of  over 
$2,000,000  cannot  be  accomplished 
without  very  grave  consequences,  and 
presents  a  situation  Which  calls  for 
some  patience  and  forebearance  on  the 
part  of  the  public  while  the  carriers 
are  working  back  to  normal  condi- 
tions. 

The  very  substantial  raise  in  the 
schedule  of  rates  made  by  the  Inter- 
state Commerce  Commission  imme- 
diately after  the  termination  of  the 
guaranty  period  succeeding  federal 
control  was  necessary  to  take  care 
of  the  increase  in  operating  expenses 
in  force  during  federal  control.  This 
increase  has  been  and  is  now  the  cause 
of  great  dissatisfaction  and  protest, 
especially  on  the  part  of  the  agricul- 
tural interests,  and  not  without  rea- 
son from  their  standpoint.  Almost 
immediately  after  war,  for  reasons 
for  which  the  railroads  at  least  were 
not  responsible,  the  price  of  farm 
products  fell  within  a  very  short 
period  to  practically  pre-war  prices. 
Corresponding  decreases  were  not 
made  in  other  necessaries  of  life,  and 
the  farmer  found  himself  in  the  un- 
desirable and  unfair  situation  of  hav- 
ing to  sell  his  products  at  greatly  re- 
duced prices,  while  the  commodities 
which  he  was  obliged  to  buy  remained 
at  practically  war  standards. 

Now,  it  is  not  fair  to  charge  the 
railroads  with  this  situation.  The 
truth  of  it  is,  they  are  helpless, 
The  present  rates  are  fixed  by  the 
government,  through  the  agency  of 
the  Interstate  Commerce  Commission. 
The  present  wages  are  approved  or 
fixed  by  the  government  through  the 
Labor  Board,  and  the  carriers  are  be- 
tween these  upper  and  nether  stones, 
continually  grinding. 

The  *elief  from  these  conditions 
does  not  lie  in  new  and  drastic  legis- 
lation, the  effect  of  which  will  be  to 
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decrease  the  earnings  and  increase 
the  expenses  of  railroad  operation. 
The  solution  of  the  present  difficulties, 
if  the  government  is  to  continue  in 
control  of  this  property,  should  be 
found  through  those  governmental 
agencies  having  jurisdiction  over 
wages  and  rates.  The  people,  through 
the  government,  have  assumed  this 
authority,  and,  if  a  fair  trial  is  per- 
mitted, upon  returning  normal  con- 
ditions, relief  in  the  way  of  a  reason- 
ably lower  standard  of  rates  should 
be  obtained. 

Railway  Taxes.— In  1911  the  aggre- 
gate amount  of  taxes  paid  by  Class 
I  and  II  roads  was  $108,309,512,  or 
$444  per  mile.  In  1921  the  taxes  had 
increased  to  $286,213,871,  or  $1,142 
per  mile.  There  is  an  insistent  and 
in  many  instances  a  justified  demand 
on  the  part  of  the  public  for  expensive 
non-productive  capital  investments, 
such  as  track  elevation  in  cities,  sepa- 
ration of  grades  in  the  country,  and 
building  of  expensive  passenger  ter- 
minals. For  instance,  in  Iowa,  as  I 
recall  it,  there  are  about  7,500  surface 
crossings.  To  separate  the  grades  at 
these  points  of  crossing  would  cost 
about  $20,000  for  each  crossing,  or  a 
total  of  $150,000,000.  While  an  in- 
vestment of  this  character  would  be 
of  inestimable  public  advantage,  but 
little  pecuniary  saving  would  be  af- 
forded the  carriers.  The  interest 
charges  and  the  cost  of  maintenance 
would  greatly  exceed  any  reduction 
in  claims  for  personal  injuries  and  the 
cost  of  watchmen  or  mechanical  safety 
devices.  In  their  existing  financial 
condition,  the  carriers  have  no  credit 
or  earnings  out  of  which  this  non- 
productive capital  investment  could 
be  made. 

Again  the  carriers,  out  of  their 
earnings,  are  compelled  to  pay  large 
sums  in  the  creation  and  support  of 
new  and  highly  competitive  instru- 
mentalities of  transportation. 

Competition  With  the  Railways. — 

The  capital  expenditures  for  the 
Panama  Canal,  incurred  by  the  gov- 
ernment up  to  Dec.  31,  1921,  total 
$355,734,673.75.  A  substantial  con- 
tribution to  this  very  great  public 
expense  was  made  by  the  property  of 
the  carriers,  just  the  same  as  the 
property  of  any  other  tax-paying  per- 
son or  corporation,  residents  of  this 
country.  In  1922,  10,884,910  tons  of 
cargo  passed  through  the  canal.  Ships 
engaged  in  coast-wise  service  via  the 
canal  carried  $2,562,527  tons  of  this 
total  tonnage.    Practically  all  of  this 


coastwise  tonnage  would  have  been 
hauled  by  the  transcontinental  rail- 
roads except  for  the  canal. 

During  the  priod  of  federal  control 
the  government  inaugurated  a  water 
service  on  certain  inland  waterways, 
and,  is  now  operating  steamboats  and 
self-propelling  barges  on  the  Missis- 
sippi and  Warrior  rivers.  The  cost 
of  the  investment  of  the  government 
in  this  service,  up  to  May  31,  1922, 
was  $13,988,221.  The  tariff  rates 
charged  by  this  government  system 
of  transportation  are  20  per  cent  less 
than  hauls  for  the  same  distance  by 
the  railroads.  Of  course,  the  rail- 
roads, in  common  with  other  taxpay- 
ers, made  their  involuntary  contribu- 
tion to  this  service. 

Perhaps  the  most  menacing  source 
of  competition,  especially  in  less  than 
carload  freight  shipments  and  com- 
paratively short  hauls  for  both  freight 
and  passengers,  is  the  tremendous 
progress  in  the  construction  of  good 
roads,  and  the  unparalleled  produc- 
tion and  use  in  this  country  of  gas 
power  vehicles.  Recent  figures  indi- 
cate that  84  per  cent  of  the  world's 
passenger  cars  and  motor  trucks,  or  a 
total  of  12,357,376  of  such  vehicles, 
are  owned  and  operated  in  the  United 
States. 

The  federal  government  has  appro- 
priated, to  aid  in  state  construction 
of  good  roads,  a  total  of  $350,000,000. 
Each  state,  in  its  various  plans  for 
good  road  construction  and  mainte- 
nance, requires  the  railroads  to  bear 
their  proportion  of  this  expense. 

If  railroads  are  to  keep  abreast 
of  our  growing  population  and  in- 
creasing tonnage,  very  large  capital 
expenditures  are  absolutely  necessary 
in  the  immediate  future.  Unless  rail- 
road credit  is  restored  and  strength- 
ened by  some  definite  and  permanent 
plan  of  government  regulation  and 
support,  it  is  difficult  to  determine 
how  several  billions  of  dollars,  which 
in  the  next  few  years  should  be  ex- 
pended in  improving  and  bringing  the 
transportation  up  to  a  high  standard 
of  efficiency,  is  to  be  raised. 

Government  Ownership  a  Possibil- 
ity.— It  is  undoubtedly  true  that  gov- 
ernment ownership  of  railroads,  under 
present  conditions,  is  more  than  a 
mere  possibility.  Private  ownership 
is  perhaps  making  its  last  stand. 
All  over  the  world  the  doctrines  of 
socialism,  sovietism,  and  the  exercise 
of  governmental  parental  control  and 
authority  are  making  rapid  strides. 
The  conservative  mind  shrinks  from 
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the  thought  of  public  ownership  of 
this  great  industry,  so  essential  to  a 
prosperous  national  existence. 

If  railroad  ownership  and  operation 
is  thrown  into  the  maelstrom  of  poli- 
tics, competition,  especially  in  the  way 
of  good  service,  ceases;  the  incentive 
in  the  way  of  personal  endeavor  to 
succeed  is  gone;  promotion  in  service 
would  depend  upon  political  pull 
rather  than  faithful  performance  of 
duties  and  controlling  ability;  wages 
and  hours  of  service  would  be  deter- 
mined by  resolutions  in  conventions, 
political  or  otherwise;  extensions  and 
capital  investments  would  depend  up- 
on congressional  action  rather  than 
commercial  necessity,  and  the  greatest 
and  most  efficient  transportation  sys- 
tem in  the  world  would  be  deprived 
of  that  irresistible  and  invincible  de- 
sire to  succeed,  born  of  personal  ambi- 
tion, which  is  always  present  in  pri- 
vate enterprise,  and  wholly  wanting 
in  the  ordinary  routine  of  government 
service. 

No  greater  mistake,  in  my  judg- 
ment, could  be  made,  nor  a  more  ex- 
pensive experiment  be  undertaken, 
than  to  have  the  government  perma- 
nently take  over  and  operate  the  great 
railroad  systems  of  this  country. 

Private  enterprise  has  the  benefit 
of  the  full  scope  of  individual  ini- 
tiative and  the  exercise  of  an  unre- 
stricted and  discretionary  judgment. 
Railroad  operation  is  limited  by  hard 
and  fast  rules  not  only  of  congress- 
ional legislation  but  the  legislation 
of  48  states,  acting  independently, 
within  their  respective  jurisdictions. 
The  result  of  a  failure  to  give  effi- 
cient transportation  service  is  in  the 
end  borne  by  the  commercial  and  ag- 
ricultural interests,  and,  as  a  matter 
of  self-protection,  these  interests 
should  afford  a  prompt  and  generous 
co-operation  in  obtaining  a  high 
standard  of  railroad  operation. 

Railway  Question  Should  Be  Taken 
Out  of  Politics. — If  it  is  possible,  the 
railroad  question  should  be  taken  out 
of  politics,  and  considered  by  the  pub- 
lic as  an  economic  proposition.  The 
railroads  cannot  be  successfully  oper- 
ated by  resolutions  or  platforms  of 
mass  conventions.  Again,  the  rail- 
roads should  have  a  reasonable  period 
of  repose,  to  enable  them  to  recover 
from  the  disorganization  incident  to 
the  war.  Permanent  plans  for  ex- 
tended additions  and  betterments  re- 
quire not  only  some  years  in  their 
execution  but  there  must  be  definite 
assurances  that  necessary  funds  will 


be  available  to  make  payments  as  the 
work  progresses.  At  this  time  rail- 
road credit  is  at  a  low  ebb.  There 
have  been  for  some  years  no  substan- 
tial offers  of  common  stock.  What- 
ever money  has  been  raised  has  been 
by  bond  issues,  and  continued  bond 
issues  will  destroy  the  market  for  and 
value  of  stock. 

The  present  Transportation  Act, 
while  subject  to  changes  that  might 
be  an  improvement,  presents  a  plan 
that  is  fair  enough  to  be  given  a  rea- 
sonable trial.  Control  and  adjust- 
ment of  rates  is  in  the  hands  of  the 
Interstate  Commerce  Commission; 
wages  and  working  rules  and  condi- 
tions are  under  the  jurisdiction  of  the 
Labor  Board.  These  tribunals  are 
composed  of  men  who  are  intelligent 
and  honorable,  and  are  doing  their 
best  to  bring  about  a  reasonable  ad- 
justment of  these  two  most  vital  is- 
sues. They  have  the  time  and  oppor- 
tunity to  investigate  these  questions, 
which  is  not  possible  for  members  of 
a  legislative  body. 

The  return  of  a  normal  volume  of 
tonnage,  the  restoration  of  reason- 
able prices,  essential  to  reduce  the 
cost  of  living  to  employes  and  the 
cost  of  maintenance  to  the  railroads, 
will  result  in  gradual  and  in  many 
instances  substantial  reduction  in 
operating  expenses,  with  resulting  re- 
duction in  rates  for  both  freight  and 
passenger  service.  The  railroads  have 
heretofore  shown,  when  given  a 
chance,  great  recuperative  powers. 

Progress  of  Railways  Since  Federal 
Control. — The  progress  which  the  car- 
riers have  made  since  the  end  of  fed- 
eral control,  in  the  way  of  reducing 
operating  expenses  and  a  reasonable 
showing  of  net  earnings,  justifies  an 
expression  of  confidence  for  the  fu- 
ture. In  1921  there  was  a  reduction 
of  operating  expenses  over  1920  of 
$267,952,190.  In  1922  there  was  a 
further  reduction  over  1921  in  these 
expenses  of  $162,668,302.  From  an 
operating  deficit  in  1920  there  were 
net  earnings  for  1921  of  2.95  per 
cent  on  the  value  of  the  property,  and 
in  1922  these  earnings  increased  to  4 
per    cent    (estimated). 

If  the  state  legislatures  would  for 
a  while  quit  legislating  on  this  sub- 
ject, for  we  now  have  more  railroad 
law  than  is  necessary,  and  if  Congress 
would  declare  a  legislative  mora- 
torium on  the  railroad  question  for  a 
reasonable  period,  say  four  or  five 
years,  the  Interstate  Commerce  Com- 
mission and  the  Labor  Board  would 
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satisfactorily  work  out  a  reasonable 
plan  for  readjustment  in  rates,  which, 
coupled  with  reasonable  reductions  in 
the  cost  of  labor  and  materials  and 
supplies,  would  enable  the  railroads  to 
again  enjoy  a  moderate  degree  of 
prosperity,  on  a  reduced  schedule  of 
rates  that  "will  permit  that  free  ex- 
change of  commodities  essential  to  a 
prosperous  and  progressive  commer- 
cial life." 

The  condition  of  the  inter? tate  car- 
riers at  this  time  is  critical.  It  is  the 
duty  of  all  citizens  to  give  some  intel- 
ligent consideration  to  this  important 
question.  It  is  a  time  for  plain  talk- 
ing and  straight  thinking  on  this  sub- 
ject. The  American  people  must  face 
the  proposition  of  giving  the  rail- 
roads sufficient  support  to  enable  them 
to  continue  under  private  ownership 
or  accept,  as  the  alternative,  govern- 
ment ownership.  The  carriers  of  the 
United  States,  if  given  a  fair  chance, 
under  normal  conditions,  can  and  will 
give  efficient  and  adequate  service,  at 
reasonable  rates,  lower  than  those 
that  are  to  be  found  in  any  other 
country  in  the  world. 

Natural  laws  must  have  an  oppor- 
tunity to  restore  order  out  of  the 
chaos  of  war.  Miracles  cannot  be 
performed  by  legislation.  You  can- 
not make  bricks  without  straw.  The 
devastating  effects  of  the  greatest 
calamity  in  the  history  of  civilization 
cannot  be  restored  over  night.  The 
painful  and  laborious  struggle  back 
to  normal  times  and  conditions  calls 
for  patience,  patriotism,  forebearance, 
and  an  abiding  courage.  Remember 
that,  while  the  railroad  is  the  dray 
horse  of  the  nation,  you  cannot  beat 
and  starve  your  horse  and  have  him 
haul  the  load. 


Device     for     Testing     Gage     in 
Switches  and  on  Curves 

The  accompanying  illustration  re- 
produced from  the  Electric  Railway 
Journal  shows  a  gage  used  on  the 
municipal  railway  of  St.  Petersburg, 
Fla.,  as  a  check  on  the  installation  of 
switches.  This  device  and  its  use 
are  described-  by  J.  S.  Wilder,  engi- 
neer of  maintenance  of  way,  as  fol- 
lows: The  gage  consists  of  a  piece 
of  galvanized  iron  pipe,  carrying  at 
one  end  a  rod  to  which  is  attached  a 
piece  of  iron  plate  cut  to  the  contour 
of  a  wheel  tread  and  flange,  while  on 
the  other  end  are  two  similar  plates 
riveted  to  a  fork.    When  the  fork  end 


of  the  gage  is  held  against  the  gage 
side  of  the  rail  or  the  bearing  surface 
in  the  case  of  special  trackwork,  the 
gage  is  obviously  normal  to  it  at  this 
point,  and  hence  can  be  used  in  de- 
termining the  gage  of  the  track  ac- 
curately at  the  location. 

This  gage  was  made  because  it  was 
noticed  at  times  that  wheel  flanges 
were  riding  or  bearing  too  close  to 
mate  or  frog  points.  For  instance, 
this  year,  while  four  new  wye  tracks 
were  being  installed,  for  which  the 
pieces  of  special  trackwork  were 
made  by  one  of  the  largest  manufac- 
turers, a  slight  variation  in  track  gage 
was  found  in  several  instances.  By 
means  of  the  device  it  was  possible 
to    get    better    clearance    of    wheel 
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flanges  at  the  mate  points,  either 
opening  or  closing  the  track  gage 
slightly.  On  one  wye  track,  the  gage 
had  to  be  closed  nearly  *4  in.  more 
than  standard  on  the  straight  side,  to 
secure  a  reasonably  good  gage 
through  the  curve.  At  the  wye  end, 
the  gage  had  to  be  opened  up  *4  in. 
throughout  the  entire  switch  piece. 

It  is  the  aim  to  allow  the  outer 
flange  of  a  wheel  when  new  just  to 
touch,  or  nearly  to  touch,  the  edge  of 
the  head  of  the  rail  on  double-guard 
curves,  as  experience  has  shown  that 
this  gives  the  best  operation. 

As  a  result  of  these  adjustments 
the  operation  of  cars  over  these  tracks 
has  been  entirely  satisfactory. 


Santa  Fe   May  Build    115-Mile   Line   in 
New  Mexico 

The  Santa  Fe  System,  is  reported 
planning  the  construction  of  a  rail- 
road from  Farmington  to  Gallup, 
N.  Mex.  The  line  would  be  115  miles 
to  125  miles  in  length  and  would  cost 
about  $5,000,000. 
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Notes  on  Pennsylvania  Practice  Given  in  February  Proceedings  of 
Engineers'  Society  of  Western  Pennsylvania 


By  S.  A.  TAYLOR, 

Consulting  Engineer,  Pittsburgh,  Pa. 


We  shall  consider  this  subject  in 
the  order  in  which  we  would  analyze 
it  if  we  were  going  into  it  as  a  com- 
mercial proposition. 

The  first  thing  is,  of  course,  to  se- 
cure the  property.  To  secure  a  good 
stripping  property  is  more  of  an  en- 
gineering problem  than  is  ordinarily 
attributed  to  the  undertaking. 

The  Preliminary  Survey. — The  in- 
itial step  is  to  make  a  reconnaissance 
survey  to  determine  if  there  is  suffi- 
cient acreage  of  coal  of  sufficient 
thickness  and  of  a  light  enough  over- 


Fig. 


-Arrangement   of   Drill    Holes   for 
Blasting  Overburden. 


burden  to  warrant  going  into  the  prop- 
osition further.  This  survey  is  gen- 
erally made  by  using  the  barometer 
and  lock  level,  locating  the  50-ft.  con- 
tour line  above  the  outcrop  of  the 
coal.  From  this  information  an  esti- 
mate of  the  acreage  of  coal  is  made, 
to  determine  if  there  is  a  sufficient 
tonnage  of  coal  to  warrant  the  con- 
struction of  a  plant. 

Next,  the  character  of  the  over- 
burden is  ascertained  as  far  as  pos- 
sible; for,  if  this  should  be  solid  rock, 
as  it  is  over  some  seams  of  coal,  it 
generally  cannot  be  stripped  at  a  cost 
that  would  make  the  proposition  com- 
mercially successful. 

The  next  step  is  to  ascertain  the 
availability  of  railroad  connections 
and  the  location  and  probable  cost  of 
railroad  sidings  and  tipples. 

An  examination  is  also  made  of  the 
water  supply,  to  determine  if  there 
can  be  water  enough  secured  for  the 


shovels  and  engines  needed  in  the 
operation,  and  likewise  the  avail- 
ability of  electric  power  for  an  elec- 
tric outfit,  should  that  be  the  kind  of 
power  desired. 

This  preliminary  survey  frequently 
proves  the  property  undesirable,  and 
as  a  general  thing  many  of  the  prop- 
erties fail  on  this  preliminary  exami- 
nation, but  if  it  shows  possibilities  of 
being  a  good  property  the  next  step 
is  to   survey,  map,  and  drill  for  it. 

If  there  is  any  question  as  to  mar- 
kets for  the  coal,  this  feature  of  the 
proposition  should  be  gone  into  care- 
fully, while  doing  the  mapping  and 
drilling. 

The  Topographical  Survey. — The 
next  step  after  finding  a  property 
which  warrants  the  engineering  work 
is  to  have  a  topographical  survey 
made  of  the  land  showing  all  of  the 
facts  that  can  be  ascertained,  such 
as  roads,  buildings,  oil  wells  and  any 
coal  openings  and  outcrops  of  the  coal. 
After  this  has  been  made,  the  prop- 
erty should  be  drilled  to  determine 
the  character  and  thickness  of  the 
overburden,  and  also  the  thickness 
and  character  of  the  coal.  This  drill- 
ing should  be  done  systematically, 
at  uniform  distances.  It  is  also  well 
to  dig  a  few  wells  down  through  the 
overburden  and  coal  as  a  check  on  the 
drilling  and  to  enable  a  more  thorough 
study  of  the  overburden  and  coal. 

After  the  drilling  of  the  property 
there  should  be  made  a  topographical 
map  of  the  coal,  showing  just  how 
it  dips  and  where  the  low  points  in 
the  coal  vein  occur.  With  this  infor- 
mation at  hand  the  engineer  is  now 
prepared  to  lay  off  the  method  of 
operation,  and  here  is  where  the  real 
value  of  engineering  shows  to  advan- 
tage in  determining  the  location  of 
permanent  drains  so  as  to  reduce  the 
pumping  of  pits,  if  the  field  is  capa- 
ble of  self-drainage.  If  not,  then 
where  all  water  collecting  in  the  pits 
can  be  brought  by  gravity  to  the  low 
point  and  the  permanent  pumping 
plant  installed  there. 

Location  of  Railroad  Connections 
and   Tipple — These   things   all   deter- 
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mined,  the  next  matter  is  to  determine 
the  best  location  of  the  railroad  con- 
nections and  tipple.  In  the  determi- 
nation of  tipples,  if  there  is  a  chance 
for  selection  from  several  sites,  the 
main  question  will  be  the  selection 
of  the  best  site  and  one  that  will  re- 
quire the  shortest  haul  for  the  coal 
from  the  property,  taken  as  a  whole. 
Very  frequently,  however,  this  does 
not  become  a  question,  as  the  location 
of  the  serving  railroad  prohibits  any 
selection  of  sites;  but  where  there  is 
a  chance  to  select  the  location  it 
should  be  done  from  an  engineering 
standpoint,  keeping  in  mind  the  econ- 
omy of  operation. 

The  tipple  should  be  constructed 
with  picking  tables,  screens,  loading 
booms  and  the  necessary  machinery 
to  clean  and  prepare  the  coal  for 
market. 

I  think  it  only  fair  to  state  here 
that  this  is  a  feature  which  has  been 
overlooked  by  many  stripping  oper- 
ators to  the  detriment  not  only  of  the 
particular  plant,  but  to  the  industry 
in  general,  for  without  the  careful 
preparation  of  the  coal  a  stripping 
operation  which  otherwise  has  fairly 
good  conditions  will  likely  prove  a 
failure.  This  has  been  the  history  of 
many  operations  which  have  proved 
disastrous. 

Stripping  Equipment. — The  ma- 
chinery now  used  in  stripping  oper- 
ations is  the  outgrowth  of  evolution 
of  machines  of  different  types  and 
combinations. 

In  anthracite  stripping,  use  is  made 
of  a  strong,  heavy  contractor's  shovel, 
which  loads  the  overburden  into  dump 
cars — something  similar  to  a  railroad 
contractor's  outfit.  Large  installa- 
tions are  equipped  somewhat  like  the 
Panama  Canal.  This  method  is  not 
commercially  successful  in  bituminous 
coal  stripping  operations  on  account 
of  the  cost. 

The  early  scheme  of  operation  was 
with  small  shovels,  handling  the  dirt 
either  in  dump  cars  or  by  conveyor 
system.  There  have  been  a  few  of 
the  conveyor  system  outfits  which 
have  been  successful,  but  generally 
the  overburden  consists  of  various 
kinds  of  material  which  does  not  han- 
dle well  on  one  type  of  conveyor,  as 
a  conveyor  designed  to  handle  one 
kind  of  material  will  not  handle  other 
classes  of  material  equally  well. 

As  a  result  of  experimenting,  the 
present  method  of  operation  is  to  have 
a    large    revolving    shovel    operated 


either  by  steam  or  electric  power,  with 
a  boom  of  80  to  90-ft.  centers,  a  dip- 
per stick  of  from  50  to  55  ft.,  and 
a  bucket  of  from  5  to  8  cubic  yds. 
capacity,  depending  on  the  character 
of  the  material  to  be  handled. 

This  shovel  would  have  an  operat- 
ing radius  of  approximately  150  ft. 
and  a  practical  dumping  height  of 
65  ft.  above  the  level  of  the  top  of 
coal. 

The  initial  cut  is  made  by  the  shovel 
cutting  itself  down  onto  the  top  of 
the  coal  and  making  a  cut  from  75 
to  100  ft.  in  width,  depending  upon 
the  depth  of  overburden.  The  ma- 
terial thus  excavated  is  deposited  at 
one  side  if  there  is  sufficient  room; 
if  not,  then  on  both  sides.  The  length 
of  this  cut  is  determined  by  the  ex- 
tent of  the  property. 

The  small  shovel,  called  the  loading 
shovel,  is  a  shovel  mounted  on  cater- 
pillar tractors  and  equipped  with  a 
boom  of  30  to  35  ft.  and  a  dipper 
stick  of  25  to  30  ft.,  with  a  bucket 
or  dipper  of  from  1.5  to  2.5  cu.  yds. 
capacity,  which  loads  out  approxi- 
mately a  width  of  30  ft.  of  coal  and 
loads  this  coal  either  directly  into 
railroad  cars  or  into  self-dumping 
cars  to  be  conveyed  to  the  tipple. 

This  loading  shovel  follows  up  the 
stripping  shovel  the  entire  length  of 
the  cut  and  loads  out  the  coal  behind 
the  stripping  shovel,  leaving  a  berm 
of  coal  45  ft.  wide  for  the  stripping 
shovel  to  operate  upon  on  the  return 
cut. 

The  stripping  shovel  then  starts 
back  and  takes  a  cut  30  ft.  wide,  de- 
positing the  material  thus  excavated 
into  the  cut  where  the  coal  was  loaded 
out,  and  continues  this  process  unless 
otherwise  interfered  with,  until  the 
field  is  exhausted. 

The  amount  of  overburden  that  can 
be  excavated  is  determined  by  the 
spoil  banks;  or  in  other  words,  the 
amount  of  depth  of  overburden  that 
can  be  handled  is  dependent  upon  the 
amount  of  space  to  deposit  the  mate- 
rial. However,  with  overburden  con- 
sisting of  clay  and  shales,  the  maxi- 
mum amount  is  generally  not  over  45 
ft.  of  overburden  and  not  over  6  to  1; 
that  is,  6  ft.  of  overburden  to  each 
foot  of  coal,  but  here  again  caution 
must  be  used  and  engineering  calcula- 
tions brought  into  play  to  determine 
what  amount  of  overburden  can  be 
moved  per  ton  of  coal  produced.  This 
is  done  by  determining  the  cost  of 
producing    coal    as    compared    with 
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what  it  can  be  sold  for,  which  after 
all  is  the  deciding  factor  for  success- 
fully handling  the  proposition  com- 
mercially. 

Drilling  and  Shooting  Overburden. 
— In  connection  with  the  stripping  of 
the  overburden,  if  this  is  hard  shale 
or  some  rock,  a  great  saving  can  be 
effected  by  drilling  and  shooting  the 
overburden,  as  it  not  only  increases 
the  amount  of  material  that  can  be 
removed  in  a  given  time,  but  at  the 
same  time  saves  the  wear  and  tear 
of  the  shovel  and  also  saves  power. 
We  have  found  in  practice  that  a 
good  way  to  do  this  shooting  is  to 
lay  the  holes  off  20  to  25  ft.  apart 
in  the  form  of  a  hexagon,  and  shoot 
well  back  into  the  solid.  This  en- 
ables the  action  of  the  elements  to 
assist  in  disintegrating  the  materials, 
and  makes  the  handling  much  more 
economical.     (See  Fig.  1.) 

The  drilling  is  done  by  an  ordinary 
well  drill  operated  by  steam,  gasoline, 
or  electricity.  In  like  manner,  if  the 
coal  is  very  hard,  it  becomes  well 
worth  while  to  shoot  the  coal,  as  this 
produces  coal  of  much  larger  lumps, 
saves  the  wear  and  tear  on  the  shov- 
els and  also  saves  power. 

We  have  found  the  jack-hammer 
type  of  pneumatic  drill  the  best 
adapted  to  this  work,  as  it  cleans  out 
the  hole  as  it  is  being  drilled  and 
is  quite  rapid  in  operation. 

Electric  and  Steam  Shovels. — There 
has  been  a  great  deal  of  con- 
sideration given  to  the  question  of 
which  kind  of  equipment  is  the  best 
to  use — that  is,  whether  to  use  elec- 
tric shovels  or  steam  shovels,  and 
this  is  a  question  which  probably  can- 
not be  decided  in  the  abstract. 

If  the  location  of  your  plant  is 
close  to  a  power  line,  and  in  a  climate 
where  very  cold  winters  occur  or 
where  no  water  fit  for  boiler  purposes 
can  be  secured  at  reasonable  rates, 
the  decision  will  probably  be  to  use 
electric  machines,  but  over  against 
these  factors  must  be  the  considera- 
tion that  electric  shovels  cost  consid- 
erably more  for  the  first  installation 
than  do  steam  shovels.  Again,  they 
are  a  more  delicate  machine,  they  re- 
quire close  attention,  and  the  cost  of 
upkeep  is  generally  greater.  In  the 
operation  of  electric  machines,  there 
is  also  some  danger  from  electric 
shock,  due  to  the  leakage  of  current 
by  reason  of  the  insulation  on  cables 


getting  worn  through  and  the  moist- 
ure from  rain  and  snow  completing 
the  circuit  with  the  ground  through 
the  man  handling  the  equipment. 

On  the  other  hand,  in  the  operation 
of  steam  plants  the  water  question  is 
one  requiring  considerable  attention; 
first  of  all,  to  secure  an  adequate 
quantity  of  water  of  the  quality  nec- 
essary to  operate  boiler  plants  with- 
out a  heavy  cost  for  water  treatment 
or  upkeep  of  the  boilers. 

Another  problem  is  the  matter  of 
the  water  lines  freezing  in  cold 
weather  and  throwing  the  shovels  out 
of  commission,  for  while  the  main 
water  lines  may  be  buried  deep  under 
the  surface  to  prevent  freezing,  yet 
the  small  service  lines  leading  from 
main  lines  out  to  the  shovels,  on  ac- 
count of  moving  from  place  to  place, 
cannot  be  entirely  covered  and  as  a 
result  they  give  considerable  trouble 
during  cold  weather. 

The  item  favoring  steam  equipment 
is  the  lower  first  cost,  also  in  the  op- 
eration of  the  steam  shovels  it  is  not 
so  hard  to  secure  men  who  understand 
steam  power  to  operate  the  shovels, 
and  steam  machinery  is  more  rugged, 
and  therefore  more  nearly  fool-proof. 

The  question  of  keeping  the  water 
out  of  the  pits  is  of  great  importance 
and  requires  careful  consideration, 
not  only  to  preserve  good  working 
conditions,  but  to  give  the  loading 
shovel  a  dry,  solid  foundation  from 
which  to  load  the  coal.  Where  water 
is  permitted  to  remain  in  the  pit, 
there  is  great  danger  of  getting  some 
of  the  fire-clay  under  the  coal  loaded 
at  the  same  time  and  mixed  with  it, 
and,  also,  the  coal  being  wet  allows 
some  of  this  clay  to  adhere  to  the 
coal  and  thus  makes  it  harder  to 
clean.  Again,  the  water  gives  trou- 
ble in  cold  weather  through  the  freez- 
ing of  slack  and  dirt  to  the  coal  and 
clogging  up  the  machinery  at  the 
dump  and  tipple. 

Transportation  of  Coal  to  Tipple. — 

It  will  be  apparent  to  all  that  one  of 
the  big  questions  in  a  stripping  plant 
is  the  matter  of  transportation  of  the 
coal  from  the  pit  to  the  tipple.  This 
is  a  phase  of  the  operation  which 
cannot  be  very  well  treated  in  a  gen- 
eral way,  for  at  each  plant  a  very 
detailed  study  should  be  made  of  the 
best  method  of  solving  the  problem, 
keeping  m  mind  always  an  equipment 
to  balance  the  keeping  of  the  tipple 
and    shovels    in    constant    operation. 
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The  Engineer's  Incomplete  Mastery  of  Power 

Some  of  the  Lacks  and  Deficiencies  of  the  Engineer  Pointed  Out  in 

Address  May  8  at  Annual  Convention  of  the  American 

Association  of  Engineers. 

By  THOMAS  T.  READ, 

Supervising  Mining  Engineer,  U.  S.  Bureau  of  Mines 


In  the  past  few  years  many  defini- 
tions of  the  term  engineer  have  been 
formulated,  most  of  them  quite  com- 
plimentary to  the  engineer.  This  is 
quite  natural,  since  most  of  them  have 
been  framed  by  engineers.  You  may, 
however,  remember  that  in  the  Eccle- 
siastical Courts  of  the  Middle  Ages, 
when  they  were  debating  whether 
some  prominent  churchman  should  be 
canonized  as  a  saint,  it  was  the  cus- 
tom to  designate  one  of  the  Court  as 
the  "advocatus  diaboli"  whose  duty 
it  was  to  present  all  the  arguments 
indicating  why  the  person  under  dis- 
cussion was  not  really  a  saint.  It  was 
understood  by  everyone  that  the  per- 
son thus  designated  was  not  really  in 
opposition,  he  was  merely  designated 
to  present  the  opposing  view  so  that 
a  just  decision  might  be  reached  after 
consideration  of  all  the  evidence.  I, 
therefore,  hope  I  will  be  understood 
that  I  am  not  lacking  in  admiration 
for  the  engineer  if,  in  an  endeavor  to 
arrive  at  an  accurate  determination 
of  his  status,  in  the  world  of  today,  I 
bring  up  for  consideration  some  of 
his  lacks  and  deficiencies  before  this 
forum  where  it  is  more  customary  to 
stress  his  abilities  and  his  excellen- 
cies. 

Definition  of  the  Engineer. — For  my 

purpose  I  shall  need  to  define  the  en- 
gineer as  one  able  to  apply  power,  in 
the  most  efficient  way,  to  the  per- 
formance of  whatever  needs  to  be 
done.  Now,  the  dictionary  has  almost 
a  whole  column  of  definitions  of 
power,  and  the  one  that  will  most  nat- 
urally occur  to  you  is  that  power  in 
any  form  of  energy  available  for  do- 
ing any  kind  of  work.  It  is  perhaps 
taken  for  granted  that  the  word 
mechanical  is  understood  before  both 
energy  and  work,  since  it  is  mechan- 
ical energy  and  mechanical  work  that 
the  engineer  is  chiefly  concerned  with. 
The  mastery  which  the  engineer  has 
attained  over  mechanical  power  is 
really  quite  remarkable,  and  not  only 
reflects  great  credit  upon  himself,  but 
has  profoundly  affected  the  whole  of 
society.     Too  much  emphasis  cannot 


be  laid  on  the  fact  that  through  the 
skill  of  the  engineer  the  average  man 
has  been  lifted  from  a  position  in 
which  he  had  to  perform  hard  and 
monotonous  work  to  a  position  in 
which  he  is  really  an  executive. 

The  Workman  "Executive." — There 
are  something  Tike  forty  million  per- 
sons in  the  United  States  who  are 
engaged  in  "gainful  occupations";  in 
otner  words,  are  being  paid  for  work- 
ing, and  a  few  simple  calculations  will 
suffice  to  prove  that  the  work  being 
done  by  machines  is  33  times  as  great 
as  that  done  by  people.  In  other 
words,  every  one  of  these  workers 
may  be  thought  of  as  the  foreman  or 
superintendent  of  a  force  of  33  in- 
visible workers.  We  may  think  of 
machines  as  multiplying  the  output 
of  the  worker  by  34,  and  to  my  mind 
that  is  the  explanation  why  the 
people  in  this  country  have,  on  the 
average,  such  a  large  measure  of 
comfort  and  convenience.  In  primi- 
tive countries  where  all  the  work  is 
done  by  people,  with  the  help  of  a 
few  animals,  the  amount  of  work  that 
a  person  can  do  in  a  day,  unaided  by 
mechanical  power,  is  not  sufficient  to 
provide  him  with  very  much  in  the 
way  of  comfort  or  convenience.  In 
this  country,  where  the  output  of 
every  worker  is  supplemented  by  that 
of  33  invisible  slaves  of  power,  who 
do  not  consume  anything,  the  com- 
bined output  is  large  enough  to  pro- 
vide everybody,  on  the  average,  with 
a  large  measure  of  comfort  and  con- 
venience. 

There  is  another  way  of  looking  at 
it,  however,  and  that  is,  that  nearly 
every  worker  in  this  country  has  been 
elevated  by  the  engineer  to  the  posi- 
tion of  an  executive.  Anyone  walking 
through  a  modern  plant  notices  at 
once  that  the  few  workmen  who  are 
to  be  seen  are  not  carrying  burdens 
on  their  back,  as  is  still  done  in  primi- 
tive countries,  but  are  engaged  chiefly 
in  pushing  buttons  or  pulling  levers 
that  control  forces  much  greater  than 
their  own.  You  have  all  heard  the 
story  of  the  remark  of  the  ex-slave 
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on  seeing  an  electric  car  for  the  first 
time.  He  said  "the  white  man  set 
free  the  negro  and  now  he  done  set 
free  the  mule."  The  most  notable 
contribution  which  the  engineer  has 
made  to  society  is,  I  think,  that  he 
has  set  free  most  men  from  the  neces- 
sity of  doing  hard  physical  work  and 
has  given  them  the  opportunity  to 
use  their  brains  in  the  direction  of 
mechanical  forces. 

The  Exercise  of  Authority. — Among 
the  other  definitions  given  by  the  dic- 
tionary of  power  is  that  it  is  the 
right,  ability,  or  capacity  to  exercise 
authority.  To  this  I  would  add  a  foot- 
note, that  it  seems  to  me  the  engi- 
neer has  as  yet  attained  a  very  in- 
complete mastery  of  this  kind  of 
power.  There  once  was  a  time  when 
the  man  who  exerted  authority  was 
simply  the  strongest  man.  Everybody 
did  what  he  told  them  to,  because  he 
would  kill  them  if  they  didn't.  You 
will  remember  that  in  one  of  his 
essays,  Carlyle  discusses  at  some 
length  the  origin  of  the  word  "king," 
concluding  that  it  originally  meant 
the  man  who  can.  We  have  a  higher 
ideal  now,  and  that  is  that  authority 
should  be  exerted  by  those  who  know 
best  what  ought  to  be  done  and  how 
to  get  it  done. 

We  are  nearly  at  the  end,  I  sus- 
pect, of  a  period  of  theoretical  demo- 
cratic control,  during  which  it  was 
believed  that  what  ought  to  be  done 
could  be  determined  by  taking  a  poll 
of  all  the  people,  for  we  have  come 
to  realize  that  that  is  an  inefficient 
and  perhaps  even  a  dangerous  method. 
Experience  has  conclusively  shown  us 
that  many  people  never  think  at  all 
about  very  important  matters,  and  if 
they  have  to  give  an  opinion  on  them, 
they  either  repeat  what  they  have 
heard  someone  else  say,  or  else  give 
a  snap  judgment  on  something  which 
requires  careful  thought.  The  oppor- 
tunity this  offers  to  persons  skilled  in 
shaping  opinion,  but  whose  purposes 
may  be  unwise  or  even  not  honest,  is 
all  too  evident.  Some  day  authority 
will  really  be  exercised  by  those  who 
know  best  what  to  do  and  how  to  do 
it,  but  before  that  can  come  about 
we  shall  have  to  devise  better  methods 
of  finding  out  who  are  the  people  who 
know  what  to  do  and  how  to  do  it. 

Informing  and  Convincing  People. 
— Many  of  you  are  perhaps  ready  to 
say  now  that  the  engineer  is  the  man 
who  knows  best  what  to  do  and  how 
to  do  it,  but  my  answer  is  "no."  While 


the  engineer  knows  how  to  do  mechan- 
ical things,  mechanical  things  are  a 
subordinate  part  of  our  lives  and  that 
when  he  gets  beyond  mechanical 
things  he  has  a  very  imperfect  knowl- 
edge of  what  ought  to  be  done,  and 
especially  how  to  do  it. 

The  proper  way  in  which  to  exer- 
cise authority  is  to  inform  and  to 
convince  people  what  ought  to  be 
done,  because  if  they  are  informed 
and  convinced  they  will  do  it  without 
any  compulsion.  Now,  informing  and 
convincing  people  is  an  art  in  itself 
and  one  in  which  the  engineer,  on  an 
average,  exhibits  very  little  skill.  I 
suspect  one  reason  for  this  is  that 
perhaps  through  a  persistence  of 
traits,  the  ideas  and  methods  of  the 
engineer  are  in  many  ways  not  much 
different  from  the  ideas  and  niethods 
of  camp  life.  You  know  that  when 
the  camp  cook  finishes  preparing  a 
meal,  he  yells  "come  and  get  it," 
which  is  quite  a  different  attitude  of 
mind  from  that  which  prevails  in  a 
modern  hotel,  where  food  is  not  only 
carefully  prepared  but  is  equally  care- 
fully served  in  the  most  attractive 
surroundings.  The  engineer  seems  to 
feel  that  the  facts  in  any  given  case 
ought  to  be  sufficient.  All  he  has  to 
do  is  to  tell  people  to  come  and  get 
them.  Unfortunately  they  ^will  not 
do  it. 

At  a  reception  the  guest  of  honor 
is  surrounded  by  a  crowd  of  people, 
each  trying  to  secure  a  moment's  at- 
tention, and  the  average  man  today 
is  in  a  similar  position  as  regards 
facts  and  ideas.  At  every  instant  he 
is  constantly  surrounded  by  a  crowd 
of  facts  and  ideas,  each  clamoring  for 
a  moment  of  his  attention.  Someone 
has  computed  that  if  a  person  should 
read  one  book  every  day  he  would 
in  fifty  years  succeed  in  reading  less 
than  one-third  of  one  per  cent  of 
the  books  that  are  available  in  the 
world. 

There  are  something  like  25,000 
periodicals  in  the  United  -States,  all 
of  which  are  trying  to  secure  the 
attention  of  readers.  If  the  engineer, 
therefore,  entertains  the  idea  that  he 
can  secure  the  attention  of  the  world, 
and  inform  and  convince  people  with- 
out making  a  careful  and  well- 
directed  effort  to  do  so,  he  is  very 
much  mistaken.  Until  the  engineer 
learns  both  to  talk  and  write  so  that 
what  he  has  to  say  is  not  only  easy 
to  understand,  but  also  sufficiently  in- 
teresting to  capture  the  attention  of 
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those  to  whom  it  is  addressed,  he  will 
never  be  in  a  position  to  exert  the 
authority  that  his  ability  and  im- 
portance entitled  him  to. 

Why  the  Lawyer  Has  Political 
Power. — It  has  often  been  pointed  out 
that  among  those  who  exert  political 
power  there  is  a  very  large  propor- 
tion of  lawyers,  as  compared  to  the 
proportion  lawyers  form  in  the  aver- 
age of  population.  The  reason  for 
that  is  quite  obvious,  it  is  a  lawyer's 
business  to  inform  and  convince  juries 
in  order  to  win  his  cases,  and  he 
studies  and  practices  the  art  with  the 
same  care  as  a  musician  studies  and 
practices  his  art.  Frank  Gilbreth  is 
fond  of  saying  that  rhetoric  is  su- 
perior to  logic,  by  which  I  suppose  he 
means  that  rhetoric  unaided  by  logic 
will  "get  across"  while  logic  unaided 
by  rhetoric  will  not,  which  is  certainly 
true.  Until  the  engineer  adds  rhet- 
oric to  his  logic  he  cannot  expect  to 
put  his  ideas  across  in  public  life. 

My  plea,  therefore,  is  that  the  en- 
gineer's mastery  of  physical  power  is 
not  sufficient  and  that  he  must  seek 
to  acquire  mastery  over  metaphysical 
power.  By  metaphysical  power  I 
mean  all  those  forms  of  power  that 
cannot  be  measured.  You  can  meas- 
ure the  power  of  steam  or  electricity 
and  express  them  precisely  in  terms 
of  thermal  units  or  kilowatts,  but  in 
what  units  shall  we  express  the  power 
of  greed,  or  fear,  or  ambition,  which 
are  such  powerful  forces  that  we  hold 
them  chiefly  responsible  for  the  recent 
world  war  that  so  nearly  wrecked  civ- 
ilization. Because  such  forces  can- 
not be  measured  the  engineer  has  per- 
haps thought  them  unworthy  of  his 
attention,  and  yet  they  affect  our 
lives  more  profoundly  than  mechan- 
ical forces  do,  and,  like  mechanical 
iorces,  they  can  be  directed  and  con- 
trolled. 

The  Power  of  the  Will.— Of  all  the 
many  forms  of  power  other  than  me- 
chanical I  can  take  time  to  mention 
but  a  few,  and  the  first"  of  these  is 
the  power  of  will.  The  will  is  that 
power  of  the  mind  by  which  it  directs 
itself,  and  also  directs  other  minds. 
It  is  apparently  superior  to  mechan- 
ical powers  because  you  all  know  of 
instances  in  which  people  who  were 
apparently  physically  unable  to  do 
certain  things,  under  sufficient  com- 
pulsion of  the  mind  performed  them 
without  any  hesitation.  Anyone  of 
military  experience  knows  that  often 
in  critical  situations  the  military 
leader   often   holds   his   men   by   the 


sheer  power  of  will.  Frank  Channing 
Haddock  has  written  a  book  on  the 
power  of  will  which  has  run  through 
many  editions.  To  the  engineer  what 
he  has  to  say  seems  vague  and  incon- 
clusive but  he  is  evidently  discussing 
a  powerful  force,  and  I  hope  that 
some  day  an  engineer  will  write  a 
book  on  the  power  of  will  that  can 
explain  to  engineers  how  they  can 
attain  its  mastery. 

The  Power  of  Imagination. — The 
power  of  imagination  is  the  wonder- 
ful force  that  is  the  basis  of  all  our 
literature  and  art.  Engineers  per- 
haps think  they  have  a  mastery  of  the 
only  kind  of  imagination  that  is 
worth  while,  because  they  can  imagine 
how  to  build  a  bridge  across  a  river, 
or  a  railroad  across  a  continent.  But 
there  again  they  are  too  much  con- 
cerned with  mechanical  things.  The 
imagination  of  what  will  happen  if 
it  is  not  built,  and  what  if  it  is,  is 
left  to  the  business  man ;  the  engineer 
is  inferior  in  authority  because  he  is 
told  what  to  do  and  has  only  to  imag- 
ine how  to  do  it.  When  he  attains  a 
mastery  of  the  power  of  imagination 
he  will  determine  what  to  do  as  well 
as  how  to  do  it.  But  perhaps  the 
most  serious  lack  of  imagination  of 
the  engineer  is  his  general  inability 
to  imagine  how  other  people  can  think 
and  feel  differently  from  himself 
about  things  of  importance. 

Some  years  ago  a  group  of  well- 
known  engineers,  having  decided  that 
the  laws  on  a  certain  subject  needed 
to  be  revised,  sent  a  delegation  to 
Washington  to  have  it  done.  They 
secured  the  use  of  a  large  auditorium 
and  sent  invitations  to  all  the  mem- 
bers of  Congress  to  come  hear  them 
explain  what  needed  to  be  done.  Un- 
fortunately none  of  the  Congressmen 
came,  except  those  who  were  on  the 
program  to  speak,  and  they  arrived 
just  before  they  were  scheduled  to 
speak  and  left  immediately  afterward. 
The  course  followed  by  the  engineers 
to  secure  the  desired  reform  had  all 
the  pathos  of  the  famous  Children's 
Crusade  of  the  13th  century,  because 
imagination  should  have  informed 
them  that  the  means  taken  would  not 
produce  the  result  desired.  Many 
other  examples  might  be  cited,  but 
this  one  must  suffice  to  make  my  point 
that  the  engineer  is  woefully  devoid 
of  imagination  concerning  those 
things  which  are  outside  his  immedi- 
ate field  of  work. 

The  Power  of  Instinct. — The  power 
of  instinct  is  also  significant  for  the 
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engineer.     In  his  book  "Instincts  in  Boiler  Water  Treatment  for 

Industry,"  Ordway  Tead  lists  ten  in-  .       ---^i:-.-- 

stincts  that  are  of  importance  in  in-  L»OCOmoilves 

dustry.    This  is  not  the  time  to  con-  

sider   those   in   detail,  but  I   want   to  General  Aspects  in  Railway  Field  Out- 
quote  his  fourth  conclusion,  which  is  lined  in  Paper  Presented  at  Annual 
"that    the    determining    conditions    of  Convention  of  International  Rail- 
conduct,    being    in    origin    economic,  way  Fuel  Association 
geographic,    physiological,    and    psy-  gy  c.  R  KNOWLES, 

Chological,  are  definitely  Capable  of  a  Superintendent,  Water  Service,  111.  Cent.  R.  R. 

measure  of  manipulation  and  varia-  *  t  .  _  .  .  ,  .. 
tion."  Evidently  this  is  a  field  where  The  chief  value  of  boiler  water 
the  engineering  type  of  mind,  with  treatment  from  a  fuel  saving  stand- 
its  passion  for  precise  analysis  and  Point  is  in  the  prevention  of  scale 
measurement,  can  not  only  make  a  formation  on  the  tubes  and  sheets  of 
contribution  to  progress,  but  also  has  boilers,  thereby  eliminating  the  loss 
to    deal    with    lorcts    over    which    it  of  fuel  resulting  from  the  insulating 

should  have  a  mastery.  f ffect  of  the  *cale;,  Amo,ng+,°hlfU! 

losses  occurring  through  the  use  of 

Power  of  Emotion. — Finally,  as  to  poor  boiler  waters  are  leaking  and 
the  power  of  emotion.  This  is  per-  foaming  as  well  as  poor  boiler  per- 
haps the  most  unmeasurable  of  all  formance,  more  frequent  knocking  of 
the  forces  we  have  been  discussing,  nres  and  firing  up  on  account  of  re- 
but it  is  also  perhaps  the  most  power-  pairs,  etc-  J*  1S  »  difficult  matter, 
ful.  I  can  only  refer  to  three  forms  however  to  place  a  definite  value  upon 
-  ..  .,' '-  .  .  T.-1.-J.  the  fuel  losses  from  the  latter  named 
of  emotion,  the  first  of  which  is  fear.  f      whil    it  ig  readil 

Fear  of  unemployment  as  a  factor  in  ent  that  leaking,  foaming,  and  other 

industrial   efficiency   has   been    some-  boiler  troubles,  result  in  heavy  fuel 

what   discussed   of   recent   year    but  losses>  no  definite  standards  have  been 

that  is  only  one  phase  of  the  effects  established  by  which  such  losses  may 

ox    fear,   and   if   there   were   time   I  be  measured  except  in  individual  cases, 

should  like  to  argue  to  you  that  fear  while  all  authorities  are  not  in  per- 

nandicaps  many  an  engineer,  for  the  fect  agreement  as  to  the  exact  ratio 

fear  to  venture  hamstrings   achieve-  of   losses    from    incrustation,   certain 

ment.      Hatred   is    another   powerful  definite   standards   have   been   estab- 

emotion  that  we  would  all  escape  if  iisned  as  a  basis  upon  which  the  fuel 

we  could,  but  cannot  because  we  see  ioss  may  be  estimated  and  it  is  ap- 

lt  manifested  on  every  side.     Control  parent  that  the  most  conservative  es- 

of  it  is  certainly  most  imperfect  for  timates    show    enormous    fuel    losses 

it     is     commonly     suppressed,     even  from   boiler   scale, 

though    we    know    that    manifesting  Fuel   Losses   Due   to    Boiler    Scale. 

such  an  emotion  makes  it  cease  while  — The  most  recent  and   most  widely 

suppressing  it  makes  it  smolder  like  quoted  table  of  fuel  losses  for  boiler 

a  fire  in  the  hold  of  a  ship.     Finally,  scale  was  prepared  by  Prof.  Schmidt 

there  is  humor.     A  wise  friend,  man-  from    the   results   of   experiments   at 

ager  of  a  plant,  tells  me  that  when-  the  University  of  Illinois,  as  follows: 

ever   relations   between   himself   and  Thickness,  Composi-    Per 

his      employes      become      Strained      he  Character  of  scale             in.             tion     cent  loss 

always  tries  to  make  them  laugh,  be-      Hard  1/50  *  5.4 

cause  once  humor  is  injected  into  the  n&rd  ZZZZZZZZZZZ    1/32          *           s!s 

situation   a   sane   discussion   becomes  Soft  ZZZZZZZZZZZZZZ.    1/25          *           8.0 

possible.     A    sense    of   humor    often      Hard 1/25  t  9.3 

saves  a  man  from  much  trouble,  be-      gJJJt    ;;;;;;;;    {/16  10;8 

cause  it  often   forestalls  his  getting  Soft  ZZZZZZZZZZZZZ    1/16          *          n!o 

into  situations  from  which  he  cannot      Soft  1/16  *  12.4. 

emerge  with  credit.    Best  of  all,  it  is  ggf  ZZZZZZZZZZZZZ    1/11         *         1I0 

the  lubricating  oil  of  the  mental  ma-      Hard  1/9  *  15.9 

chinery  of  the  world   and  the  engi-  •  „,,  •  „         .              ...    ..        ,  .   . 

neer  who  can  laugh  and  make  others  *MostIy  carbonate-  tMostly  sulphate, 
laugh  has  a  mastery  of  that  kind  of  Apparently  the  chemical  composi- 
power  which  can  do  most  to  produce  tion  of  the  scale  has  but  little  effect 
the  happiness  which  is  generally  upon  its  insulating  power  as  corn- 
agreed  to  be  the  fundamental  aim  of  pared  with  its  density  or  mechanical 
life.  structure,  therefore  the  difference  in 
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opinion  as  to  the  heat  loss  through 
varying  thicknesses  of  scale  would 
probably  be  reconciled  if  the  character 
and  density  of  the  various  scale  for- 
mations was  taken  into  consideration. 

Scale  in  Locomotive  Boilers. — From 
the  best  information  available  all  lo- 
comotive boilers  in  service  have  at 
least  1/16  in.  of  scale  half  of  the  time 
and  many  have  from  %  to  xk  in.,  and 
it  is  not  at  all  unusual  in  hard  water 
districts  to  find  locomotives  using  un- 
treated water  with  from  %  to  %  in. 
of  scale  on  the  boiler  sheets. 

A  very  conservative  estimate  of  the 
amount  of  water  actually  converted 
into  steam  by  locomotive  boilers  is 
450,000,000,000  gal.  per  year.  Assum- 
ing that  the  water  carries  only  2  lbs. 
of  scale  forming  matter  per  thou- 
sand, which  is  a  conservative  figure 
for  the  country  as  a  whole,  it  means 
that  900,000,000  lbs.  or  450,000  tons 
of  scale  forming  material  is  being  in- 
troduced into  our  locomotives  every 
year,  the  greater  part  of  which  will 
adhere  to  the  tubes  and  sheets  unless 
removed  by  treatment. 

This  water  is  being  used  by  66,000 
locomotives,  therefore  the  scale  form- 
ing solids  represent  an  average  of 
over  1,350  lbs.  of  scale  for  each  boiler, 
or  sufficient  to  form  more  than  V&  in. 
of  scale  on  the  tubes  and  sheets  of 
every  locomotive  in  service,  and  rep- 
resents from  15  to  20  per  cent  loss  in 
fuel.  These  figures  include  the  solids 
removed  from  the  water  now  being 
treated  on  railroads  amounting  to  ap- 
proximately 6V2  per  cent  of  the  total 
water  used.  However,  we  have  only 
to  assume  a  loss  of  about  5  per  cent 
of  the  fuel  fired  to  produce  a  loss  of 
16,000,000  tons  of  coal  per  year,  which, 
at  $4  per  ton,  represents  a  loss  in 
money  of  $64,000,000. 

In  addition  to  the  water  used  by  lo- 
comotives, stationary  power  plants, 
heating  plants,  etc.,  use  approximately 
45,000,000  gals,  of  water  per  year,  and 
applying  the  same  figures  of  fuel  loss 
as  for  locomotives,  we  have  an  addi- 
tional loss  from  scale  deposited  in  sta- 
tionary boilers  of  approximately  $6,- 
000,000. 

The  Removal  of  Suspended  Matter. 
— Many  surface  waters,  such  as  those 
of  the  Mississippi,  Tennessee  and 
other  rivers,  contain  little  matter  in 
solution,  but  carry  large  quantities  of 
suspended  matter,  mostly  mud  or 
clay.  The  rivers  of  the  middle  west 
carry  an  average  of  about  l1/^  lbs.  of 
suspended  matter  per  thousand  gal- 
lons throughout  the  year,  and  as  high 


as  5  or  6  lbs.  during  certain  seasons  of 
high  water,  southern  rivers  often  ex- 
ceeding these  figures.  The  chief  ob- 
jection to  suspended  matter  in  consid- 
erable quantities  is  the  increased  ten- 
dency to  cause  foaming  and  the  dan- 
ger of  "mud  burns"  if  it  is  allowed  to 
accumulate  in  the  boiler. 

Removal  of  suspended  matter  is 
usually  accomplished  by  either  sedi- 
mentation or  filtration,  or  both.  As 
a  general  thing,  where  the  water  is 
used  for  boiler  purposes,  the  incrust- 
ing  solids  in  the  water  are  sufficient 
to  justify  complete  treatment  as  well 
as  filtration.  The  exceptions  are 
where  the  waters  are  very  low  in  in- 
crusting  solids,  as  with  some  of  the 
southern  streams. 

Loss  Caused  by  Foaming. — In  addi- 
tion to  destroying  the  efficiency  of  the 
locomotive,  foaming  causes  a  direct 
loss  of  fuel  by  reason  of  the  water 
carried  by  the  steam  absorbing  heat, 
which  is  a  total  loss.  Blowing  down 
boilers  to  reduce  the  concentration 
and  lessen  the  foaming  causes  heavy 
fuel  losses  that  are  difficult  to  estab- 
lish on  a  fixed  basis.  A  typical  exam- 
ple may  be  quoted  where  the  fuel  sav- 
ing accomplished  by  reducing  the 
amount  of  blowing  off  was  over  $12 
per  1,000  engine  miles. 

Another  fuel  loss  due  directly  to 
foaming  of  boilers  is  from  the  more 
frequent  washing  of  boilers,  which  is 
always  necessary  when  foaming  water 
is  used.  Approximately  10,000  gals, 
of  water  is  used  in  washing  and  filling 
the  average  locomotive.  To  heat  and 
pump  this  water  against  the  pressure 
desired  for  washing  requires  about 
400  lbs.  of  coal,  while  the  coal  lost  in 
knocking  fires,  emptying  boiler,  firing 
up,  etc.,  is  at  least  600  lbs.  or  a  total 
loss  of  1,000  lbs.  of  coal  lost  each  time 
a  locomotive  is  washed. 

Fortunately,  foaming  waters  are 
not  as  numerous  on  our  railroads  as 
scale  forming  waters,  therefore,  the 
fuel  loss,  in  the  aggregate,  is  much 
less,  but  it  is  of  sufficient  importance, 
from  the  standpoint  of  fuel  economy 
alone,  to  be  given  very  serious  con- 
sideration. 

Treatment  Plants. — It  is,  of  course, 
always  advisable  to  develop  a  natural 
water  supply  of  satisfactory  quality 
rather  than  to  install  a  treating  plant, 
but  unfortunately  this  is  not  always 
possible  except  at  prohibitive  cost. 
Where  facilities  are  not  provided  for 
fully  treating  the  water  outside  the 
boiler,  the  use  of  a  good  compound 
is  often  advisable  and  is  followed  by 
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good  results  when  properly  applied. 
The  existing  objections  to  the  use  of 
boiler  compounds  are  due  largely  to 
their  improper  application  rather  than 
to  the  failure  of  the  compounds  them- 
selves, and  they  have  often  been  con- 
demned as  unsatisfactory  when  the 
fault  lay  in  the  failure  to  apply  them 
as  instructed. 

A  properly  designed  treating  plant 
offers  the  most  satisfactory  and  eco- 
nomical method  of  treating  boiler 
waters  and  the  use  of  compounds 
should  be  confined  to  points  where  the 
results  to  be  obtained  would  not  jus- 
tify the  expense  of  maintaining  and 
operating  a  treating  plant. 

The  sodium  salts  in  the  water  after 
treatment  will,  if  present  in  consid- 
erable quantity,  cause  trouble  from 
foaming,  particularly,  in  the  presence 
of  suspended  matter.  This  condition 
may  be  corrected  by  blowing  down 
boilers  or  the  use  of  anti-foaming 
compounds,  or  both. 

There  has  been  a  marked  interest  in 
the  treatment  of  railway  water  sup- 
plies, during  the  past  few  years,  due 
in  part  to  the  greatly  increased  cost  of 
fuel  and  boiler  repairs  and  the  im- 
portance of  keeping  locomotives  in 
service.  The  number  of  water  soften- 
ing plants  recently  constructed  by 
railroads  is  an  indication  that  the 
value  of  good  water  for  locomotives  is 
receiving  more  consideration  every 
year.  While  there  is  no  complete  rec- 
ord of  the  number  of  water  treating 
plants  in  railroad  service,  a  fairly  ac- 
curate estimate  would  be  in  the  neigh- 
borhood of  800  plants.  From  the 
known  capacity  of  some  200  plants  the 
average  amount  treated  by  each  plant 
is  estimated  at  40,000,000  gals,  per 
year,  or  a  total  of  approximately  32,- 
000,000,000  gals,  of  treated  water  used 
annually  on  railroads. 

Approximately  500,000,000,000  gals, 
of  water  is  converted  into  steam  an- 
nually on  the  railroads  of  the  United 
States,  and  from  reliable  estimates 
about  50  per  cent  of  the  water  used 
is  of  such  quality  that  treatment 
would  prove  economical.  Therefore, 
it  would  appear  that  we  have  only 
about  13  per  cent  of  the  treating 
plants  in  service  that  are  needed.  It 
is  only  necessary  to  check  the  reports 
of  results  obtained  from  the  operation 
of  water  treating  plants  on  the  roads 
having  them  in  service,  to  be  con- 
vinced that  the  fuel  saving  alone  will 
pay  a  handsome  return  on  the  invest- 
ment. 


Engineers'  Civic  Responsibility 

Address      Presented     Jan.      29      Before 
Western  Society  of  Engineers 

By  J.  L.  HARRINGTON, 

President  American  Society  of  Mechanical 
Engineers 

They  are  digging  open  some  tombs 
in  Egypt  at  the  present  time  which 
show  clearly  the  work  of  the  engi- 
neer three  thousand  years  ago.  The 
pyramids  have  been  a  mystery,  about 
their  construction,  because  the  engi- 
neer who  built  them  left  no  record. 

Caesar  built  bridges  and  roads  in 
order  that  he  might  carry  on  his  wars 
and  control  distant  countries  with 
facility,  and  according  to  the  records 
left  Caesar  built  the  roads.  Who 
were  the  engineers  we  do  not  know. 

Leonardo  da  Vinci  was  for  cen- 
turies known  as  a  great  painter  and 
a  great  sculptor,  but  it  remained  for 
historians  of  comparatively  recent 
years  to  dig  out  the  fact  that  he  was 
a  great  engineer  because  nobody 
thought  it  worth  while  to  record 
those  facts,  at  least  in  a  prominent 
way. 

The  First  Real  Mention  of  the  En- 
gineer.— If  we  come  on  down  we  know- 
that  the  engineer  performed  a  very 
prominent  function  in  the  life  of  men 
throughout  all  of  the  ages,  but  we 
find  the  first  real  mention  of  the  en- 
gineer in  1771,  only  150  years  ago, 
and  yet  he  had  been  working  as  an 
engineer  for  close  to  6,000  years 
within  our  real  knowledge. 

In  1771  a  little  group  of  seven  men 
got  together  and  organized  a  Society 
of  Civil  Engineers.  Only  seven.  You 
can  count  them  easily  on  both  hands 
and  still  have  some  fingers  to  spare. 
They  organized  a  society  to  bring  to- 
gether the  men  who  practiced  the 
profession  of  civil  engineering.  And 
civil  engineering  meant  merely  a  dis- 
tinction between  the  men  who  were 
in  military  service  and  those  who  were 
not  and  who  practiced  engineering. 
The  most  of  them  at  that  day  were 
engaged  not  in  building  works  which 
we  today  term  civil  engineering 
works,  but  in  building  machinery  of 
one  kind  or  another. 

In  twenty-one  years  that  society 
grew  to  have  a  membership  of  ap- 
proximately sixty,  so  little  were  the 
engineers  getting  together  and  ex- 
changing ideas,  or  operating  as  a 
body.     Later  the  first  great  engineer- 
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ing  society  came  into  existence — 
slightly  more  than  a  century  ago— 
with  a  very  small  number  and  very 
limited  function,  and  very  limited 
ideas  of  what  service  it  was  going 
to  perform.  It  grew  slowly,  and 
gradually  the  engineers  associated 
themselves  together  and  began  to 
form  organizations  and  find  to  a 
slight  extent  a  professional  conscious- 
ness. But  if  you  refer  back,  it  is  only 
150  years  since  any  record  was  made 
of  engineers  as  engineers.  As  a  pro- 
fession they  were  always  behind  the 
scenes,  they  were  always  doing  the 
work  for  other  people  to  talk  about, 
and  to  claim  and  to  profit  by. 

Four  thousand  years  before  Christ 
the  medical  profession  was  recognized 
and  laws  were  made  governing  its 
activities.  You,  of  course,  have  heard 
of  the  laws  of  King  Hammurabi,  who 
provided  the  penalty  if  a  man  treated 
your  eye  and  put  it  out.  If  he  lost 
an  eye  of  his  patient,  then  he  was 
to  be  punished  by  the  loss  of  one  of 
his  own  eyes.  If  he  cured  the  pa- 
tient he  was  to  receive  so  many 
shekels  of  silver  for  his  service.  And 
so  the  medical  profession  came  into 
public  recognition  nearly  six  thousand 
years  ago. 

Growth  of  Engineering  Literature. 
— It  is  less  than  50  years  since  all 
of  the  engineering  books  in  existence 
could  be  carried  by  a  freshman.  But 
the  course  was  made  up  to  one  of 
four  years  by  inserting  other  studies, 
by  giving  the  prospective  engineer  a 
bit  of  the  humanities,  a  broader  view. 
But  as  the  engineering  work  has  rap- 
idly developed,  and  more  has  become 
known  about  it,  more  books  have  been 
written,  until  today  the  engineering 
student  can  study  but  a  very  small 
portion  of  the  field.  And  he  is  divid- 
ing his  attention  among  only  a  few 
subjects  of  a  very  kindred  character. 
The  result  is  that  he  becomes  a  nar- 
row, scientific  man,  convinced  that  his 
function  is  to  deal  only  with  the  scien- 
tific side  of  the  complex  life  of  the 
present  day;  that  it  is  his  function 
only  to  design,  to  furnish  the  scien- 
tific knowledge,  and  supervise  con- 
struction, perhaps;  to  furnish  the 
technical  information  upon  which 
others  shall  base  their  action;  it  is 
his  function  to  sit  back  and  pass  on 
to  others  the  basic  elements  of  the 
work. 

There  is  a  little  bit  of  a  glimmer 
in  the  minds  of  our  educators  of  this 
fact,  that  this  foundation  is  not  right, 


that  the  engineer  must  have  a  broader 
foundation  if  he  is  to  come  into  his 
own.  But  he  has  not  himself  gained 
that  consciousness. 

Engineering  Societies. — It  is  true 
that  in  comparatively  recent  years  the 
engineers  have  organized,  have  gath- 
ered together  into  societies  made  up 
of  men  of  like  interests.  But  again 
he  has  shown  his  narrow  view  because 
he  has  not  been  able  to  get  on  with 
men  whose  interests  were  materially 
diiferent.  At  first  our  engineering 
societies  were  composed  of  civil  en- 
gineers, as  differentiated  only  from 
the  military.  Soon  within  the  ranks 
of  the  civil  engineer  there  developed 
men  of  specialized  interests  who  split 
off  and  formed  organizations  of  their 
own,  and  the  splitting  continues  until 
today,  if  I  am  rightly  informed,  there 
are  in  this  country  some  thirty  or 
more  societies,  of  a  more  or  less  na- 
tional character,  devoted  mainly  to 
mechanical  engineering  lines.  Their 
differences  of  opinion  are  so  great, 
though  their  differences  of  actual 
purposes  are  small,  that  they  must 
go  off  by  themselves  and  lose  the 
benefit  of  co-ordination,  of  broad  as- 
sociation, by  organizing  into  small 
special  divisions. 

The  life  of  the  present-day  world 
is  extraordinarily  complex.  We  have 
seen  here  this  evening  a  bit  of  it 
thrown  onto  the  screen.  We  have 
seen  dozens  of  different  activities  car- 
ried out  by  the  means  of  one  agency 
alone,  and  some  of  the  other  agencies, 
particularly  electrical  power,  have 
given  us  a  very,  very  broad  field.  But 
the  engineer  is  responsible  for  all  of 
the  complexities.  You  have  only  to 
go  back  to  Revolutionary  times  to  find 
the  soldier  leaving  the  plow,  shoulder- 
ing the  gun  with  which  he  had  been 
accustomed  to  get  the  squirrel  or  the 
turkey  for  dinner,  and  going  to  war. 
That  was  all  that  was  necessary.  In 
the  recent  war  we  have  had  to  deal 
with  the  whole  problem  as  an  engi- 
neering problem.  The  engineer  fur- 
nished the  equipment  for  the  actual 
fighting;  he  furnished  the  means  of 
doing  substantially  all  of  the  things 
that  were  done  in  this  war.  He  was 
at  the  bottom  of  it  all.  The  situation 
is  enirely  different  from  that  of  a 
century  ago. 

The  present  life  is  complex,  both 
the  military  and  the  civil  life.  We 
are  no  longer  a  nation  of  farmers. 
We,  today,  have  only  30  per  cent  of 
our  people  upon  the  land,  and  they 
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are  using  power  equipment  beyond 
the  dreams  of  any  man  thirty  years 
ago ;  the  work  wholly  of  the  engineer. 
The  farmer  of  the  Old  Country  is 
able  to  produce  but  a  small  fraction 
per  man  of  the  amount  produced  by 
the  farmer  of  the  United  States,  be- 
cause he  lacks  the  work  of  the  en- 
gineer, the  mechanical  equipment. 
The  engineer  is  back  of  it  all;  but  he 
is  back  of  it;  he  is  not  in  it  and  of 
it.  It  is  true  that  in  transportation 
lines,  in  mechanical  construction  lines, 
and  in  a  good  deal  of  the  contracting 
work  of  the  country,  the  engineer  has 
come  to  take  some  portion  of  the 
business  responsibility,  he  has  come 
to  broaden  his  views  somewhat,  in 
matters  of  that  kind. 

The  Engineer  in  Politics. — We  have 
a  great  many  outstanding  instances 
of  presidents  of  railroads,  of  man- 
agers of  railroads,  of  the  heads  of 
manufacturing  corporations,  who  are 
engineers;  but  they  are  the  excep- 
tions that  prove  the  rule.  The  ma- 
jority of  the  engineers  are  still  in 
the  background  in  industry.  But 
when  we  come  to  the  greatest  indus- 
try of  this  country,  the  conduct  of 
our  Government,  the  engineer  is  still 
well  in  the  background.  The  word  of 
the  politician,  the  word  of  the  busi- 
ness man,  of  the  lawyer,  of  anybody 
but  the  engineer,  is  accepted  and 
acted  upon  by  the  body  politic. 

We  have  one  glittering  example,  of 
an  engineer  in  the  Cabinet  of  the 
President  of  the  United  States;  for 
the  first  time,  an  outstanding  ex- 
ample; one  who  points  the  way  and 
gives  us  some  hope.  But  in  our  city 
governments,  which  we  all  agree  are, 
in  general,  bad,  the  engineer  fur- 
nishes only  the  technical  knowledge, 
sits  back,  takes  no  material  part  in 
the  actual  conduct  of  our  govern- 
ments, and  allows  the  errors  to  go  on. 
The  conduct  of  one  of  our  great  cities 
is  chiefly  an  engineering  service,  it  is 
chiefly  the  work  of  the  engineer,  the 
building  of  streets,  of  waterworks,  of 
sewers,  the  lighting  of  the  city,  the 
carrying  on  of  all  of  its  multitude 
of  activities,  outside  of  the  welfare 
and  the  health  work,  are  the  work 
of  the  engineer,  and  even  the  health 
work  is  very  largely  his.  But  he  is 
of  secondary  importance  in  it,  he 
stands  back  and  allows  the  man  who 
profits  by  it  to  make  a  business  of 
using  his  knowledge  and  his  services 
to  his  own  profit.  The  engineer 
deems   politics  unclean,   he  deems   it 


not  a  part  of  his  functions,  not  a 
part  of  his  duty,  to  take  a  direct,  ag- 
gressive, active,  part  in  the  govern- 
ment of  our  cities,  in  the  largest  en- 
gineering work  before  us  today.  And 
the  public  has  come  to  accept  the 
view  that  the  engineer  is  without 
business  ability,  that  he  can  only  fur- 
nish the  technical  knowledge,  and  let 
some  man  of  broader  vision,  of  busi- 
ness capacity  conduct  the  Govern- 
ment, conduct  it  in  a  way  of  which 
we  are  all  thoroughly  ashamed. 

Now  I  don't  claim  for  the  engineer 
that  he  is  entirely  honest,  that  all  en- 
gineers are  honest,  and  that  if  the 
Government  were  turned  over  to  the 
engineers  it  would  necessarily  be  hon- 
est, but  I  do  claim,  and  rightly,  that 
the  engineer  as  a  man,  as  a  type,  is 
more  generally  honest  by  far  than  the 
general  run  of  men.  He  is  a  scien- 
tist; he  deals  with  the  laws  of  na- 
ture; they  control,  and  he  recognizes 
their  authority  in  the  technical  work 
which  he  does,  and  he  comes  to  face 
them  honestly;  he  comes  to  recognize 
that  he  is  governed  entirely  by  them, 
and  must  be  governed  by  them  if  he 
is  to  succeed,  and  therefore  he  has  a 
habit  of  recognizing  tne  truth  and 
the  facts,  and  dealing  with  them  as 
they  are.  And  he  does  carry  into  his 
business  relations,  in  the  rare  case 
when  he  deals  with  Governmental 
matters,  that  same  degree  of  honesty. 
But  quite  aside  from  his  higher  de- 
gree of  honesty,  which  we  think  we 
can  properly  accredit  to  him,  there  is 
his  greater  knowledge  of  the  thing 
with  which  he  is  dealing. 

Why  should  he  pass  on  incomplete- 
ly, as  he  must,  to  another  mind  his 
knowledge  of  the  work  to  be  done  in 
order  that  the  other  mind  may  take 
that  imperfect  knowledge  that  he  re- 
ceives and  make  use  of  it  to  the  bene- 
fit, or  the  detriment,  as  he  sees  fit,  of 
the  community  he  is  attempting  to 
serve?  It  is  high  time,  in  my  judg- 
ment, that  the  engineer  enter  politics 
as  a  profession,  that  he  take  a  part 
in  the  government  of  his  city,  that  he 
recognize  that  it  is  an  engineering 
matter,  and  that  he  stand  with  his 
fellows  in  doing  it.  v 

The  Engineer  Acts  as  an  Individual. 
— The  members  of  other  professions 
stand  together  in  their  contact  with 
Governmental  work;  that  is  particu- 
larly true, of  the  legal  profession,  and 
if  you  don't  believe  it  is  of  the  med- 
ical profession,  touch  the  medical 
laws.       Doctors    and    lawyers    each 
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stand  together  and  act  as  a  unit.  The 
engineer  acts  only  as  an  individual. 
Our  engineering  societies  say,  "Hands 
off  of  politics,"  and  as  they  are  organ- 
ized they  are  probably  right.  That 
doesn't,  however,  prevent  engineers 
from  standing  by  each  other  and 
carrying  into  the  Government  the  de- 
tailed knowledge  of  engineering  which 
is  so  essential  to  the  proper  carrying 
out  of  its  functions.  The  errors  in 
our  city  governments  are  vastly  less 
errors  of  judgment  than  they  are 
errors  of  purpose.  The  cities  are 
made  a  profitable  venture  to  these 
who  undertake  politics  as  a  profes- 
sion. They  have  not  the  technical 
knowledge,  and  they  have  not  the  hon- 
esty of  the  technical  man  in  the  con- 
duct of  the  city's  affairs,  but  they  are 
easily  in  the  place  of  importance  be- 
cause they  have  no  rivalry  in  it,  be- 
cause, as  I  said,  the  engineer  feels 
that  politics  is  not  a  thing  for  him 
to  deal  with,  that  it  is  his  function 
to  be  modest,  to  sit  behind  the  scenes 
and  furnish  the  technical  knowledge 
to  others. 

I  earnestly  hope  that  we  may  short- 
ly develop  that  professional  conscious- 
ness, which  is  still  to  a  very  large 
degree  absent  in  the  engineering  pro- 
fession, which  will  force  us  to  take 
our  place  in  governmental  matters, 
which  will  force  us  to  take  our  re- 
sponsibility, to  recognize  the  unpleas- 
ant duty  and  perform  it,  to  go  for- 
ward and  face  the  situation,  to  fight 
it  out  in  the  disagreeable  manner  of 
politics,  for  politics  is,  as  a  rule,  dis- 
agreeable. 

Engineers  do  not  like  to  contest. 
We  have  not  the  sense  of  pleasure  in 
it  that  a  good  lawyer  has,  because  a 
large  part  of  his  work  is  to  contend 
with  others.  The  engineer  doesn't 
like  to  contend,  he  likes  to  build.  He 
is  progressive  in  his  whole  idea  and 
his  dislike  for  contention  keeps  him 
out  of  the  battle.  But  he  must  face 
the  fact  that  before  this  country 
achieves  what  belongs  to  it  in  the 
way  of  clean,  sure,  economical,  Gov- 
ernment, he  must  face  the  disagree- 
able, he  must  join  together  with  other 
engineers,  and,  as  a  profession,  face 
the  situation,  and  do  his  part  politic- 
ally. 


Public  Utility  Valuation  and 

Its     Relation     to     the 

Municipality 

Address  Presented  at  Oklahoma  City 

Meeting   of   the   Oklahoma 

Utilities  Association 

By  C.  P.  LAMBERT, 

Member   of  Firm  of  Burns   &   McDonnell 
Engineering  Co.,  Kansas  City,  Mo. 

Of  all  the  valuations  which  this  firm 
has  made,  about  75  per  cent  have 
been  made  for  the  city  and  25  per  cent 
for  the  company.  In  a  few  cases  we 
have  represented  both  sides  -jointly. 
On  account  of  having  represented  the 
cities  in  so  many  cases,  I  believe  that 
some  idea  of  a  valuation  and  its  rela- 
tion to  the  municipality  will  be  of 
interest. 

Almost  invariably  a  valuation  has  a 
relation  to  the  municipality.  I  presume 
that  in  95  per  cent  of  the  cases  where 
a  valuation  is  made  of  a  public  utility 
it  is  made  to  determine  a  fair  rate  to 
be  charged  for  the  output  of  the 
utility,  or  to  determine  a  fair  price 
for  the  purchase  of  the  property.  In 
both  cases  the  municipality  is  vitally 
interested. 

What  Affects  Attitude  of  Public  to 
Utility. — I  have  found  almost  univers- 
ally that  the  consumers  of  a  utility 
are  willing  to  pay  a  rate  which  will 
give  to  the  utility  a  fair  return  on  a 
fair  valuation.  Of  course,  there  are 
radicals  in  many  communities  whom 
it  is  hard  to  convince  that  anything 
near  an  adequate  return  is  fair,  but 
for  the  most  part,  these  are  a  small 
minority.  The  attitude  of  the  public 
toward  a  utility  is,  of  course,  governed 
largely  by  two  things.  The  first  of 
these  is  the  service  rendered  and  the 
second  is  the  attitude  of  the  local  man- 
agement toward  the  public.  A  local 
manager  has  a  great  many  things  to 
contend  with  and  a  great  many  un- 
reasonable complaints  to  meet,  but  if 
he  will  show  the  public  that  his  com- 
pany (and  to  most  of  the  public  he 
is  the  company)  means  to  give  them 
service  and  courtesy,  he  will  do  more 
to  get  an  adequate  rate  than  in  any 
other  way.  A  local  manager  of  a  gas 
and  electric  property  in  Missouri  re- 
cently expressed  that  in  what  to  me 
seemed  a  very  forceful  way.  He 
said,  "I  keep  in  mind  that  I  am  not 
trying  to  sell  the  public  gas  or  elec 
tricity — I  am  trying  to  sell  them 
service." 
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What  the  Public  Considers  Fair 
Valuation. — The  question  then  is: 
What,  in  the  mind  of  public,  is  a  fair 
valuation?  You  will  find  that  to  the 
average  city  official  or  interested  citi- 
zen, the  first  thought  that  occurs 
when  the  subject  of  a  valuation  is 
broached,  is  the  question  of  "going 
over  the  books."  To  those  to  whom 
the  subject  of  valuation  is  new,  it  does 
not  occur  at  first  to  have  a  complete 
inventory  made,  but  they  believe  that 
the  value  of  the  property  will  be  re- 
flected from  the  records. 

I  believe  that  this  is  due  to  two  rea- 
sons: First,  the  average  business  man 
determines  the  value  of  his  business 
largely  by  the  amount  of  his  stock 
which  is  shown  by  his  books.  He 
does  not  realize  that,  whereas  in  his 
business  probably  his  big  investment 
is  in  what  he  sells  and  not  in  his 
means  of  selling,  in  the  utility  the  big 
investment  is  in  the  means  of  selling 
and  not  in  the  goods  sold.  Secondly, 
I  believe  the  average  citizen  feels 
that  the  fair  value  on  which  a  return 
should  be  made  is  the  actual  invest- 
ment, and  he  believes  that  this  can 
be  obtained  from  the  books.  The 
question  of  what  is  fair  value  has 
been  much  discussed  and  I  mean  to 
touch  on  it  only  so  far  as  it  relates 
to  the  opinion  of  the  citizen.  We  can 
see  how  the  average  man  would  look 
at  this,  and  I  believe  that  the  average 
utility  company  itself  would  be  satis- 
fied if  it  could  at  all  times  receive  a 
rate  which  would  pay  its  operating 
expenses,  take  care  of  depreciation 
and  then  leave  sufficient  money  to 
pay  a  fair  return  on  the  actual  invest- 
ment, where  the  actual  investment 
represents  the  actual  reproduction  or 
original  cost. 

The  Actual  Investment  Question. — 
While  the  actual  investment  seems  a 
simple  matter  to  obtain,  we  all  know 
how  complicated  the  path  becomes 
when  we  try  to  track  it  back,  espe- 
cially in  a  company  which  has 
changed  hands  several  times.  Then 
again,  very  frequently  the  actual 
money  invested  represents  a  sum 
which  was  used  to  purchase  a  prop- 
erty at  a  forced  sale  and  does  not 
represent  the  true  value  of  the  prop- 
erty. This  is  a  matter  which  some- 
times is  difficult  to  explain  to  the 
citizens — why  a  company  is  entitled 
to  a  return  on  the  value  of  a  property 
above  that  which  they  actually  paid, 
as  in  the  case  mentioned  above.  This 
is  one  of  the  important  reasons  in 
favor  of  a  real  inventory  and  valua- 


tion. Again,  the  books  sometimes  do 
and  sometimes  do  not  show  property 
which  has  been  superseded  and  re- 
moved. If  the  actual  investment  is  to 
be  used,  this  should  be  given  consid- 
eration, yet,  it  may  not  be  shown  on 
the  books.  Again,  the  books  may  be 
based  on  a  previous  valuation  and  not 
on  the  actual  investment.  As  stated 
above,  we  believe  one  reason  an  ac- 
counting of  the  books  is  first  con- 
sidered, is  because  it  is  desired  to  get 
at  the  actual  investment.  Very  fre- 
quently when  a  rate  question  is  up 
the  city  council  will  appoint  a  com- 
mittee or  perhaps  even  employ  an 
accountant  to  investigate  the  books. 
Usually  when  the  report  is  submitted 
the  city  council  will  find  itself  as 
much  in  the  dark  as  ever,  or  at  the 
most,  very  little  advanced.  I  do  not 
by  this  mean  to  belittle  a  good  ac- 
countant's report,  but  I  mean  that  the 
accountant's  report  is  only  part  of  the 
information  that  is  necessary.  At  this 
stage  the  city  council  will  usually  find 
that  what  they  need  is  an  engineering 
inventory  and  appraisal,  and  this 
necessity  applies  to  the  company  as 
well  as  the  city. 

What  the  Average  Citizen  Over- 
looks.— We  have  found  that  when  the 
city  officials  find  that  they  have  an 
actual  inventory  of  the  actual  prop- 
erty used  and  useful  in  the  production 
of  the  utility  service,  they  feel  that 
they  are  getting  nearer  to  the  actual 
value  on  which  they  should  pay  a 
return,  than  in  any  other  way.  With 
the  inventory,  they  have  before  them 
an  itemized  statement  of  every  piece 
of  equipment,  all  of  the  buildings,  of 
the  poles,  wire,  pipe  and  all  the  other 
things  which  go  to  make  the  com- 
plete property. 

With  the  inventory  completed  the 
question,  of  course,  arises,  on  what 
basis  should  the  items  be  priced? 
Should  it  be  pre-war,  present  prices, 
or  an  average  covering  a  period  of 
five  or  ten  years?  Many  companies, 
especially  during  the  period  of  ab- 
normally high  prices,  favored  a  valua- 
tion made  on  the  basis  of  these  high 
prices.  They  were  sustained  in  this 
by  the  decisions  of  many  courts.  The 
average  citizen,  looking  at  it  from  his 
standpoint,  naturally  resented  this 
He  could  not  understand  why  he 
should  be  made  to  pay  a  rate  which 
would  give  the  utility  a  return  on  a 
value  which  was  far  in  excess  of  the 
actual  cost  of  construction,  or  even 
the  average  cost  during  a  compara- 
tively  normal  period.     What  the  av- 
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erage  citizen  overlooked  and  what  1 
believe  was  usually  the  company's 
chief  incentive  in  trying  to  get  a  high 
value,  was  the  fact  that  probably  for 
a  considerable  period  the  company 
was  operating  on  a  rate  that  was  too 
low.  It  takes  a  considerable  period 
of  time  for  a  utility  to  obtain  even  a 
temporary  increased  rate,  while  dur- 
ing certain  periods  of  the  past  few 
years,  operating  costs  increased  tre- 
mendously almost  over  night.  This 
meant  that  if  a  utility  was  receiving 
a  fair  rate  before  the  increase  in 
operating  costs,  they  sustained  great- 
ly reduced  profits,  and  in  many  cases, 
actual  losses  before  any  relief  was 
had.  It  was  to  recoup  these  losses 
that  most  companies  asked  for  the 
returns  on  the  higher  valuation,  but 
the  average  citizen  could  not  under- 
stand this.  I  believe  that  the  utilities 
really  made  an  error  in  insisting  on 
these  high  valuations.  Many  courts 
and  commissions  have  ruled  that  the 
high  prices  must  be  given  considera- 
tion, and  I  believe  that  a  10-year  av- 
erage covering  the  period  of  high 
prices  and  a  period  of  more  nearly 
normal  prices  gives  a  value  which  is 
fair  to  the  company,  and  which  ap- 
peals to  the  average  man  as  much 
more  reasonable.  This  also  gives  a 
more  stable  valuation.  Of  course,  at 
the  time  of  the  peak  of  prices  the 
average  value  was  much  lower,  but 
today  on  some  items  a  10-year  av- 
erage price  is  higher  than  the  present 
price. 

The  Overhead  Costs  and  Going 
Value  Items. — Probably  most  difficult 
of  understanding  by  the  average  citi- 
zen are  the  items  of  overhead  costs 
and  going  value.  He  can  see  that 
there  is  a  certain  value  in  an  engine, 
but  he  does  not  at  first  comprehend 
why  there  should  be  added  to  this 
value  an  additional  cost  for  engineer- 
ing, taxes,  interest  during  construc- 
tion, etc.  This  can  usually  be  best 
explained  by  showing  how  the  physi- 
cal value  of  the  engine  itself  includes 
such  items  as  engineering,  taxes  and 
interest  at  the  factory  where  it  is 
built,  and  these  expenses  must  be  met 
just  the  same  in  assembling  a  com- 
plete utility  plant  on  the  ground  as  in 
assembling  an  engine  or  ovher  piece 
of  equipment  at  the  factory. 

As  to  going  value,  the  difficult  thing 
for  the  average  man  to  understand  is 
why  there  should  be  any  extra  value 
to  a  utility  when  it  is  losing  money 
or  barely  paying  expenses.  He  must 
be  shown  that  the  business  has  been 


developed  and  therefore  the  value  is 
there,  and  if  there  are  no  profits  it  is 
because  the  utility  is  not  receiving  a 
rate  sufficient  to  pay  a  fair  return. 

In  conclusion  I  will  only  say  that  I 
believe  that  in  most  instances,  if  the 
company  will  show  a  desire  to  lay  its 
cards  on  the  table  and  treat  the  mu- 
nicipality fairly  and  squarely,  it  will 
receive  the  same  treatment  in  return. 


Concrete — Boring  Molluscs 

Research      Narrative      of      Engineering 
Foundation,     Based     on     Information 
Supplied    by    Prof.    C.    A.    Koford 
and  R.   C.   Miller,   University  of 
California,    of   the   San    Fran- 
cisco    Bay     Marine     Piling 
Committee 

Molluscs  that,  bore  wood  have  been 
expensively  known  for  centuries. 
Some  of  them  are  familiar  by  name 
even  outside  the  circles  of  zoology;  for 
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Concrete  Jacket  Containing:  Borers. 

example,  Teredo  navalis  and  Xylotria, 
or  Bankia, — in  common  English,  pile- 
worms  or  shipworms.  A  number  of 
species  that  bore  into  rocks  along  the 
sea  coast  have  also  long  been  known 
to  science.  In  quite  recent  years,  a 
very  few  specimens  have  been  found 
in  marine  concrete  structures,  but 
were  regarded  as  curiosities  only. 

But  no  longer  can  rock-boring  mol- 
luscs be  treated  wholly  with  disdain 
by  "practical"  men.  A  representative 
of  the  family,  Pholadidea  penita  by 
name,  has  quite  recently  been  found 
on  mischief  bent  to  an  extent  that  de- 
mands attention,  in  some  places.  In 
San  Pedro,  the  harbor  of  Los  Angeles, 
the  wooden  piles  of  certain  wharves 
were  jacketed  with  mortar  of  portland 
cement  and  fine  gravel  to  protect  them 


(324) 


1923 


Railways 


1397 


from  destruction  by  teredos  or  other 
marine  wood-boring  animals.  This 
protection  appeared  to  be  effective  un- 
til November  1922,  when  it  was  dis- 
covered that  Pholads  had  bored  into 
and  through  the  jackets  on  some  of 
these  piles.  Examination  showed  that 
the  attack  had  been  extensive,  the 
jackets  of  50  per  cent  or  more  of  the 
piles  examined  being  found  infested 
with  these  little  shell  fishes.  But  that 
was  not  all, — in  the  irony  of  zoology, 
other  molluscan  borers  were  reported 
to  have  found  their  way  through  the 
passages  made  by  the  pholads  and  en- 
tered the  wood  inside  the  jacket. 

A  full  grown  Pholadidea,  as  found 
in  the  mortar  jackets  at  San  Pedro,  is 
about  22%  in.  long  and  1%  in.  in 
greatest  diameter,  near  its  forward 
end.  His  shape  resembles  a  flattened 
pear.  He  is  a  bivalve.  He  starts 
operation  as  a  youngster  and  so  his 
hole  at  first  is  only  about  is  in.  or  less 
in  diameter  at  the  surface  of  the  rock, 
concrete,  or  mortar,  but  expands  as 
the  animal  grows  and  penetrates. 
The  forward,  rounded  portion  of  the 
shells  has  a  surface  resembling  a  rasp 
or  file.  Whether,  however,  the  cutting 
of  the  concrete  or  rock  is  due  wholly 
to  attrition  with  the  rough  shell,  or 
whether  it  is  aided  by  some  secretion 
which  softens  the  material,  has  not 
been  surely  determined.  These  mol- 
luscs have  been  found  in  some  hard 
rocks,  but  are  generally  found  in 
shales. 

Reports  from  Los  Angeles  state 
that  at  every  point  in  the  inner  har- 
bor where  mortar- jacketed  piles  exist, 
about  50  per  cent  had  been  more  or 
less  attacked,  of  which  more  than  1/5 
were  badly  bored,  and  of  those  not 
attacked  a  number  were  so  far  in- 
shore as  to  be  but  little  exposed.  To 
allay  unnecessary  alarm,  it  should  be 
said  that  the  mortar  was  below  aver- 
age in  quality,  from  2  to  5  in.  in 
thickness,  some  being  decidedly  poor. 
That  these  jackets  had  escaped  attack 
for  14  years  is  attributed  to  the  fact 
that  the  wooden  forms  used  in  depos- 
iting the  mortar  had  been  left  in 
place.  They  were  gradually  destroyed 
by  marine  wood  borers,  thus  exposing 
the  mortar  to  the  Pholadidea.  The 
probabilities  of  attack  upon  well-made 
precast  piles  and  other  high-grade 
concrete  depend  upon  whether  the  ac- 
tion of  these  molluscs  is  mechanical, 
or  chemical,  or  both. 

Another  species,  Platyodon  cancel- 
lata,  more  clam-like  in  shape,  has  also 
been  found  in  disintegrating  concrete. 


The  first  species  is  found  on  the 
Pacific  Coast  from  Alaska  southward 
even  to  Ecuador.  One  species  of 
rock-boring  mollucs  has  been  reported 
on  the  Gulf  and  South  Atlantic  and 
at  Panama.  Since  these  pholads  have 
shown  capabilities  for  damage  of  com- 
mercial significance,  they  are  receiv- 
ing attention  from  the  Committee  on 
Marine  Piling  Investigation,  of  Na- 
tion Research  Council,  with  which  En- 
gineering Foundation  is  co-operating. 
These  investigations  comprise  studies 
of  damage  to  wooden  piles  and  means 
of  prevention  or  protection,  substi- 
tutes for  wood  in  piles  and  other  parts 
of  marine  structures,  and  deteriora- 
tion of  concrete  structures  in  and  near 
seawater. 


An  Improved  One-Man  Saw 

R.  W.  Graves,  2306  Chafee  Ave., 
Aiken,  South  Carolina,  is  the  maker 
of  the  one-man  saw  shown  in  the 
illustration  following.  The  design  of 
the  frame  and  handle  provides  easy 


Graves  One-Man  Saw  in  the  Forest. 

and  efficient  operation  under  all  con- 
ditions ordinarily  encountered.  The 
total  weight  of  the  saw  is  6  lbs.,  and 
it  folds  into  compact  space  for  carry- 
ing in  the  woods.  This  tool  is 
adapted  to,  all  the  ordinary  uses  to 
which  one-man  saws  are  put,  and  in 
addition  it  extends  the  field  of  one- 
man  operation. 
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Fordson  Mounted  Self -Propelling, 
Self-Feeding  and  Self- 
Crowding  Loader 

A  self-feeding  bucket  loader 
mounted  on  a  standard  Fordson  trac- 
tor is  the  latest  product  of  the  N.  P. 
Nelson  Iron  Works,  of  Brooklyn, 
N.  Y.  In  this  machine  by  connecting 
the  elevator  directly  to  the  engine, 
the  elevator  with  its  toothed  digging 
spiral  runs  full  speed,  while  the  trac- 
tor may  be  inched  backwards  into  the 
pile.  The  spirals  level  a  6-ft.  cut  and 
material  once  started  in  motion  keeps 
moving  continuously  until  picked  up 
by  the  elevator  buckets.  Buckets  are 
fitted  with  digging  teeth.  An  over- 
load release  gives  the  operator  ample 
warning  of  boulders  or  undiggable 
material.     The  capacity   of   the   ma- 


l-Man  Truck  Loader. 

chine  is  stated  to  be  49-yd.  per  hour 
of  material  2-in.  and  under  that  a 
man  can  shovel  without  the  use  of  a 
pick.  A  governor  is  installed  to  con- 
trol the  fuel  consumption  to  the  ac- 
tual requirements.  The  power  take- 
off remains  available  should  the  own- 
er require  its  use  for  operating  other 
machinery,  while  the  entire  loader  at- 
tachment can  be  readily  removed  and 
the  tractor  used  for  other  purposes. 
A  swivel  or  turning  spout  is  attached 
to  the  loader,  permitting  discharge 
sideways  into  truck  if  necessary.  8 
ft.  6  in.  clearance  is  given  under  the 
discharge  chute.  The  general  con- 
struction of  the  machine  is  substan- 
tial. The  elevator  frame  is  of  truss 
design.  The  elevator  buckets,  chains, 
sprockets,  etc.,  are  in  keeping  with 
the  regular  design  of  the  maker. 


Water  Treatment  on  the  Santa  Fe 
System 

In  a  discussion  before  the  Western 
Society  of  Engineers,  Mr.  E.  H.  Olson 
gave  the  following  statistics  to  in- 
dicate what  the  Atchison,  Topeka  & 
Santa  Fe  Ry.  is  doing  in  the  way  of 
treating  boiler  water: 

The  A.,  T.  &  S.  F.  operates  close 
to  11,700  miles  of  railroad  in  thirteen 
states,  and  distributed  along  its  chain 
of  rails  from  the  Des  Plaines  Valley 
to  the  Golden  Gate  are  over  six  hun- 
dred water  stations,  at  130  of  these 
stations  water  softening  plants  are 
maintained.  The  treating  plants  are 
located  in  all  the  states  in  which  the 
Santa  Fe  operates  excepting  Nebraska 
and  Nevada.  The  total  amount  of 
water  treated  annually  is  6,000,000,- 
000  gal.  from  which  25,000,000  lbs. 
of  incrustants  are  removed.  The 
smallest  treating  plants  have  a  yearly 
output  of  1,800,000  gal.  which  is 
about  5,000  gal.  per  day.  The  largest 
plant  has  a  yearly  output  of  500,000,- 
000  gal.  or  over  1,300,000  gal.  daily 
and  from  which  there  is  removed 
2,500,000  lbs.  of  incrustants  a  year. 

The  range  of  water  treated  runs 
from  15  grains  per  gallon  to  121 
grains  per  gallon. 


The    First    Electric    Railway.— The 

present  year,  according  to  The  Engi- 
neer, London,  marks  the  40th  anni- 
versary of  the  opening  of  the  first 
hydro-electric  tramway  of  the  world, 
the  first  electric  car  being  operated 
at  the  opening  of  the  Giant's  Cause- 
way electric  tramway  in  1883.  The 
credit  for  this  great  step,  states  The 
Engineer,  must  be  given  to  Mr.  Wil- 
liam A.  Traill,  the  originator,  the  en- 
gineer and  constructor  of  the  Giant's 
Causeway  electric  tramway,  a  line 
eight  miles  long  with  heavy  gredients, 
1  in  24,  for  which  he  had  obtained 
parliamentary  powers  in  1881.  Orig- 
inally, the  current  was  collected  from 
a  side  conductor  or  third  rail,  which 
was  later  replaced  by  the  overhead 
trolley  system.  On  1884  Mr.  Traill 
patented  the  underground  or  conduit 
system  for  electric  tramways  for 
towns,  and  exhibited  a  model  at  the 
Manchester  Inventions  Exhibition. 
Some  20  years  later  he  saw  the  adop- 
tion of  that  plan  upon  the  Metropol- 
itan Electric  Tramways  system. 
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Construction  News  of  the  Railways 


New  Railroad  for  Fort  Worth,  Tex. 

The  Louisiana  Railway  &  Naviga- 
tion Co.,  is  reported  planning  to  ex- 
tend its  line  from  McKinney,  Tex., 
into  Fort  Worth. 


Bridge  Work  on  the  B.  &  O. 
The  Baltimore  &  Ohio  R.  R.  has 
awarded  the  Fort  Pitt  Bridge  Works 
contracts  covering  the  fabrication  of 
plate  girder  spans  for  bridges  at 
Flemington  and  Meadowbrook,  W. 
Va.,  on  the  Monongah  division,  and  a 
quantity  of  structural  material  re- 
quired for  remodelling  a  span  to  be 
installed  at  Wahlville,  Pa.,  on  the 
Pittsburgh  division. 


New   Belt   Line   for   Columbus,   O. 

The  Columbus  Belt  Railway  Co.  or- 
ganized to  construct  a  12-milt  belt 
railroad  around  Columbus,  0.  for  the 
transfer  of  freight  traffic  between 
railroads  has  filed  application  for  in- 
corporation papers.  Construction  of 
the  belt  line,  it  was  estimated  by 
officers  of  the  company,  will  require 
an  expenditure  of  between  $12,000,000 
and  $15,000,000.  Organization  of  the 
company  has  been  effected  after  two 
years  work  in  acquiring  a  right  of 
way  and  the  arrangement  of  plans  for 
the  belt  line's  construction.  Starting 
at  a  point  approximately  six  miles 
west  of  the  Union  Station,  the  road 
will  encircle  the  city  to  the  south  and 
east.  The  purchase  of  property  for 
this  right  of  way  is  about  completed, 
it  is  said.  John  E.  Bleekman,  New 
York  City,  is  president  of  the  com- 
pany. 


British  Columbia  Electric  Ry.  Co.  Plans 
Large   Development 

The  British  Columbia  Electric  Rail- 
way Co.,  Vancouver,  B.  C,  has  ar- 
ranged a  comprehensive  plan  for  the 
further  development  of  waterpower 
resources  in  the  Province  of  British 
Columbia.  It  is  estimated  that  an  ex- 
penditure of  about  $10,000,000  will  be 
involved,  and  the  total  turbine  capac- 
ity of  the  company  will  be  raised  from 
153,000  to  268,000  h.p.  Only  the  ap- 
proval of  the  Provincial  authorities  is 
awaited  before  commencing  with  the 
first  unit  of  this  development,  in  a 
broad  scheme  to  arrange  for  antici- 
pated power  requirements  for  the  next 
15  years.  Engineers  are  already  on 
the  ground,  determining  a  route  for  a 
pole  line  from  the  present  power  plant 


at  Stave  Lake  to  a  point  on  Alouette 
Lake,  about  10  miles  distant,  where  it 
is  planned  to  construct  a  plant  with  a 
capacity  of  10,000  h.p.  The  company's 
largest  plant  will  be  established  near 
Ruskin,  where  equipment  will  be  in- 
stalled with  a  capacity  of  80,000  h.p. 


Great   Northern   to    Rebuild   Ore    Dock 

at  Allouez 
Peppard,  Superior,  Wis.,  have  been 
rebuilding  Great  Northern  Ry.  ore 
dock  No.  1  at  Allouez  at  an  approxi- 
mate cost  of  $1,000,000.  The  contract 
for  the  construction  of  concrete  slabs 
with  which  the  ore  pockets  are  lined 
was  given  to  the  T.  and  L.  D.  Libby 
Co.  of  Minneapolis  for  $25,000.  Work 
on  the  reconstruction  will  begin  at  the 
close  of  the  present  navigation  season 
and  the  dock  will  be  completed  by  May 
1,  1924.  The  dock,  which  is  of  timber, 
will  be  rebuilt  as  a  wooden  dock,  it 
was  stated.  The  work  of  tearing 
down  the  present  structure  and  erect- 
ing the  new  timber  docks  will  all  be 
done  by  the  Peppard  and  Fulton  com- 
pany. 


Bids  Received  on  New  York  Subway 
Job 

The  Transit  Commissioners  of  New 
York  City  have  received  bids  for  the 
construction  of  the  second  section  of 
the  Nassau  St.  subway.  This  section 
will  extend  from  a  connection  with  the 
Montague  St.  tunnel  line  of  the 
Brooklyn  Rapid  Transit  Company 
system  at  Broad  and  Water  Sts.  to 
Liberty  and  Nassau  Sts.  The  bids 
submitted  were  as  follows:  Patrick 
McGovern  &  Co.,  $5,590,000;  Fred- 
erick L.  Cranford,  Inc.,  $6,241,000; 
Spencer,  White  &  Prentiss,  $8,860,000. 
The  first  section  of  the  Nassau  St. 
subway  will  extend  from  Liberty  St. 
to  the  Municipal  Building.  Bids  will 
be  received  on  it  in  July.  The  Nassau 
St.  subway  is  the  last  uncompleted 
link  of  dual  subway  system. 


Nickel   Plate   to   Spend    $11,000,000 

The  New  York,  Chicago  &  St.  Louis 
R.  R.,  is  stated  to  have  plans  for  ex- 
pending $11,382,000  for  new  equip- 
ment and  improvements.  Of  this 
$6,066,000  is  to  cover  trackage,  yard 
and  storage  improvements,  and 
$5,316,550  is  for  new  equipment, 
scheduled, for  delivery  in  time  for  the 
expected  record  breaking  freight 
movement  this  Fall. 
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Big  Railway  Contract  in  Mexico 

The  Utah  Construction  Co.,  Ogden, 
Utah,  has  been  awarded  a  contract 
for  grading  80  miles  of  the  Southern 
Pacific  Mexico  Ry.  from  Tepic  to 
Guadalajara  for  a  sum  said  to  be  in 
excess  of  $6,000,000.  There  are  37 
tunnels  all  told,  the  longest  being  over 
a  half  mile  in  length.  There  is  over 
4,000,000  yd.  of  excavation  aside  from 
the  tunnel  work.  Over  7,000,000  lbs. 
of  bridge  steel  are  required. 


New   Santa   Fe   Line   in    California 

Press  reports  state  that  the  Atchi- 
son, Topeka  &  Santa  Fe  Ry.,  has 
started  surveys  for  a  new  line  be- 
tween Barstow  and  Bakersfield,  Calif., 
over  the  Tahachapi  mountains.  At 
present  the  Santa  Fe,  by  arrangement 
with  the  Southern  Pacific,  uses  the 
tracks  of  that  road  from  Bakersfield 
to  Mohave,  Calif.  Then  it  must  haul 
its  trains  eastward  to  Barstow  to 
reach  its  own  rails. 


Belt  Line  at  Fort  Wayne,  Ind. 
The  Fort  Wayne  Union  R.  R.,  Fort 
Wayne,  Ind.,  will  construct  8,000  ft. 
of  new  line  to  connect  up  railroads  en- 
tering the  city.  About  $218,000  will 
be  expended. 


L.    &    N.    to    Install    Automatic   Signals 

Work  has  been  started  by  the  Louis- 
ville &  Nashville  R.  R.  installing  an 
automatic  signalling  system  on  the 
Mobile  &  Montgomery  division.  The 
cost  of  the  system  will  be  approxi- 
mately $500,000  and  one  year's  time 
will  be  required  to  complete  the  work. 


New  Railroad. Along  the  Potomac 
The  Lowerino  Company,  a  newly 
organized  Virginia  Corp.,  has  applied 
to  the  Interstate  Commerce  Commis- 
sion for  permission  to  open  and  oper- 
ate a  steamboat,  barge  and  ferry  sys- 
tem on  the  Lower  Potomac  and  to 
build  40  miles  of  railroad  in  connec- 
tion, between  Baltimore  and  Washing- 
ton and  Territory  and  King  George 
and  Westmoreland  Counties  of  Vir- 
ginia. The  railroad  would  run  from 
the  Virginia  State  line  at  Persimmon 
Point  on  the  Potomac,  through  Oak 
Grove  and  Foneswood,  and  end  in 
Richmond  County,  in  the  vicinity  of 
Warsaw. 


New   Interurban    for  Texas 

Articles  of  incorporation  of  the 
Houston,  Beaumont  &  Orange  Inter- 
urban  Co.  capital  stock  $400,000,  with 


headquarters  at  Houston,  have  been 
filed  in  the  office  of  the  Secretary  of 
State.  The  company  proposes  to  con- 
struct and  operate  an  interurban  line 
from  Houston  to  Orange  via  Beau- 
mont. All  of  the  capital  stock  has 
been  subscribed  and  one-half  paid  in. 
The  incorporators  are  G.  W.  Collier, 
Edward  Kennedy  and  W.  V.  Kennedy, 
all  of  Houston,  who,  with  S.  M.  White 
and  C.  W.  McFarland  of  Orange,  con- 
stitute the  first  board  of  directors. 


Santa  Fe  to  Erect  New   Offices  at 
Topeka 

Work  will  start  July  1,  it  is  stated, 
on  the  new  $1,165,000  office  building 
to  be  erected  at  Topeka,  Kan.,  by  the 
Sante  Fe  Ry.  The  building  will  be  10 
stories,  of  reinforced  concrete,  faced 
with  terra  cotta. 


Pere  Marquette  Development  at 
Erie,  Mich. 

M.  Babbitt  &  Sons,  219  Lafayette 
St.,  Toledo,  O.,  have  been  awarded  the 
contract  for  the  development  of  the 
Pere  Marquette  R.  R.  Co.  at  Erie, 
Mich.,  extending  to  within  3%  miles 
of  the  Toledo  city  limit.  The  railroad 
development  alone  will  cost  more  than 
$4,000,000,  it  is  understood.  Work 
will  start  immediately.  Roads  through 
the  1,800  acres  acquired  by  the  Pere 
Marquette  have  been  abandoned  so 
the  property  will  be  thrown  into  a 
single  unit  with  more  than  50  miles  of 
trackage,  round  houses,  machine 
shops  and  six  or  seven  other  builds 
provided  in  the  plans. 


Great   Northern    Plans    80-Mile    Branch 
in  Montana 

The  Great  Northern  R.  R.  is  plan- 
ning construction  of  about  80  miles  of 
line  south  from  Java,  on  the  southern 
border  of  Glacier  park.  It  will  then 
turn  east  across  the  summit  of  the 
Rocky  mountain  range  to  connect  at 
Augusta  with  a  branch  line  now  run- 
ning west  from  Great  Falls. 


Northwestern    Ry.    Planning    New    Line 

The  Chicago  &  Northwestern  Ry.  is 
reported  planning  to  put  engineers  in 
the  field  for  a  line  from  Camp  Crook, 
S.  D.,  into  Miles  City  by  way  of  Belle 
Fourche. 


Oregon   Short  Line   to   Build   Branch 

According  to  reports  construction 
of  a  branch  line  railroad  from  Twin 
Falls,  Idaho,  to  Wells,  Nev.,  will  be 
started   in   the   immediate   future   by 
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the  Oregon  Short  Line,  under  terms 
of  an  agreement  entered  into  between 
President  Carl  R.  Gray  of  the  Union 
Pacific  and  several  Southern  Idaho 
towns. 


$15,000,000  Bond  Issue  for  Cleveland, 
O.,  Union  Station 

The  Cleveland  Union  Terminals  Co., 
organized  by  the  New  York  Central, 
the  Big  Four  and  the  Nickel  Plate  to 
build  a  union  passenger  depot  in 
Cleveland  has  applied  to  the  Inter- 
state Commerce  Commission  for  per- 
mission to  issue  $15,000,000  of  5  per 
cent  20-year  first  mortgage  sinking 
fund  gold  bonds,  proceeds  to  be  used 
to  continue  construction. 


New    80-Mile   Railroad   ni    Oregon 

Construction  will  begin  this  year,  it 
is  stated,  on  80  miles  of  railway  to 
run  northwesterly  from  Crane,  Ore., 
the  westerly  terminus  of  the  Union 
Pacific  Central  Oregon  line,  via  Burns, 
to  the  great  timber  tract  in  the  Mal- 
heur national  forest,  bought  from  the 
government  by  Fred  Herrick,  a  lum- 
ber operator  of  St.  Maries,  Idaho. 


New  Spur  at   Colborne,   Ont. 

The  construction  of  a  railway  spur 
from  Port  Colborne  to  Welland,  a  dis- 
tance of  about  8  miles,  to  be  owned 
jointly  by  the  M.  C.  R.,  the  T.,  H.  &  B. 
and  the  C.  P.  R.,  is  under  construc- 
tion. 


B.,  R.  &  P.  Ry.  to  Spend  $1,600,000 

For  physical  improvements  in  1923 
the  Buffalo,  Rochester  &  Pittsburgh 
Railway  has  a  budget  totaling  $1,619,- 
187.  This  amount  will  be  expended 
for  heavier  bridges,  heavier  rails,  bal- 
last, elimination  of  highway  cross- 
ings, extension  of  branch  lines,  addi- 
tional yard  tracks,  passing  sidings, 
turntables,  etc.  This  railroad  will 
purchase  locomotives,  freight  and 
passenger  cars  at  a  total  cost  of 
$2,480,000. 


65  Miles  of  Track  to  Be  Laid  in  Alaska 

The  Kennecott  Copper  Corporation 
is  reported  planning  the  construction 
of  65  miles  of  railroad  in  the  Kan- 
tishna  District,  Alaska. 

I.  &  C.  Traction  Co.  to  Spend  $760,000 

The  letting  of  contracts  for  the  re- 
construction for  the  electric  system 
for  the  Indianapolis  and  Cincinnati 
Traction  Co.  and  for  new  rolling  stock 
as  a  preliminary  to  the  extension  of 


the  interurban  line  from  Rushville  to 
Cincinnati,  has  been  ordered  by  the 
directors  of  the  company.  The  board 
is  to  make  the  expenditure  of  $767,271 
on  the  reconstruction  of  the  electrical 
system  and  for  the  replacement  of  the 
rolling  stock. 


C.  P.  Ry.  Lets  50  Mile  Grading  Job 
Grant  Smith  &  Co.  and  MacDonnell, 
Ltd.,  Calgary,  Alberta,  have  been 
awarded  the  contract  for  grading  for 
the  50  mile  section  of  the  Tuffnell 
Northwesterly  branch  of  the  Can- 
adian Pacific  Ry. 


Pennsylvania  R.  R.  May  Spend  Million 
for    Station    Improvements    at    Trenton 

The  Pennsylvania  R.  R.,  is  reported 
to  be  contemplating  extensive  im- 
provements at  the  Clinton  St.  Station 
in  Trenton,  N.  J.  The  estimated  cost 
of  the  proposed  changes  is  approxi- 
mately $1,000,000.  The  remodeled 
station,  as  planned,  would  include  3 
platforms,  each  30  ft.  wide  and  1,100 
ft.  long.  Two  concrete  concourses 
over  the  railway  tracks,  which  are  de- 
pressed, also  are  planned.. 


New  Railroad  Proposed  for  Maine 

Plans  are  reported  underway  for 
the  building  of  the  Eastern  Maine 
R.  R.  from  Houlton  to  Bancroft.  The 
proposed  line  to  Bancroft  will  be  32 
miles  long  and  will  connect  at  the 
latter  point  with  the  Maine  Central 
R.  R.  The  company  holds  a  Maine 
charter  covering  the  route.  J.  B. 
Stewart  of  Elmira,  N.  Y.,  is  presi- 
dent. 


M.  &  O.  to  Build  $1,200,000  Shops  at 
Jackson,  Tenn. 

The  Mobile  &  Ohio  R.  R.  has  se- 
lected Jackson,  Tenn.  as  the  location 
of  the  central  shops  to  be  erected  at  a 
cost  of  $1,250,000. 


Rock   Island  to   Spend   $4,500,000 
in    Iowa  • 

The  Chicago,  Rock  Island  &  Pacific 
Ry.  will  expend  $4,500,000  during  the 
year  in  extensions  and  improvements 
in  Iowa.  This  program  includes  the 
building  of  500  new  freight  cars  to  be 
built  at  Bettendorf  at  a  cost  of 
$1,500,000.  Side  tracks,  improve- 
ments of  power  plants,  relaying  of 
heavy  rails  on  the  main  lines  and 
transferring  rails  now  used  on  the 
main  line  to  branch  lines,  roadbed  im- 
provements, and  bridge  improvements 
are  included  in  the  items  remaining. 
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New    $4,000,000    Ore    Dock    at 
Escanaba,    Mich. 

More  than  $4,000,000  will  be  spent 
by  the  Chicago  &  Northwestern  Ry. 
in  the  construction  of  a  new  steel  and 
concrete  ore  dock  at  the  port  of  Es- 
canaba. A  survey  of  the  proposed 
site  has  been  made  by  the  company's 
engineers  and  the  plans  are  in  the 
hands  of  the  chief  engineer. 


I.   C.   Lets   Contract  for  Engine  House 
at  Central  City,  Ky. 

Contract  for  a  new  engine  house  at 
Central  City,  Ky.,  has  been  let  by  the 
Illinois  Central  R.  R.  to  Joseph  E. 
Nelson  &  Son,  Chicago.  Work  on  the 
new  project  will  be  started  at  once 
and  it  is  expected  to  be  completed  by 
November.  The  contract  calls  for  an 
engine  house  of  12  stalls,  a  round 
house,  cinder  pit,  4  machine  shops  and 
a  turntable. 


Great   Northern   Ry.   to   Spend 
$5,000,000  in  Washington 

The  Great  Northern  Ry.  contem- 
plates the  expenditure  of  $5,250,000  in 
the  state  of  Washington  this  year  for 
system  betterments.  The  money  to  be 
spent  in  this  state  for  improvements  is 
subdivided  as  follows:  Double  track, 
Bluestem  to  Camona,  22  miles, 
$1,000,000;  new  freight  house  and 
tracks  at  Wenatchee,  $100,000;  re- 
newals of  ties  and  roadbed  and  new 
rails,  $2,000,000;  the  system  is  plac- 
ing 100-lb.  per  yd.  rails  on  its  tracks, 
except  in  the  mountains,  where  130-lb. 
rails  are  being  laid ;  replacing  bridges, 
culverts  and  trestles  with  steel  and 
concrete  bridges,  $500,000;  enlarge- 
ment and  improvement  of  terminals, 
shop  buildings,  machinery,  etc., 
$1,250,000.  A  large  part  of  the  term- 
inals' improvement  will  be  done  in 
Seattle.  New  tracks,  increased  shop 
facilities  and  enlarged  roundhouses 
to  care  for  the  new  engines  will  be 
addecl  to  the  equipment  of  the  term- 
inals here. 


New  Orleans  Public  Service  Co.  to 
Spend  $10,000,000 

More  than  $10,000,000  will  be  ex- 
pended by  the  New  Orleans  Public 
Service,  Inc.,  New  Orleans,  La.,  on 
improvements  and  betterments  now 
under  construction  and  those  provided 
for  in  the  immediate  future.  This 
amount  includes  the  new  power  units 
that  have  been  installed  and  the  addi- 
tions to  the  distribution  system.    The 


budget  of  expenditures  for  new  im- 
provements yet  to  be  made  include 
$638,390  on  the  gas  plant,  $87,000  on 
the  electric  distribution  plant,  $1,548,- 
000  for  track  improvements,  $1,672,- 
000  for  equipment. 


Burlington    Lets    $2,000,000    Contract 

Morris  &  Dougherty,  514  Globe 
Bldg.,  St.  Paul,  Minn.,  have  been 
awarded  contract  for  16  miles  of  new 
line  between  Frederick  and  Vermont, 
111.,  for  the  Chicago,  Burlington  & 
Quincy  R.  R.  The  line  will  cost  about 
$2,000,000  and  will  be  used  for  heavy 
north-bound  freight. 


Great   Northern    to    Spend    $2,500,000 
in   Montana 

The  Great  Northern  Ry.  will  ex- 
pend about  $2,500,000  this  year  for 
new  construction  and  repairs  in  Mon- 
tana. The  improvements  include  19 
miles  of  new  double  track  between 
Java  and  Nyack,  to  cost  $1,250,000; 
enlargement  of  engine  facilities, 
shops,  terminals  and  car  repair  depots 
at  Great  Falls,  Whitefish,  Cut  Bank, 
Troy,  Rexford  and  Havre;  relaying 
track,  replacing  bridge  trestles  and 
culverts,  and  replacing  concrete  lin- 
ings in  tunnels. 


Black  Mountain  Ry.  to  Be  Extended 

The  Louisville  &  Nashville  R.  R.  is 
reported  to  have  completed  surveys 
for  an  extension  of  the  Black  Moun- 
tain Ry.  a  line  from  the  Big  Black 
Mountain  section  of  Lee  County,  Va., 
across  into  Harlan  County,  terminat- 
ing around  the  city  of  Harlan.  It 
starts  from  the  L.  &  N.'s  Virginia  line 
near  Pennington  Gap,  or  rather  "The 
Pockett"  section.  An  extensive  tun- 
nel through  the  Big  Black  Mountain 
will  be  necessary. 


Sub-Contracts   to    Let 

Mulvill  Bros.,  Shipman,  111.,  have 
some  nice  team  work  on  the  Chicago 
&  Alton  R.  R.  to  sublet. 

The  Cooper  Construction  Co.,  Fed- 
eral Reserve  Bank  Bldg.,  St.  Louis, 
Mo.,  have  several  Missouri  state  road 
jobs  running  from  30,000  to  100,000 
yd.  to  sublet. 

John  Marsch,  1307  Wrightwood 
Ave.,  Chicago,  has  about  30,000  yd.  of 
small  shovel  and  wagon  work  on  the 
Illinois  Central  R.  R.  near  Paducah, 
Ky.,  to  sublet. 
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Grades,  Curvature  and  Track  Problems  Discussed  in  Paper  Presented 
Before  New  York  Railroad  Club 

By  F.  S.  STEVENS 

Engineer  Maintenance  of  Way,  Philadelphia  &   Reading    Ry. 


A  railroad  with  its  equipment  is  a 
machine  that  is  designed  and  built  to 
furnish  transportation;  its  location  and 
construction  should  be  such  as  to  en- 
able it  to  best  perform  the  service  for 
which  it  was  created.  It  should  be 
reasonably  direct  and  its  structures 
should  be  as  permanent  as  the  prob- 
able volume  of  traffic  and  the  revenues 
will  justify.  If  it  is  reasonable  to 
expect  that  large  amounts  of  heavy 
freight  will  be  offered,  the  question 
of  grades  to  be  adopted  is  of  para- 
mount importance  and  should  be  given 
most  careful  consideration,  and  the 
lightest  grades  possible  should  be 
adopted,  even  if  some  increase  in  dis- 
tance and  considerable  increase  in 
cost  is  caused  thereby,  because  grade 
and  curve  resistance  govern  the  ton- 
nage that  any  locomotive  will  haul; 
and  as  the  limit  in  size  of  the  loco- 
motive that  can  be  built  within  clear- 
ances of  10  ft.  wide  and  15  ft.  high 
has  been  nearly  reached,  we  must 
improve  our  grades  to  secure  lower 
costs  of  handling. 

Effect  of  Grades  on  Loads. — As  an 
illustration  of  the  importance  of  light 
grades  to  increase  train  loads  and 
thereby  reduce  cost  of  movement,  we 
may  cite  the  fact  that  about  three 
times  as  much  tonnage  can  be  hauled 
on  a  grade  of  two-tenths,  or  10.6  ft. 
per  mile,  as  on  a  grade  of  1  per  cent, 
or  52.8  ft.  per  mile,  with  the  same 
expenditure  of  energy.  On  a  grade 
of  four-tenths  only  half  as  much  ton- 
nage can  be  hauled  as  on  a  level  with 
the  same  power. 

Another  feature  of  the  four-tenths 
grade  is  that  it  appears  that  at  this 
ratio  the  retarding  effect  of  friction 
and  the  accelerating  effect  of  gravity 
are  about  in  equilibrium,  so  that  the 
speed  of  trains  drifting  on  this  grade 
without  brakes  is  neither  increased 
nor  diminished,  and  would  therefore 
continue  at  the  initial  speed  in- 
definitely. 

As  the  ruling  grade  plus  curve  re- 
sistance governs  the  train  load  it  is 
important  that  every  reasonable  effort 
be  made  to  secure  such  a  combination 
as  will  produce  the  most  satisfactory 


results,  bearing  in  mind  that  railroads 
are  expected  to  endure  and  serve  their 
purpose,  not  for  days  or  years,  or 
even  centuries,  but  indefinitely,  and  as 
traffic  increases,  the  operation  must 
be  with  increasing  efficiency.  Also 
bearing  in  mind  that  radical  revisions 
of  line  or  grade,  or  both,  are  costly 
under  any  conditions,  and,  with  de- 
velopment of  the  country  the  expense 
often  becomes  prohibitive,  and  the 
burdensome  conditions  imposed  by 
mistakes  of  construction  limit  capacity 
for  all  time;  also  that  as  an  engine 
will  haul  21/6  times  as  much  tonnage 
on  the  popular  grade  of  three-tenths 
as  on  a  grade  of  1  per  cent,  the  im- 
portance of  light  grades  on  heavy  ton- 
nage lines  can  hardly  be  overesti- 
mated. 

Advantages  of  Non-Stop  Car  Move- 
ment.— Next  in  importance  to  grades, 
as  controlling  the  tonnage  of  trains, 
comes  classification  of  cars  as  to  desti- 
nation, so  that  trains  may  be  made 
up  to  move  the  longest  possible  dis- 
tances without  stops  and  without 
pick-up  or  set-off,  so  long  as  grades 
permit  the  tonnage  to  be  hauled  at 
reasonable  average  speed.  As  evi- 
dence of  advantage  to  be  gained  by 
non-stop  movement  at  relatively  low 
speed,  it  is  worth  while  to  invite  at- 
tention to  the  effect  of  speed  on  ton- 
nage. Assuming  that  the  tonnage 
hauled  at  a  speed  of  10  miles  per  hour 
is  100  per  cent,  we  find  the  capacity 
or  the  ability  of  the  engine  to  handle 
tonnage  at  higher  speeds  to  be  about 
as  follows: 

At  15  miles  per  hour,  93  per  cent. 

At  20  miles  per  hour,  84  per  cent. 

At  25  miles  per  hour,  70  per  cent. 

At  30  miles  per  hour,  55  per  cent. 

At  40  miles  per  hour,  40  per  cent. 

At  50  miles  per  hour,  25  per  cent. 

No  stronger  argument  against  high 
speeds  for  freight  trains  on  ruling 
grades  can  be  offered;  but  we  can 
safely  assume  that  the  lengths  of  rul- 
ing grades  are  comparatively  or  rela- 
tively short  and  that,  therefore,  with 
a  speed*  of  10  miles  per  hour  on  such 
grades  it  may  be,  and  probably  would 
be,  possible  to  make  an  average  speed 
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of  25  or  30  miles  per  hour,  which 
should  be  satisfactory,  considering  the 
greatly  increased  tonnage  hauled 
without  additional  expense. 

Classification  and  Grouping  of  Cars. 
— To  secure  practically  continuous 
movement  at  moderate  speed  wit.i 
reasonable  tonnage  and  proper  econ- 
omy, it  is  imperative  that  cars  be 
classified  and  grouped  and  made  up 
into  trains  that  can  be  moved  consid- 
erable distances,  so  that  stops,  except 
at  terminals  and  for  changing  engines 
and  crews,  may  be  avoided.  Such 
trains  should  not  be  stopped  to  set  oft' 
or  pick  up  cars,  but  cars  should  be 
added  to  or  taken  from  these  trains 
only  at  points  where  regular  stops  are 
made  to  change  engines  or  crews  or 
to  increase  or  diminish  tonnage.  We 
cannot  make  satisfactory  time  with 
slow-speed  trains  unless  we  have  prac- 
tically continuous  movement.  Local 
trains  should  do  the  local  work.  Water 
should  be  taken  with  a  scoop  and  coal 
from  overhead  bridges  so  that  no 
great  delays  may  result  from  taking 
on  supplies. 

The  advantages  to  be  obtained  by 
proper  classification  and  make  up  of 
trains  and  comparatively  slow  and 
uninterrupted  movement  will  be  ad- 
mitted when  it  is  remembered  that  an 
engine  will  haul  at  20  miles  per  hour 
more  than  double  the  tonnage  that  it 
will  haul  at  40  miles  per  hour,  and  as 
40  miles  and  more  per  hour  is  not 
unusual  speed  for  trains  carrying 
light  tonnage  of  high-class  freight 
and  making  frequent  stops,  there  is 
ample  opportunity  for  demonstration 
of  the  advantages  to  be  gained  by 
eliminating  the  stops  and  increasing 
the  tonnage  without  sacrifice  of  time. 

It  will  probably  be  admitted  that 
there  is  not  much  freight  moved  1,000 
miles  in  two  days,  but  a  continuous  or 
average  movement  at  a  speed  of  less 
than  21  miles  per  hour  would  do  it. 

It  is  probable,  however,  that  it  will 
be  admitted  that  a  movement  of  1,000 
miles  in  two  days  is  not  required; 
that  is,  that  we  can  take  a  little  more 
time  or  two  and  one-half  days  with- 
out sacrifice  of  any  important  inter- 
est, making  the  average  speed  16  2/3 
instead  of  21  miles  per  hour  and  in- 
creasing the  tonnage  about  8  per  cent, 
but  classification  and  non-stop  move- 
ment is  necessary  to  accomplish  such 
results.  In  fact,  classification  and  not 
high  speed,  keeping  "held"  cars  out  of 
yards  and  sidings  open,  terminals  in 
working  order  and  continuous  move- 


ment of  fair  tonnage  at  moderate 
speed  are  requisites  for  successful 
operation  instead  of  high  speed  with 
a  few  comparatively  empty  cars  with 
set-off  and  pick-up  at  short  intervals. 

The  Terminal  Problem. — No  road 
has  a  greater  capacity  as  a  transpor- 
tation machine  than  is  shown  by  the 
ability  of  its  terminals  and  its  con- 
nections to  handle  and  promptly  dis- 
pose of  its  traffic.  Nothing  is  gained 
by  having  greater  facilities  for  classi- 
fication and  transportation  than  for 
interchange  and  delivery.  It  is,  of 
course,  important  that  necessary 
facilities  be  provided  to  avoid  delays 
on  the  road,  but  it  is  neither  neces- 
sary nor  desirable  that  four-track 
roads  be  provided  to  serve  two-track 
terminals. 

It  is  lack  of  terminal  facilities  gen- 
erally, and  permitting  cars  that  should 
be  held  out  to  block  yards  and  delay 
deliveries  that  makes  warehouses  of 
equipment  and  causes  congestions.  It 
should  not  be  possible  generally  to 
prove  the  statement  sometimes  made 
that  it  costs  more  to  handle  freight, 
after  arrival  at  destination  than  the 
revenue  earned  on  its  road  movement, 
but  in  many  cases  the  facts  would 
prove  the  claim. 

In  our  efforts  to  expedite  movement 
and  reduce  costs  we  have  increased 
the  size  and  weight  of  locomotives 
and  cars  until  we  have  nearly  reached 
the  limits  of  development  in  that  di- 
rection and  can  now  recall  the  battle 
of  the  gauges,  and  perhaps  ask  our- 
selves the  question  whether  or  not  a 
wise  decision  was  reached  when  the 
gauge  of  6  ft.  was  discarded  and  the 
gauge  of  4  ft.  8%  in.  was  adopted  as 
standard  with  all  of  its  limitations. 

The  Gauge  Problem. — We  can  prob- 
ably agree,  I  think,  that  the  possible 
axle  load  on  this  gauge  will  not  ex- 
ceed 80,000  lb.,  while  on  the  same 
basis,  the  axle  load  on  the  old  gauge 
of  6  ft.  might  be  130,000  lb.  or  the 
relative  carrying  capacity  of  these 
gauges  may  be  taken  as  1,  to  1%, 
making  it  possible  to  increase  the  car 
load  of  heavy  freight,  such  as  ore  and 
pig  iron,  to  at  least  200  tons,  with 
corresponding  increases  in  train  loads 
and  in  the  capacity  of  the  transporta- 
tion machine  without  much  increase 
in  cost  of  handling. 

When  the  gauge  was  reduced  on  the 
wide  gauge  roads  by  adding  a  third 
rail,  the  change  on  hundreds  of  miles 
of  line  was  made  in  a  few  hours.  It 
will  not  be  so   easy  to  increase  the 
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width  of  gauge  and  the  distance  be- 
tween centers  of  tracks  from  13  to  15 
ft.,  to  pass  cars  12%  ft.  wide  and  in- 
crease the  overhead  clearance  where 
it  is  now  less  than  20  ft.,  but  the 
time  will  come  when  the  necessity  for 
the  use  of  the  wider  gauge  will  be 
acknowledged  and  perhaps  by  a  grad- 
ual transition  the  use  again  of  the 
third  rail  the  wide  gauge  may  be 
restored. 

P  o  w  e  r — the  Principal  Operating 
Question. — Probably  the  principal  op- 
erating question  is  that  of  power.  The 
coal  or  oil-fired  steam  locomotive  has 
been  developed  into  a  comparatively 
efficient  machine  using  superheated 
steam  at  higher  pressure,  and  with 
many  modern  improvements  to  enable 
it  to  compete  with  the  higher  priced 
but  more  efficient  electric  motor. 
These  improvements  and  the  high  cost 
of  electric  installation  will  probably 
enable  it  to'  compete  and  remain  in 
service  many  years,  notwithstanding 
the  fact  that  we  cannot  operate  a 
steam  plant  mounted  on  wheels  as 
economically  as  one  that  is  stationary; 
nor  can  we  use  low-grade  fuel  eco- 
nomically; in  fact,  no  fuel  is  too  good 
to  burn  in  a  locomotive  if  it  is  used 
properly.  The  whole  problem  is  the 
economical  generation  and  use  of  heat 
in  a  moving  machine,  for  heat  is  con- 
vertible into  power  and  power  into 
heat  again. 

A  great  deal  of  coal  is  wasted  by 
over-zealous  and  inexperienced  fire- 
men who  work  too  hard  and  shovel 
coal  info  fireboxes  faster  than  {t  is 
consumed,  thereby  liberating  gases 
faster  than  they  are  burned,  even  in 
well  designed  boilers  equipped  with 
brick  arches,  and  forcing  the  un- 
burned  gases  out  of  the  stacks.  An- 
other source  of  waste  of  about  14  lb. 
of  coal  per  minute  is  the  open  safety 
valve  or  double  that  amount  if  two 
valves  are  lifted  at  the  same  tim§. 

Maintenance  of  Track. — All  of  us 
like  to  see  and  ride  over  a  smooth, 
well  drained  and  clean  track,  but  we 
are  not  all  well  informed  as  to  the 
troubles  of  the  people  who  are  re- 
sponsible for  its  maintenance,  and  not 
many  know  that  on  a  busy  road  the 
rain  of  sparks  of  unburned  coal,  or 
really  coke,  from  the  stacks  of  loco- 
motives will  fill  the  voids  in  stone  bal- 
last in  two  years  so  that  water  will 
stand  on  the  tracks  after  a  shower. 

We  can  say  also  that,  judging  from 
results,  not  many  know  that  loose 
bolts  cause  a  long  train  of  ills.     Any 


bolt  on  which  a  quarter  turn  of  the 
nut  can  be  made  by  one  man  with  a 
track  wrench  after  the  bolts  have 
been  tapped  on  the  head,  is  loose; 
such  bolts  cause  low  joints  and  low 
joints  cause  loose  ties  that  hang  by 
their  spikes;  and  bad  line,  and  creep- 
ing track,  and  slewed  joint  ties.  It 
follows,  therefore,  that  tight  and  well 
fitting  splice  bars  prevent,  to  a  very 
great  extent,  the  ills  that  inevitably 
follow  neglected  joints. 

It  is  true  that  the  joint  is  the  weak 
place  in  our  track,  notwithstanding 
the  fact  that  we  have  so-called  100 
per  cent  splices,  none  of  which,  how- 
ever, have  exceeded  40  per  cent.  The 
result  is  that  the  wave  motion  of  the 
rail  is  greatest  in  the  vicinity  of 
joints  and  that  the  ties  suffer  most 
where  the  wave  motion  is  greatest 
and  gradually  become  loose.  The 
foreman  is  unable  to  discover  this 
condition  by  sighting  over  the  rail, 
because  the  rail  is  a  strong  spring 
that  recoils  after  the  passage  of 
wheels,  but  if  the  same  foreman  will 
watch  the  action  of  the  rail  under 
passing  loads  he  will  get  definite  and 
reliable  information  as  to  actual  con- 
ditions and  thereby  be  enabled  to  ap- 
ply his  labor  where  it  is  most  needed. 

The  cost  of  labor  applied  to  main- 
tenance is  approximately  proportional 
to  the  volume  of  traffic,  but  unless  the 
roadbed  is  well  drained  and  the 
ditches  are  of  ample  width  and  depth 
promptly  to  carry  away  the  water, 
the  cost  of  maintenance  is  increased 
and  the  effect  of  much  effort  is  short 
lived;  therefore  good  drainage  is  not 
only  important  but  is  imperative  if 
good  results  are  to  be  obtained  at  rea- 
sonable cost.  No  one  can  maintain  a 
good  track  on  ground  that  is  soft  or 
wet.  The  water  must  be  eliminated 
and  the  ground  must  be  kept  dry  and 
hard  before  permanent  improvement 
can  reasonably  be  expected. 

Within  comparatively  few  years 
axle  loads  have  doubled  and  the 
weight  of  rails  have  increased,  but 
not  in  the  same  proportion.  The  size 
of  the  crosstie,  however,  has  perhaps 
diminished  and,  as  partial  compensa- 
tion, we  have  somewhat  increased  the 
bearing  surface  on  the  tie  by  the  in- 
troduction of  tie  plates.  We  have  also 
begun  the  use  of  preservative  treat- 
ment to  increase  the  life  of  ties  in 
service  and  have  found  that  to  carry 
our  present  wheel  loads  at  high 
speeds  we  must  have  hard  timber. 
Soft  wood  cannot  be  used  successfully 
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in  main  tracks  that  carry  heavy  traffic, 
even  if  protected  by  large  tie  plates. 

It  is  found  that  the  use  of  machines 
for  tamping  track  provides  more  uni- 
form bearings  and  consequently  more 
even  support  for  the  ties.  This  is 
advantageous  in  protecting  them  from 
uneven  strain  and,  of  course,  is  better 
for  the  rail  also.  With  the  increasing 
scarcity  of  labor  it  is  found  that  the 
use  of  machines  for  ditching  and 
handling  rails,  frogs  and  other  heavy 
material  is  necessary  and  quickly  re- 
pay their  cost.  As  an  offset  to  the 
investment  in  machines  it  is  often  de- 
sirable to  keep  close  watch  on  the 
performance  of  work  trains,  and  re- 
strict the  size  of  the  gangs  to  actual 
needs  during  those  seasons  of  the 
year  when  they  can  be  used  to  ad- 
vantage constantly  when  the  weather 
is  favorable.  At  other  times  the  work 
that  can  be  economically  performed 
by  them  requires  their  employment 
only  at  intervals.  In  many  cases  the 
work  done  by  work  trains  could  be 
more  cheaply  performed  by  small 
gangs  using  trucks  and  motor  cars. 

Proper  Adjustment   of  Curves. — A 

question  of  considerable  importance  is 
the  proper  adjustment  of  curves.  The 
object  of  the  super-elevation  of  the 
outer  rail  is  to  accomplish  the  neu- 
tralization of  centrifugal  force,  by  the 
force  of  gravity,  by  placing  these 
forces  in  equilibrium.  Like  the  coun- 
terbalancing of  the  revolving  and 
reciprocating  parts  of  locomotives, 
however,  this  result  can  be  accom- 
plished for  one  speed  only,  because 
the  effect  of  centrifugal  force  varies 
as  the  squares  of  the  velocities,  while 
the  force  of  gravity  varies  as  a 
constant  differential  in  arithmetical 
progression.  We  see  therefore  that 
super-elevation  is  applied  to  neutral- 
ize the  effect  of  speed,  and  for  no 
other  reason,  and  we  find  that  the  ill 
effects  of  excessive  elevation  are 
greater  than  are  suffered  when  too 
little  is  used.  The  effect  of  the  use 
of  greater  elvation  than  is  necessary 
is  to  throw  more  than  its  proper  share 
of  the  load  on  the  low  or  inner  rail, 
thereby  reducing  the  load  on  the  outer 
rail  correspondingly  and  inviting  de- 
railment. The  excess  weight  crowds 
the  low  rail  and  turns  it  outward, 
thereby  spreading  the  gage.  Too 
little  elevation  permits  the  excess  or 
unbalanced  centrifugal  force  to  cause 
pressure  both  horizontally  and  ver- 
tically against  the  outer  rail  and  in- 


crease flange  wear,  but  derailment 
from  this  cause  is  unusual. 

A  factor  that  should  be  given  con- 
sideration before  reaching  a  decision 
as  to  the  proper  amount  of  super- 
elevation to  be  used  in  each  particular 
case  is  the  action  or  lack  of  action 
of  the  locomotive.  If  steam  is  used 
the  result  is  to  neutralize  all,  or  more 
than  all,  or  at  least  part  of  the  effect 
of  centrifugal  force  in  proportion  to 
speed  and  the  degree  of  curvature  or 
angle  between  the  cars  at  the  draw- 
heads.  If  no  steam  is  used  and  the 
train  drifts  without  brakes  and  the 
retarding  effect  of  curve  resistance 
causes  the  slack  to  run  in  and  in- 
crease centrifugal  force  in  the  way 
that  it  is  diminished  by  the  pull  of 
the  locomotive.  Therefore  when  trains 
are  operated  at  high  speed  enough  re- 
duction of  train  line  pressure  should 
be  made  on  approaching  curves  to 
steady  the  train,  hold  out  the  slack, 
and  thereby  prevent  discomfort  to 
passengers,  and  long  trains  of  heavy 
cars  from  crowding  the  engine,  with 
the  possible  result  of  parted  couplings 
when  the  slack  is  taken  up. 

On  a  single  track  which  carries  fast 
and  slow  and  light  and  heavy  traffic, 
a  compromise  only  is  possible;  bear- 
ing in  mind  that  it  is  both  safer  and 
better  to  use  too  little  super-elevation 
than  too  much  and  require  the  fast 
trains  to  reduce  speed  and  hold  out 
the  slack  on  sharp  curves. 

On  double  track  lines  the  problems 
are  reduced,  but  we  still  have  to  move 
both  high-speed  and  low-speed  traffic 
on  the  same  track,  making  a  com- 
promise as  to  the  elevation  and  care 
in  handling  fast  trains  necessary.  It 
appears  therefore  that  the  only  satis- 
factory solution  of  this  problem  is 
found  in  classifying  traffic  as  to  speed 
of  movement  and  providing  a  track  in 
each  direction  for  each  class  and  ad- 
just the  super-elevation  on  each  track 
according  to  the  usual  speed  at  which 
trains  on  each  are  moved. 

Finally  we  can  say  that  the  more 
efficient  transportation  machine  is  the 
one  over  which  cars  can  be  moved  at 
the  lesser  cost.  This  means,  of  course, 
on  which  the  grades  have  the  more 
favorable  adjustment  to  the  tonnage 
to  be  moved  in  each  direction.  In 
some  cases  to  accomplish  this  requires 
the  separation  of  the  tracks  that 
carry  the  slow  and  heavy  trains  from 
those  on  which  the  movement  is  fast, 
so  as  to  obtain  higher  grades  on 
which  to  handle  the  heavier  trains. 
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We  must  always  bear  in  mind  that 
increasing  speed  over  ruling  grades 
reduces  tonnage  and  increases  cost  of 
handling,  and  that  spasmodic  or  inter- 
rupted movement  of  long-distance 
trains  should  be  avoided  if  satisfac- 
tory results  are  to  be  obtained.  The 
old  fable  of  the  hare  and  the  tortoise 
applies.  Keep  them  moving  at  mod- 
erate speed  and  have  a  little  power 
in  white  lead  most  of  the  time  as  an 
insurance. 

Why    Not    a    Longer    Rail?— We 

have  agreed,  I  think,  that  the  rail 
joint  is  the  weak  place  in  our  track 
structure.  It  will  remain  so  until  we 
have  a  real  100  per  cent  splice  which 
can  be  made  only  by  using  bars  with 
depending  anges  with  bolts  below  the 
rail  that  will  hold  in  position  an  ad- 
justable support  to  the  bases  of  the 
abutting  ends  of  the  rails.  When  we 
have  this  the  long  train  of  ills  from 
which  we  now  suffer  on  account  of 
loose  joints,  loose  ties,  low  joints,  bad 
surface  and  bad  line  will  disappear, 
because  in  effect  we  will  have  a  con- 
tinuous rail.  Such  joints  will  cost 
more  and  will  be  worth  more.  As  an 
offset  we  should  use  longer  rails  and 
less  joints. 

We  had  rails  30  ft.  long  that 
weighed  56  lb.  per  yard.  We  now 
have  rails  33  ft.  long  that  weigh  130 
lb.  per  yard.  To  maintain  the  ratio 
of  length  to  weight  of  the  56  lb.  rails 
the  130  lb.  rails  would  be  about  70  ft. 
long  with  less  than  half  as  many 
joints;  and  this  would  only  approxi- 
mate the  European  length  of  rail  of 
78%  ft. 

There  is  no  good  reason  for  rolling 
our  rails  in  long  lengths  and  cutting 
them  short  to  fit  the  lengths  of  cars. 
We  haul  double  loads  for  others.  Why 
not  for  ourselves? 


Progress   of   Railroad   Valuation. — 

Up  to  May  15  the  Interstate  Com- 
merce Commission  had  served  326 
tentative  valuations.  These  include  in 
the  aggregate  465  properties  with 
54,702  miles  of  roads  and -78,660  miles 
of  track. 


To  Extend  Argentine   Railroads. — 

The  executive  branch  of  the  Argen- 
tine Government  is  considering  exten- 
sion of  State-owned  railways,  involv- 
ing an  estimated  expenditure  of  300,- 
000,000  pesos.  The  proposed  program 
would  be  completed  in  three  or  four 
years. 


The  Economy  of  Timber 
Treatment 

The  accompanying  chart,  reproduced 
from  the  Railway  Age,  indicates  in  a 
striking  manner  the  effect  of  treat- 
ment on  ties.  It  shows  the  number 
of  ties  inserted  per  mile  of  all  tracks 
on  three  large  railway  systems  for  a 
period  of  13  years  ending  with  1921, 
together  with  the  number  inserted  per 
mile  on  the  basis  of  the  mileage  in 
operation  in  1910,  the  latter  figure 
taking  into  consideration  the  increase 
in  mileage  since  that  date. 

Road  A  did  not  start  the  use  of 
treated  ties  until  1909,  and  the  pro- 
portion of  treated  ties  used  did  not 
exceed  37  per  cent  in  any  year  until 
1918,  and  has  exceeded  62  per  cent 


Curve    of    Tie    Renewals    on    Three    Railroads. 

only  in  one  year.  As  a  result,  this 
road  has  as  yet  secured  only  limited 
benefit  from  treatment,  the  average 
number  of  ties  renewed  per  mile  dur- 
ing the  four  years  from  1918  to  1921, 
inclusive,  being  295  or  305  if  com- 
puted on  the  basis  of  the  mileage  op- 
erated in  1910. 

Road  B  has  advanced  further  in  the 
treatment  of  ties.  It  had  a  few  zinc 
treated  ties  in  service  prior  to  1908 
and  at  no  time  since  that  year  have 
less  than  64  per  cent  of  its  ties  been 
treated.  As  a  result  its  requirements 
of  renewals  have  shown  an  almost 
constant  decline  from  an  average  of 
262  for  the  four  years  from  1908  to 
1911  to  168  in  the  corresponding 
period  from  1918  to  1921,  or  185  per 
mile  base^  on  1910  mileage. 

Road  C  has  been  a  pioneer  in  the 
treatment  of  ties,  having  used  them  to 
some  extent  since  1888,  and  not  less 
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than  92  per  cent  since  1912.  As  a 
result,  its  renewals  have  dropped  from 
an  average  of  292  for  the  three  years 
from  1908  to  1910  to  an  average  of 
132  for  the  four  years  from  1918  to 
1921,  or  156  per  mile  based  on  1910 
mileage.  In  other  words,  by  the  con- 
stant use  of  treated  ties,  the  require- 
ments of  Road  C  have  been  reduced 
to  half  of  those  of  Road  A,  which  has 
only  recently  gone  to  the  use  of 
treated  ties.  This  is  a  striking  demon- 
stration of  the  economy  of  timber 
treatment  over  a  long  period  of  years. 


Utilizing  Old  Bridge  Ties  in 
Street  Crossings 

The  Erie  R.  R.,  according  to  a  re^ 
cent  issue  of  Railway  Engineering 
and  Maintenance,  has  developed  an 
economical  and  satisfactory  method  of 
utilizing  old  bridge  ties  in  the  con- 
struction of  heavy  traffic  street  cross- 
ings. The  ties  are  sawed  into  blocks, 
which  are  treated  in  a  simple  and  in- 
expensive manner  and,  when  laid, 
have  resulted  in  a  crossing  surface 
that  gives  practically  no  trouble. 

Old  8-in.  by  8-in.  bridge  ties  of 
heart  pine  or  white  oak  are  used  for 
this  purpose.  By  means  of  a  circular 
cross-cut  saw  the  ties  are  cut  into 
6-in.  lengths.  Only  the  second  sec- 
tions are  used,  the  imperfect  parts  of 
the  ties  being  discarded  as  the  cuts 
are  made.  Other  lengths  of  cut  may 
be  made  as  desired,  according  to  the 
heights  of  the  rail  used  in  the  cross- 
ing. The  wood  blocks  so  formed  are 
thus  8  in.  by  8  in.  by  6  in.  These 
blocks  are  soaked  for  a  short  period 
in  a  vat  of  either  cold  creosote  or 
some  similar  preservative,  after  which 
they  are  allowed  to  drain.  When  this 
is  completed  they  are  piled  or  stacked 
ready  for  use. 

Before  a  crossing  is  installed  the 
track  structure  is  given  careful  atten- 
tion. Long  rails  are  used,'  the  cus- 
tomary length  being  66  ft.  These 
lengths  are  laid  on  tie-plated,  creo- 
soted  ties,  well  tamped  on  rock  bal- 
last. The  space  between  the  ties  is 
next  filled  with  ballast,  after  which  it 
is  thoroughly  tamped  and  rammed  un- 
til a  hard,  well-compacted  surface  has 
been  secured  level  with  the  tops  of 
the  ties.  In  this  way,  any  possible, 
settlement  of  the  paving  between  ties 
is  fairly  well  obviated.  The  flange- 
ways  are  formed  by  old  rails  laid  on 
their  side.  The  creosoted  blocks  are 
then  laid  between  the  flangeway  rails 


with  the  6-in.  edges  vertical,  thus  giv- 
ing an  end-grain  wearing  surface  at 
about  the  same  height  as  the  top  of 
rail.  Each  end  of  the  crossing  is 
finished  off  with  a  6-in.  plank  laid 
straight  across  and  fastened  securely 
to  the  ties.  The  crossing  is  then  com- 
pletely sealed  by  filling  all  the  spaces 
and  coating  the  surface  with  an  appli- 
cation of  Tarvia. 


Special      Rigging      on      Railroad 
Ditcher  for  Unloading  Rail 

An  ingenious  boom  arrangement  is 
being  used  on  an  American  railroad 
ditcher  on  the  Northern  Pacific  Ry. 
for  unloading  rail  from  coal  cars.  The 
accompanying  illustration  from  Amer- 
ican Ditcher  Scoopings  shows  the  ar- 
rangement. The  dipper  and  dipper 
arm  are  removed  and  a  piece  of  90-ft. 
rail  14  ft.  long  is  put  on  in  its  place, 
one  end  of  this  rail  is  drilled  to  take 
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Arrangement  for  Unloading  Rails  from 
Coal   Cars. 


the  dipper  arm  shaft  and  the  rail  is 
held  in  approximately  the  center  of 
the  shaft  by  two  pieces  of  pipe  which 
fit  over  the  shaft  sleeve  fashion  and 
fill  the  space  on  the  other  side  of  the 
rail.  The  hoisting  line  is  fastened  to 
this  rail  about  12  in.  from  the  end.  A 
piece  of  chain  10  ft.  long  with  the  rail 
tongs  on  the  end  of  it  fastened  to  the 
outer  end  of  this  rail  arm.  The  im- 
provised rail  arm  being  between  the 
boom  point,  and  the  tongs  keeps  the 
rail  from  swinging  and  pulls  the  slack 
out  of  the  line  for  the  man  who  hooks 
the  tongs.  It  is  claimed  that  this  ar- 
rangement is  easy  on  the  brakes  and 
does  not  call  for  so  much  power  as  the 
regular  dipper  arm.  The  claim  also  is 
made  that  this  rail  arm  makes  it  pos- 
sible for  the  operator  to  swing  a  rail 
swiftly  over  the  side  of  the  car  and 
place   it   accurately. 
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Will  the  Present  Halt  in 

Price  Inflation  Be 

Prolonged 

The  general  commodity  price  level 
was  two  per  cent  lower  and  the  build- 
ing material  price  level  was  one  per 
cent  lower  in  May  than  in  April.  This 
is  the  first  reaction  from  the  mild 
price  inflation  that  has  been  in  prog- 
ress for  15  months. 

We  shall  not  be  surprised  to  see  a 
resumption  of  the  general  rise  in 
prices  this  year,  but  it  is  improbable 
that  there  will  be  a  "runaway  mar- 
ket" in  the  near  future.  The  dire  ef- 
fect of  the  great  price  inflation  of 
three  years  ago  is  too  fresh  in  the 
minds  of  all  business  men  to  permit 
a  repetition  at  present.  Indeed,  it  is 
the  fear  of  a  recurrence  of  that  in- 
flation that  is  largely  responsible  for 
the  present  recession  in  prices;  for  the 
newspapers  have  recently  published 
many  warnings  from  bankers  and 
others  against,  allowing  inflation  to 
gain  headway.    These  warnings  have 


been  used  by  stock  speculators  as  a 
means  of  frightening  .the  "lambs"  in- 
to selling,  and  there  has  resulted  a 
flurry  in  the  stock  market. 

The  basic,  if  not  the  sole  cause,  of 
great  business  depressions  is  the  pro- 
duction of  a  large  volume  of  commod- 
ities at  prices  that  result  in  an  aggre- 
gate cost  to  the  consumers  in  excess 
of  the  aggregate  of  wages  and  sal- 
aries. In  other  words,  when  the  ag- 
gregate value  of  goods  in  stock 
greatly  exceeds  the  aggregate  in- 
come of  consumers,  an  economic 
overproduction  exists  that  can  be  rec- 
tified only  by  reduced  production. 
Such  reduced  production,  is  called  a 
business  depression.  Major  business 
depressions  usually  occur  about  10 
years  apart  when  the  general  trend 
of  prices  is  downward,  and  7  years 
apart  when  the  trend  is  upward.  The 
last  three  major  depressions  started 
in  1907,  1914  and  1920.  It  is  pretty 
safe  to  assume  that  the  next  major 
depression  will  not  start  before 
1927,  and  in  the  interim  we  shall 
have  price  levels  that  will  aver- 
age considerably  higher  than  today; 


(273) 


1410 


Buildings 


June, 


for  our  stock  of  gold  per  capita  al- 
ready exceeds  that  in  1913  by  80  per 
cent,  and  continues  to  increase,  with 
no  strong  likelihood  of  diminishing 
greatly  during  the  next  four  years. 

Those  who  point  to  price  history 
following  our  civil  war  are  prone  to 
overlook  the  fact  that  the  country 
then  was  almost  divested  of  its  gold, 
whereas  now  that  important  condi- 
tion is  reversed.  Moreover,  our  pop- 
ulation then  was  increasing  twice  as 
rapidly  as  now,  which  tended  to  re- 
duce the  per  capita  currency  and  thus 
to  reduce  the  price  level. 


Occupational  Restriction 
in  the  Building  Trades 

In  the  effort  to  increase  wages  by 
limiting  the  supply  of  workers,  most 
of  the  labor  unions  in  the  building 
trades  have  restricted  the  number  of 
apprentices  to  such  an  extent  that  a 
serious  shortage  of  skilled  masons, 
carpenters  and  plasterers  exists  in 
many  cities.  One  of  the  effects  of 
this  short-sighted  policy  has  been  the 
development  of  schools  for  building 
apprentices  under  the  direction  of  as- 
sociations that  are  not  affiliated  with 
any  labor  union.  During  the  last  12 
months,  for  example,  the  Industrial 
Association  of  San  Francisco,  trained 
700  apprentices  in  schools  for  brick- 
layers, pasterers,  plumbers,  painters 
and  molders.  At  Cleveland,  Ohio,  200 
boys  are  attending  an  apprentice 
school  for  bricklayers. 

Whenever  any  group  of  men  under- 
takes in  America  to  restrict  either  the 
numbers  in  a  given  trade  or  the  out- 
put of  the  members  of  a  trade,  there 
inevitably  develops  such  opposition 
to  the  restrictive  policy  that  it  even- 
tually is  overcome. 

Many  centuries  ago  in  India  a  sys- 
tem called  "caste"  was  evolved,  which 
has  for  its  basic  principle  the  restric- 
tion of  numbers  in  each  trade.  Un- 
der that  system  every  man  is  born 
into  the  trade  of  his  father,  and  may 
not  enter  any  other  trade.  The  scheme 
seemed  ideal.  It  carried  occupational 
protection  to  the  limit.  But  it  bred  a 
nation  of  loafers,  devoid  of  ambition. 
Let  us  not  flatter  ourselves  that  we 
differ  so  much  from  the  Hindu  that 
we  would  escape  his  fate  were  we  to 
adopt  his  system  of  restriction  of  oc- 
cupation. 


Why  Chimneys  Lean 

Eastward 

Brick  chimneys  usually  lean  toward 
the  east.  The  following  theory  has 
been  offered  in  explanation :  At  night 
moisture  accumulates  in  the  chimney, 
and  during  the  forenoon  the  side 
toward  the  sun  dries  out  more  rap- 
idly than  the  opposite  side,  causing 
shrinkage  of  the  brickwork  on  the 
eastern  side  very  much  as  a  board 
warps  when  unequally  wet  on  oppo- 
site sides. 

It  seems  to  us  that  a  better  ex- 
planation of  such  phenomena  was 
given  several  years  ago  in  Engineer- 
ing and  Contracting. 

Alternate  heating  and  cooling 
causes  progressive  expansion  of  cast 
iron  and  of  some  other  materials. 
Progressive  expansion  of  stone  slabs 
has  been  found  in  certain  graveyards. 
The  southern  and  eastern  faces  of 
gravestones  are  often  more  readily 
disintegrated  than  the  northern  and 
western  faces,  due  apparently  to  a 
greater  degree  of  progressive  expan- 
sion on  the  sides  most  exposed  to  the 
sun.  If  the  western  side  of  masonry 
is  thus  expanded  permanently  more 
than  the  eastern  side,  the  masonry 
will  lean  toward  the  east. 

The  Egyptian  obelisk  in  Central 
Park,  N.  Y.  City,  is  of  granite  that  is 
not  porous,  yet  the  hieroglyphics  on 
its  southern  and  western  faces  are 
more  badly  disintegrated  than  on  its 
northern  and  eastern  faces.  This  is 
explained  by  the  progressive  expan- 
sion theory,  but  is  not  explained  by 
the  moisture  penetration  theory. 

Asphalt  pavement  that  has  little  or 
no  traffic  becomes  porous  through 
progressive  expansion,  and  it  also 
shows  a  tendency  to  creep  down  steep 
hills. 

Possibly  the  phenomenon  of  pro- 
gressive expansion  due  to  oscillations 
of  temperature  is  much  more  common 
than  has  been  supposed,  and  may  ac- 
count for  many  hitherto  mysterious 
phenomena. 


Structural-Steel  Sales  for  May 

The  Department  of  Commerce  an- 
nounces May  sales  of  fabricated 
structural  steel,  based  on  figures  re- 
ceived by  the  Bureau  of  the  Census 
in  co-operation  with  the  Structural 
Steel  Society.  Total  sales  of  130,929 
tons  were  reported  for  May  by  firms 
with  a  capacity  of  225,790  tons  per 
month. 
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Tonnage  booked  each  month  by  175  This  arose  from  the  fact  that  the 
identical  firms,  with  a  capacity  of  greatest  maximum  average  for  all 
2^9,575  tons  per  month,  is  shown  be-  floors  of  any  one  of  the  buildings  in- 
low,  together  with  the  per  cent  of  vestigated  was  17  lbs.  per  square  foot, 
shop  capacity  represented  by  these  or  42  per  cent  of  the  maximum  ob- 
bookings.  For  competitive  purposes,  served  floor  load  on  any  one  floor, 
the  figures  are  also  prorated  to  obtain  Hence  it  has  followed  that  most 
an  estimated  total  for  the  United  structural  engineers  are  prepared  to 
States  on  a  capacity  of  250,000  tons  design  the  lower  tiers  of  columns  for 
per  month.  a  tall  building  for  a  live  load  not  over 
Actual  Per  Cent  Estimated  50  per  cent  of  the  maximum  possible 
T°nn*sAe  n  of  u     0Tf.al  live  load  on  all  floors  above. 

1922  Booked     Capacity    Bookings 

April  200,588          87          217,500  The  most  important  of  the  recent 

May  184,638          8i          202,500  investigations  made  by  the  Building 

JSS5  ..::::::::::::::::::::  Ifiill      II      iK  code  committee  is  that  on  the  Equi- 

August   156,011          68          170,000  table  Building,   New  York  City,   re- 

September   146,146          64          160,000  garded  as  probably  the  largest  office 

October  132,450          58          145,000  buildine-  in  the  world      As   reported 

November     111,794             49             122,500  V"      rS  :           •        WXtQ'      ^S    reposed 

December  138,024          60          150,000  Dv     Engineering     News-Record,     the 

1923  maximum  loads  observed  varied  from 

January   1^2,415          75          187,500  30.7  to  78.3  lbs.  per  square  feet,  al- 

February    183,938           80           200,000  though   in  the  latter  case    if  certain 

March   218,997           95           237,500  wiougn  in  me  latter  case,  11  certain 

April  184,884*        81          202,500  book  shelves  had  been  filled,  the  load- 
May  130,929**       58          145,000  ing    would    have    amounted    for    the 

228*455 °tted  by  166  firms  with  a  capacity  oi  room  in  question  to  87  lbs.  per  square 

'  **RePo°r?eSd  by  157  firms  with  a  capacity  of  feet-     The  latter  load  occurred  in  a 

225,790  tons.  room  which   was  selected  as   one  of 

.  specially  heavy  occupancy,  being  de- 

rr«i           I        j     r       r\£C  voted  to  the  housing  of  a  large  law 

TlOOr  Loads   tor  Uttice  library.    The  above  figures  relate,  of 

Buildings  course,  particularly  to  the  problem  of 

Editorial    in   The   Canadian   Engineer  ?00r  desi^n:     So  far  as  column  design 

Earnest  consideration  of  the  ques-  lsu  con?™e&  the  fiSure  to  *>e  note£  ? 
tion  of  the  proper  magnitude  of  live  about  n;6  ^s.  per  square  feet,  which 
loads  for  office  building  floors  is  be-  represents  the  average  live  loads  on 
ing  given  by  the  Building  Code  Com-  the  three  floors  particularly  chosen  for 
mittee  of  the  United  States  Depart-  study-  Excluding  offices  given  oyer 
ment  of  Commerce,  and  facts  of  great  to  a.  specially  heavy  occupancy,  the 
importance  to  the  structural  engineer  maximum  floor  load  observed  was  55.4 
are  being  disclosed.  Observations  ft*-  Per  square  feet,  and  comparing 
which  have  formed  the  basis  of  pres-  th.f,  average  load  on  the  three  floors 
ent  specifications  are  being  supple-  Wlth  ^s,  it  is  seen  that  it  is  scarcely 
mented  by  careful  studies  of  floor  live  more  than  ?0  per  cent  of  the  man- 
loads  of  numbers  of  buildings  in  the  ™um-  In  this  we  have  additional 
United   States.  ground  for  liberal  reduction  of  column 

Up  till  the  present  the  most  impor-  live  loads, 
tant  series  of  floor  live  load  studies  Another  investigation  undertaken  by 
ever  conducted  was  that  of  Blackall  the  committee  was  on  the  building  of 
and  Everett,  carried  out  in  Boston,  the  Union  Central  Life  Insurance  Co., 
thirty  years  ago.  According  to  their  Cincinnati.  Several  large  sections  of 
observations,  which  were  made  on  the  different  stories  of  this  building  de- 
floors  of  three  large  office  buildings  in  voted  to  clerical  and  filing  purposes 
Boston,  the  highest  live  load  found  in  were  studied.  The  average  weight  of 
any  one  office  amounted  to  40.2  lbs.  furniture  for  these  sections  was  7.4 
per  square  foot.  The  average  of  the  lbs.  per  square  feet,  and  if  to  this  be 
ten  heaviest  loadings  in  each  of  the  added  the  weight  of  employes  not  ex- 
three  buildings  amounted  to  only  25.9,  ceeding  1.8  lbs.  per  square  feet,  it  is 
29.8  and  29.0  lbs.  per  square  foot,  seen  that  the  average  loading  is  not 
This  directed  in  a  striking  manner  at-  above  9.2  lbs.  per  square  feet,  al- 
tention  to  the  remarkable  lightness  of  though  the  office  floors  were  designed 
usual  maximum  loads  on  office  build-  for  50  lbs.  per  square  feet.  The  com- 
ing floors,  and  one  of  the  incidental  mittee  also  investigated  the  live  loads 
facts  established  was  that  a  very  con-  in  the  reference  room  of  a  New  York 
siderable  reduction  of  live  load  in  the  insurance  company  containing  heavy 
design   of   columns   might   be   made,  steel  filing  cases  for  insurance  map 
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books.  The  total  live  load  observed  in 
this  room  was  50.3  lbs.  per  square  feet. 
Much  credit  is  due  to  the  Building 
Code  Committee  of  the  United  States 
Department  of  Commerce  in  carrying 
out  these  studies.  Doubtless  there 
has  been  a  great  deal  of  material 
wasted  in  the  construction  of  office 
buildings,  and  probably  of  other  kinds 
of  buildings  as  well,  from  the  assump- 
tion of  extravagant  floor  loads.  The 
lack  of  reliable  data  appears  to  be 
greatest  in  the  case  of  schools, 
churches,  hotels,  assembly  halls,  the- 
atres, hospitals,  workshops,  factories, 
printing  establishments,  machine 
shops  and  public  garages.  Some  study 
of  loads  due  to  motor  truck  storage 
has  been  made  by  E.  L.  Verveer,  and 
the  weightof  crowds  of  human  beings 
has  been  well  established  by  Professor 
J.  H.  Johnson  and  Professor  W.  C. 
Kernot,  but  studies  of  the  kind  re- 
cently undertaken  by  the  committee 
for  office  buildings  have  yet  to  be 
recorded  for  most  other  buildings.  It 
is  to  be  hoped  that  these  will  be  car- 
ried out  in  the  near  future  and  that 
the  undoubted  waste  that  has  occurred 
in  the  design  of  building  structures 
will  be  obviated. 


The  Last  Plasterer 

Editorial    in    Wall    Street    Journal 

There  is  reason  to  apprehend  that 
bricklayers  will  become  as  uncommon 
as  veterans  of  the  War  of  1812.  When 
one  reflects  on  the  princely  wages  of 
bricklayers,  it  is  a  lamentable  thought 
that  they  have  to  die,  but  as  with  all 
the  world's  great,  no  way  has  been 
found  to  save  them  from  this  unhappy 
fate.  An  occasional  veteran  of  the 
War  of  1812  is  recruited  by  fraud,  and 
an  occasional  apprentice  is  admitted 
to  membership  in  the  Bricklayers' 
Union,  but  in  neither  case  does  the 
number  of  recruits  begin  to  equal  the 
mortality  list. 

The  National  Association  of  Manu- 
facturers says  that  the  number  of  ap- 
prentices admitted  to  the  Bricklayers' 
Union  last  year  was  less  than  half 
the  number  of  members  taken  by 
death.  At  this  rate,  bricklaying  will 
soon  become  a  lost  art,  and  our  grand- 
children will  marvel  at  our  skill  in 
laying  brick  as  we  wonder  at  the  lost 
processes  of  our  remote  ancestors  who 
understood  and  practiced  the  temper- 
ing of  copper. 

The  passing  of  the  plasterers  gives 
even  greater  reason  for  apprehension 
and    disquietude,    because    they    are 


passing  even  faster  than  the  brick- 
layers. We  replenish  our  streams 
with  trout  and  we  protect  our  song 
birds  from  extermination,  but  we  take 
no  thought  of  our  plasterers.  By  rea- 
son of  the  limitation  of  apprentices, 
most  of  our  plasters  are  aged  men 
and  will  not  be  with  us  for  long.  The 
years  are  not  many  when  we  shall 
regard  with  awe  the  last  survivor  of 
the  Plasterers'  Union  very  much  as 
we  regarded  the  last  survivor  of  the 
charge  of  Balaklava. 

With  the  growing  scientific  inter- 
est in  these  matters,  it  is  not  unlikely 
that  the  professors  at  our  institutions 
of  learning  will  soon  undertake  a 
study  of  this  disappearing  type  as 
they  do  the  small  remnant  of  the 
aboriginal  tribes.  While  there  is  yet 
time,  we  suggest  that  there  be  pre- 
served on  the  phonograph  for  future 
generations  the  voice  of  a  plasterer 
discussing  long  hours  and  slave 
wages,  for  the  era  is  not  remote 
when  all  we  shall  know  of  this  species 
must  come  from  a  study  of  the  fossil 
remains. 

What  antiquarian  interest  will  there 
soon  be  in  a  fragment  of  freshly- 
spread  plaster?  We  can  see  the  last 
plasterer,  a  centenarian  on  his  death 
bed,  painfully  but  skilfully  spreading 
this  fragment,  at  the  rate  permitted 
under  union  rules,  for  preservation  in 
the  Metropolitan  Museum  of  Art, 
alongside  the  fragment  of  King  Tut's 
flagon. 


Zoning  Law  for  Kansas  City,  Mo. — 

The  Council  of  Kansas  City,  Mo.,  has 
passed  a  general  zoning  ordinance. 
The  ordinance  divides  the  city  into 
districts;  imposes  regulations  for  each 
district;  provides  restrictions  and  pro- 
hibitions for  the  promotion  of  the  pub- 
lic health,  safety,  convenience,  com- 
fort, prosperity  and  general  welfare; 
governs  the  erection  of  buildings  and 
other  structures;  designates  the  kind 
and  clases  of  trade,  industries,  resi- 
dences and  other  purposes  for  which 
buildings  and  other  structures  or 
premises  may  be  permitted  to  be 
erected,  constructed,  reconstructed,  al- 
tered, repaired  or  used.  The  bill  also 
regulates  and  limits  the  height  and 
bulk  of  buildings  and  other  structures. 
A  board  of  zoning  appeals  is  created. 
A  penalty  for  the  violation  of  the  or- 
dinance is  also  provided. 
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An  "index  number"  is  really  a  per- 
centage, and  in  the  case  of  an  "index 
price"  shows  the  relative  price  level 
at  different  times.  In  the  accompany- 
ing table  the  price  level,  or  "index 
price,"  is  100  for  the  year  1913;   and 


3 

V 

a© 
fis 

1913    100 

January    98 

October    108 

1914     103 

January    103 

July    103 

October    ..  101 

1915     104 

January    104 

April    104 

July     104 

October    106 

1916     123 

January    110 

April    113 

July    117 

October    136 

1917     190 

January    152 

April     184 

July     196 

October     207 

1918     218 

January    211 

April    213 

July    217 

October    225 

1919 231 

January 224 

April     230 

July    241 

October    227 

1920     218 

January    247 

April    243 

July    233 

October    187 

1921     124 

January    —  143 

February    133 

March    127 

April     117 

May    118 

June     114 

July    119 

August    123 

September    124 

October     124 

November    121 

December    120 

1922     133 

January    122 

February    131 

March     130 

April 129 

May 132 

June    131 

July    135 

August    131 

September    133 

October 138 

November    143 

December    145 

1923— 

January    143 

February    142 

March    143 

April     141 

May   139 


the  indexes  for  other  periods  are  those 
calculated  by  the  U.  S.  Department  of 
Labor. 

The  index  for  building  materials  is 
a  weighted  average  of  the  principal 
building  materials  except  steel. 
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The  Strength  of  Ordinary  Brickwork 


Tests  of  Old  Brick  Piers  from  a  Building 


Ordinary  brickwork  laid  in  the  or- 
dinary way  by  an  ordinary  bricklayer 
has  just  as  great  strength  as  brick- 
work laid  specially  for  testing  in  a 
laboratory.  This  is  shown  in  a  report 
by  Mr.  Rudolph  P.  Miller,  consulting 
engineer,  formerly  Superintendent  of 
Buildings  for  Borough  of  Manhattan, 
and  just  issued  in  a  pamphlet  en- 
titled "The  Strength  of  Ordinary 
Brickwork,"  by  the  Common  Brick 
Manufacturers'  Association  of  Amer- 
ica, Cleveland,  0.  The  notes  follow- 
ing are  reprinted  from  the  pamphlet. 

Test  Piers  Cut  From  Old  Wall.— In 
the  course  of  demolition  during  Aug., 
1919,  of  the  4-story  brick  building 
constituting  a  wing  of  the  former 
home  of  the  Racquet  and  Tennis  Club 
at  26  to  28  West  43rd  St.,  New  York 


Test  Piers  from  Racquet  and  Tennis  Club 
Building. 

City,  an  effort  was  made  to  secure 
samples  of  the  brickwork.  On  account 
of  the  difficulty  in  removing  the  ma- 
sonry, suitable  samples  could  not  be 
taken  from  the  side  walls.  The  blast- 
ing which  was  necessary  to  demolish 
the  masonry  so  shattered  the  brick- 
work that  it  could  not  be  used  for  the 
purpose.  An  interior  brick  pier,  how- 
ever, built  in  an  8-in.  partition  wall 
in  the  sub-basement  and  which  could 
be  removed  without  blasting,  was 
found  and  was  used.  The  pier  was  20 
in.  square  in  cross  section  and  about 
10  ft.  high.  For  test  purposes  it  was 
cut  into  four  sections  averaging  about 
2  ft.  in  height,  and  trimmed  down  to 
approximately  12  in.  by  16  in.  in  cross 
section  in  order  to  keep  within  the 
capacity  of  the  testing  machine.  Two 
sides  of  the  specimens  were  the  orig- 
inal finished  faces  of  the  pier. 

There  was  nothing   unusual   about 
the  character  of  this  brickwork.     It 


was  laid  up  in  ordinary  common  bond, 
every  sixth  course  a  header,  as  called 
for  by  the  New  York  building  code. 
The  workmanship  was  good  but  ap- 
parently no  especial  care  was  taken 
to  produce  superior  work.  The  joints 
were  not  thoroughly  slushed  up,  as 
they  were  in  the  side  walls  of  the 
building,  and  though  the  joints  were 
fairly  well  filled  it  showed  voids  here 
and  there  in  which  an  ordinary  lead 
pencil  could  be  inserted,  such  as  are 
not  unusual  in  ordinary,  good,  accept- 
able brickwork,  representative  of  what 
was  then  and  is  now  being  done  by 
contractors  who  exercise  ordinary 
supervision  over  their  work. 

The  brick  used  were  from  the  Hud- 
son River  district.  They  were  ap- 
parently all  sound,  whole,  well-burned 
brick.  Though  it  had  the  appearance 
of  having  some  lime  in  it,  the  mortar 
used  was,  according  to  Mr.  George  )V. 
Brown,  superintendent  for  the  con- 
tractor who  erected  the  building,  a 
straight  cement  mortar  mixed  in  the 
proportion  of  one  part  of  cement  to 
three  parts  of  sand.  Portland  cement 
was  used. 

The  building,  from  which  the  brick 
work  was  taken,  was  erected  in  1903 
by  Marc  Eidlitz  &  Son,  builders,  in  ac- 
cordance with  the  plans  and  specifica- 
tions of  Cyrus  L.  W.  Eidlitz,  architect. 

The  pier  from  which  the  brickwork 
was  taken  carried  a  comparatively 
light  load  consisting  of  a  small  area 
of  floor  construction  with  such  live 
load  as  might  come  on  a  floor  used  as 
offices  and  reception  roms.  The  load 
on  the  pier  probably  did  not  at  any 
time  exceed  20  tons  or  100  lb.  per 
sq.  in.;  ordinarily  the  load  was  prob- 
ably not  more  than  one-fourth  of  that 
amount. 

Results  of  Tests. — The  ultimate 
crushing  strengths  of  the  specimens 
were  determined  at  the  Columbia 
University  testing  laboratory  in  a 
400,000  lb.  Olsen  Universal  testing 
machine.  Suitable  bearing  surfaces  at 
the  top  and  bottom  of  the  specimens 
were  secured  by  first  facing  with 
cement  mortar  to  make  a  flat  surface 
and  after  this  had  set  sufficiently  and 
when  placing  the  specimens  in  the 
testing  machine  smoothing  out  all  ir- 
regularities with  plaster  of  paris,  the 
initial  load  being  put  on  before  the 
plaster  had  hardened. 
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The  results  of  the  tests  are  shown 
in  Table  I. 

The  test  on  specimen  No.  1  was 
made  Sept.  4,  1920,  as  a  preliminary 
trial  to  get  some  idea  as  to  the 
strength  that  might  be  developed.  No 
particular  note  was  made  of  the  posi- 
tion of  headers,  nor  of  the  nature  of 
the  failure  except  that  it  manifested 
itself  as  it  did  in  all  the  specimens,  in 
vertical  shear  cracks.  The  first  indi- 
cation of  any  crack  occurred  when  the 
load  had  reached  516  lb.  per  sq.  in. 

The  other  specimens  were  tested 
Sept.  9,  1920.  The  photographs  show 
all  four  sides  of  the  specimens  from 
which  the  arrangement  of  the  bond 
can  be  seen.  It  is  further  indicated  in 
the  diagrams.  In  these  tests  the  first 
cracks  appeared  when  the  loads  were 
approximately  three-fourths  of  the 
ultimate. 

Flexure  of  Brick  Causes  Failure. — 
In  all  cases  the  cracks  first  appeared 
in  the  brick  and  started  at  some  point 
where  there  was  a  void  in  the  mortar 
joint,  showing  that  there  was  an  un- 
even pressure  on  different  parts  of  the 
brick,  causing  flexure  in  the  brick  with 
subsequent  rupture.  This  was  quite 
characteristic  throughout  the  brick- 
work. It  was  noted,  too,  that  the 
cracks  which  developed  early  in  the 
process  of  disintegration,  occurred  in 
the  headers  which  tied  the  brick  of  the 
outer  exposed  surfaces  of  the  finished 
pier  to  the  interior  brickwork,  again 
showing  an  unequal  pressure  on  the 
two  portions  of  the  brick.  The  gen- 
eral development  of  the  failure  in 
these  several  specimens  was  along 
vertical  cracks  throughout  the  height 
of  the  specimen,  separating  the  brick 
on  the  outside  face  from  the  rest  of 
the  masonry,  indicating  that  the  brick- 
work on  the  outside  face  carried  the 
greater  part  of  the  load  before  it  was 
transmitted  into  the  backing. 

The  low  result  in  the  case  of  speci- 
men "A"  was  probably  due,  in  part  at 
least,  to  uneven  bearing  on  the  pres- 
sure   plate    of   the    testing    machine. 


After  the  specimen  had  been  placed 
and  the  initial  load  applied  it  was  no- 
ticed the  bearing  at  the  top  of  the 
pier  did  not  seem  quite  true.  The 
test,  however,  was  allowed  to  proceed 
without  readjustment. 

The  higher  value  in  specimen  "B" 
over  specimen  "C"  was  probably  due 
to  the  position  of  the  bonding  courses. 
In  "B"  there  were  headers  in  the  sec- 
ond courses  from  top  and  bottom, 
whereas  in  "C"  there  was  only  one 


Diagram   Indicating   Bond  of  Test   Specimens, 

Also  General  Location  of  Cracks  First 

Appearing. 

such  header  course  and  that  about 
midway  between  top  and  bottom 
(fourth  course  from  one  end). 

The  average  crushing  strength  of 
the  four  test  specimens  can  certainly 
be  assumed  to  be  a  fair  value  of  the 
brickwork;  moreover,  it  is  confidently 
believed  that  the  average  strength  of 
specimens  "1,"  "B,"  and  "C"  (1781  lb. 
per  sq.  in.)  would  be  more  truly. 


Specimens 
1 
A 
B 
C 


Height 
Inches  Courses 


Table  I — Tests  on  Old  Brickwork  from  Racquet  and  Tennis  Club,  New  York  City 

Area  in . 
Compression 
Sq.  In. 
193.60 
206.25 
186.34 
196.00 
The  bearing  plate  ton  Pier  A  was  uneven,  and   this  is  believed  to  be  the  cause  of  the  lower 
recorded  strength  of  his  tier.     The  average  ultimate  strength  including  Pier  A  is  1555  lbs.  per 
sq.  in. 


10 


Ultimate  Strength 

First  Crack  at 

Total  lbs. 

Per  sq.  in., 

lbs. 

lb. 

per  sq.  in. 

268,970 

*1,389 

516 

181,000 

577 

640 

390,000 

*2,093 

1588 

365,000 

*1,862 

1275 

-Average  ultimate  strength  of  specimens  1,  B  and  C  1,781 
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Strengthening  Bridge  by  Addi- 
tion of  Two  Inverted  Bow- 
String  Girders 

Engineering  work  involving  a  some- 
what unusual  and  difficult  task  was 
recently  completed  near  Landeck  on 
the  railroad  over  the  Arlberg  Pass 
between  Innsbruck  and  the  Swiss 
Frontier.  The  work  is  described  in 
The  Engineer,  London,  to  which  we 
are  indebted  for  the  following  details. 

The  Trisanna  Bridge,  shown  in  Fig. 
1 — has  a  single  span  of  some  400  ft,, 
Which  crosses  the  Patznauer  Valley  at 
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Fig. 


The   Original   Trisanna   Bridge. 


a  height  of  287  ft.  It  was  erected  in 
1884,  and  is  made  of  Styrian  welded 
iron.  With  the  increasing  traffic  of 
the  last  few  years  the  bridge  reached 
the  limit  of  its  load  capacity,  and  it 
became  necessary  to  strengthen  it 
very  considerably,  especially  in  view 
ofT  the  heavier  electric  locomotives 
which  are  to  be  used  on  the  com- 
pletion of  the  electrification  of  the 
line,  which  is  now  in  progress.  This 
work  had,  of  necessity,  to  be  carried 
out  in  such  a  way  that  the  normal 
traffic  was  not  interfered  with.  Owing 
to  the  great  height  of  the  viaduct,  the 
erection  of  fixed  scaffolding  from  the 
bed  of  the  river  would  have  been 
much  too  costly.  Consequently,  it  was 
decided  to  employ  hanging  scaffolding. 


How  the  Bridge  Was  Strengthened. 
— TJie  existing  bowstring  girders  were 
strengthened  by  means  of  the  addi- 
tion of  two  inverted  girders  of  the 
same  type,  which  are  shown  in  Fig. 
2.  These  new  girders  were  connected 
with  the  old  girders  at  both  ends  of 
the  bridge  and  also  by  vertical  rods, 
with  the  panel  points  of  the  tension 
boom.  The  efficiency  of  this  method 
of  construction  lies  in  the  fact  that 
the  tensile  stress  produced  by  the 
weight  of  the  new  girders  produces  a 
compressive  stress  in  the  bottom  boom 
of  the  old  girders  and  thus  materially 
relieves  them.  The  forces  on  the  ver- 
tical rods  of  the  new  girders  are 
transferred  vertically  upwards 
through  the  panel  points  to  the  struts 
of  the  original  girders,  and  in  this 
way  not  only  is  relief  given  to  the 
lower  boom  but  also  to  the  top  boom 
and  web  bracing.  Had  the  new  gird- 
ers simply  been  suspended  from  the 
bridge,  they  would  only  have  been  ef- 
fective when  a  train  was  actually 
passing  over,  and  at  other  times  would 
only  have  increased  the  dead  load  on 
the  existing  girders.  To  overcome 
this,  all  the  vertical  rods  were  made 
in  two  parts  and  secured  together  in 
such  a  manner  that  each  rod  could 
within  certain  limits  be  shortened  or 
lengthened. 

Method  of  Erection. — During  the 
period  of  erection,  when  these  rods 
had  also  to  carry  the  hanging  scaf- 
folding, the  two  parts  of  each  rod 
were  bolted  together  provisionally. 
After  the  new  girders  were  erected 
these  provisional  fastenings  were  re- 
moved and  the  girders  lowered  by 
windlasses  to  a  position  in  which  the 
deflection  was  equal  to  the  deflection 
which  would  have  been  caused  by  their 
own  weight.  During  this  stage  of  the 
work,  the  entire  sub-structure  was 
suspended  from  the  old  girders  merely 
by  the  fastening  devices  at  the  ends 
of  the  bridge,  while  all  the  other  panel 
points  of  the  bottom  booms  of  the  old 
girders  were  left  entirely  free  so  that 
they  had  no  longer  to  carry  any  load. 
Even  at  this  stage  there  was  a  reduc- 
tion of  the  tension  in  the  bottom 
boom  as  a  result  of  the  pressure  pro- 
duced by  the  weight  of  the  lower 
girders.  The  two  parts  of  each  ver- 
tical rod  were  later  again  bolted  to- 
gether, so  that  the  whole  strengthen- 
ing of  the  girders  became  fully  ef- 
fective when  the  first  train  passed 
over  the  bridge  after  the  short  sus- 
pension of  traffic  during  which  the 
foregoing  operations  were  carried  out. 
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The  bolting  connections  of  the  ver- 
tical rods  were  only  employed  in  or- 
der to  reduce  the  suspension  of  traf- 
fic to  a  minimum  of  a  few  hours,  dur- 
ing which  time  the  lowering  of  the 
new  girders  took  place.  The  bolts 
were  subsequently  replaced  by  rivets. 

The  success  of  the  strengthening 
work  was  very  satisfactory.  Exact 
measurements  showed  that  the  strain 
in  all  the  parts  of  the  old 'main  gird- 
ers under  a  moving  load  amounted 
after  the  new  construction  to  only 
about  half  that  recorded  in  the  same 
parts  before  the  work  was  carried  out. 


the  bridge.  It  was  concluded  that  the 
bridge  had  sunk  and  traffic  was  ac- 
cordingly stopped.  A  thorough  in- 
vestigation showed,  however,  that  the 
openings  at  the  panel  points  were 
caused  by  differences  of  temperature 
in  the  girders.  Whilst  both  the  upper 
and  lower  parts  of  the  bridge  con- 
tained about  the  same  weight  of  struc- 
tural material,  the  surface  of  the  up- 
per part  was  larger  by  one  and  a  half 
times  than  that  of  the  lower  part.  It 
was,  therefore,  much  more  quickly  af- 
fected by  changes  of  temperature 
than    the   lower   part   which,   at    the 


Fig.  2.     Complete  Work,  But  Scaffolding  Still  in    Place. 


This  observation  is  in  complete  accord 
with  the  results  of  the  theoretical 
calculations  which  were  made  before- 
hand. 

In  addition  to  the  main  girders,  both 
the  longitudinal  and  cross  girders  of 
the  bridge  were  also  strengthened.  In 
the  case  of  the  longitudinal  girders  a 
form  of  truss  frame  was  adopted, 
which  was  brought  under  the  girders 
and  secured  to  them  without  necessi- 
tating any  removal  of  the  flooring  of 
the  bridge. 

Effect  of  Temperature  Changes  on 
Girders.— On  Oct.  28th,  when  the  work 
of  construction  was  on  the  point  of 
completion,  the  engineers  found  that 
the  joints  between  the  central  points 
of  contact  were  open  several  centi- 
meters, although  there  was  no  load  on 


time,  was  completely  surrounded  by 
wood  scaffolding  and  thus  protected 
from  cold  winds.  During  the  night  of 
Oct.  27th  to  28th,  1922,  snow  had 
fallen  in  the  mountains  and  a  cold 
wind  was  blowing  through  the  valley. 
It  reacted  much  more  on  the  upper 
part  of  the  bridge  than  on  the  lower, 
and  thus  caused  the  openings  at  the 
points  of  contact.  As  a  matter  of 
fact,  these  gaps  closed  in  the  course  of 
the  morning,  because  the  lower  part  of 
the  bridge  had  subsequently  taken  on 
the  same  temperature  as  the  upper 
part.  This  phenomenon  was  again 
observed  on  the  following  night,  but 
as  soon  as  it  was  clear  that  the  open- 
ings at  the  joints  were  not  due  in  any 
way  to  a  sinking  of  the  structure  but 
only  to  natural  temperature  effects, 
traffic  was  resumed. 
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Why  Drawings  of  Structural 

Work    Should    Be 

Preserved 


Two  Instances  Cited  by  The  American 

Architect  to  Show  Importance  of 

Keeping  Architect's  Plans 

It  is  the  duty  of  architects  to  give 
to  each  client  a  complete  set  of  draw- 
ings when  a  building  is  completed. 
This  is  especially  important  in  connec- 
tion with  structural  work.  Further- 
more the  client  should  be  told  that  the 
drawings  should  be  preserved  as  long 
as  the  building  stands.  The  two  inci- 
dents following  may  serve  to  show  the 
importance  of  the  matter. 

In  a  certain  large  city  in  the  middle 
West  the  edict  went  forth  that  all 
floors  in  business  buildings  were  to  be 
placarded  to  show  the  safe  live  loads. 
The  minimum  loading  for  any  floor 
was  40  lb.  per  sq.  ft.  A  certain  man- 
ufacturer asked  a  structural  engineer 
to  tell  him  what  it  would  cost  to 
measure  the  structural  members  and 
give  a  certificate  so  the  Building  De- 
partment could  issue  the  placards. 
The  engineer  said  he  would  do  the 
work  for  $150.  The  owner  found  a 
young  engineer  graduate,  working  as 
a  foreman  for  a  contractor,  who  un- 
dertook the  work  for  $75,  as  a  chance 
to  earn  some  extra  money  after  work- 
ing hours.  He  did  the  work  and  the 
Building  Department  refused  to  ac- 
cept his  figures,  saying  that  certifi- 
cates would  be  accepted  only  for  re- 
sponsible men  who  were  paying  office 
rent.  A  friend  of  his,  a  registered  en- 
gineer, signed  the  certificate  and  as- 
sumed responsibility  for  the  computa- 
tions. 

Then  the  owner  was  notified  that  he 
must  strengthen  all  columns,  beams 
and  girders,  the  computations  showing 
that  the  strongest  floor  could  be  pla- 
carded for  only  30  lb.  per  sq.  ft.,  while 
some  of  the  floors  could  carry  safely 
only  17  lb.  per  sq.  ft.  On  calling  at 
the  city  hall  he  found  that  the  young 
man  had  carefully  measured  all  the 
framework  and  made  his  computa- 
tions on  the  basis  of  net  sizes,  where- 
as nominal  sizes  were  permissible.  In 
describing  the  material  he  had  called 
it  white  pine  and  in  his  computations 
had  used  the  safe  stresses  permitted 
for  that  wood.  When  asked  why  he 
had  assumed  it  to  be  white  pine  he 
said  that  the  date  on  the  gable  of  the 
building  was  1872,  at  which  time  no 
yellow  pine  was  sold  in  that  market. 


He  also  said  that  the  owner  told  him 
he  had  no  information  of  any  kind,  a 
set  of  plans  and  specifications  given  to 
him  by  the  architect  having  been 
thrown  away  five  years  before  because 
he  hated  to  see  them  taking  up  space 
in  his  vault. 

The  owner  was  obliged  to  spend  a 
large  sum  to  reinforce  every  struc- 
tural member.  He  employed  the  en- 
gineer who  had  asked  a  fee  of  $150, 
to  prepare  the  plans  and  take  charge 
of  the  work.  This  engineer  discovered 
that  the  material  was  yellow  pine  for 
which  the  safe  fibre  stresses  were 
more  than  double  those  permitted  for 
common  white  pine.  The  Building 
Department  refused  to  accept  any 
change,  fearing  to  establish  a  prece- 
dent and  give  critics  an  opportunity 
to  say  the  officials  were  improperly  in- 
fluenced. Had  a  reconsideration  been 
granted  the  use  of  nominal  sisses  with 
yellow  pine  fibre  stresses  would  have 
permitted  the  weakest  floors  to  be  pla- 
carded for  a  40  lb.  live  load  instead  of 
17  lb. 

When  the  reinforcing  work  was 
completed  all  floors  were  placarded 
for  a  40  lb.  live  load.  The  engineer, 
curious  as  to  how  a  building  of  that 
age  in  that  locality  had  yellow  pine 
members,  made  an  investigation 
which  was  not  completed  until  several 
months  had  elapsed.  He  finally  was 
able  to  prove  that  a  fire  had  gutted 
the  building  in  1890  and  five  years 
later  the  old  walls  were  repaired  and 
the  interior  was  reconstructed  with 
yellow  pine.  The  destruction  of  the 
plans  by  the  owner  who  did  not  like  to 
see  them  taking  up  space  in  the  vault, 
cost  him  between  two  and  three 
thousand  dollars.  The  architect  died 
in  1905  and  no  one  remembered  the 
name  of  the  contractor,  who  was  later 
found  by  the  engineer  in  his  search 
for  information. 

The  second  instance  is  more  inter- 
esting. In  1908  an  8-story  building  of 
reinforced  concrete  was  erected.  The 
owners  were  given  a  complete  set  of 
drawings  blue  printed  on  cloth.  The 
building  changed  hands  and  the  draw- 
ings disappeared.  The  architect  went 
out  of  business  and  could  not  be  found. 
The  contractor  died.  The  new  owner 
wishes  to  add  two  stories  to  the  build- 
ing and  has  employed  a  firm  of  archi- 
tects to  prepare  plans  and  take  charge 
of  the  work.  In  their  search  they  dis- 
covered the  firm  that  sold  the  rein- 
forcing material  had  destroyed  their 
drawings,  it  being  the  policy  to  keep 
no  papers  more  than  10  years.     The 
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name  of  the  designing  engineer  was 
given  and  he  was  finally  located  in 
another  city. 

This  engineer  when  moving  a  few 
years  ago  had  destroyed  all  papers, 
etc.,  he  believed  to  be  no  longer  valu- 
able because  copies  had  been  given  to 
owners  and  former  employers.  His 
memory  is  not  clear  on  the  building  in 
question,  but  he  does  remember  that 
in  1908  (15  years  ago)  there  was  some 
talk  of  the  possibility  of  some  day 
adding  a  couple  of  floors.  He  sug- 
gests cutting  into  the  roof  slab  to  lay 
bare  the  reinforcement  and  thus  de- 
termine whether  it  was  designed  for  a 
30  lb.  roof  load  or  a  75  lb.  floor  load. 
He  also  suggests  an  examination  of 
the  columns  to  ascertain  their  load 
carrying  capacity.  He  knows  what 
stresses  he  used  for  the  Chicago  rein- 
forced concrete  ordinance  in  force  in 
1908  was  followed. 


May  Construction  Largest  on 
Record 

May  construction  volume  was  the 
largest  on  record,  according  to  F.  W. 
Dodge  Corporation.  The  previous 
high  record  was  in  May  of  last  year. 
The  increase  shown  last  month  over 
the  previous  May  was  nearly  5  per 
cent.  This  increase  was  shown  in  the 
27  northeastern  states,  which  include 
about  %  of  the  country's  total  con- 
struction volume.  In  the  first  five 
months  of  the  year  the  increase  over 
the  corresponding  period  of  1922  has 
been  13  per  cent. 

Total  contracts  awarded  during  May 
in  the  36  Eastern  States  (including 
about  %  of  the  total  construction  in 
the  country)  amounted  to  $433,906,- 
000.  The  increase  over  April  was  9 
per  cent.  Residential  construction 
showed  a  slight  decline;  industrial 
and  business  buildings  showed  in- 
creases. Residential  construction 
amounted  to  $168,216,000  or  39  per 
cent  of  the  month's  total.  The  other 
important  items  were:  $83,817,000,  or 
19  per  cent,  for  public  works  and  util- 
ities; $62,979,000,  or  15  per  cent,  for 
industrial  plants;  $59,510,000,  or  14 
per  cent,  for  business  buildings;  and 
$30,453,000,  of  7  per  cent,  for  educa- 
tional buildings. 

Contemplated  new  work  reported 
during  May  amounted  to  $641,686,000, 
a  slight  decrease  from  the  amount  re- 
ported in  April. 


The  Slump  Test  for  Measuring 
Consistency  of  Concrete 

From    a    Booklet    "Concrete    Data    for 
Engineers  and  Architects"  Issued 
by   the   Portland   Cement  Asso- 
ciation 

Mixing  water  has  two  functions  in 
concrete:  first,  to  hydrate  the  cement; 
and,  second,  to  produce  a  workable 
consistency.  Rich  mixtures  require 
less  mixing  water  per  sack  of  cement 
than  lean  ones  because  the  smaller 
volume    of    aggregate    requires    less 


Fig.    1.      Making    the    Slump    Test. 

mixing  water  to  attain  a  given  con- 
sistency. 

Mixtures  for  reinforced  concrete 
must  usually  be  more  plastic  than  for 
mass  concrete  or  for  pavements. 
Therefore,  more  mixing  water  is  need- 
ed and  the  required  strength  can  be 
obtained  only  by  using  more  cement. 
Obviously,  it  is  economy  to  limit  the 
quantity  of  mixing  water  to  the  small- 
est possible  amount. 

The  consistency  to  be  used  depends 
on  the  nature  of  the  work.  For  mass 
work,  sidewalks  and  pavements,  the 
concrete  can  be  fairly  stiff.  For  rein- 
forced concrete  floors  the  consistency 
must  be  a  little  more  plastic  so  that 
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the  concrete  can  be  worked  into  place 
around  the  steel  without  difficulty. 
For  thin  reinforced  concrete  walls  the 
mixture  must  be  even  more  plastic. 
For  all  work,  however,  the  consistency 
should  be  as  stiff  as  possible.  Ex- 
tremely wet  mixtures  should  never 
be  used. 

How  the  Slump  Test  Is  Made. — Con- 
sistency is  easily  measured  and  reg- 
ulated by  the  "slump  test."  Through 
its  use  on  the  job  the  quantity  of 
mixing  water  used  in  the  concrete  can 
be  controlled  fairly  closely.  The  only 
apparatus  needed  is  a  sheet-metal 
form,  shaped  like  a  frustum  of  a  cone, 
4  in.  in  diameter  at  the  top,  8  in.  at 
the  bottom  and  12  in.  high  (see  Fig. 
2)  and  a  %-in.  pointed  metal  rod  21 
in.  long.  This  equipment  can  be  made 
at  small  cost  by  any  tin  shop. 

Fill  this  form  with  the  concrete 
to  be  tested,  placing  it  in  layers  about 
4  in.  deep  and  working  it  with  the 
pointed  metal  rod.  In  order  to  secure 
uniform  results,  specifications  of  the 
American  Society  for  Testing  Mate- 
rials state  that  each  layer  should  be 
rodded  exactly  30  times.  Lift  off  the 
form   immediately   and   measure   the 


This  con  be 
cut  from  a 
sheet  ISin. 
wid*and26 
in.  long  not 
lighter 
than  eO 
gouge. 


'I  inch  lop. 


Fig.   2.     Diagram   for  Cutting   Metal   to  Make 
the  Frustum  of  a  Cone  used  for  the  Slump  Test. 

settlement  or   slump  of  the  concrete 
(see  Fig.  1). 

Concrete  having  a  slump  of  %  in. 
to  1  in.  will  contain  only  a  little  more 
water  than  necessary  for  maximum 
strength,  but  will  be  too  stiff  for  most 
construction  work.  Such  concrete  is 
said  to  have  a  relative  consistency  of 
1.00.  Concrete  containing  10  per  cent 
more  water  is  said  to  have  a  relative 
consistency  of  1.10  and  will  give  a 
slump  of  3  to  4  in.;  25  per  cent  more 
water  gives  a  relative  consistency  of 
1.25  with  a  slump  of  6  to  7  in.;  50 
per  cent  more  water  gives  a  relative 


consistency  of  1.50  with  a  slump  of  8 
to  10  in. 

Recommended   Maximum    Slump. — 

The  Progress  Report  of  the  Joint 
Committee  on  Standard  Specifications 
for  Concrete  and  Reinforced  Concrete 
(issued  June,  1921)  recommends  the 
following  maximum  slumps : 

Type  of  Concrete  Maximum  Slumps 

Mass    Concrete    2 

Reinforced   Concrete 

Thin    Vertical    Sections 6 

Heavy    Sections    2 

Thin    Confined    Horizontal    Sections 8 

Roads    and    Pavements 

Hand    Finished    4 

Machine    Finished    ...!....""""""      1 

Mortar    for    Floor    Finish 2 

To  apply  the  slump  test  in  your 
work,  estimate  the  minimum  slump 
that  you  can  use  and  still  obtain  the 
necessary  consistency  in  the  concrete. 
Test  the  batches  frequently  to  check 
the  slump  and  increase  or  decrease  the 
quantity  of  water  accordingly.  A 
competent  inspector  or  foreman  can 
easily  control  the  quantity  of  water 
and,  therefore,  the  strength  of  the  re- 
sulting concrete. 

Remember  that  each  excess  pail  of 
mixing  water  may  decrease  the 
strength  of  concrete  as  much  as  if 
two  pails  of  cement  had  been  left  out. 
Keep  the  quantity  of  mixing  water  as 
small  as  practicable  for  the  class  of 
work  under  way  Use  the  same  con- 
sistency in  all  batches. 


Colorless  Waterproofing  Materials 
for  Stone 

Investigations  are  now  under  way 
at  the  U.  S.  Bureau  of  Standards  cov- 
ering the  action  of  frost  on  building 
stone  and  on  the  value  of  colorless 
waterproofing  materials  with  which 
to  protect  the  surface  of  stone  struc- 
tures. During  the  last  month  the 
series  of  exposure  tests  on  colorless 
waterproofing  materials,  having  for 
its  object  the  determination  of  the  rel- 
ative durability  of  these  treatments 
under  weather  conditions,  has  been 
supplemented  by  a  series  of  tests  to 
determine  the  efficiency  of  the  differ- 
ent waterproofing  materials  in  pre- 
venting decay  of  the  stone. 

Crystallization  tests  are  being  made 
on  waterproofed  specimens  of  stone, 
to  secure  a  comparison  between 
treated  and  untreated  specimens. 
Waterproofed  specimens  have  also 
been  exposed  to  the  weather  and  will 
be  tested  after  a  considerable  period 
of  exposure. 
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Acoustics    of    Great    Hall    of 

Wesley     Foundation     at 

University  of  Illinois 

Acoustic   Design  Features  Described  in 
The   Western   Architect 

By  F.  R.  WATSON, 

Professor  of  Experimental  Physics,   University 
of  Illinois. 

There  is  a  prevailing  impression  in 
the  public  mind  that  the  action  of 
sound  in  an  auditorium  is  very  mys- 
terious and  that  it  is  only  by  chance 
that    satisfactory    acoustics    are    ob- 


auditor  to  hear.  It  should  not  be  so 
loud  as  to  be  unpleasant — such  as  the 
music  from  a  brass  band, — neither 
should  it  be  too  faint,  where,  for  in- 
stance, an  auditor  strains  to  hear  a 
weak-voiced  speaker.  Fortunately, 
there  is  a  considerable  range  of  loud- 
ness over  which  an  average  auditor 
may  hear  with  satisfaction. 

After  a  sound  of  acceptable  loud- 
ness makes  its  impression  on  the  lis- 
tener, it  should  die  out  in  a  suitably 
short  time  so  as  to  leave  the  field  free 
for  the  next  sound.  This  means  that 
a  certain  amount  of  sound  absorbing 
materials  should  be  present  in  the 
room. 


Great  Hall  of  Wesley  Foundation  at  University  of   Illinois,    Urbana,   111. 


tained.  This  impression  is  erroneous 
and  it  may  be  shown  that  conditions 
may  be  prescribed  in  accordance  with 
recognized  scientific  laws  with  a  cer- 
tainty of  securing  the  results  sought. 
The  acoustic  properties  of  the  Great 
Hall  of  the  Wesley  Foundation  fur- 
nish an  interesting  example  of  the 
methods  followed  in  such  procedures, 
and  indicate  the  extent  to  which  satis- 
factory conditions  may  be  obtained. 

Factors  on*  Which  Comfortable 
Hearing  Depends.— Comfortable  hear- 
ing in  a  room  depends  On  three  fac- 
tors. First,  the  sound  should  have  the 
proper  loudness  to  enable  the  average 


Finally,  the  sound  should  not  be 
distorted  in  any  way;  it  should  pre- 
serve the  quality  it  possesses  as  it 
leaves  the  source  and  should  not  un- 
dergo any  changes  by  absorption  or 
by  reflection  from  the  walls.  Particu- 
larly objectionable  in  this  connection 
are  echoes  which  give  an  annoying 
repetition  of  the  direct  sound  by  re- 
flection from  the  walls  of  the  room. 

4 

Acoustic  Design  Features. — With 
these  three  conditions  in  mind,  a  con- 
sideration of  the  Great  Hall  is  in- 
structive. The  volume  of  the  Hail, 
101,000  cu.  ft.,  is  such  that  sounds  of 
moderate  intensity  produce  the  proper 
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loudness  so  that  it  is  well  suited  for 
speaking,  for  singing  and  light  music. 
An  orchestra  with  brass  horns,  how- 
ever, could  easily  become  overpower- 
ing unless  the  brasses  were  played  in 
moderation.  For  such  a  case,  a  much 
larger  hall  would  be  needed.  A  rela- 
tion has  been  developed  by  means  of 
which  the  proper  size  of  an  audi- 
torium may  be  prescribed  when  the 
source  of  sound  is  specified.  That  Is, 
if  a  hall  is  to  be  used  primarily  for 
music  with  an  orchestra  of  say  35 
pieces,  the  volume  of  the  hall,  accord- 
ing to  this  relation,  should  have  about 
400,000  cu.  ft.;  for  90  instruments,  the 
volume  should  be  about  800,000  cu.  ft. 
Stating  the  law  in  words,  the  energy 
of  the  sound  source  varies  with  the 
area  of  the  bounding  surfaces  of  the 
room.  From  this,  it  is  readily  seen 
that  in  larger  halls  with  more  exten- 
sive walls,  the  energy  of  the  source  of 
sound  must  increase. 

The  second  essential  feature  in  the 
acoustic  design  of  the  Great  Hall  is 
the  sound  absorbing  material  which  is 
found  in  the  ceiling  in  the  form  of  a 
paper  pulp  board.  This  presents  a 
good  appearance  without,  decoration 
and  is  made  up  attractively  in  the 
form  of  panels.  (See  Fig.  1).  The 
absorbing  effect  of  this  material  was 
calculated  from  a  formula  before  the 
room  was  finished,  so  that  good  acous- 
tics, were  prescribed  in  the  construc- 
tion stage.  Speaking  in  any  position 
in  the  room  is  heard  distinctly,  thus 
making  the  hall  admirable  for  ban- 
quets and  public  meetings  where  the 
speakers  are  located  at  random. 
Music^is  also  regarded  by  musicians 
as  satisfactorily  transmitted. 

Advantages  of  Use  of  Sound  Ab- 
sorbent.— Several  advantages  follow 
from  using  the  sound  absorbent.  It 
makes  the  hall  largely  independent  of 
an  audience.  That  is,  the  acoustics 
are  good  when  no  audience  is  present; 
tt  is  also  satisfactory  when  all  the 
seats  are  filled.  The  most  usual  acous- 
tic fault  in  auditoriums  is  the  lack  of 
sound-absorbing  material  so  that  hear- 
ing is  difncult  when  a  small  number  of 
people  is  present,  though  the  condi- 
tions Jbecome  "passable"  when  a  large 
audience  occupies  the  room.  This  is 
explained  by  the  absorption  of  sound 
by  clothing  worn  by  people. 

The  amount  of  sound  absorbent 
reeded  in  a  room  may  be  calculated 
by,  a  formula  developed  by  Professor 
Wallace  C.  Sabine.  For  good  effect, 
it  is  found  that  in  halls  of  ordinary 


volume,  an  average  sound  should  die 
out  in  from  2  to  4  seconds,  depending 
on  the  volume,  when  no  audience  is 
present.  When  a  maximum  audience 
is  present,  the  time  is  reduced  to  ap- 
proximately 1  to  2  seconds. 

The  later  developments  in  acoustics 
of  rooms  indicate  that  a  hall  properly 
designed  in  its  acoustics  should  be  sat- 
isfactory for  both  music  and  speaking. 
At  one  time,  it  was  thought  that  a 
room  designed  for  music  could  not  be 
used  acceptably  for  speaking,  but  a 
number  of  successful  auditoriums  re- 
cently constructed  show  that  music 
and  speaking  are  both  rendered  in  a 
satisfactory  way.  There  are  limita- 
tions in  the  size  of  the  room  in  this 
respect.  A  speaker  with  a  weak  voice 
could  not  fill  a  large  auditorium  and 
no  arrangement  of  the  room  would  in- 
crease the  volume  of  his  voice. 

The  third  feature  to  be  considered 
in  the  design  of  the  Hall  is  the  possi- 
ble distortion  of  sound  by  echoes  or 
objectionable  reflections  or  absorp- 
tions. This  feature  was  not  consid- 
ered last  of  all,  but  was  studied  in 
connection  with  the  estimation  of  the 
volume  of  the  Hall  and  the  placing  of 
sound-absorbing  material.  It  will  be 
noted,  in  Fig.  1,  that  the  ceiling 
walls  slant  upward,  thus  reflecting  the 
sound  beneficially  so  as  to  avoid 
echoes.  There  was  some  apprehen- 
sion that  the  large  expanse  of  the 
rear  wall  opposite  the  stage  might 
reflect  the  incident  sound  in  sufficient 
measure  to  cause  trouble.  It  was 
recommended  that  a  curtain  be  hung 
over  this  wall  if  such  an  echo  de- 
veloped; but,  fortunately,  no  trouble 
arose  from  this  source  and  the  cur- 
tain is  not  needed. 

The  results  obtained  in  this  experi- 
ment would  indicate  the  advantage  of 
building  church  auditoriums  in  this 
form  with  a  sound  absorbent  in  the 
ceiling.  Many  churches  already  con- 
structed according  to  this  design,  but 
which  possess  defective  acoustics, 
could  be  corrected  by  the  introduc- 
tion of  a  calculated  amount  of  ab- 
sorbing material  on  the  ceiling  walls. 

It  should  not  be  concluded  from  the 
description  given  for  the  Great  Hall 
that  there  is  nothing  left  to  be  learned 
about  the  acoustics  of  rooms.  There 
are  a  number  of  problems  that  should 
be  investigated  with  the  expectation 
that  future  halls  may  be  designed 
more  perfectly  in  many  respects  than 
those  already  built. 
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The     foreign     literature     indicates 

»  clearly  that  the  cause  of  the  alteration 
of  cement  in  concrete  is  well  under- 
stood, and  that  several  means  for 
overcoming  the  difficulty  have  been 
used  with  more  or  less  success. 

In  the  United  States,  it  appears 
#  that  the  attempt  to  make  and  use  a 
standard  cement  for  all  purposes  has 
probably  been  the  cause  of  many 
structure  failures  and  in  time  will 
cause  many  more.  The  rate  of  disin- 
tegration is  affected  by  many  factors, 
but  even  if  the  concrete  is  mixed  and 
placed  in  accordance  with  the  best 
practice,  resulting  in  a  material  of 
maximum  density,  disintegration 
takes  place,  although  much  more 
slowly  than  if  the  porosity  is  greater. 
Any  increase  in  permeability  in- 
creases the  area  exposed  to  salt  water 
and,  consequently,  the  rapidity  of  dis- 
integration. In  northern  latitudes, 
the  chemical  disintegration  is  acceler- 
ated in  porous  concrete  by  the  action 
of  ice,  both  within  and  without  the 
structure. 

Ancient  Structures. — A  few  struc- 
tures built  in  sea  water  by  the 
Romans  are  still  in  service,  and,  from 
the  writings  of  Vitruvius,  Engineer 
for  Augustus  Csesar,  and  of  others,  as 
well  as  from  some  modern  analyses,  it 
appears  that  the  Roman  engineers 
developed  the  pozzuolana  cement  used 
in  these  structures.  The  high  tem- 
peratures readily  available  for  modern 
manufacturers  were  not  possible  at 
that  time,  and,  therefore,  the  Roman 
cement  was  a  mechanical  mixture  of 
lime  and  pozzuolana  (volcanic  rock). 

John  Smeaton. — The  earliest  mod- 
ern investigation  of  which  record  has 
been  found  was  that  of  Smeaton,  the 
builder  of  the  Eddystone  Lighthouse 
in  1756-59.  Smeaton  realized  the 
importance  of  obtaining  "a  cement  the 
most  perfect  possible,  to  resist  the  ex- 
treme violence  of  the  sea."  He  made 
many  experiments  —  described  at 
length  in  his  papers  on  the  construc- 
tion of  the  lighthouse — which  re- 
sulted in  the  use  of  a  mortar  made  of 
equal  parts  of  what  he  calls  lime  and 
pozzuolana. 


Smeaton  did  not  have  the  benefit  of 
modern  testing  machines  or  technique. 
His  test  pieces  were  balls  about  2  in. 
in  diameter,  tested  by  immersion  in 
sea  water.  He  found  that  balls  made 
of  lime  and  sand  disintegrated  very 
quickly;  those  made  of  two  parts  lime 
and  one  part  "Dutch  Tarras"  disinte- 
grated partly;  and  those  with  equal 
parts  lime  and  "Tarass"  did  not  disin- 
tegrate. He  also  experimented  with 
plaster-of-Paris,  which  was  unsatis- 
factory, and  with  limes  made  from 
rocks  of  various  degrees  of  hardness. 
He  found  no  difference  in  service  in 
these  limes.  His  experiments,  primi- 
tive as  they  were,  demonstrated  that  a 
better  cement  for  marine  work  could 
be  manufactured  from  rock  obtained 
from  Aberthaw,  in  the  County  of 
Devon,  England,  than  from  the  marble 
of  Plymouth,  or  chalk  from  other 
localities. 

Modern  chemistry  was  unknown  at 
that  time,  and  no  analyses  were  made, 
but  from  present  information  it  is 
known  that  this  rock  was  an  argillace- 
ous limestone  (lias)  which  is  one  of 
the  rocks  from  which  the  so-called 
natural  cements  are  sometimes  made. 

The  "Dutch  Tarras"  was  a  volcanic 
rock  obtained  from  the  vicinity  of 
Liege  (now  Belgium)  and  Aldernach," 
Germany,  and  the  mortars  in  which 
either  Tarras  or  Italian  pozzuolana 
were  used,  were  found  to  have  the 
same  qualities  in  sea  water.  Tarras 
is  now  known  and  used  in  Germany 
under  the  name  of  Trass. 

As  Smeaton's  cement  was  slow  set- 
ting, he  covered  the  joints  in  his  mas- 
onry with  plaster-of-Paris.  This  prac- 
tice is  still  sometimes  followed  by 
French  engineers  who  use  a  quick- 
hardening  cement.  An  inspection 
made  10  years  after  the  completion  of 
the  lighthouse  (1766)  showed  the 
mortar  to  be  in  excellent  condition, 
and  in  1787,  Smeaton  estimated  that 
the  wear  on  the  joint  mortar  was 
about  1/6  in.  The  lighthouse  stood 
120  years,  or  until  1877,  when  it  was 
removed  on  account  of  the  undermin- 
ing of  its  foundations  by  the  erosion 
of  the  underlying  rock. 
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L.  J.  Vicat. — The  stamp  of  accuracy 
and  reliability  has  long  since  been 
placed  on  the  work  of  the  great 
French  savant,  Vicat.  Modern  texts 
and  technical  contributions  are  replete 
with  allusions  to  his  studies  and  dem- 
onstrations, and  it  is  difficult  to  find 
anything  of  importance  on  the  subject 
of  cement  or  concrete  in  which  his  re- 
sults are  not  used,  or  referred  to  in 
some  way. 

The  cause  of  the  alteration  and  de- 
terioration of  cement  and  concrete  in 
sea  water  has  been  previously  stated 
to  be  known.  The  explanation  of 
Vicat,  viz.,  the  attack  of  the  sulphates 
of  the  sea  on  the  uncombined  lime  of 
the  cement,  is  still  accepted. 

"It  is  not  the  same  with  sea  water ;  this  at- 
tacks much  more  deeply  hydraulic  gangues 
than  fresh  water  by  reason  of  the  sulphate  of 
magnesia  which  it  contains." 

Candlot  states: 

"According  to  Vicat,  it  is  the  action  of  this 
salt  to  which  must  be  attributed  the  rapid  de- 
composition of  lime  and  of  certain  cements  by 
sea  water  ;  the  sulphate  of  magnesia  combines 
with  the  free  lime  of  the  mortar  and  is  trans- 
formed into  sulphate  of  lime  ;  the  magnesium 
is  precipitated.  If  the  current  of  the  water 
which  traverses  the  mortar  be  somewhat  rapid, 
the  sulphate  of  lime  is  carried  out,  a  new 
quantity  of  lime  enters  into  solution,  is  in 
turn  transformed  into  sulphate,  and  the 
gangue  thus  decomposes  continuously  and  fin- 
ishes by  forming  only  a  sandy  mass.  When 
the  current  is  weaker  or  is  produced  only  at 
rather  long  intervals,  the  lime  sulphate  may 
crystallize  and  thus  cause  the  expansion  of  the 
mortar.  It  is  to  this  cause  that  we  may 
attribute  the  phenomenon  of  expansion  of 
mortars  decomposed  by  sea  water." 

Vicat  began  his  experiments  in 
1812,  when,  as  he  says,  there  was  a 
"chaos  of  opinion,"  and  dependence 
was  still  had  on  the  rules  of  the  an- 
cient, Vitruvius,  which  provided  for  a 
mixture  of  "three  parts  in  bulk  of  dry 
pit  sand,  or  two  of  river  sand,  with 
one  part  of  slaked  lime  derived  from 
a  white  marble  of  great  hardness." 
The  "Dutch  Tarass"  and  the  pozzuo- 
lana  of  Italy  were  economically  be- 
yond reach,  as  was  also  the  lime 
"eminently  adopted  for  hydraulic 
works"  of  England  and  certain  outly- 
ing parts  of  France  itself,  and  al- 
though builders  had  learned  to  erect 
bridges,  locks,  etc.,  "without  either 
tarass  or  pozzuolana,"  Vicat  states 
that  most  of  these  structures  did  not 
endure,  and  required  frequent  and  ex- 
pensive repairs. 

The  results  of  his  investigations 
were  published  in  1818. 

Vicat's  Conclusions  Regarding 
Mortar  for  Marine  Works. — On  ac- 
count of  the  deterioration  of  numerous 
marine  structures,  in  some  of  which 
were  used  the  mixtures  prescribed  by 


Vicat  in  his  earlier  treatise,  the 
Societe  d'Encouragement  pour  Pln- 
dustrie  Nationals  in  1853  offered  a 
reward  to  the  author  of  the  best 
studies  on  mortars  already  used  in  or 
destined  for  marine  works,  and  also 
sought  to  find  a  process  by  which  hy- 
draulic materials  capable  of  resisting 
the  action  of  sea  water  could  be  recog- 
nized promptly  and  easily.  Vicat  had 
already  contributed,  to  this  subject, 
and  he  now  brought  to  completion  his 
investigations  touching  thereon  and 
submitted  them  in  a  work  entitled 
"Recherches  sur  les  Causes  Physiques 
de  la  Destruction  des  Composes  Hy- 
drauliques  par  PEau  de  Mer,"  etc. 
("Study  of  the  Causes  of  the  Destruc-) 
tion  of  Hydraulic  Compounds  by  Sea 
Water"),  which  was  published  in  1857. 
The  reader  who  is  desirous  of  learn- 
ing the  methods  used  in  this  study, 
and  the  steps  leading  to  the  conclu- 
sions, will  find  them  fully  discussed  in 
the  files  of  the  Annales  des  Ponts  et 
Chaussees,  Comptes  Rendus  de  PAc- 
ademie  des  Sciences,  and  the  Bulletin 
de  la  Societe  d'Encouragement  pour 
PIndustrie  Nationale.  Only  the  con- 
clusions can  be  given  here.    They  are: 

1. — "That  all  mortars,  hydraulic  or  non-hy- 
draulic, whatever  may  be  their  age  or  hard- 
ness and  the  medium  in  which  they  have 
hardened,  when  exposed  as  an  impalpable 
powder,  to  a  sufficiently  prolonged  action  of  a 
dilute  solution  of  magnesium  sulphate,  gave 
up  all  or  nearly  all  the  lime  in  excess  of  the 
quantity  capable  of  being  neutralized  by  the 
carbonic  acid  of  the  mortar. 

2. — "That  it  was  possible  to  determine  from 
laboratory  experiments,  requiring  not  to  ex- 
ceed 16  months'  time,  whether  or  not  a  mortar 
or  concrete  would  resist  the  action  of  sea 
water. 

3. — "That  the  ratio  of  lime,  taken  as  unity, 
to  the  sum  of  silica  and  alumina,  was  an  index 
of  stability   (Hydraulic  Index). 

4. — "That  sea  water  would  destroy  all  ce- 
ments, all  mortars,  and  all  possible  pozzuolana 
mixtures,  provided  it  penetrated  the  sub- 
merged mass.  Now,  as  some  of  these  compo- 
sitions resist  perfectly  a  constant  immersion 
both  in  ocean  waters  as  well  as  in  those  of  the 
Mediterranean,  it  follows  from  necessity  that 
they  are  not  penetrated  by  sea  water.  Entry 
of  the  water  is  hindered  by  the  surfaces  of  the 
mass,  and  the  cause  of  this  hindrance  is  to  be 
found  principally  in  an  outer  coating  of  lime 
carbonate  which  is  formed  either  before  _  or 
after  immersion,  and  which  increases  in  thick- 
ness with  time ;  to  this  principal  hindrance  are 
added  in  some  cases:  First,  the  effect  of  a 
kind  of  cementation  produced  by  the  introduc- 
tion of  a  certain  quantity  of  magnesium  in 
the  outer  surface,  whence  it  passes  in  the  form 
of  carbonate ;  second,  the  effect  of  incrusta- 
tions and  of  marine  vegetation. 

"But  it  is  not  given  to  all  these  surface 
coatings  to  maintain  themselves  with  equal 
persistence  around  the  enveloped  masses ;  dif- 
ferences observed  in  this  respect  depend: 
Some,  on  the  chemical  constitution  and  on 
cohesion  belonging  to  the  silicates  ;  others,  on 
their  location  with  relation  to  the  force  of  the 
sea  and  the  thrash  of  the  shingle ;  hence,  a 
difference  is  observed  by  builders  in  the  per- 
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manence  of  concretes  of  which  silicates   form 
the  mixture." 

In  recommending  the  award  of  both 
prizes  of  2,000  francs  each  to  Vicat, 
the  Secretary  of  the  Committee,  M. 
Le  Blanc  summarized  the  results  as 
follows: 

"Hence,  according  to  Vicat,  there  are  three 
classes  of  hydraulic  compounds  to  be  considered 
in  relation  to   saline  action: 

"1. — Those  which  resist  by  a  chemical 
change  of  constitution,  either  integral  or  lim- 
ited in  depth,  which  the  sea  produces  spon- 
taneously and  which  consequently  have  no  need 
of  preservative  coatings ; 

"2.— Those  which  subsist,  or  can  only  sub- 
sist, under  the  protection  of  these  same  coat- 
ings; 

"3. — Those  which  cannot  conserve  these 
coatings  and  which  are  destroyed  by  the  effect 


the  formula   for   stability,  and  indi- 
cated that  a  cement  having  for  index 

/  lime  +  magnesia 


\  silica  +  alumina 


>  1 


would  not  decompose  in  sulphate  solu- 
tions. Later  investigators  have  agreed 
with  these  conclusions,  and  the  for- 
mula seems  to  be  as  correct  today  as 
when  it  was  first  promulgated. 

Later     Scientific     Developments. — 

Le  Chatelier,  having  seen  that  ce- 
ments and  hydraulic  limes  were  mix- 
tures of  definite  compounds  of  silica, 
alumina,  and  lime,  and  realizing  that 
chemical  analysis  alone  was  insuffici- 
ent for  the  study  of  these  mixtures, 
made  use  of  the  microscope  in  their 


4  5 

Time  in  years 
Fig.   1. 


of    chemical    transformations    which    the    sea 
tends  to  produce. 

"It  is  the  first  group  that  may  be  examined 
and  estimated  in  the  light  of  the  laboratory 
tests  mentioned  in  the  report  of  the  author." 
The  materials  recommended  are  "artificial 
pozzuolanas,  pure  or  nearly  so,  and,  by  way  of 
exception,  some  ochreous  clays  both  moderate- 
ly cooked  which  with  approximately  15  per 
cent  of  rich  lime  have  furnished  silicates  re- 
sisting perfectly  the  action  of  sea  water  and 
presenting  the  phenomenon  of  substitution  re- 
sulting from  the  gradual  removal  of  the  lime 
from  the  compound  which  tends  to  be  replaced 
by  the  magnesia." 

It  will  be  seen  from  the  foregoing 
that  Vicat  succeeded  in  detecting  the 
cause  of  disintegration,  as  have  many 
modern  investigators  whose  results 
are  in  every  way  confirmatory.  Vicat 
went  farther,  however.    He  developed 


studies  of  cements  constitute  the 
examination,  and  his  micro-chemical 
pioneer  endeavors  in  that  line  of  re- 
search. Among  the  noteworthy  de- 
velopments from  these  studies  was  the 
determination  of  the  tricalcic  silicate 
and  the  fact  that  it  was  the  active  ele- 
ment of  hardening,  a  discovery  con- 
firmed later  by  Rankin  through  exper- 
iments conducted  at  the  Geophysical 
Laboratory  of  the  Carnegie  Institu- 
tion of  Washington. 

Le  Chatelier's  studies  led  him  to 
propose  a  theory  of  the  hardening  of 
cement,  which  he  considered  to  be 
caused  by  progressive  crystallization 
from  supersaturated  solutions,  the 
crystals  appearing  in  needle-like 
forms,  grouped   in   spherolites   about 
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centers  of  crystallization.  Hardening 
is  effected  by  the  interlacing  and  en- 
tanglement of  these  crystals  and  the 
frictional  resistance  at  their  points  of 
contact.  Michaelis  believes  that  the 
process  does  not  stop  there,  and  that 
hydrated  colloidal  calcium  silicate, 
aluminate,  and  ferrite  are  formed 
from  the  solution  of  calcium  hydrox- 
ide surrounding  the  cement  particles, 
the  water  again  given  up  and  the  lime 
remaining  adsorbed.  The  hydrated 
colloids  then  set  to  firm  and  hard 
colloids,  and  the  hardening  of  the 
cement  is  thus  effected. 

In  the  field  of  pure  science,  however, 
the  most  important  developments 
have  been  produced  by  American  in- 
vestigators. The  studies  of  the  binary 
systems  and  their  components  by  Day, 
Shepherd,  Wright,  and  Rankin,  and, 
later,  of  the  ternary  system  by  Ran- 
kin and  Wright,  have  furnished  a  real 
basis  for  experimental  work  which 
hitherto  had  been  more  or  less  em- 
pirical. They  have  pointed  the  way  to 
such  work  as  that  done  by  Professor 
Colony,  of  the  School  of  Mines,  Co- 
lumbia University;  the  experimental 
study  of  the  aluminates  by  Spackman, 
and,  later,  by  Bates,  of  the  U.  S.  Bu- 
reau of  Standards;  and  the  applied 
microscopy  of  Nathan  C.  Johnson. 

It  is  to  be  regretted  that  a  wider 
use  of  the  microscope  is  not  made  in 
the  testing  of  cement  and  concrete, 
and  it  is  to  call  attention  to  this  ne- 
glect that  this  matter  is  here  pre- 
sented. 

Foreign  Investigators  Following 
Vicat. — Returning  now  to  the  main 
issue,  attention  is  directed  to  the  ex- 
perimental work  of  Michaelis  in 
Germany  and  Le  Chatelier  in  France, 
which  it  is  believed  form  the  first 
noteworthy  contributions  to  the  sub- 
ject of  the^  resistance  of  cements  to 
dissolution  in  sea  water,  since  the  dis- 
closures made  by  Vicat  about  25  years 
before.  Study  of  this  subject,  as  is 
the  case  with  similar  ones,  seems  to  be 
periodic.  Discoveries  are  made  which 
seem  to  solve  a  problem,  and  the  sub- 
ject receives  no  further  attention  un- 
til time  has  demonstrated  that  the 
supposed  solutions  were  only  partial 
or  were  in  error. 

Michaelis,  in  1882,  published  his 
theory  with  respect  to  the  detrimental 
effect  of  the  excess  of  lime  in  Portland 
cement  which  on  gauging  separates 
out  as  calcium  hydrate  in  crystalline 
form,  which  latter  has  little  or  no 
binding   strength,   but  rather  a   ten- 


dency to  destroy  the  cohesion  already 
attained.    He  concluded  that: 

"If  there  are  offered  to  the  lime,  while  it  is 
in  process  of  separating  out,  Pozzuolanas  (i.  e., 
substances  which,  in  combination  with  calcium 
hydrate,  form  cement),  the  amount  of  effec- 
tive cement  in  the  mortar  may  be  increased  in 
such  a  way  that  no  more  caustic  lime  can  be 
deposited  in  crystals,  but  that  the  entire  quan- 
tity of  calcium  hydrate  becoming  liberated 
and  which  must  first  go  into  solution  before  it 
can  crystallize,  is  employed  in  the  formation 
of  calcium  hydro-silicate    (and  aluminate)." 

This  statement  which  was  opposed 
by  the  Council  of  the  German  Cement 
Makers  Association  with  the  claim 
that,  "such  an  addition  produces  ra- 
ther a  decrease  of  strength  which  is 
nearly  proportionate  to  the  amount  of 
the  addition,"  was  unfortunately 
coupled  with  an  attack  on  the  pro- 
fessional integrity  of  the  author.  Fur- 
ther proofs  of  the  correctness  of  his 
theory  were  advanced  by  Michaelis  in 
an  open  letter  to  the  Association  in 
1884.  Results  confirming  these  con- 
clusions were  obtained  in  the  tests 
made  at  the  Royal  Testing  Station  for 
Building  Materials,  and  at  the  Con- 
federation Testing  Institute  at  Zurich, 
Switzerland. 

Realizing  that  it  was  this  free  lime 
which  offered  combination  to  the  sul- 
phates of  sea  water,  Michaelis  now 
undertook  to  test  his  theory  with  re- 
spect to  that  medium.  The  Standing 
Commission  for  the  Unification  of 
Standard  Methods  for  Testing  Build- 
ing Materials  imposed  on  him  the  task 
of  devising  a  test  for  determining  the 
action  of  sea  water  on  hydraulic  mor- 
tars. The  methods  used  in  these  ex- 
periments and  the  results  obtained 
are  fully  described  in  his  paper  en- 
titled "The  Behaviour  of  Hydraulic 
Cements  in  Sea  Water."  It  is  suffi- 
cient to  say  that  they  in  every  way 
confirmed  the  conclusion  previously 
stated  and,  as  the  author  says: 

"The  a  priori  predicted  improvement  of  hy- 
draulic cements  rich  in  lime  through  suitable 
additions  of  substances  containing  (hydraulic) 
silica  (and  alumina)  capable  of  combination 
which  had  already  been  fully  proved  in  the 
case  of  hardening  in  fresh  water,  has  now 
found  a  confirmation  surpassing  anything 
that  could  have  been  expected  in  the  case  of 
hardening  in  sea  water ;  a  confirmation  that 
has  brought  to  shame  the  completely  false  rep- 
resentations of  the  Council  of  the  German 
Cement  Makers  Association  in  its  report  of  the 
year  1882  to  the  Prussian  Minister  of  Public 
Works." 

He  furthermore  states: 

"It  may  then  be  with  confidence  assorted 
that  evidence  has  been  furnished,  both  scientif- 
ically and  practically,  that  hydraulic  binding- 
agents  whieh  contain  more  lime  than  is  suffi- 
cient for  the  formation  of  stable  hydro-silicates 
and  hydro-aluminates  (and  only  the  com- 
pounds poor  in  lime  are  to  be  recognized  as 
stable,  and  that   in  a  higher  degree  according 
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as  they  are  poorer  in  lime)  may  not  be  em- 
ployed for  marine  constructions. 

"Since  then,  according  to  my  proposal, 
mixed  cements  furnish  a  mortar  not  only 
much  more  durable  and  strong,  but  also  con- 
siderably cheaper,  it  is  in  the  interest  of  the 
public  welfare  that  these  mixed  cements  should 
be  as  widely  used  as  possible,  and  that  our 
knowledge  of  these  things  being  now  extended, 
and  the  real  cause  of  the  danger  distinctly 
recognized,  the  employment  for  marine  con- 
structions of  hydraulic  binding-materials  too 
rich  in  lime,  without  improving  additions, 
should  no  longer  be  permitted. 

"The  solution  of  the  problems  is  moreover 
the  most  favorable  that  could  be  imagined  ;  the 
old  methods  still  hold  good ;  all  we  have  to  do 
is  to  make  a  sensible  use  of  the  ancient,  most 
effective,  and,  at  the  same  time,  cheapest  hy- 
draulic mortar-formers,  amongst  which  none 
takes  a  higher  place  than  genuine  Trass.  By 
'genuine  Trass'  is  meant  the  finely-ground 
Tufa  (Trass-stone),  without  any  admixture  of 
ashes  or  other  substance.  Since,  however,  they 
are  associated  here  with  the  strong,  energetic- 
ally hardening  Portland-Cement,   the  other  va- 


the  construction  of  the  harbor  works 
at  Wilhelmshaven,  the  sea  slucies  at 
Emden,  the  Ost  See  Canal  sluices  at 
Brunsbuttel  and  Holtenau,  and  at 
other  points,  the  results  of  these  in- 
vestigations were  applied. 

A  second  series  of  tests,  extending 
over  the  period,  1902-09,  was  made, 
under  the  direction  of  H.  Burchartz. 
The  tests  were  on  two  Portland  ce- 
ments, one  rich  in  lime  and  one  poor 
in  lime,  in  the  following  mixtures: 

1  cement ;  2  sand  ;  6  stone. 

1  cement ;  4  sand ;  10  stone. 

0.5  cement ;  0.5  trass  ;  2  sand  ;  6  stone. 

0.4  trass  ;  2  sand  ;  6  stone. 

0.5  trass  ;  4  sand ;  10  stone. 

0.4  trass  ;  2  sand ;  6  stone. 

1    lime    paste ;    0.5    sand ;    6 

1.5  trass  ;  1  lime  paste  ;  1  sand  ;  7  stone. 
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(O 
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rieties  of  Pozzuolana,  which  possess  a  smaller 
degree  of  initial  energy,  are  also  quite  avail- 
able. 

"A  purely  theoretical  computation,  as  well 
as  also  practical  quickly-effected  tests,  show 
readily,  in  every  instance,  what  mixtures  are 
best. 

"No  combination  should  offer  greater  advan- 
tages in  every  way  than  that  of  Trass  (or 
Pozzuolanas  similar  to  Trass)  and  Portland- 
Cement,  for  no  mortar  mixture  can  excel  this 
in  respect  of  price  and  strength,  initial  energy, 
and  power  to  withstand  the  destructive  in- 
fluence of  the  sea-water. 

"That  the  employment  of  Portland-Cement 
would  suffer  thereby  is  just  as  far  from  the 
fact  as  was  formerly  the  groundless  fear  that 
road  traffic  would  decrease  owing  to  the  mak- 
ing of  the  railways  ;  a«  was  the  case  there,  so 
here  also  the  very  opposite  will  occur." 

Further  proof  of  the  correctness  if 
Michaelis'  position  was  forthcoming 
from  the  investigators  carried  on  by 
the  Minister  of  Public  Works  on  the 
Island  of  Sylt,  reported  in  1900.     In 


Tests  were  made  for  tensile  and 
compressive  strength  at  the  age  of  28 
days,  1  year,  and  5  years.  The  trass, 
from  the  Nette  Valley,  was  25  per  cent 
blue,  25  per  cent  gray,  and  50  per  cent 
yellow.  The  broken  stone  was 
Swedish  granite.  The  sand  was  pro- 
cured locally  on  the  island  and 
screened  through  a  20-mesh  sieve. 
The  tests  were  executed  partly  at 
Westerland,  in  the  laboratory  of  the 
Society  of  German  Portland  Cement 
Manufacturers,  and  partly  in  the 
Royal  Testing  Laboratory  at  Gross 
Lichterfelde. 

The  results  do  not  altogether  con- 
firm the  preceding  ones,  as  may  be 
seen  from  the  following  conclusions : 

"Generally  speaking,  it  may  be  concluded, 
from  the  observations  of  the  blocks : 

"(1)    That    cement,    rich    in    lime,    is    more 
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suitable   for  structures   in   sea   water 
than  a  cement  poorer  in  lime,  a  re- 
sult    contradictory     to     the     actual 
views ; 
"(2)   That  the  addition   of  trass  to  cement 
intended  for  use  in   sea  water  is   of 
limited  value  only ; 
"(3)   That  it  is  desirable  in  sea  water  to  use 
rich    (dense)    mixtures   and    to   have 
the  blocks  hardened  in  air  or  under 
sand  as  long  as  possible  before  plac- 
ing them  in  the  sea. 
"Concrete   Blocks  Made   with   Trass-Lime. — 
Blocks    made    of    rich    trass-lime    concrete    are 
mechanically  attacked   on    the   surface  by  the 
surf  and  sand,  but  do  not  show  chemical  de- 
composition.    Storage  for  three  months  under 
wet  sand  before  placing  them  in  sea  water  is 
sufficient  to  make  blocks  of  this  mixture  resist- 
ant to  the  action  of  the  sea. 

"The  blocks  of  poor  trass-lime  concrete  be- 
have somewhat  differently.  Those  stored  under 
wet  sand  for  only  three  months  sustained  con- 
siderable surface  damage  after  one  or  two 
years,  while  the  blocks  embedded  in  sand  for 
one  year  before  placing  them  in  the  dikes 
showed  the  same  resistance  as  those  of  the  rich 
mixtures. 

"Impermeability. — The  samples  tested  at  an 
age  of  two  years  were  waterproof  except  those 
of  the  mixtures  (6),  (e),and  (/) .  The  vari- 
ous methods  of  hardening  are  of  little  in- 
fluence on  the  impermeability.  The  samples  of 
cement  trass  mixtures  appear  to  be  less  dense 
than  the  others.  The  influence  of  the  two 
kinds  of  cement  on  the  impermeability  of  the 
mortars   is  small." 

As  Van  Kuffeler  points  out,  the 
tests  mentioned  were  not  on  a  com- 
parable basis,  part  of  the  cement  hav- 
ing been  replaced  with  trass.  Thus, 
the  1  cement-2  sand  mixture  was  com- 
pared with  the  1  cement-1  trass-4 
sand  mixture.    He  states : 

"When  concretes  are  compared,  containing 
approximately  the  same  quantity  of  cement 
per  cubic  meter  of  mortar,  such  as  the  com- 
positions 1  cement,  4  sand ;  1  cement,  2/3 
trass,  3  2/3  sand ;  and  1  cement,  1  trass,  4 
sand ;  containing  tberefore,  one  part  of  cement 
per  3.38,  3.40,  and  4.07  cu.  m.  of  mortar,  the 
addition  of  trass  increases  resistance  in  a 
marked  degree." 

Le  Chatelier,  after  investigation, 
accepted  Vicat's  explanation  of  the 
cause  of  the  chemical  alteration  of 
cement  by  sea  water  and,  referring  to 
the  protection  afforded  by  the  pro- 
gressive carbonation  of  the  lime,  com- 
ments as  follows: 

"The  crystallization  (of  carbonates)  is  the 
more  perfect  as  the  carbonation  is  effected 
upon  the  less  soluble  lime  compounds.  It, 
therefore,  seems  that  the  more  or  less  complete 
elimination  of  calcium  hydrate  would  be  fav- 
orable ;  the  addition  of  a  certain  quantity  of 
pozzuolana  to  the  cement  would  allow  this  re- 
sult to  be  reached.  The  use,  like  sand,  of  cal- 
cium silicates,  inert  to  the  action  of  water,  but 
capable  of  being  attacked  by  carbonic  acid,  as 
the  slags  of  the  blast  furnace  are,  it  also  seems 
ought  to  be  recommended.  I  have  shown  that 
these  compounds  set  perfectly  in  water  charged 
with  carbonic  acid.  Doubtless,  they  would  not 
be  altered  by  salts  of  magnesia.  But  the  best 
way  to  assist  the  carbonation  would  be  to  furnish 
the  cement  with  carbonic  acid  in  greater  pro- 
portion than  sea  water  can,  the  content  of  car- 
bonic acid  of  which  is  only  50  liters  per  cubic 
meter.     The  use  of   alkali   carbonates   is   very 


costly,  it  may  be  that  it  would  be  possible  to 
utilize  the  decomposition  of  certain  organic 
substances  by  the  lime  of  the  cement,  wood 
saw-dust,  for  example,  either  natural  or  trans- 
formed hydro-cellulose  to  make  it  more  easily 
decomposed.  We  know,  indeed,  that  all  organic 
substances  heated  with  lime  break  up  in  such 
a  manner  that  all  their  oxygen  passes  off  in 
the  condition  of  carbonic  acid:  at  ordinary 
temperatures  the  reaction  is  still  produced, 
but  much  more  slowly.  A  similar  proceeding 
would  allow  carbonation  to  the  center  of  a 
piece  of  masonry  to  occur,  and  would  protect 
it  against  all  infiltration.  Such  a  method  was 
employed,  intentionally  or  otherwise,  by  the 
Romans  in  the  preparation  of  coatings  of  fat 
lime  for  their  frescoes.  I  have  recognized, 
upon  samples  brought  from  Pompeii,  that  they 
mixed  with  the  lower  layer  of  the  coating  a 
greater  quantity  of  fragments  of  chaff,  of 
which  only  the  casts  remain  today.  The  or- 
ganic matter  has  been  completely  destroyed  in 
giving  the  carbonic  acid  which  has  aided  the 
carbonation  of  the  lime  and  which  is  now  com- 
plete." 

He  is  careful  to  add,  however,  that 
these  ideas  are  not  expressed  as  the- 
oretical consequences  of  the  chemical 
researches  already  outlined,  and  that 
"they  should  not  be  accepted  until 
they  have  been  submitted  to  the  direct 
control  of  experiments." 

Feret  included  saw-dust  in  a  series 
of  tests  of  materials  for  use  as  sand 
in  hydraulic  mortars,  a  substitution  of 
7  per  cent  of  this  substance  being  used 
in  a  1:3  quartzose  mixture.  The 
compressive  strength  of  a  ground 
quartzose  mixture,  after  10  years  im- 
mersion, being  calculated  as  100,  a 
value  of  39  was  found  for  the  saw- 
dust substitution,  thus  proving  that 
the  addition  of  organic  material,  as 
far  as  this  particular  mixture  is  con- 
cerned, was  detrimental  rather  than 
beneficial,  as  suggested  by  Le  Chat- 
elier. 

In  1886,  the  Laboratoire  des  Ponts 
et  Chaussees  began  its  concrete  in- 
vestigations at  Boulogne  sur  Mer.  A 
number  of  these  studies  were  the  or- 
dinary short-time  tests  of  28  to  84 
days,  others  were  long-time  tests. 
The  Chief  of  the  Laboratory,  M.  R. 
Feret,  believing  that  sufficient  time 
had  elapsed  to  make  a  report  on  the 
behavior  of  the  many  specimens  under 
test,  gave  his  summary  on  average 
results. 

A  part  of  these  average  results  is 
here  shown  graphically,  the  metric 
system  of  weights  and  measures  of 
the  original  being  presented.  M. 
Feret's  conclusions  are  in  part  as  fol- 
lows: 

"With  respect  to  structures  not  to  be  built 
in  the  sea  or  in  sulphate  solutions,  the  degree 
of  security  which  the  various  binding  agents 
offer,  depends  less  on  the  class  to  which  they 
belong  than  on  the  care  used  in  their  manu- 
facture. In  a  large  majority  of  cases,  simple 
and  rapid  deformation  tests,  notably  the  boil- 
ing   test,    show    with    sufficient    accuracy    the 
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confidence  which  can  he  reposed  in  each  ma- 
terial tested.  On  the  other  hand,  strength  is 
also  one  of  the  most  important  qualities  de- 
manded in  this  class  of  work,  especially  in 
case  of  reinforced  concrete,  and  it  has  been 
seen  how  the  various  kinds  of  binding  agents 
differ  among  themselves  in  this  respect. 
Nevertheless,  the  fact  should  not  be  lost  sight 
of  that  there  may  be  variation  within  widely 
separated  limits,  in  accordance  with  the  fine- 
ness found  in  different  specimens  of  the  same 
material,  so  that  the  superiority  determined 
for  the  average  strength  of  some  types  of 
binding  agents  over  others  can  be  apparent 
only,  and  arise  from  the  fact  that  in  general 
the  first  were  more  finely  ground  than  the 
second,  according  to  the  practice  current  at 
the  time  when  the  tests  were  undertaken. 

"To  maritime  works  or  those  in  gypsum- 
bearing  soils  the  absence  of  expansive  ele- 
ments due  to  defective  manufacture  is  not  less 
indispensable  than  to  the  others  and  can  be 
detected  in  the  same  manner.  But  the  mechan- 
ical resistance  presents  only  a  secondary  in- 
terest in  comparison  with  the  resistance  to 
chemical  decomposition,  which  latter  can  vary 
greatly  in  accordance  with  the  type  of  product. 
Also  the  principal  aim  of  the  investigations 
has  been  to  compare  the  various  binding 
agents  from  the  point  of  view  of  their  re- 
spective ability  to  offer  more  or  less  point  of 
attack  to  certain  chemical  elements.  For  this 
purpose,  the  testing  methods  have  been  multi- 
plied so  as  to  obtain  indications  as  quickly  as 
possible. 

In  examining  the  results  in  this  statement 
the  reader  will  without  doubt  have  been  dis- 
mayed at  the  large  proportion  of  disintegra- 
tions observed  and  will  ask  how  it  is  that, 
considering  the  age  of  many  maritime  works, 
so  many  of  them  are  still  standing  and  in  good 
condition.  He  will  have  been  especially  struck 
with  the  relatively  bad  ^conduct  of  Portlands, 
products  of  such  high  repute,  the  use  of  which, 
in  the  entire  world,  greatly  exceeds  that  of  all 
the  other  binding  agents  combined.  It  is  be- 
cause these  tests  have  for  the  most  part  pur- 
posely been  very  severe,  and  therefore  decom- 
position in  full  obedience  to  the  same  chemical 
laws  which  the  mortars  have  to  meet  in  prac- 
tice is  accelerated  or  amplified,  and  the  bind- 
ing agents  which  are  most  subject  thereto  are 
detected  without  the  necessity  of  waiting  for  a 
number  of  years.  Considered  alone,  conclu- 
sions which  appear  to  result  from  each  method 
.-of  tests  evidently  cannot  be  accepted  without 
reservation,  but  the  results  of  the  tests  con- 
sidered as  a  whole,  being  in  agreement,  in- 
crease the  confidence  which  they  inspire.  It 
seems  then  that  it  may  be  admitted  without 
great  error  that  the  qualities  shown  by  the  en- 
tire series  of  decomposition  tests,  correspond 
in  reality  to  the  average  qualities  to  be  ex- 
pected in  service  from  the  various  binding 
agents. 

"This  being  the  case,  it  clearly  follows  from 
the  tests  that  the  Portlands,  as  they  were 
manufactured  during  the  period  of  1890-1910, 
could  be  slightly  improved  by  an  increase  in 
the  clay  content  of  the  crude  materials  used  in 
their  manufacture.  Since  that  time  some 
progress,  however,  has  been  made  in  this  re- 
spect, but  quite  favorable  results  should  be 
obtained  by  the  addition  to  Portlands,  of 
pozzuolanic  materials  properly  chosen,  or  by 
the  use  of  totally  different  materials  properly 
chosen,  or  by  the  use  of  totally  different  com- 
positions such  as  certain  slags  granulated  by 
special  process  or  by  fused  cements  with  cal- 
cium aluminate  base. 

"These  last  two  types  of  binding  agents  are 
relatively  recent  inventions.  Their  manufac- 
ture has  not  yet  been  stabilized,  and  it  can 
hardly  be  foreseen  to  what  development  it  is 
susceptible,  under  what  economic  conditions  it 
can  be  carried  on,  nor  whether  it  can  furnish 


continuously  products  of  sufficient  uniformity 
and  at  the  same  time  with  indispensable 
guaranties  of  unalterability  and  permanence. 
In  any  case,  the  number  of  specimens  tested 
up  to  the  present  time  is  small.  Their  pro- 
cesses of  manufacture  were  not  generally 
known,  and  new  experiments  on  a  much  larger 
scale  will  evidently  be  necessary*  before  these 
products  can  be  recommended  for  use  in  marl- 
time  works. 

Mortar  tests  in  sea  water  were  in- 
stituted at  La  Rochelle  in  1852,  and 
have  been  carried  on  continuously 
since  that  date.  Three  specimens  made 
from  cement  manufactured  by  M.  J. 
Vicat,  in  accordance  with  the  princi- 
ples developed  by  his  father,  were  im- 
mersed there  in  1859.  The  blocks  were 
made  in  the  following  proportions:  2 
cement:  1  sand,  by  volume;  1  cement: 
2  sand,  by  volume;  and  neat  cement. 

In  reporting  on  these  specimens  in 
1912  Mme.  Lombard  and  M.  Deforge 
state  that,  in  the  case  of  the  first  two, 
only  slight  traces  of  change  were  ap- 
parent on  their  surface,  although 
"their  position  had  exposed  them  to 
numerous  shocks  as  well  as  to  a  strong 
current  during  the  tides,"  and  that 
superficial  decomposition,  which  was 
apparent  in  the  1900  inspection,  had 
not  progressed  appreciably  when  ob- 
served in  1911.  A  service  life  of  54 
years  for  two  blocks  made  from  pure 
Portland  cement  (White  and  Brothers) 
is  reported  by  the  same  authors.  At 
the  1911  inspection,  the  two  blocks 
were  found  to  have  been  broken  by 
"some  ill-disposed  person."  One  of  the 
two  blocks  showed  the  mortar  to  be 
sound,  although  the  pink  color  indi- 
cated that  decomposition  was  under 
way;  the  other  was  sound. 

Various  reports  on  the  observations 
recorded  at  La  Rochelle  have  been 
made.  The  one  of  greatest  interest 
perhaps  is  that  rendered  in  1901  by 
M.  Eugene  Mayer,  Engineer  in  the 
Maritime  Service,  reading  as  follows: 

"From  trials  made  at  La  Rochelle  since  the 
year  1852,  it  appears  that  no  production  can 
resist  the  decomposing  action  of  sea  water, 
and  that  the  best  agglomerants  can  only  attain 
a  limited  age. 

"Moreover,  the  annual  inspection  of  the 
blocks  has  enabled  us  to  confirm  the  opinion 
that  the  action  set  up  by  sea  water  varies 
with  the  nature,  physical  condition  and  chem- 
ical composition  of  the  binding  medium.  Thus, 
the  siliceous  limes  of  the  Theil  type,  which  are 
imperfectly    slaked,    break    down    to    a    white 

♦"Recently  various  applications  of  Ciment 
Fondu  in  soils  containing  sulphates  have  been 
made  with  success.  Others  in  sea  water  are 
in  the  course  of  construction." 

"As  for  intimate  mixtures  of  Portland  and 
Pozzuolanas,  the  use  of  which  the  author  of 
the  prefcnt  statement  has  for  a  long  time  rec- 
ommended, numerous  tests  have  already  shown 
that  they  are  not  subjected  to  the  same  haz- 
ards, and  have  given  very  clear  indications  of 
the  kinds  of  Pozzuolanas  to  be  preferred." 
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mud  through  expansion,  whereas  if  slaked  or 
if  the  mortar  be  subjected  to  a  sufficiently 
heavy  load,  it  retains  its  shape  without  expan- 
sion, but  loses  its  powers  of  resistance  in  pro- 
portion as  the  lime  is  dissolved  and  extracted 
by  the  action  of  sea  water.  The  mortar  grad- 
ually turns  bright  pink.  Portland  cements  also 
undergo  alteration  in  various  ways. 

"If  the  cement  be  rich  in  lime,  the  block 
dilates,  cracks,  and,  without  having  sustained 
any  advanced  chemical  decomposition,  breaks 
up  into  a  large  number  of  fragments,  the  in- 
ternal stresses  sometimes  acting  with  such 
rapidity  that  their  effect  is  comparable  to 
bursting  or  a  central  explosion. 

"When  the  proportion  of  lime  in  the  cement 
is  correct,  the  mortar  may  decompose  without 
expanding  appreciably.  In  such  event  it  is 
found  that  the  brightness  of  the  pink  colora- 
tion of  the  mortar  is  greater  as  the  period  of 
fltoal  decomposition  approaches. 

"Finally,  Portland  cement  undergoes  a  third 
kind  of  change  in  sea  water. 

"The  mortar  is  found  to  have  retained  its 
grey  color,  whilst  gradually  increasing  in 
volume ;  then  it  cracks,  expands,  and  assumes 
a  disrupted  appearance,  while  at  the  same  time 
it  loses  its  strength,  the  expanded  portions  be- 
coming detached  and  eventually  crumbling  to 
mud  which  is  thinned  down  by  the  sea  water." 

Sr.  Eduardo  de  Castro,  Engineer  of 
Roads,  Canals,  and  Ports  of  Spain, 
writing  from  his  knowledge  gained 
from  a  vast  number  of  experiments 
and  observations,  states: 

"A  cement  with  a  slight  quantity  of  free 
hme  will  give  poor  results  in  the  sea  if  that 
lime  continues  free  after  setting  has  taken 
place ;  but,  however  large  the  quantity  of  lime 
may  be,  if  there  is  also  in  the  mass,  or  if  there 
should  be  added,  something  which  will  combine 
with  it  (to  form  insoluble  compounds),  the 
cement  will   give   good   results." 

He  calls  attention  to  the  existence 
in  Spanish  ports  of  many  structures 
made  from  so-called  cement,  "*  *  *  of 
imperfect  calcination,  of  a  coarseness 
exceeding  30  per  cent  on  a  screen  of 
900  meshes  (80  mesh)  and  of  slight 
and  unequal  tensile  strengths"  which 
have  given  perfect  service  in  the  sea, 
although  the  proportion  of  cement 
was  not  increased,  nor  were  any  spec- 
ial precautions  taken  such  as  would 
be  observed  by  one  who  had  the  slight- 
est fear  of  failure."  From  these  facts, 
he  concludes  that  the  character  of  the 
cement,  as  shown  by  the  standard 
tests,  is  of  much  less  importance  than 
its  chemical  composition. 

Throughout  his  article,  Sr.  de 
Castro  stresses  the  importance  of  the 
microscopic  method  of  analysis,  as 
outlined  by  Le  Chatelier  and  devel- 
oped by  Professor  Alfred  White,  of 
the  University  of  Michigan.  Sr.  de 
Castro  considers  the  microscopic  an- 
alysis of  more  importance  than  the 
chemical,  although  both  should  be 
used.  One  of  the  many  tests  reported 
by  him  is  as  follows: 

"With  a  Portland  cement  in  which  the  mi- 
croscope showed  free  lime,  I  made  the  follow- 
ing- specimens:     Pure  cement,  cement  with  6, 


10  and  15  per  cent  lime  added,  cement  with  15 
per  cent  of  Berlin  Pozzuolana,  cement  with  10 
per  cent  of  lime  and  30  per  cent  of  Pozzuo- 
lana. One  set  of  test  pieces  was  submerged  in 
a  concentrated  solution  of  magnesium  sulphate 
(15  per  cent  solution)  and  another  in  standard 
sea  water  as  a  long-time  test.  The  results 
obtained  from  the  specimens  in  the  concen- 
trated solution  agreed  very  closely  with  those 
in  sea  water  for  a  longer  time.  In  the  con- 
centrated solution,  within  a  month,  the  pure 
cements  showed  symptoms  of  decomposition 
which  were  accentuated  in  two  months,  and 
complete  disintegration  occurred  in  70  days. 
The  cement  with  lime  alone  only  resisted  a 
few  days ;  the  specimens  containing  15  per 
cent  of  lime  began  to  disintegrate  in  4  days, 
and  all  the  specimens  containing  lime  were 
totally  disintegrated  within  a  month.  The 
cement  with  Pozzuolana  showed  much  better 
results  than  those  with  cement  alone,  since  up 
to  3  months  there  was  no  evidence  of  fissure, 
and  I  am  sure  that  with  a  40  per  cent  Poz- 
zuolana mixture  in  place  of  30  per  cent,  they 
would  have  suffered  no  injury." 

Sr.  de  Castro  closes  his  article  with 
the  following  conclusions: 

"That  cements  in  the  sea  encounter  different 
conditions  from  those  in  the  air ;  and  the 
same  process  of  analysis  should  not  be  applied. 

"That  it  is  necessary  for  these  cements  to 
contain  in  themselves  or  to  have  added  to 
them  a  substance  which  works  like  Pozzuolana 
and  which  combines  with  the  free  lime." 

Luigi  Luiggi,  Hon.  M.  Am.  Soc. 
C.  E.,  made  use  of  a  mixture  of  Port- 
land cement  and  pozzuolana  for  the 
purpose  of  securing  impermeable  re- 
inforced concrete  used  in  the  construc- 
tion of  the  Lucques  Aqueduct.  From 
a  study  of  tests  made  in  England  and 
North  America,  it  appeared  certain  to 
him  that  he  could  not  rely  on  Port- 
land cement  alone.  His  attention  was 
called  to  some  iron  rings  which  were 
found  embedded  in  pozzuolana  mortar 
of  some  old  structures  in  the  Port  of 
Genoa.  These  rings,  which  had  been 
in  place  probably  200  years,  were 
found  to  be  in  perfect  condition. 

Giorgis  and  Cenni  in  1915  analyzed 
samples  of  pozzuolana  mortars  which 
had  been  immersed  in  the  sea — one 
from  about  60  A.  D.  and  five  others 
from  1886,  1888,  1893,  and  1899,  re- 
spectively. They  found  that,  in  all 
cases,  a  part  of  the  lime  had  been  re- 
moved by  the  action  of  sea  water,  but 
that  such  action  had  ceased  after  a 
time,  as  the  percentages  of  remaining 
lime  were  of  the  same  order  in  the 
ancient  mortar  as  in  the  five  modern 
ones. 

"The  quantity  of  alkalis  had  diminished  in 
all  cases,  while  that  of  magnesia  showed  no 
appreciable  change  in  four  samples  and  an 
increase  and  decrease,  respectively,  in  the 
two  others." 

On  the  subject  of  concrete  for  use  in 
sea  water,  Mr.  Bertram  Blount  says: 

"Whenever  any  good  form  of  pozzuolanic 
material,  such  as  trass  and  the  like,  is  avail- 
able, it  should  certainly  replace  a  part  of  the 
sand,  for  its  use  in  forming  a  calcium  silicate 
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with  the  lime,  normally  set  free  during  the 
setting  of  Portland  cement,  is  undoubtedly  of 
value,  much  conducing  to  the  obtainment  of 
that  imperviousness  which  is  a  necessary  con- 
dition for  sound  and  lasting  work.  It  should 
not  be  overlooked  that  any  pozzuolanic  ma- 
terial can  fulfill  two  functions.  If  coarsely 
ground,  it  acts  partly  as  an  aggregate  like 
sand,  and  it  is  only  when  ground  as  finely  as 
cement  itself  that  its  full  activity  as  a  cement- 
itious  material  comes  into  play.  There  is  no 
objection  to  the  use  of  pozzuolana,  if  the  sup- 
ply is  abundant  and  local,  but,  if  it  has  to  be 
brought  from  a  distant  place,  it  is  evidently 
uneconomical  to  use  part  of  it  for  a  purpose 
equally  well  fulfilled  by  an  inert  material  like 
sand.  In  some  cases,  it  might  be  desirable  to 
grind  the  pozzuolana  and  cement  together  to 
an  equal  fineness.  This  plan  has  been  objected 
to  by  many  engineers  as  being  equivalent  to  an 
adulteration  of  the  cement,  but  this  view  I 
hold  to  be  mistaken  if  the  mixture  is  sold  un- 
der its  own  name,  and  the  proportions  of  the 
two  materials  are  stated.  Many  laudable  at- 
tempts have  been  made  to  obtain  impervious- 
ness by  the  addition  of  the  most  various  ma- 
terials such  as  barium  salts,  soap  and  fatty 
mineral  oils,  but,  though  some  of  these  are  of 
value  under  special  circumstances,  they  have 
not  as  yet  shown  themselves  suitable  for  the 
heavy  seawork  now  being  spoken  of ;  at  pres- 
ent, there  is  nothing  better  than  ordinary  con- 
crete made  with  most  carefully  chosen  and 
graded  aggregate,  with  the  addition  of  trass  if 
local  conditions  allow,  and  an  ample  propor- 
tion of  cement.  Concrete  made  thus  can  only 
be  attacked  on  the  surface,  and  its  destruction 
by  percolation  is  well-nigh  impossible.  To 
state  its  possible  length  of  life  would  be  a  rash 
attempt ;  in  my  view,  it  should  last  indefinitely, 
in  fact,  until  the  harbor  or  other  marine  work 
had  become  obsolete." 

^  From  a  series  of  experiments  with 
siliceous  materials  of  different  kinds 
in  sea  water,  I.  Hiroi,  M.  Am.  Soc. 
C.  E.,  has  shown  that  Rhenish  trass  is 
unique  in  its  action,  decidedly  improv- 
ing the  quality  of  cement  when  used 
in  sea  water;  but,  with  pozzuolanas 
and  tuffs  found  in  Japan,  various  re- 
sults have  been  obtained,  according  to 
their  qualities,  and  the  conclusion  is, 
that  good  pozzuolana  or  tuff,  may  be 
used  with  advantage,  in  quantity, 
however,  not  exceeding  that  of  the 
cement.  For  determining  the  quality 
of  pozzuolana  or  tuff,  physical  tests 
have  been  found  to  be  the  only  reli- 
able means,  chemical  analyses  mere- 
ly serving  to  discriminate  between  the 
inferior  cements  of  the  same  group. 

Mr.  Hiroi's  tests  are  now  of  more 
than  20  years'  standing,  and  a  pro- 
gram has  been  formulated  whereby 
their  continuation  for  100  years  has 
been  contemplated.  The  results  were 
last  summarized  in  the  Journal  of  the 
College  of  Engineering,  Tokyo  Im- 
perial University,  Vol.  10  (1920),  as 
follows: 

"The  action  of  volcanic  ashes  when  used  in 
a  cement  mortar  appears  to  be  two-fold,  viz., 
mechanical  and  chemical.  Mechanically,  the 
ashes  increase  the  density  of  the  mixes,  mak- 
ing the  latter  more  or  less  impermeable  to 
sea-water  chemically,  the  combustion  of 
silica  with   free  Jjme  in   cement,   which   makes 


the  latter  unassailable  by  the  sulphates  con- 
tained in  sea-water,  seems  to  be  the  most  im- 
portant action.  The  activity  of  silica  con- 
tained in  ashes  naturally  depends  on  the  state 
in  which  it  is  present ;  and  while  there  is  no 
doubt  that  the  soluble  portion  is  the  most  ac- 
tive agent,  the  total  amount  of  silica  should 
also  be  taken  into  consideration.  Thus,  the 
Otaru  ashes,  which  according  to  the  analysis 
contain  the  least  amount  of  soluble  silica  of  the 
three,  but  the  largest  amount  of  the  insoluble 
one  (on  an  average  61  per  cent  in  the  Otaru 
ashes,  47  per  cent,  in  the  Yoichi,  34  per  cent 
in  the  Goto),  produced  higher  strength  than 
either  of  the  other  two  ashes."  He  further- 
more states  that:  "The  foregoing  results  of 
tests  have  shown  that  the  use  of  volcanic  ashes 
as  an  ingredient  in  cement  mortar  used  in  sea- 
water  has  a  beneficial  effect,  when  proper 
choice  is  made  of  the  material.  The  advantages 
of  such  practice  are  in  the  greater  strength 
and  durability  attainable,  when  properly  pro- 
portioned, and  in  the  lower  cost  possible  when 
good  ashes  are  readily  obtainable. 

"It  may  not  be  superfluous  to  add  that  the 
concrete  blocks  containing  volcanic  ashes  used 
at  Otaru  and  elsewhere,  have  withstood  in  a 
most  satisfactory  manner  the  chemical  as  well 
as  the  mechanical  action  of  sea-water,  the  old- 
est ones  now  for  more  than  20  years,  and  show 
every  indication  of  durability  no  less  than  do 
natural   stones  of  good  qualities." 

The  Use  of  Pozzuolanic  Additions  in 
the  United  States. — The  use  of  poz- 
zuolanic mixtures  in  the  United 
States,  as  far  as  the  writers  have  been 
able  to  ascertain,  has  been  limited  to  a 
few  structures  in  the  West.  The  U.  S. 
Reclamation  Service  used  what  it 
termed  sand-cements  in  the  Arrow- 
rock,  Elephant  Butte,  and  Shoshone 
Dams.  Volcanic  ash  (tufa)  was  used 
in  the  Los  Angeles  Aqueduct,  as  re- 
ported by  J.  B.  Lippincott,  M.  Am. 
Soc.  C.  E.  Although  the  advantage  to 
be  gained  in  the  use  of  this  material 
in  marine  structures  was  brought  out 
in  the  discussion  by  Mr.  Luiggi,  there 
have  not  been,  to  the  knowledge  of  the 
writers,  any  sea-water  or  alkali-soil 
tests  made  with  it,  which  would  ap- 
pear inexplicable,  particularly  in  view 
of  the  close  resemblance  of  the  chem- 
ical composition  of  the  tufa  of  the 
Pacific  Coast  to  that  of  the  European 
products  which  have  been  used  so  suc- 
cessfully. Edwin  Duryea,  M.  Am.  Soc. 
C.  E.,  considers  it  "*  *  *  proof  against 
chemical  action  of  sea  water,  sewage, 
and  alkali." 

Richard  L.  Humphrey,  M.  Am.  Soc. 
C.  E.,  in  discussing  this  question  at 
the  Twelfth  International  Navigation 
Congress,  advocated  the  use  of  poz- 
zuolanic additions,  as  may  appear 
from  the  following: 

"It  seems  to  be  a  fact  that  it  is  desirable 
for  a  cement,  which  is  used  for  the  production 
of  concrete  exposed  to  the  effects  of  sea  water, 
to  contain  a  sufficient  measure  of  silica  to  bind 
that  .excess  of  lime  which  may  be  contained 
in  the  hardened  cement.  This  is  accomplished 
in  many  European  cases  by  the  addition  of 
Trass  or  Pozzuolana  to  a  hydraulic  cement, 
which    contains   an    excess    of   calcium   oxide. 
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This  serves  to  increase  its  solidity  and  to  make 
it  stable  in  sea  water." 

Mr.  Harrison  L.  Taft  is  of  the 
opinion  that  concrete  in  sea  water 
must  not  only  be  impermeable,  but 
that  the  cement  should  possess  "*  *  * 
the  inherent  qualities  to  resist  the 
disintegrating  action  of  the  sea 
water,"  and  lists  eight  essential  qual- 
ities, as  follows : 

1. — Cement  to  be  of  the  very  best  quality; 

2. — Of  fine  pulverization  ; 

3. — Thoroughly  analyzed  and  tested  for 
chemical   properties ; 

4. — Low  in  percentage  of  alumina ; 

5. — High  in  percentage  of  silica ; 

6. — Free  as  possible  from  gypsum  ; 

7. — Absolutely  free  from  "free  lime"  ; 

8. — Slow  setting — quick  and  uniform  harden- 
ing. 

Furthermore,  he  refers  to  the  addi- 
tion of  true  pozzuolana  to  Portland 
cement  in  the  ratio  of  from  30  to  60 
per  cent  pozzuolana  to  from  70  to  40 
per  cent  Portland  cement  as  resulting 
in  hydraulic  cement  immune  from  sea- 
water  attack. 

A  test  piece  made  of  Hermoor  Erz 
(iron)  cement  was  included  in  the 
well-known  Aberthaw  tests  at  the 
Charlestown  Navy  Yard.  This  was 
classed  by  R.  E.  Bakenhus,  M.  Am. 
Soc.  C.  E.,  in  the  second  of  eight 
groups  denoting  durability,  and  by 
R.  J.  Wig  and  Lewis  R.  Ferguson, 
Members,  Am.  Soc.  C.  E.,  in  the  first 
of  five  groups.  In  reporting  on  these 
tests,  Capt.  Bakenhus  points  out  the 
slightly  beneficial  result  from  the  ad- 
dition of  clay  to.  the  cement. 

A  few  specimens  of  "blended"  ce- 
ments were  included  in  the  tests  made 
by  Messrs.  Bates,  Phillips,  and  Wig, 
but  the  conclusions  from  the  results 
obtained  are  declared  to  be  only  tenta- 
tive on  account  of  the  short  period  of 
exposure,  which  did  not  exceed  3M? 
years. 

Aside  from  these  two  experiments, 
both  of  which  made  use  of  foreign 
products,  the  writers  have  been  unable 
to  find  any  record  of  tests  in  the 
United  States,  with  anything  in  the 
nature  of  pozzuolanic  material.  The 
test  made  of  "blended"  cements,  on 
the  Los  Angeles  Aqueduct,  and  on  the 
Arrowrock  Dam  and  other  projects  of 
the  U.  S.  Reclamation  Service  demon- 
strated the  soundness  of  cement  of 
this  type,  but  were  not  for  the  pur- 
pose of  determining  its  resistance  to 
destruction  by  sulphat  e-carrying 
water.  The  conclusion  seems  inevit- 
able that  the  experiments  and  opin- 
ions of  well-known  American  authori- 
ties, as  well  as  those  of  foreign  in- 
vestigators, have  been  disregarded  in 
the  study  of  the  disintegration  of  con- 


crete in  sea  water  and  in  alkali  water. 

"Alca"  Cement. — There  has  recent- 
ly been  put  on  the  market  a  new  prod- 
uct, called  in  France,  the  home  of  its 
manufacture,  ciment  fondu  (cast  ce- 
ment), ciment  electro  fondu  (electric- 
cast),  or  ciment  electrique  (electric 
cement),  according  to  the  methods 
used  in  its  manufacture;  and  called 
by  Mr.  H.  S.  Spackman,  in  America, 
Alca  cement,  signifying  alumina  cal- 
cium cement. 

Although  France  was  the  first  to 
develop  commercially  this  new  ce- 
menting material,  through  the  efforts 
of  M.  Jules  Bied,  it  seems  probable 
that  the  discovery  of  aluminous  ce- 
ment belongs  rightfully  to  Spackman, 
whose  results  were  announced  in  1910. 

Spackman  first  worked  with  alum- 
inates made  by  moulding  a  mixture  of 
lime  and  aluminous  material  into 
briquettes  and  burning  them  with 
petroleum  coke  in  a  small  upright 
kiln,  to  which  forced  draft  could  be 
applied  if  desired. 

"Subsequently,  aluminates  were  made  in 
large  quantities  in  the  manner  formerly  used 
for  the  manufacture  of  Portland  cement,  that 
is,  by  making  the  mixture  into  bricks  and  cal- 
cining them  in  a  fixed  kiln.  Aluminates  are 
now  produced  for  commercial  purposes  by 
fusing  and  then  granulating." 

The  effect  of  adding  aluminates  is 
shown  on  mortars  made:  First,  from 
lime  alone;  second,  from  mixtures  of 
lime  and  siliceous  material;  third,  of 
lime  and  pozzuolanic  materials  (trass 
from  Cologne,  Germany);  and  fourth, 
from  natural  cements. 

Increased  strength  was  obtained 
from  all  four  groups,  especially  at  the 
7  and  28-day  periods.  The  manufac- 
ture of  "Alca"  cement  (an  addition  of 
aluminates  to  natural  cement)  was 
begun  on  a  commercial  scale,  and  a 
return  to  popularity  of  natural  cement 
was  confidently  expected.  For  some 
reason,  the  new  product  made  little  or 
no  impression  on  cement  users  in  the 
United  States,  and  its  use  did  not  be- 
come general. 

Meanwhile  Bied,  experimenting  in. 
France  with  bauxite  and  lime,  made  a 
satisfactory  fused  nroduct,  at  about 
the  time  of  the  beginning  of  the 
World  War,  which  he  called  ciment 
fondu. 

The  properties  of  ciment  fondu 
which  have  been  demonstrated  to  date 
are: 

1. — Slow  setting — quick  hardening; 

2. — Increased  strength; 

3. — Indecomposability  in  sulphated 
waters  and  soils  containing  sulphates. 

1. — Setting  begins  at  the  end  of  2. 
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or  3  hours,  and  is  completed  at  the  after  2  months  had  elapsed,  and,  after 

end  of  5  hours.     The  hardening  then  3  months,  the  rapidity  of  dissolution 

proceeds  rapidly,  so  that,  at  the  end  was  increased,  thus  increasing  the  sul- 

of  24  hours,  it  has  already  reached  a  phate    content   of   the    water    in   the 

high  strength,  and,  according  to  Cand-  tank  from  0.7  gramme  per  liter  at  the 

lot,  attains  at  the  end  of  3  days  the  end  of  2  months  to  1.6  grammes  per 

strength  of  a  good  artificial  cement  at  liter  at  the  end  of  4  months,  when 

the  end  of  28  days.  the  electro  ciment  specimens  showed 

2. — Dr.     B.     Jeanneret,     Engineer  "absolutely  no  trace  of  destruction" 

Chemist,    of    Switzerland,   has    made  and  gave  a  compressive   strength  of 

comparative  tests,  in  accordance  with  3,915    lbs.   per    sq.   in.,    as   compared 

Swiss    standards,    of    three    Portland  with  1,500  and  1,420  lbs.  per  sq.  in., 

and  one  electro  ciment,  and  found  at  respectively,    for   the    two    Portlands 

the    end    of    28    days    the    following  tested. 

values :  Christiana  explains  this  inability  of 

Compressive  the  sulphates  to  influence  ciment  fondu 

Tensile  strength.       strength  by  the  fact  that  hardening  takes  place 

msqPu°aUrnefn?h.r     ^SSJfeT  by  the  formation  of  hydrates  of  mono- 

Portland  No.  l 475                   5,250  calcium    aluminate    and    that,    conse- 

Portiand  No.  2 445                   6,100  quently,  there  is  formed  no  free  hy- 

Electro  crment  875                       11.070  JJ^  Jj  ^.^ 

Mr.  H.  P.  Bates,  of  the  U.  S.  Bureau  The  tests  of  the  Paris,  Lyons,  and 

of   Standards,   obtained   for  products  Mediterranean  Railway  Company, 

of   his   own   fabrication,   tensile  made  necessary  by  the  destruction  by 

strengths   as  high   as    630,   955,   and  sulphated  waters  of  the  Brauss  Tun- 

1  020  lbs.  per  sq.  in.,  at  the  end  of  the  nel  on  the  Nice-Coni  line,  begun  in 

1,  7,  and  28-day  periods,  respectively,  1916,  show  that  this  new  cement  re- 

the  specimens  having  been  stored  in  sists    perfectly    waters    impregnated 

water.  with  sulphate  of  lime,  even   when  a 

The  driving  tests,  conducted  under  large  part  of  the  sand  is  replaced  by 

the  supervision  of  Professor  Mesna-  anhydrite.       The     experiments     were 

ger,  Director  of  the  Testing  Labora-  conducted  under  the  supervision  of  M. 

tories    of   France,   proved   that    rein-  Sejourne,  Ingenieur  en  Chef  des  Ponts 

forced     concrete     piles     made     from  et   Chaussees   and    Sous-Directeur   of 

ciment  fondu,  three  days  after  fab-  the  Paris,  Lyons,  and  Mediterranean 

rication,  would  resist  the  blow  of  a  Railway     Company,     a     fact     which 

1,650-lb.  hammer  falling  10   ft.,   the  vouches  for  their  trustworthiness, 

penetration   being   1    in.      The   tests,  Finally,  there  are  the  tests  by  M. 

furthermore,  showed  that  the  piles  do  Feret,  at  the  Laboratoire  des  Ponts  et 

not  become  brittle  as  a  result  of  their  Chaussees,     which     have     previously 

rapid  hardening.  been    summarized.      The    results    are 

The   results   of   the   strength   tests  shown  in  Figs.  1  and  2. 

made  by  the  discoverer,  M.  Bied,  are  This  cement  was  widely  used  during 

shown  in  Table  I.  the  World  War  for  the  construction 

table   I  °^    gu11    platforms,    pill    boxes,    etc., 

Compressive  where   its   quick   hardening   qualities 

Tensile  strength,            strength,  were  0f  ^e  greatest  value.     Within 

perSauTe'inch        per  s^uaTi'nch  three  days   heavy  guns  could  be  fired 

Age,  from  platforms  m  which  this  cement 

in            Artificial    Ciment     Artificial       Ciment  was  used, 

days           cement       fondu         cement         fondu^  ^     great     digadvantage     of     Alca 

7             284          495          2  125          5  675  cement  is  its  cost,  which  is  about  dou- 

28            355          565          2  840          7  ioo  ble  that  of  Portland  cement.    Whether 

3.     Very  severe  tests   of   Portland  improved     manufacture    will     finally 

and  electro  cement  were  made  by  Dr.  overcome  this  difference  remains  to  be 

Jeanneret,  to  demonstrate  their  com-  seen.    In  the  meantime,  its  many  ad- 

parative      resistances      to      selenitic  vocates  claim  for  it  an  economy  aris- 

waters.     Specimens  were  made   of  1  ing    from    the    possibility    of    using 

part  cement,  2  parts  sand,  and  1  part  smaller  sections  on  account  of  its  su- 

of    calcium    sulphate,     gauged     and  perior  strength,    and  of  the   shorter 

rammed    into    moulds    and    then    im-  time    necessary    before    striking    the 

mersed  in  a  tank  of  water.    The  speci-  forms,  on  account  of  its  quick  hard- 

mens  contained  practically  25  per  cent  ening. 

of  gypsum.  Those  made  of  Portland  ce-  Conclusions. — Practically  all  skilled 

ment    began    to    disintegrate    shortly  experimenters  with  hydraulic  binding 
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agents,  for  the  last  100  years,  have 
agreed  that  the  primary  cause  for  the 
disintegration  of  mortar  and  concrete 
in  sulphate-carrying  waters,  such  as 
sea  water  and  many  alkali  waters,  is 
the  attack  on  the  free  lime  in  the  mor- 
tar by  the  sulphates  of  the  water. 

The  majority  of  the  authorities 
agree  that  this  disintegration  can  be 
prevented  by  the  addition  to  standard 
Portland  cement  of  a  properly  consti- 
tuted siliceous  material,  which,  by 
combination  with  the  free  lime  re- 
leased in  the  process  of  setting,  will 
form  a  cementing  material  insoluble 
in  sulphate-bearing  water. 

The  high  alumina  cements  attain 
the  same  results  by  different  means 
which  appear  to  be  just  as  effective. 
Thus  far,  the  cost  of  the  high  alumina 
cements  seems  to  be  greater  than  that 
of  Portland,  whereas  the  addition  of 
silica  to  Portland  should  result  in  a 
cheaper  product.  Considering  the 
greater  strength  of  the  alumina  ce- 
ments, it  is  possible  that  the  cost  per 
pound  per  square  inch  of  strength  may 
not  be  very  different. 

The  use  of  a  single  standard  speci- 
fication for  the  binding  agent  in  all 
structures,  whatever  the  service  con- 
ditions, does  not  seem  to  be  desirable 
or  efficient. 


Union  Scale  of  Wages  and  Hours 
of  Labor 

Bulletin  No.  325  relating  to  the 
union  scale  of  wages  and  hours  of 
labor  throughout  the  United  States  as 
of  May  15,  1922,  and  showing  com- 
parison with  preceding  years,  has 
just  been  issued  by  the  Bureau  of 
Labor  Statistics  of  the  United  States 
Department  of  Labor.  The  bulletin 
embraces  returns  from  66  leading  in- 
dustrial cities,  and  states  the  scale  in 
12  groups  of  industries  embracing  91 
trades  and  occupations,  which  re- 
ported an  aggregate  membership  of 
861,893. 

In  the  average  for  all  trades  taken 
collectively  the  hourly  wage  rate  on 
May  15,  1922,  was  6  per  cent  lower 
than  on  May  15,  1921;  69  per  cent 
higher  than  in  1917;  93  per  cent 
higher  than  in  1913;  104  per  cent 
higher  than  in  1910 ;  and  115  per  cent 
higher  than  in  1907. 

In  1922  the  regular  hours  of  labor 
were  at  the  same  level  as  in  1921; 
4  per  cent  lower  than  in  1917;  6  per 
cent  lower  than  in  1913;  7  per  cent 
lower  than  in  1910;  and  8  per  cent 
lower  than  in  1907. 


Between  1921  and  1922,  70  of  the 
91  trades  and  occupations  had  a  de- 
crease in  their  hourly  rates,  20  had 
an  increase,  and  1  no  change. 

Of  the  91  trades  and  occupations 
reported,  the  average  hours  per  week 
of  16  had  been  reduced,  21  had  been 
increased,  and  54  had  no  change  in 
working  hours  in  1922  as  compared 
with  1921. 

The  average  rates  of  wages  per 
hour  as  of  May  15,  1922,  for  the 
country  as  a  whole  for  a  few  typical 
occupations  were:  Bakers,  89.1  ct.; 
bricklayers,  $1,164;  building  laborers, 

71.4  ct.;  carpenters,  97.3  ct.;  inside 
wiremen,  $1,042;  painters,  $1,009; 
plasterers,  $1,173;  plumbers,  $1,043; 
freight  handlers,  65.1  ct. ;  blacksmiths, 

84.5  ct. ;  machinists,  76.7  ct. ;  iron 
molders,  74.6  ct.;  compositors,  news- 
paper day  work,  $1,004. 

The  average  rate  per  hour  May  15, 
1922,  for  all  building  trades  combined 
was  96.3  ct. ;  for  chauffeurs,  teamsters 
and  drivers,  55.7  ct. ;  for  granite  and 
stone   cutters,    $1,062;    metal    trades, 

74.6  ct. ;  printing  trades  in  book  and 
job  offices,  89.2  ct.;  newspaper  offices, 
$1,036;  and  for  all  trades  covered  by 
the  report,  85.8  ct. 

As  compared  with  May  15,  1913, 
the, rates  per  hour  on  May  15,  1922, 
showed  an  increase  of  167  per  cent 
for  bakers,  68  per  cent  for  bricklay- 
ers, 114  per  cent  for  building  laborers, 
83  per  cent  for  carpenters,  90  per  cent 
for  inside  wiremen,  99  per  cent  for 
painters,  74  per  cent  for  plasterers, 
68  per  cent  for  plumbers,  96  per  cent 
for  freight  handlers,  98  per  cent  for 
blacksmiths,  93  per  cent  for  ma- 
chinists, 92  per  cent  for  iron  molders, 
and  76  per  cent  for  compositors,  news- 
paper day  work. 


Junior  Engineer,  Laboratory  Assist- 
ants, Etc.,  for  U.  S.  Bureau  of  Stand- 
ards.—The  U.  S.  Civil  Service  Com- 
mission, Washington,  D.  C,  will  hold 
open  competitive  examinations  to  fill 
positions  in  the  U.  S.  Bureau  of 
Standards:  Junior  engineer,  junior 
physicist,  junior  technologist,  at  en- 
trance salaries  ranging  from  $1,200  to 
$1,500  a  year,  plus  the  increase  of  $20 
a  month,  and  vacancies  in  positions 
requiring  similar  qualifications;  junior 
aid,  grade  1,  at  $540,  and  junior  aid, 
grade  2,  at  $720  to  $840;  laboratory 
assistant,  junior  grade,  $1,000;  senior 
aid,  $900;  laboratory  assistant,  senior 
grade,  $1,200  to  $1,380. 
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Scope  and  Effect  of  This  Relatively  New  Method  of  Control  of  Devel- 
opment  of  Private   Property   Discussed   in   Paper  Presented   at 
Annual  Meeting   of   American   Society   of   Civil   Engineers 

By  MORRIS  KNOWLES, 

Consulting    Engineer,    President    Morris    KnOwles,    Inc.,    Pittsburgh,    Pa. 


It  is  peculiarly  appropriate  that  this 
subject  should  be  discussed  in  the 
great  city  where  it  originated.  The 
first  complete  zoning  plan  in  the 
United  States — embodying  all  the  gen- 
eral features  as  they  are  now  under- 
stood— was  adopted  in  New  York  City 
in  1916.  This  was  made  possible  by 
legislative  amendment  of  the  New 
York  Charter  in  1914.  Additional 
amendments  were  made  in  1916  and 
1917,  and  zoning  was  made  of  gen- 
eral application  in  the  State  by  later 
Acts.  Prior  to  this  time,  under  the 
Acts  of  various  States,  only  the  less 
complete  kinds  of  zoning  were  pos- 
sible. 

The  New  York  story,  of  how  zoning 
has  developed  and  how  the  interest 
has  grown,  is  perhaps  a  most  striking 
example  of  the  influence  of  the  pop- 
ular will,  urgently  and  effectively  pre- 
sented. Before  the  passing  of  the 
zoning  law,  there  was  great  agitation 
because  of  lack  of  regulation  of  con- 
gestion, and  the  encroachment  of  in- 
dustry in  neighborhoods  thought  to 
be  desirable  for  other  uses.  There 
was  a  realization  that  something  must 
be  done.  Such  interest  centered 
around  Fifth  Avenue — the  brightest 
business  street  in  New  York  City — 
as  it  was  on  the  way  to  ruin  because 
of  the  invasion  of  work  shops  for  gar- 
ment and  millinery  workers,  and  sim- 
ilar industries.  Many  such  establish- 
ments were  drawn  to  this  avenue  be- 
cause of  the  attractiveness  of  its 
buildings,  nearness  to  the  department 
stores,  for  which  the  goods  were  being 
made,  and  the  advantage  of  a  Fifth 
Avenue  address.  The  result  was  that 
crowds  of  garment  workers  thronged 
the  avenue,  morning,  noon,  and  eve- 
ning, crowding  out  the  shoppers  and 
the  hotel  population. 

This  resulted  in  the  formation  of  a 
protective  association,  comprised  of 
the  owners  of  the  leading  department 
stores,  businesses  and  hotels.  Long 
before  there  was  a  zoning  ordinance 
in  New  York,  there  was  an  edict  from 
the  Executive  Group  of  this  Associa- 
tion, to  the  effect,  that  preferences  in 
purchases  would  be  made,  by  the  de- 


partment stores  and  members  of  the 
organization,  of  goods  manufactured 
outside  a  given  area  or  zone.  This 
zone  extended  from  Third  to  Seventh 
Avenues,  and  from  33d  to  59th  Streets. 
Manufacturers  who  were  within  this 
zone  were  given  eleven  months  to 
withdraw,  and  at  the  end  of  that  time 
it  was  evident  that  business  would  not 
flow  to  those  who  stayed. 

The  effect  was  even  as  marked  as 
the  result  of  formal  legislation,  and 
the  prohibition  thus  started  was  soon 
made  effective  in  ordinance  form,  af- 
ter the  report  of  the  New  York 
"Heights  of  Buildings  Commissions" 
and  another  one  on  the  "Congestion 
of  Population".  There  is  now  a  new 
center  of  clothing  and  similar  indus- 
tries on  the  West  Side,  in  convenient, 
commodious  buildings,  suitably  plan- 
ned and  adapted  for  these  purposes 
and  without  detriment  to  other  city 
facilities.  This  is  a  wonderful  exam- 
ple of  bringing  about,  by  public  sen- 
timent first,  and  later  by  the  same 
principles  being  enacted  into  law,  the 
regulation  and  control  of  the  use  and 
development  of  property  in  the  great- 
est metropolis  of  the  world. 

Growth  of  Zoning. — Since  the  enact- 
ment of  the  New  York  law,  zoning 
legislation  has  been  passed  in  27 
states  and  the  District  of  Columbia. 
In  twelve  of  the  states  the  enabling 
act  is  comprehensive,  and  permits 
zoning  of  all  forms  in  all  municipal- 
ities. One  hundred  and  fourteen 
cities,  ranging  in  population  from 
nearly  6,000,000  to  a  few  thousands, 
have,  to  a  greater  or  less  extent,  es- 
tablished zoning  plans.  Eighty-one 
cities  have  comprehensive  ordinances, 
of  which  thirty-one  relate  to  use  and 
two  to  height.  In  the  states  where 
zoning  is  possible,  many  more  cities 
are  preparing  to  take  advantage  of 
the  opportunity  thus  offered;  and  in 
the  States  where  zoning  is  not  pos- 
sible, preparations  are  being  made  for 
the  introduction  of  the  necessary  leg- 
islation. It  would  seem,  therefore, 
that  experience  thus  far  is  demon- 
strating the  value  of  zoning;  that  the 
idea  is  steadily  growing  in  popularity; 
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is  more  or  less  general  throughout  the 
country;  and  the  indications  are  that 
it  will  become  more  so. 

A  word  of  caution,  however,  may  be 
advisable  lest  its  popularity  be  the 
means  of  obstructing  its  true  prog- 
ress, through  well-meaning  but  too 
hasty  action.  Zoning  of  real  value 
cannot  be  done  hastily  and  without 
adequate  study  and  investigation;  con- 
sideration must  be  given  to  local  phys- 
ical conditions,  opinions,  and  usage, 
and  to  all  the  surrounding  circum- 
stances. These  are  important  in  de- 
termining what  will  be  useful — what 
kind  and  degree  of  protection  is  need- 
ed and  how  it  shall  be  applied.  What 
is  good  for  one  city  may  not  be  suit- 
able for  another,  even  of  the  general 
principles  of  zoning  are  the  same. 
Advantage,  of  course,  should  be  taken 
of  the  experience  of  other  cities  and 
the  opportunity  to  review  ordinances, 
but  such  study  must  recognize  the 
reasons  that  have  prompted  the  dif- 
ferent methods  in  different  places.  A 
plan  for  one  city  cannot  be  adopted 
intact  for  another,  and  any  attempt 
to  do  so  may  prove  disastrous  and  a 
serious  set-back  to  true  progress. 

Technically,  zoning  is  "The  creation 
by  law  of  districts  in  which  regula- 
tions, differing  in  different  districts, 
prohibit  injurious  or  unsuitable  struc- 
tures and  uses  of  structures  and 
land." 

Practical  Purpose  of  Zoning. — Prac- 
tically, the  aim  of  a  zoning  plan  is  to 
establish  a  basis  for  constructive  city 
growth.  All  cities  have  the  same  gen- 
eral features.  They  are  made  up  of 
streets,  parks,  and  other  public  places, 
and  of  land  devoted  to  houses,  stores, 
factories,  and  similar  private  uses. 
Unity  in  construction,  however,  is  not 
possible  unless  there  is  some  measure 
of  control  over  all  land,  whether  pub- 
licly or  privately  owned;  and  the  only 
practical  method  of  acquiring  such 
control  is  through  a  zoning  law. 

Such  control  will  promote  greater 
economy,  convenience,  safety,  health, 
and  comfort  in  industrial,  business, 
and  housing  conditions.  It  will  guar- 
antee a  definite  and  safe  place  for  in- 
dustrial investment,  will  protect  home 
neighborhoods,  stimulate  home  owner- 
ship, and  assure  more  contented  labor 
conditions.  It  will  stabilize  property 
values,  afford  greater  security  for 
mortgage  loans,  and  a  surer  basis  for 
assessment. 

What  Zoning  Does  Not  Do. — Zoning 
does  not  endanger  or  retard  the  prog- 


ress and  general  development  of  any 
community,  large  or  small. 

It  does  not  discontinue  or  annul 
private  restrictions  and  deeds. 

It  is  not  discriminatory,  and  does 
not  infringe  on  constitutional  guaran- 
ties. 

It  does  not  change  existing  condi- 
tions. It  is  not  retroactive  and  does 
not  prevent  the  continuance,  under 
present  conditions,  of  existing  non- 
conforming uses  or  structures. 

It  does  not  establish  permanent  and 
inflexible  provisions  that  cannot  be 
changed  later  if  necessitated  by  nor- 
mal development  and  growth. 

What  Zoning  Will  Accomplish. — 
Zoning  encourages  prosperous  and 
well-organized  community  growth. 

It  makes  possible  a  practical  pro- 
gram for  future  street  development 
and  for  all  public  utilities,  by  deter- 
mining in  advance  the  future  use  and 
requirements  of  all  districts. 

It  prevents  too  sudden  changes  or 
conversions  in  the  character  of  dis- 
tricts. 

It  prevents  the  intrusion  of  inap- 
propriate buildings  or  uses  in  districts 
where  such  buildings  and  use  would 
injure  established  improvements. 

It  stabilizes  and  protects  values  and 
investments,  by  determining  in  ad- 
vance the  uses  to  which  property  may 
be  put. 

It  simplifies  the  problem  of  traffic, 
by  regulating  the  height  and  bulk  of 
buildings,  and  the  consequent  street 
congestion. 

It  prevents  undue  congestion  of 
population,  by  regulations  to  prevent 
overcrowding  of  land. 

It  insures  better  conditions  for 
health  and  sanitation  in  offices  and 
factories,  and  minimum  requirements 
for  light  and  air. 

The  Function  of  the  Engineer. — 
Many  interests  are  concerned  in  the 
development  of  a  modern  city; — the 
politician,  the  lawyer,  the  engineer, 
the  architect,  the  landscape  designer, 
the  business  man,  the  representative 
of  industry  and  labor,  the  economist, 
the  student  of  social  problems,  the 
builder,  the  real  estate  broker  and 
owner,  the  banker,  the  insurance  man, 
and  others.  Each  has  his  place  and 
his  particular  point  of  view  in  shap- 
ing public  policy. 

It  is  the  function  of  the  engineer, 
however,  to  plan  the  physical  fea- 
tures of  development:  The  transit 
lines,  the  transportation  facilities,  the 
public  utilities,  the  housing  and  sani- 
tary features.     He  plans  the  indus- 
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trial  and  business  features  as  well  as 
the  physical  future  of  the  town.  To 
do  this  efficiently  there  must  be  avail- 
able a  predetermined  general  scheme 
or  arrangement — one  that  will  remain 
reasonably  permanent.  The  impor- 
tance of  this  is  self-evident. 

A  zoning  plan,  then,  is  the  basis  on 
which  all  other  plans  should  be  con- 
ceived; and  it  may  be  said  that  the 
zoning  plan  is  primarily  an  engineer- 
ing problem.  No  wonder,  then,  that 
the  engineer  is  interested.  This  is 
true,  however,  only  in  so  far  as  its 
essential  features  are  concerned;  the 
plan  will  be  of  no  avail  unless  estab- 
lished on  a  firm  legal  basis;  it  will  be 
acceptable  only  if  the  point  of  view  of 
all  other  public  and  private  interests 
has  been  considered  in  its  preparation. 

Assurance  that  the  plan  will  stand 
the  test  of  court  review  can  be  had 
only  through  co-operation  with  attor- 
neys capable  of  interpreting  the  mean- 
ing of  provisions  and  legal  decisions 
made  thereon.  Fine  distinctions,  that 
escape  all  but  those  specially  adapted 
to  perceive  such  refinements,  are  often 
made.  These  distinctions  are  influ- 
enced many  times  by  special  circum- 
stances surrounding  a  particular  case, 
and  may  have  a  different  interpreta- 
tion under  different  conditions. 

The  zoning  plan  can  be  conceived 
with  sufficient  breadth  of  view  only 
through  counsel  with  and  co-operation 
from  all  interests  affected. 

Legal  Aspects  of  Zoning. — Zoning  is 
possible  under  the  exercise  of  the 
"Police  Power"  of  the  State.  In  a 
broad  sense,  the  police  power  of  the 
sovereign  authority  embraces  what- 
ever may  be  best  for  the  general  pub- 
lic welfare  of  the  commonwealth.  An- 
other name — an  easily  understood 
equivalent — is  "Community  Power." 

As  a  general  rule,  cities  are  not 
able  to  establish  zoning  regulations 
without  some  special  grant  of  the 
police  power  from  the  State.  Such 
acts  usually  prescribe  the  character 
and  extent  of  the  regulations  which 
may  be  imposed  by  the  municipality, 
the  limitations  of  power,  the  imposi- 
tion of  penalties,  and  provisions  for 
appeal  and  amendment. 

Some  cities  have  what  is  called  a 
"Home  Rule  Charter;"  this  is  partic- 
ularly true  in  some  of  the  Western 
States.  Such  charters  sometimes  give 
the  city  the  authority  to  zone,  by  vir- 
tue of  the  grant  of  charter  powers, 
and  special  legislation  may  not  be 
needed  for  this  particular  purpose. 
However,  in  such  circumstances,  it  is 


wise  to  make  sure  that  the  city  pos- 
sesses the  police  power  to  regulate  the 
height,  bulk,  area,  and  use  of  buildings 
and  property,  and  the  right  to  impose 
different  regulations  in  different  dis- 
tricts of  a  different  character. 

The  Standard  Enabling  Act,  as  rec- 
ommended by  the  Hoover  Committee 
of  the  United  States  Department  of 
Commerce,  provides  a  complete  exam- 
ple of  the  legislation,  necessary  to 
delegate  police  power  to  the  munici- 
pality, in  order  to  regulate  the  uses 
and  development  of  property  and  pro- 
vide all  the  machinery  for  doing  so. 

The  success  of  a  zoning  plan  de- 
pends on  the  adequacy  of  the  Ena- 
bling Act,  and  the  provisions  of  the  or- 
dinance must  be  such  as  to  come  with- 
in the  limits  of  the  Act  and  within  the 
scope  of  the  police  power.  There  is 
need,  therefore,  of  the  lawyer,  who  is 
familiar  with  and  can  rightfully  inter- 
pret the  decisions  of  the  court  and  the 
probable  attitude  in  specific  instances. 
Some  features  of  zoning  are  not  yet 
approved  by  the  courts  so  widely  as 
to  be  generally  recognized  as  coming 
within  the  scope  of  the  police  power. 
The  greatest  stress,  therefore,  should 
be  laid  on  the  importance  of  having 
sound,  experienced  legal  advice  in  the 
drafting  of  the  ordinance. 

Preparation  of  the  Zoning  Plan. — 
There  should  be  a  commission  to  pre- 
pare the  zoning  plan  and  ordinance 
for  recommendation  to  the  City  Coun- 
cil. This  may  be  the  City  Planning 
Commission,  if  there  is  one,  or  a 
special  Zoning  Commission  appointed 
for  this  purpose.  The  majority  of  the 
members  of  such  a  commission  should 
be,  in  most  causes,  citizens  serving 
without  pay.  They  should  not  be  ham- 
pered by  political  considerations.  The 
city  administration,  however,  should 
be  represented,  and  this  usually  is 
accomplished  by  certain  of  the  official's 
acting  in  an  ex  officio  capacity.  Ac- 
tions of  immediate  expediency  are 
thus  to  be  given  due  consideration, 
as  well  as  the  effect  on  the  far-reach- 
ing future. 

The  creation  of  such  commission, 
the  membership,  method  of  appoint- 
ment, and  powers  are  usually  provided 
through  the  statute  or  charter  provi- 
sion. The  commission  should  have 
more  than  advisory  powers;  usually, 
it  is  provided  that,  before  any  other 
city  authority  acts  finally  on  an 
amendment  to  any  clause  of  the  zon- 
ing ordinance,  it  must  be  referred  to 
the  commission  for  consideration,  and 
a  certain  time  allowed  for  a  report. 
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Working  Staff. — As  the  members  of 
such  a  commission  cannot  attend  per- 
sonally to  the  collection  of  data,  the 
preparation  of  maps,  and  the  working 
out  of  details  in  the  development  of- 
the  zoning  plans,  they  should  be  pro- 
vided with  an  adequate  staff  of  trained 
men  under  the  direction  of  a  compe- 
tent executive. 

In  addition,  they  should  have  the 
benefit  of  expert  experienced  advice. 
Zoning  requires  the  services  of  more 
than  a  single  profession.  It  requires 
knowledge  of  all  those  things  which 
go  to  make  up  municipal  development 
— the  proper  planning  of  streets, 
transportation  facilities,  public  utili- 
ties, housing,  etc.  The  services  of  the 
all-around  civist  are  needed;  but  here 
a  word  of  caution  may  not  be  amiss, 
especially  if  the  commission  or  staff 
is  inclined  to  be  lazy  or  lacks  dili- 
gence. There  is  a  real  danger,  if  the 
expert,  however  well  informed,  at- 
tempts to  foist  on  a  community,  with- 
out the  detailed  study  of  local  needs 
and  application  of  principles  derived 
therefrom,  a  plan  that  has  worked 
well  elsewhere.  The  ordinance  must 
also  appeal  to  the  local  sentiment,  and 
it  cannot  do  so  without  being  a  re- 
sult of  local  education  and  develop- 
ment. 

Complete  and  accurate  data  are 
needed,  and  an  intensive  study  of  local 
conditions  and  problems  is  required. 
Such  data  will  refer  to  the  use  and 
height  of  buildings,  the  vacant  spaces 
about  them,  the  character  of  industries 
and  establishments,  the  population 
and  densities  thereof,  the  values  of 
land,  the  location  of  business  enter- 
prises, the  tendencies  of  development, 
etc.  The  data  should  be  presented, 
preferably,  in  graphical  form  or  on 
maps,  so  that  they  may  be  compre- 
hended and  analyzed  readily. 

General  Procedure. — The  commis- 
sion, after  completing  the  preliminary 
plans  and  tentative  form  of  the  zon- 
ing ordinance,  should  hold  meetings 
and  public  hearings,  prior  to  submit- 
ting the  completed  work  to  the  Coun- 
cil. The  Council,  after  receiving  the 
ordinance,  may  hold  other  meetings, 
and,  if  it  is  deemed  necessary,  may 
refer  the  ordinance  back  to  the  com- 
mission for  amendment,  or  many  enact 
it  into  law. 

It  is  not  possible  to  emphasize  un- 
duly the  need  of  a  thorough  public 
discussion  of  the  zoning  plan.  To  be 
acceptable,  the  ordinance  must  meet 
the  approval  of  substantially  the  en- 
tire community,  and  must  demonstrate 


its  reasonableness  to  property  owners. 
If  the  general* public  is  to  be  able  to 
understand  and  consider  the  merits 
of  the  plan  seriously,  it  must  know 
why  certain  things  have  been  done  and 
the  reasons  for  certain  regulations. 
This  can  be  accomplished  best  through 
frequently  meetings  during  the  work, 
particularly  before  small  groups 
where  peculiar  local  problems  may  be 
discussed,  and  where  the  protection 
offered  to  residence  property  may  be 
explained.  Similar  meetings  should 
be  held  for  discussion  with  the  own- 
ers of  business  property,  with  manu- 
facturing interests,  real  estate  asso- 
ciations, and  the  various  civic  bodies 
of  the  community.  The  influence  of 
the  press  will  be  of  great  assistance, 
and  frequent  articles  should  be  pub- 
lished, explaining  the  purpose  and  the 
effect  of  the  various  regulations. 

Zoning  Regulations. — A  complete 
zoning  plan  utilizes  three  general 
methods  of  regulation:  The  use  of 
property  and  structures;  the  height  to 
which  buildings  may  be  built;  and  the 
areas  that  must  be  left  vacant. 

The  purpose  of  the  regulations  of 
the  first  class  is  to  segregate  the  vari- 
ous uses  of  public  and  private  prop- 
erty and  restrict  such  uses  to  suitable 
locations.  Some  land  will  be  found  to 
be  especially  fitted  for  certain  pur- 
poses, industries  will  naturally  be 
placed  near  railroads,  or  near  the 
water-front,  residence  districts  of  the 
better  class  will  develop  remote  from 
industry^  and  not  too  near  the  busi- 
ness section,  workingmen's  houses  will 
be  built  near  their  work,  or  near  ade- 
quate transit  lines.  The  types  of  dis- 
tricts in  a  city  are  usually  well-de- 
fined, and  are  more  or  less  fixed  by 
existing  development,  topography,  and 
cleavages,  like  watercourses  or  hills. 

Zoning  should  anticipate  the  con- 
tinuance of  established  uses  of  prop- 
erty, when  these  are  not  in  conflict 
with  wise  development,  even  if  the 
ideal  arrangement  might  possibly  be 
better.  The  city  cannot  be  rebuilt 
overnight,  and  it  is  possible  only  to 
approach  the  ideal.  Advantage  must 
be  taken  of  the  mistakes  of  the  past, 
but  the  harm  that  may  already  have 
been  done  by  indiscriminate  building  is 
of  small  account  if  the  future  of  the 
city  can  be  protected. 

Restrictions  as  to  use  are  the  most 
important  provisions  of  the  ordinance 
and  those  most  readily  understood.  In 
general,  there  should  be  regulations 
for  heavy  industry,  light  industry, 
business  or  commercial  districts,  and 
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residential  purposes.  Some  communi- 
ties will  deem  it  necessary  to  divide 
industry  into  three  groups,  or  to  have 
a  secondary  commercial  district  for 
light  manufacturing,  and  some  will 
have  three  classes  of  residence  dls- 
tricts.^  In  the  speaker's  opinion,  such 
minutiae  are  undesirable,  and  are  im- 
practicable of  exact  definition,  at  least 
at  the  inception  of  the  ordinance. 
Such  detail,  if  utilized  at  all,  should 
come  after  the  workings  of  the  pro- 
visions of  the  ordinance  have  been 
tested. 

In  some  cities,  there  are  no  limita- 
tions on  the  use  of  structures  or  prop- 
erty in  the  heavy  industrial  districts, 
but  usually  certain  manufacturing 
processes,  which  create  nuisance  or 
which  are  dangerous,  are  prohibited. 
Dwellings  in  such  districts  should  not 
be  permitted,  except  under  definite 
limitations,  such  as  provisions  for  the 
use  of  watchmen  and  their  families, 
employed  on  the  premises  of  an  in- 
dustrial establishment. 

The  light  industrial  districts  are  in- 
tended for  factories  which  are  not  ob- 
jectionable because  of  odor,  dust, 
smoke,  gas,  vibration,  or  noise.  In 
addition,  business  establishments  of 
any  kind  are  permitted,  and  resi- 
dences. 

The  business  or  commercial  dis- 
tricts are  intended  for  warehouses, 
wholesale  and  retail  stores,  office 
buildings,  hotels,  and  similar  struc- 
tures. No  manufacturing  is  permit- 
ted, other  than  that  required  for  prod- 
ucts to  be  sold  on  the  premises  to  the 
consumer.  Other  establishments, 
which  would  be  objectionable,  such  as 
blacksmith  shops,  carpet  cleaning 
works,  contractors'  plants,  public  gar- 
ages (except  with  special  permits), 
etc.,  may  also  be  prohibited. 

Residence  districts  should  allow 
single-  and  multiple-family  dwellings, 
churches,  educational  and  charitable 
institutions,  greenhouses,  gardens,  and 
the  like,  including  their  usual  access- 
ories. Public  utilities,  by  special  per- 
mit, when  found  to  be  necessary  (such 
as  telephone  central  exchange  build- 
ings, electric  sub-stations  without  ro- 
tating machinery,  and  gas-regulating 
stations),  may  be  permitted  in  the 
least  restricted  districts  and  in  some 
cases  excluded.  The  accessory  uses 
are  so  varied  and  so  numerous  that 
it  is  difficult  to  recount  them.  _  It  is 
safer  to  refer  to  the  classification  as 
"those  accessory  uses  which  are  cus- 
tomarily incident  to  the  uses  permit- 


ted in  the  district,  and  not  involving 
the  conduct  of  a  business." 

The  conditions  under  which  small 
garages  and  stables  and  community 
garages  are  to  be  permitted  should  be 
specified  carefully.  It  is  possible,  also, 
to  curtail  the  erection  of  bill  boards, 
signs,  and  spite  fences  by  zoning  reg- 
ulations. Although  bill  boards  may 
be  proper  in  certain  places,  the  courts 
have  recognized  that  they  should  not 
be  placed  indiscriminately  among 
houses,  schools,  and  churches.  Spite 
fences  may  be  controlled  by  limiting 
the  height  of  fences. 

Many  zoning  ordinances  have  pro- 
vided two  or  more  classifications  for 
residence  districts,  differing  only  as 
to  the  restrictive  regulations.  Pri- 
marily, the  purpose  is  to  provide  for 
single-family  residence  districts.  This 
may  be  requested  by  large  numbers 
of  people,  and  may  be  desirable,  but, 
legally,  it  may  be  hazardous  unless 
the  power  is  expressly  stated  in  the 
enabling  act.  It  may  be  difficult,  in 
many  cases,  to  justify  such  procedure 
on  the  basis  of  health  and  safety. 
However,  the  definite  limitations  of 
certain  districts  to  the  single-family 
house  is  becoming  more  common  in 
zoning  ordinances,  and  the  generally 
favorable  attitude  of  the  courts  has 
been  reflected  in  recent  decisions.  It 
has  been  decided  that  the  police  power 
can  be  used  for  the  purpose  of  estab- 
lishing private  residence  districts,  and 
it  is  only  a  step  farther  to  the  classi- 
fication of  such  districts. 

Exceptions  to  the  regulations  per- 
taining to  use,  in  district  classifica- 
tions, may  be  provided  in  the  ordi- 
nance. Public  and  community  ga- 
rages, for  instance,  are  sometimes  de- 
sirable in  residence  districts,  and  can 
be  situated  so  that  they  will  not  be 
detrimental  to  adjoining  property. 
Exceptions  of  this  kind  are  usually 
made  contingent  on  the  desires  of  the 
majority  of  the  owners  of  property 
in  the  immediate  vicinity.  Provisions 
may  be  made  also  concerning  uses 
which  do  not  conform  to  the  stand- 
ards of  the  districts  in  which  they 
are  situated.  Such  uses  may  continue 
until  they  are  discontinued  volun- 
tarily, or  by  fire  or  other  destruction, 
or  are  altered  structurally,  or  to  a 
certain  large  percentage  of  value. 

Height  Classifications. — Regulations 
of  the  height  of  buildings,  particu- 
larly |  in  the  business  sections  of  a 
city,  are  likely  to  meet  with  the  most 
active  opposition.  There  is  reason 
for  this  opposition,  and  careful  con- 
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sideration  and  study  are  required  if 
an  equitable  balance  is  to  be  estab- 
lished between  what  is  theoretically 
desirable  and  what  is  practicable  of 
accomplishment.  Office  buildings,  ho- 
tels, and  similar  structures  must  be 
built  to  a  certain  height  if  they  are 
to  pay  adequate  returns  on  the  in- 
vestment. Such  buildings,  however, 
may  readily  be  built  too  high  for 
economy. 

It  is  well  known  that  many  of  the 
lower  stories  of  the  high  buildings  in 
the  canyon-like  streets  of  New  York 
are  useless  for  practically  all  pur- 
poses except  storage.  In  areas  where 
high  buildings  are  crowded  together, 
most  of  the  rooms  on  the  lower  floors 
are  inadequately  lighted  and  insuffi- 
ciently ventilated,  traffic  congestion  is 
inevitable,  public  utilities  are  period- 
ically overtaxed,  and  both  private  and 
public  financial  loss  is  the  result. 
There  is  a  definite  and  real  need, 
which  the  engineer  is  qualified  to  ful- 
fill', to  obtain  and  present  carefully 
digested  facts  on  the  existing  condi- 
tions of  high  and  moderately  high 
buildings;  as  to  light,  air,  comfort, 
waste,  elevator  and  corridor  space, 
street  congestion,  burden  on  public 
utility  facilities,  etc. 

The  report  of  the  "Height  of  Build- 
ings Commission,"*  discloses  surpris- 
ing facts  regarding  the  average  height 
of  buildings  in  lower  New  York  City: 

"The  high  building  problem  is  at 
present  confined  chiefly  to  a  compara- 
tively small  portion  of  the  lower  half 
of  the  Island  of  Manhattan.  The 
average  building  height  in  the  Bor- 
ough of  Manhattan  is  4.8  stories. 
Ninety  per  cent  of  the  buildings  do 
not  exceed  a  height  of  six  stories. 
The  buildings  over  ten  stories  in 
height  constitute  only  a  little  over  one 
per  cent  of  the  total.  Out  of  a  total 
92,749  buildings,  there  are  but  1,048 
buildings  over  ten  stories  in  height; 
ninety  buildings  over  seventeen  sto- 
ries; fifty-one  buildings  over  twenty 
stories;  and  one  nine  buildings  over 
thirty  stories." 

The  average  height  of  buildings  in 
the  down-town  business  section  of 
Pittsburgh,  Pa.,  where  the  higher  of- 
fice buildings,  the  larger  department 
stores  and  the  prominent  hotels  are 
situated,  is  only  a  little  more  than 
three  stories.  In  a  paper  by  Mr.  H. 
J.  Burton,  of  Minneapolis,!  it  is  stated 
that: 


*New  York,  December  23,  1923. 
t Proceedings,  National  Association  of  Build- 
ing Owners  and  Managers,   1918. 


"The  corner  of  Wall  Street  and 
Broadway  was  considered  the  most 
valuable  land  in  America.  It  was 
about  40  ft.  on  Wall  by  about  40  ft. 
on  Broadway,  and  originally  had 
thereon  about  a  six-story  buillding, 
which  earned  a  moderate  profit,  after 
paying  the  taxes  on  the  assessed  valu- 
ation. 

"The  owner  of  the  L-shaped  land, 
in  the  rear  from  Wall  Street  round 
to  Broadway,  erected  a  tall  building 
thereon,  using  the  light  and  air  over 
the  lower  building  on  the  corner.  He 
had  $1,000,000  money  and  borrowed 
$1,600,000  more  to  pay  for  his  new 
building,  and  earned  a  moderate  net 
profit  from  his  rentals,  after  paying 
his  taxes  and  interest  on  mortgage. 
So  the  man  on  the  corner  concluded  to 
tear  down  his  low  corner  building  and 
erect  a  tall  building,  to  help  pay  his 
increased  taxation.  This  building  took 
away  part  of  the  light  and  air  from 
the  rear  building,  which  presently 
lost  most  of  its  tenants  to  other  new 
buildings.  The  $1,600,000  mortgage 
was  subsequently  foreclosed,  the  mort- 
gagor losing  his  title  to  the  land  and 
his  additional  $1,000,000  investment  in 
the  building. 

"The  man  on  the  corner  did  not  re- 
ceive as  much  net  income  (after  amor- 
tizing the  cost  of  his  new  building) 
as  he  originally  received  on  his  little 
low  building." 

In  this  same  paper  it  is  stated  that: 

"From  1913  to  1917,  the  assessed 
land  values,  exclusive  of  improve- 
ments, on  Manhattan  Island  south  of 
Fortieth  Street,  declined  more  than 
$186,000,000." 

The  statement  of  a  New  York  au- 
thority on  the  subject**  is  quoted  as 
follows : 

"In  my  opinion  after  ten  years' 
service,  if  there  were  no  buildings 
between  Forty-second  Street  and 
Broadway,  of  more  than  8  stories,  the 
land  value  would  be  more  than  it  is 
today." 

The  height  regulations  are  not  of  so 
great  importance  in  other  than  the 
more  congested  business  sections, 
where  land  values  are  excessive.  The 
usual  limit  in  the  residence  district 
is  equivalent  to  a  height  of  2V2  or  3 
stories.  The  intermediate  districts 
allow  the  buildings  to  be  erected  to 
heights  of  4,  6  and  8  stories.  All  these 
limitations  may  be  expressed  in  terms 
of  multiples  of  widths  of  streets,  num- 
ber of  stories,  or  in  some  combination 

**  Proceedings,  National  Association  of 
Building  Owners  and  Managers,  1920. 
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of  these,  but  it  is  rare  that  all  are 
used  in  the  same  restriction.  The 
maximum  restriction  varies  from  125 
to  150  Or  175  ft.,  depending  some- 
what on  the  size  of  the  city,  with 
higher  maxima  with  set-backs  in  New 
York  City.  Here,  again,  as  in  the 
use  districts,  exceptions  may  be  made. 
They  apply,  in  some  cases,  to  insti- 
tutions, hotels,  public  buildings,  tow- 
ers, spires,  etc.  Usually,  also,  addi- 
tions to  the  heights  of  buildings  above 
the  prescribed  limits  are  allowed  if 
set-backs  from  the  street  lines  (in 
some  cases  property  lines,  also)  are 
observed.  There  is  great  need  of  data 
on  the  effect  of  height  on  the  return 
from  the  investment  in  buildings,  and 
the  effect  on  the  development  of  am- 
ple street  areas  and  adequate  public 
utility  facilities.  One  is  a  private, 
and  the  other  a  public,  effect,  but  re- 
flected in  a  private  way  by  taxation. 
This  is  indeed  a  fertile  field  for  the 
engineer,  for  there  is  much  opinion 
not  founded  on  basic  truth. 

Area  Regulations. — Area  regula- 
tions may  be  applied  in  a  number  of 
ways,  such  as  front-yard  require- 
ments; rear-yard  depths;  width  of 
side-yards,  inner  and  outer  courts; 
percentage  of  lot  occupied,  and  allow- 
able density  of  population.  Such  reg- 
ulations at  best  are  complicated,  and 
all  methods  are  seldom  used  in  one 
ordinance.  Requirements  designed  to 
control  density  of  population  directly 
are  the  most  interesting,  and  may  be 
expressed  as  the  number  of  families 
allowed  per  acre  or  the  number  of 
square  feet  to  be  provided  for  each 
family. 

Provision  also  should  be  made  in 
the  ordinance,  if  possible  and  legal, 
for  continuing  in  effect  the  "set-backs" 
from  the  street,  where  already  estab- 
lished by  private  restrictions  or  other- 
wise. This  may  be  done  by  prescribing 
the  depth  of  front  yards,  or  the  main- 
tenance of  a  building  line,  as  already 
established  by  a  large  percentage  of 
the  structures  now  built. 

In  connection  with  the  area  regula- 
tions, certain  exceptions  will  be  nec- 
essary, so  as  not  to  prevent  the  erec- 
tion of  a  one-family  house  on  a  lot 
that  may  be  too  small  to  provide  the 
required  area.  It  is  also  necessary  to 
differentiate  between  inside  lots  and 
corner  lots,  to  provide  special  regula- 
tions for  through  lots,  etc. 

Administrative  Agency.  —  Zoning 
ordinances,  as  a  rule,  are  enforced  by 
the  same  agency  that  has  to  do  with 
building   codes,   and   other  forms   of 


building  regulations.  It  is  desirable 
to  centralize  the  control  of  building 
regulations,  so  that  permits  for  all 
features  of  construction  may  be  ob- 
tained at  one  time  by  visiting  one  of- 
fice. One  of  the  serious  difficulties 
and  causes  of  annoyance  in  the  build- 
ing industry  is  the  multitude  of  offices 
which  must  be  visited  to  secure  the 
many  needed  permits  before  construc- 
tion can  commence.  Anything  which 
can  be  done  to  simplify  this  and  to 
lessen  the  expense  will  receive  appro- 
bation. 

Amendments  and  Changes. — The 
fundamental  purpose  of  a  zoning  law 
is  to  prevent  too  rapid  changes,  which 
result  in  the  deterioration  and  modifi- 
cation of  property  values.  Neverthe- 
less, conditions  will  change,  and  dif- 
ferent regulations  will  be  required. 
Sometimes  the  people  in  a  district  be- 
lieve the  time  has  come  for  a  change 
in  use  or  classification.  It  may  de- 
velop that,  because  of  expansion  of 
the  community,  or  from  some  other 
reason,  industry  or  business  is  best 
fitted  for  a  certain  residence  district 
and  that  land  will  sell  at  a  higher 
figure  for  such  purposes  than  for  any 
other.  Then  there  will  develop  a  pop- 
ular demand  for  revision  of  the  class- 
ification, and  the  same  authority  that 
has  adopted  the  ordinance  should  have 
the  power  to  amend  the  regulations. 

Proposed  changes  should  be  studied 
first  and  reported  on  by  the  Planning 
Commission.  A  public  hearing  should 
be  held,  to  consider  the  requests  for 
and  the  protests  against  amendments. 
This  should  be  after  the  prescribed 
publication  of  notice,  and  hearings 
and  the  report  of  the  Coniinission  to 
Council.  If  then  the  request  for 
change  is  still  opposed  by  a  certain 
proportion  of  the  property  owners  af- 
fected, more  than  a  majority  vote  of 
Council  should  be  required  for  ap- 
proval of  the  amendment.  This  safe- 
guard is  wise,  and  is  designed  to  pre- 
vent changes  and  amendments  being 
easily  made  because  of  sporadic, 
whimsical,  and  changeable  desires  in 
particular  cases  of  supposed  and  yet 
limited  benefits  to  be  gained  by  such 
amendments. 

Board  of  Adjustment. — Because  a 
zoning  ordinance  is  so  comprehensive, 
it  is  evident  that  hardship  and  serious 
discomfort  might  be  caused  by  a 
strict  and  literal,  but  unreasonable, 
interpretation  of  its  provisions,  there- 
fore, to  provide  a  Board  of  Adjust- 
ment or  Appeal  to  which  the  decisions 
of  the   administrative    agencies   may 
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be  appealed  and  reviewed.  Every  de- 
cision of  the  Board  of  Appeals  should 
be  reviewable  by  the  courts  on  a  writ 
of  certiorari. 

The  legislative  act  granting  to  the 
city  the  right  to  zone  should  also 
make  provisions  for  the  creation  of 
such  a  board  of  appeals,  otherwise  the 
City  Council  cannot  endow  such  a 
board  with  powers  to  decide  certain 
cases  or  to  make  variations  in  the 
provisions  of  the  ordinance  in  order  to 
carry  out  the  spirit  of  the  law  and  pre- 
vent unnecessary  hardship.  The  prov- 
ince of  the  Board  of  Adjustment 
should  be  definitely  and  carefully  lim- 
ited to  those  things  prescribed  in  the 
act;  otherwise  there  may  be  gross 
abuse  of  the  power  thus  delegated. 
That  there  is  danger,  however,  should 
not  deter  one  from  providing  such  a 
board  or  safety  appliance;  for  other- 
wise the  ordinance  may  fail  in  its  pur- 
pose by  being  declared  unnecessarily 
hard  and  confiscatory  whenever  it  is 
brought  before  the  courts  on  a  par- 
ticular and  exceptional  case. 

An  example  of  reasonable  variation 
is  that  the  use  of  premises  may  be 
permitted  for  the  manufacture  of 
building  material  in  a  territory  where 
it  is  evident  that  this  is  a  convenient 
and  economical  way  to  prepare  local 
materials  for  the  erection  of  buildings 
within  the  district.  There  may  be 
border  line  cases,  also,  regarding  pub- 
lic service,  enlargement  of  non-con- 
forming use,  continuance  after  fire  or 
disaster,  etc.,  which  can  best  be  han- 
dled by  such  Board  of  Adjustment. 
m  There  may  be  other  types  of  excep- 
tional cases  which  are  difficult  of  in- 
terpretation by  the  administrative 
officer.  Provision  should  be  made  for 
theseand  all  others,  where  there  are 
practical  difficulties  or  unnecesary 
hardships  in  complying  with  the  strict 
provisions  of  the  ordinance.  In  such 
cases  the  Board  should  vary  and  ad- 
just, in  harmony  with  the  general  pur- 
poses and  intent  of  the  ordinance,  so 
that  health,  safety,  and  general  wel- 
fare may  be  secured,  and  substantial 
justice  done. 

Summary. — Practical  zoning  must 
be  established  on  a  firm  legal  basis.  A 
proper  grant  of  the  police  power  of 
the  State  to  the  city  is  pre-requisite. 
The  preparation  of  the  ordinance  so 
as  to  be  safely  within  the  scope  of  the 
police  power  thus  conferred  is  equally 
important.  Therefore,  the  advise  of  a 
lawyer,  fully  informed  on  the  various 
decisions  of  Court  cases,  is  needed. 

In  the  preparation  of  the  plan  and 


ordinance,  sufficient  study  of  local  con- 
ditions is  essential;  there  is  danger  in 
too  hasty  action.  The  plans  and  ex- 
periences of  other  cities  should  be 
studied,  but  with  a  knowledge  of  why 
certain  methods  were  adopted.  No 
direct  copying  is  permissible. 

The  aim  of  zoning  is  usefulness; 
hence,  in  order  to  succeed,  the  plan 
must  be  practicable,  and  there  must 
be  a  nice  balance  between  what  is 
theoretically  desirable  and  what  is 
practicable  of  accomplishment.  Al- 
though many  things  are  desirable, 
ideals  can  only  be  approached.  The 
city  cannot  be  re-made  overnight.  It 
is  possible  to  do  the  best  only  with 
what  is  available,  and  look  to  the 
future  for  improvement. 

The  public  must  be  taken  into  the 
confidence  of  those  promoting  the  zon- 
ing plan.  To  succeed,  the  ordinance 
must  be  what  the  majority  of  the 
people  want,  not  the  desires  of  a  few. 
Publicity  cannot  be  overcome.  More 
often  than  not,  there  is  a  lack  of  un- 
derstanding in  the  community  on  the 
necessity  or  desirability  for  zoning 
regulations. 

The  ordinance,  in  general,  should 
prescribe  regulations  as  to  the  use  of 
land  and  structures,  the  height  to 
which  buildings  may  be  built,  and  the 
area  that  must  be  left  vacant  on  each 
lot.  The  districts  in  which  the  differ- 
ent regulations  are  to  be  applied  may 
or  may  not  be  coterminous,  or  they 
may  be  combined.  That  arrangement 
which  will  secure  the  greatest  sim- 
plicity should  be  adopted,  and  this  will 
depend  largely  on  local  conditions. 

Provision  should  be  made  for 
amendment  of  the  ordinance,  under 
adequate  safeguard,  and  a  Board  of 
Adjustment  should  be  created.  The 
function  of  such  a  board  is  to  review 
any  contested  decision  of  the  adminis- 
trative official,  to  decide  border  lines 
and  exceptional  cases,  and  to  adjust 
the  regulations  in  harmony  with  their 
spirit  in  cases  where  a  literal  but  too 
strict  intepretation  would  cause  un- 
necessary and  excessive  hardship. 

Above  all,  the  plan,  to  succeed,  must 
contain  only  those  things  which  are 
practical  of  accomplishment.  Under 
the  scope  of  police  power,  the  law  rec- 
ognizes the  necessity  only  of  those 
things  which  are  beneficial  to  the 
whole.  Esthetic  and  similar  consider- 
ations are  not  true  uses  of  the  police 
power  as  a  main  basis.  There  must 
be  a  fair  relationship  between  the 
public  good  to  be  secured  and  the  pri- 
vate injury  suffered. 
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Work  of  Joint  Conference  Outlined  in  an  Address  Before  the  Engi- 
neers' and  Architects'  Club  of  Louisville,  Ky. 

By  WARD  P.  CHRISTIE, 

Research   Engineer,   Associated    General    Contractors 


The  standardization  of  contract 
forms  for  construction  work  is  not  a 
recent  movement  prompted  by  new 
conditions  in  the  industry  but  was 
started  by  engineers  and  architects 
almost  a  generation  ago.  The  Amer- 
ican Institute  of  Architects  devoted 
years  of  painstaking  efforts  to  the  de- 
velopment of  its  standard  documents, 
and  has  developed  a  form  which,  with- 
in the  past  year,  has  had  a  sale  of 
many  thousand  copies.  Likewise,  the 
American  Railway  Engineering  Asso- 
ciation has  developed  a  standard  form 
for  its  particular  branch  of  construc- 
tion, and  the  Bureau  of  Public  Roads 
has  drawn  up  a  form  to  assist  in  the 
development  of  uniform  highway  con- 
tracts. More  recently,  the  federal 
government  has  established  an  inter- 
departmental board  of  contracts  and 
adjustments  which  is  now  undertaking 
to  standardize  the  great  number  of 
forms  in  use  by  the  various  bureaus. 
It  is  apparent,  therefore,  that  this 
movement  toward  standardization  is 
not  the  result  of  activities  in  any 
local  community,  or  of  a  single  asso- 
ciation, but  is  the  result  of  a  need 
that  has  long  been  recognized. 

There  is  but  one  criticism  to  be  of- 
fered of  this  work,  as  it  was  con- 
ducted up  to  about  twa  years  ago, 
and  that  is  that  each  society  appar- 
ently viewed  the  matter  from  its  in- 
dividual standpoint,  not  realizing  that 
much  of  its  work  could  be  utilized  in 
all  of  the  branches  of  construction. 
Each  society  considered  itself  more 
or  less  as  an  individual  unit  with  in- 
dependent contractual  problems, 
whereas,  in  reality,  a  great  portion  of 
them  are  common  to  the  industry  as  a 
whole.  When  this  fact  was  realized 
the  natural  result  was  the  formation 
of  some  sort  of  a  joint  conference  to 
consider  standardization  for  the  dif- 
ferent branches  of  the  industry;  and 
it  is  to  carry  out  this  purpose  that  the 
joint  conference  on  contracts  at  Wash- 
ington has  been  functioning. 

Benefits  from  Standard  Contracts. 

— The  benefits  to  be  derived  from  a 
system  of  documents  endorsed  by  the 
leading  professional   and  contracting 


associations  of  the  country  were  be- 
lieved to  be  as  follows: 

First,  the  standard  contracts  would 
establish  custom  and  precedent  in 
contractual  relations  that  would  serve 
in  much  the  same  capacity  as  a  body 
of  common  law  for  construction.  They 
would  constitute  a  practical  working 
code  not  developed  by  the  legal  talent 
and  beset  with  technicalities,  but 
drafted  by  the  industry  itself,  laying 
down  simply  and  directly  the  obliga- 
tions essential  to  proper  performance. 
Thus  would  be  established  a  code  of 
practice  that  would  in  time  become 
generally  known  to  contractors,  pro- 
fessional men  and,  to  some  extent,  by 
the  public,  enabling  them  to  under- 
stand clearly  the  obligations  they 
must  perform  and  the  performance 
that  they  have  a  right  to  expect. 

Second,  the  standard  document 
eliminates  duplication  of  work  by  pro- 
fessional men  and  relieves  them  of  the 
drafting  of  contracts,  which  fre- 
quently not  only  proves  distasteful 
but  also  goes  beyond  their  field  of 
training.  It  protects  the  individual 
from  many  pitfalls  and  legal  compli- 
cations entailed  by  individual  drafting. 
Instances  may  be  cited  by  the  score 
wherein  the  engineer  or  the  architect 
felt  confident  that  he  had  said  clearly 
and  concisely  exactly  what  specific  ob- 
ligation was  entailed;  yet  when  the 
contract  was  brought  before  a  court 
the  meaning  was  found  to  be  doubtful 
and  the  ambiguity  has  been  sufficient 
grounds  for  claim — this,  too,  in  spite 
of  the  assistance  rendered  by  legal 
counsel. 

Third,  the  standard  document  en- 
tails less  expenditure  for  legal  service. 

The  owner  o*  a  construction  proj- 
ect, though  he  may  not  know  it,  fre- 
quently pays  a  three-fold  charge  for 
legal  service.  First,  he  pays  his  own 
attorney  for  a  study  and  an  opinion 
of  the  contract;  second,  if  the  archi- 
tect or  the  engineer  employs  an  at- 
torney, he  indirectly  pays  that  fee; 
and  third,  he  pays  the  fee  of  the  con- 
tractor's attorney  when  he  gives  the 
document  a  perusal.  Thus,  three  legal 
charges  may  be  involved  in  the  indi- 
vidually drawn  contract  for  the  pur- 
pose of  keeping  away  from  trouble, 
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to  say  nothing  of  that  entailed  in  get- 
ting out  of  trouble  if  the  document  is 
poorly  drawn. 

Everything  that  an  attorney  may 
put  into  a  contract  does  not  neces- 
sarily stand  the  test  of  law,  but  when 
the  contract  is  composed  of  those  pro- 
visions that  have  withstood  the  test 
of  law,  or  have  received  an  interpre- 
tation from  the  courts,  the  danger  of 
legal  entanglements  is  reduced  to  a 
minimum. 

Fourth,  widely  approved  standards 
create  public  confidence.  When  the 
builder  of  structures,  especially  pub- 
lic works,  is  being  carried  out  under 
contracts  that  have  received  the  ap- 
proval of  the  great  body  of  engineers, 
architects  and  the  contractors  of  the 
country,  the  public  mind  is  set  at  rest 
as  to  the  performance  it  has  the  right 
to  expect,  and  the  force  of  public  opin- 
ion can  be  relied  on  to  exert  great 
pressure  on  any  tendency  to  avoid  an 
obligation.  There  is  a  certain  amount 
of  careless  reading  among  all  of  the 
parties  involved  in  construction,  and 
the  relations  between  them  are  more 
satisfactory  when  the  misunderstand- 
ings resulting  from  such  carelessness 
are  removed. 

How  the  Standard  Documents  Were 
Made. — The  process  of  forming  the 
standard  documents  has  been: 

First,  to  select  for  inclusion  in  the 
universal  portion  those  principles  that 
are  applicable  to  any  class  of  work, 
leaving  for  the  special  conditions  any 
principles  not  of  universal  applica- 
tion; and  second,  to  choose  by  agree- 
ment the  best  principle  for  each 
type  of  obligation.  It  yet  remains  to 
determine  what  additional  sets  of 
special  conditions  should  be  drawn  up 
and  to  allot  the  sponsorship  for  these 
to  the  associations  especially  con- 
cerned with  the  particular  type  of 
work. 

Contrary  to  expectations,  the  im- 
portance of  this  standardization  work 
has  apparently  been  realized  by  the 
federal  government  more  fully  than 
by  governments  of  states  and  munici- 
palities. It  has  created  what  is  called 
the  Interdepartmental  Board  of  Con- 
tracts and  Adjustments  for  the  pur- 
pose of  harmonizing  and  standardiz- 
ing the  various  government  contracts. 

Arbitration  the  Greatest  Problem. — 
The  Interdepartmental  Board,  like  the 
Joint  Conference,  seems  to  be  having 
its  greatest  struggle  with  arbitration. 
The  difficulty  appears  to  be,  however, 
not  the  advisability  of  including  an  ar- 
bitration  clause,   which   is    generally 


favored  by  representatives  on  the 
Board,  but  rather  the  means  of  doing 
it  legally.  At  the  latest  writing  the 
drafting  committee  was  at  work  on  a 
plan  that  will  enable  either  the  con- 
tracting officer  or  the  contractor,  in 
case  of  disagreement,  to  appeal  to  the 
Departmental  Board  for  a  decision, 
with  a  further  right  of  appeal  from 
the  departmental  to  the  Interdepart- 
mental  Board. 

The  difficulty  arises  from  the  fact 
that  there  is  some  doubt  as  to  whether 
the  Interdepartmental  Board  will  be 
continued  as  a  permanent  body,  and  it 
is  feared  that  if  the  arbitration  prin- 
ciples is  provided  for  in  this  matter, 
discontinuation  of  the  Board  will  de- 
stroy the  value  of  the  provision.  It  is 
significant  to  note,  however,  that  the 
right  of  appeal  to  even  the  head  of 
the  department  represents,  in  a  gov- 
ernment contract,  a  long  step  toward 
arbitration.  The  Interdepartmental 
Board  has  been  advised  by  its  legal 
council  that  the  provision  for  arbi- 
tration by  others  than  governmental 
officials  would  not  at  present  be  per- 
missible under  the  law. 

Architects  have  Arbitration  Clause. 
— Probably  the  most  convincing  argu- 
ment in  favor  of  arbitration  was  that 
given  by  the  architects  who  stated 
that  after  long  experience  with  their 
standard  documents  they  were  con- 
vinced that  the  principle  was  right, 
that  their  experience  had  demon- 
strated its  value  to  the  architect,  and 
that  they  would  never  depart  from  it. 
Such  a  statement,  of  course,  carries 
weight  when  coming  from  an  associa- 
tion that  has  been  the  pioneer  in  ar- 
bitration. But  even  so,  it  is  not  suf- 
ficient to  the  man  who  is  trying  to 
analyze  the  question  for  himself  and 
formulate  his  own  opinion.  It  is  es- 
sential that  he  consider  both  the  pros 
and  the  cons  and  draw  his  own  con- 
clusions. 

In  following  through  this  process, 
however,  it  is  essential  to  bear  in  mind 
the  kind  of  arbitration  that  is  favored 
by  the  architects  and  which  was  in- 
corporated in  the  document  of  the 
conference.  It  has  been  designated  as 
limited  arbitration  to  distinguish  it 
from  the  sort  of  arbitration  that  opens 
any  or  every  subject  to  a  board  of 
review.  The  term  can  best  be  ex- 
plained by  quoting  the  short  clause  of 
the  document  dealing  with  decisions  of 
the  engineer  or  the  architect.  It  reads 
as  follows: 

"The  architect  (or  engineer)  shall, 
within  a  reasonable  time,  make  deci- 
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sion  on  all  claims  of  the  owner  or 
contractor  and  on  all  other  matters 
relating  to  the  execution  and  prog- 
ress of  the  work  or  interpretation  of 
the  contract  document.  All  such  de- 
cisions of  the  architect  (or  engineer) 
shall  be  final  except  as  to  the  element 
of  time  and  the  financial  considera- 
tions involved,  which,  if  no  agreement 
in  regard  thereto  is  reached,  shall  be 
subject  to  arbitration." 

By  this  wording,  prerogatives  of 
engineer  or  architect  in  technical  mat- 
ters, progress  of  the  work,  and  results 
to  be  obtained  remain  secure,  and 
only  the  determination  of  fact  in  mat- 
ters of  time  and  financial  considera- 
tion are  subject  to  arbitration.  These 
points  it  is  essential  to  bear  in  mind 
in  considering  the  pros  and  the  cons 
of  the  question,  as  they  eliminate 
many  of  the  objections  frequently 
held  against  the  principle. 

Objections  to  Arbitration. — There 
were  four  principle  objections  to  ar- 
bitration brought  out  in  the  discussion 
of  the  Joint  Conference  which  may  be 
outlined  as  follows: 

First,  the  arbitration  clause  was 
held  to  take  away  from  the  super- 
vising agency  the  authority  necessary 
to  maintain  satisfactory  control  of  the 
quality  and  the  progress  of  the  work 
and  the  results  desired. 

Second,  by  frequently  taking  issue 
with  decisions  and  calling  for  arbi- 
tration, the  contractor  could  obstruct 
the  work  and  might  thus  damage  the 
owner  and  interfere  with  the  engineer 
or  the  architect  to  a  serious  degree, 
from  which  there  is  no  reasonable 
recourse. 

Third,  arbitration  would  infringe  on 
prerogatives  that  have  long  been  those 
of  the  engineer  and  the  architect  and 
which  they  could  not  reasonably  be  ex- 
pected to  relinquish. 

Fourth,  the  effect  of  instituting  ar- 
bitration in  the  various  branches  of 
construction  where  it  had  not  been 
tried  would  be  decidedly  questionable. 
Probably  other  objections  to  arbitra- 
tion might  be  enumerated  but  they 
were  not  emphasized  in  the  delibera- 
tion of  the  conference. 

Summary  of  Objections  to  Arbitra- 
tion.— Opposed  to  these  objections  are 
the  contentions  of  the  proponements 
of  arbitration,  which  may  be  summar- 
ized as: 

First,  arbitration  instead  of  weak- 
ening the  hand  of  the  engineer  or  the 
architect,  fortifies  his  position  and, 
by  giving  him  the  backing  of  an  im- 
partial board,  doeg  not  lay  his  tech- 


nical judgment  open  to  question — if 
his  decision  is  right,  he  has  nothing 
to  lose.  He  is  strengthened  by  the 
fact  that  he  has  recourse  to  a  board 
that  performs  an  investigative  func- 
tion as  well  as  a  judicial  function,  and 
performs  it  in  a  manner  that  is  for- 
bidding to  the  man  who  is  acting  in 
bad  faith.  It  also  engenders  the  co- 
operative spirit  in  arbitration.  Ex- 
perience has  shown  that  when  the  con- 
tractor feels  confident  that  a  final  set- 
tlement of  controversy  will  be  made 
on  a  determination  of  fact,  he  is 
usually  willing  to  pass  up  the  con- 
troversy, execute  the  instructions,  and 
expedite  the  work  in  a  manner  that 
makes  for  economy. 

Second,  arbitration  not  only  elim- 
inates litigation  but  reduces  the  num- 
ber of  controversies  arising  on  the 
work — a  result  that  may  be  due  in 
great  part  to  the  establishment  of  a 
conciliatory  attitude  on  both  sides. 
This  contention  is  borne  out  by  the 
experience  of  architects  working  un- 
der the  American  Institute  Documents 
and  also  by  the  State  Highway  De- 
partment of  Iowa,  which  was  the  first 
to  use  arbitration  on  highway  con- 
struction. Mr.  White,  the  state  high- 
way engineer,  recently  stated  that 
during  the  six  years  they  have  had 
arbitration,  but  four  cases  have  ac- 
tually come  up  for  settlement  by  a 
board. 

Third,  when  a  dispute  does  finally 
reach  that  stage  in  which  litigation  is 
the  only  other  recourse,  a  decision  is 
rendered  by  men  familiar  with  con- 
struction and  qualified  to  pass  on  the 
question  at  issue.  Even  though  we 
may  look  on  the  trial  by  jury  as  a 
sacred  right,  it  is  nevertheless  doubt- 
ful whether  a  jury,  chosen  because 
the  members  know  nothing  of  the 
case,  will  render  as  fair  a  decision  as 
a  board  of  arbitration,  especially  since 
the  latter  is  usually  chosen  from  men 
standing  high  in  their  respective  call- 
ings. 

Fourth,  arbitration  is  considerably 
less  complex,  prolonged,  and  expensive 
than  settlement  by  litigation,  and 
avoids  the  miscarriage  of  justice 
through  a  legal  technicality.  The  ex- 
perience of  arbitration  has  shown  that 
arbitrators  are  not  inclined  to  trifle 
with  technicalities  as  are  those  who 
plead  a  case  before  the  court. 

Personal  Equation  of  the  Job. — Rel- 
ative to  this  subject,  it  was  stated  by 
a  well  known  contractor  before  the 
Joint  Conference,  that  in  case  of  a  dis- 
pute requiring  litigation,  he  preferred 
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to  go  before  the  court  with  a  drastic, 
rigid  contract,  rather  than  one  with 
mutually  fair  provision;  while  the 
testimony  of  engineers  brought  out 
that  in  many  legal  battles  the  owner 
and  the  engineer  were  worsted 
through  technicalities  whereas  the 
equities  would  have  been  clearly  seen 
and  an  opposite  decision  rendered  by 
an  arbitration  board. 

Thus,  in  a  general  way,  are  out- 
lined the  pros  and  the  cons  of  arbi- 
tration as  they  were  presented  at  the 
conference;  but  it  is  well  to  note  es- 
pecially one  important  point,  if  not 
the  most  important,  involved  in  the 
question;  namely,  the '  psychology  of 
the  job,  the  personal  equation,  or 
whatever  one  may  choose  to  call  it. 

When  the  contracting  parties  under- 
take a  project,  and  they  with  the  en- 
gineer or  architect  are  restrained  by 
the  influence  of  arbitration  from  tak- 
ing hasty  stands  or  adopting  arbitrary 
attitudes,  the  spirit  of  co-operation  is 
engendered,  and  this  desire  to  co-op- 
erate tends  in  itself  to  eliminate  mis- 
understandings and  to  make  these 
parties  pull  together.  This  of  itself 
disposes  of  many  trifling  disagree- 
ments that  may  readily  assume  the 
significance  of  heated  controversies, 
and  leaves  only  the  bona  fide  misun- 
derstanding for  settlement  by  arbi- 
tration. 

Experience  has  shown  that  trifling 
matters  do  not  often  reach  the  Board 
while  those  that  do  come  before  it 
would  have  reached  a  court  without 
the  arbitration.  Certainly,  as  between 
the  two,  the  Arbitration  Board  is  a 
more  satisfactory  means  of  reaching  a 
decision. 

One  of  the  greatest  functions  of  ar- 
bitration is  its  tendency  to  bring  into 
play  the  force  of  conciliation  before 
a  disagreement  has  become  entangled 
with  personal  enmity,  while  the  par- 
ties involved  are  still  willing  to  listen 
to_  the  equities  of  both  sides,  and  be- 
fore they  have  determined  to  main- 
tain their  own  respective  attitudes  to 
the  bitter  end.  It  has  been  quite  fully 
demonstrated  that  many  cases  are 
settled  with  mutual  satisfaction  in  the 
conciliatory  period  which,  without  the 
provision  for  arbitration,  would  un- 
questionably have  reached  the  stage 
of  litigation.  As  the  working  of  the 
legal  mind  in  constructive  progress, 
the  welfare  of  both  contracting  par- 
ties   is    unquestionably    promoted    in 


proportion  as  they  remove  the  need 
for  legal  service. 

Arbitration  Makes  for  Co-operation. 

— There  is  one  other  point  that  de- 
serves consideration  in  connection 
with  the  co-operative  spirit  engen- 
dered by  arbitration.  It  is  rapidly 
drawing  construction  companies  and 
professional  men  closer  together  to 
perform  more  efficient  service  .for 
their  clients,  the  private  and  the  pub- 
lic owners.  It  is  resulting  in  a  new 
conception  of  service  among  contrac- 
tors is  causing  professional  men  more 
generally  to  grasp  the  economic  side 
of  construction. 

It  is  believed,  in  fact,  to  be  the 
means  of  removing  the  one  real  ob- 
stacle to  the  establishment  of  success- 
ful co-operation  between  them;  name- 
ly, the  satisfactory  adjustment  of 
payments.  The  professional  man  is 
in  a  difficult  position  when  he  is 
obliged  to  decide  a  question  of  com- 
pensation wherein  the  equities  are 
hard  to  distinguish,  but  when  he  is 
relieved  of  this  responsibility  by  re- 
sort to  a  fact-finding  arbitration 
board,  both  he  and  the  contractor  are 
in  a  better  position  to  carry  on  their 
task  of  improving  construction  service. 

That  the  duty  of  assuming  this  re- 
sponsibility together  is  before  them 
there  can  be  little  doubt.  Wether  they 
elect  it  or  not,  developments  now  tak- 
ing place  in  the  industrial  and  com- 
mercial world  are  placing  it  squarely 
before  them.  Together  they  stand  in 
the  market  as  the  single  bearish  in- 
fluence that  is  capable  of  guarding 
the  rights  of  their  clients.  With  the 
construction  industry  strongly  organ- 
ized into  labor  unions  and  material 
associations,  which  tend  to  lift  the 
cost  of  construction,  their  combined 
efforts  will  be  necessary  to  combat  in- 
flation, promote  efficiency,  and  bring 
construction  costs  again  to  a  reason- 
able level. 

The  indications  are,  throughout  the 
country,  that  most  construction  com- 
panies will  rise  to  this  responsibility 
and,  in  co-operation  with  the  men  of 
the  professions,  will  resist  those  influ- 
ences that  are  adverse  to  the  inter- 
ests of  their  clients.  It  is  important, 
therefore,  that  the  gentlemen  of  both 
of  these  vocations  should  go  a  little 
more  than  half  the  distance  in  estab- 
lishing the  proper  sort  of  co-operation. 
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Comparative  Strength  of  Solid 

and  Ideal  Brick  Walls 

Tests  were  made  recently  by  the  U. 
S.  Bureau  of  Standards  upon  solid  and 
Ideal  brick  walls.  Commenting  upon 
these  tests  at  the  1923  annual  conven- 
tion of  the  Common  Brick  Manufac- 
turers' Association,  Dr.  A.  H.  Stang, 
Associate   Physician    of   the   Bureau, 


Brick  Walls  Ready  for  Testing. 

stated  that  the  prime  object  of  the 
tests  was  to  obtain  a  comparison  be- 
tween the  strength  of  solid  and  Ideal 
brickwork  as  actually  built.  The  same 
grade  of  brick  was  used  throughout. 
To  obtain  a  representative  grade  of 
workmanship  Comparable  to  that  on 
an  ordinary  commercial  job,  six  repu- 
table firms  were  invited  to  submit 
bids,  and  the  lowest  bid  was  accepted. 

A  careful  record  of  time  and  mate- 
rial was  kept  while  the  walls  were 
under  construction.  There  was  in  gen- 
eral a  saving  of  about  30  per  cent  in 
the  cost  of  material  for  the  Ideal 
walls  as  compared  with  the  solid 
walls.  1,586  bricks  were  laid  on  an 
average  per  day  when  building  the 
8-in.  solid  walls,  using  lime  mortar, 
and  1,110  average  per  day  for  8-in. 
Ideal  walls  in  lime  mortar.  The  area 
of  wall  laid  was  about  the  same,  how- 
ever, for  each  type  of  construction. 

The  results,  quoting  from  Brick  and 
Clay  Record,  are  as  follows: 

1.  About  30  per  cent  less  material 
was  used  for  the  Ideal  than  for  the 
solid  wall. 

2.  Time  required  to  lay  the  Ideal 
was  about  the  same  as  for  the  solid 
wall — therefore  labor  costs  should  be 
about  equal. 

3.  Compressive  tests  under  central 
loading  of  8-in.  walls,  both  Ideal  and 
solid,  showed  that  they  had  equal 
strength  whether  lime,  lime-cement  or 
cement  mortar  was  used. 


4.  Under  central  loading,  8-in. 
walls  laid  with  cement  mortar  were 
24  per  cent  stronger  than  if  laid 
with  lime-cement  mortar,  and  84  per 
cent  stronger  than  if  lime  mortar  had 
been  used. 

5.  When  the  load  was  applied 
with  an  eccentricity  of  2  in.,  the  8-in. 
Ideal  walls  were  24  per  cent  stronger 
than  8-in.  solid  walls  when  lime- 
cement  mortar  was  used  for  both. 

6.  12% -in.  solid  walls  were  15  per 
cent  stronger  than  Ideal  walls,  Type 
No.  1,  and  87  per  cent  stronger  than 
Type  No.  2  of  the  same  thickness 
when  lime-cement  mortar  was  used 
for  all  of  them. 

7.  When  laid  with  lime-cement 
mortar,  the  12%  -in.  solid  walls  were 
about  15  per  cent  stronger  than  8-in. 
solid  walls;  12% -in.  Ideal  walls,  Type 
No;  1  walls  were  as  strong  as  8-in. 
solid  walls  which  in  turn  were  64  per 
cent  stronger  than  the  12% -in.  Ideal 
wall  Type  No.  2. 

Dr.  Stang  also  stated  that  one  side 
thrust  test  was  made  on  one  specimen 
each  of  Ideal  and  solid  walls  8  in. 
thick.     (The  panels  were  6  ft.  wide 


8-in.   Ideal  Wall,    6   ft.   Wide  and  9   ft.   High, 
in   Testing   Machine. 

and  9  ft.  high.)  Two  large  timbers 
were  placed  against  the  side  of  each 
wall  and  jacked  against  the  testing 
machine.  Both  walls,  tested  under 
similar  conditions,  developed  about 
the  same  strength. 
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Practice  Adopted  by  American  Institute  of  Steel  Construction  for 
Design,  Fabrication  and  Erection 


The  technical  committee  of  the 
American  Institute  of  Steel  Construc- 
tion has  prepared  and  approved  a 
specification  for  the  design,  fabrica- 
tion and  erection  of  structural  steel 
for  buildings.  The  committee  con- 
sisted of  Geo.  F.  Swain,  Past  Presi- 
dent of  the  American  Society  of  Civil 
Engineers,  Professor  of  Engineering, 
Harvard  University;  M.  S.  Ketchum, 
Dean  of  the  College  of  Engineering, 
University  of  Illinois;  E.  R.  Graham, 
President  of  Graham,  Anderson. 
Probst  &  White,  Chicago,  111.;  W.  J. 
Watson,  President,  Watson  Engineer- 
ing Co.,  Cleveland,  0.;  W.  J.  Thomas, 
Chief  Engineer,  Geo.  B.  Post  &  Sons, 
New  York. 

The  specification  follows: 

1.  This  Specification  defines  the 
practice  adopted  by  the  American  In- 
stitute of  Steel  Construction  for  the 
design,  fabrication,  and  erection  of 
structural  steel  for  buildings. 

2.  General: 

To  obtain  a  satisfactory  structure, 
the  following  major  requirements 
must  be  fulfilled: 

(a)  The  material  used  must  be  suit- 
able, of  uniform  quality,  and  without 
defects  affecting  the  strength  or  serv- 
ice of  the  structure. 

(b)  Proper  loads  and  conditions 
must  be  assumed  in  the  design. 

(c)  The  unit  stresses  must  be  suit- 
able for  the  material  used. 

(d)  The  workmanship  must  be 
good,  so  that  defects  or  injuries  are 
not  produced  in  the  manufacture. 

(e)  The  computations  and  design 
must  be  properly  made,  so  that  the 
unit  stresses  specified  shall  not  be  ex- 
ceeded, and  the  structure  and  its  de- 
tails shall  possess  the  requisite 
strength  and  rigidity. 

3.  Material: 

(a)  Structural  steel  shall  conform 
to  the  Standard  Specifications  of  the 
American  Society  for  Testing  Ma- 
terials for  Structural  Steel  for 
Bridges,  Serial  Designation  A  7-21  as 
amended  to  date. 

(b)  The  conditions  of  this  specifica- 
tion shall  not  apply  to  the  use  of  ma- 
terial salvaged  from  previous  con- 
struction which  should  not  be  used  ex- 


cept under  most  rigid  special  inspec- 
tion and  supervision. 

4.     Loading: 

(a)  Steel  structures  shall  be  de- 
signed to  sustain  the  dead  weight  im- 
posed upon  them,  including  the  weight 
of  the  steel  frame  itself,  and  in  addi- 
tion, the  maximum  live  load  as  speci- 
fied in  each  particular  case.  Tempo- 
rary stresses  caused  by  erection  shall 
be  provided  for. 

(b)  In  cases  where  live  loads  have 
the  effect  of  producing  impact  or  vi- 
bration, a  proper  percentage  shall  be 
added  to  the  static  live  load  stresses 
to  provide  for  such  influences,  so  that 
the  total  stress  found  in  any  member 
is  an  equivalent  static  stress. 

(c)  Proper  provision  shall  be  made 
to  transmit  the  reactions  from  steel 
construction  to  the  foundations  of  the 
structures.  Steel  beams,  girders,  and 
trusses  having  end  reactions  of  40,000 
lb.  or  over  shall  be  supported  on  steel 
columns  carried  to  the  foundation. 

5.    Wind  Pressure: 

The  wind  pressure  shall  be  assumed 
as  acting  horizontally  in  any  direc- 
tion, according  to  either  of  the  two 
following  cases,  whichever  may  give 
the  maximum  stresses: 

First:  On  the  completed  structure; 
at  20  lb.  per  sq.  ft.  on  the  sides  and 
ends  of  buildings,  and  on  the  vartical 
projection  of  roofs; 

Second :  On  the  frame  work  consid- 
ered as  an  independent  structure  with- 
out walls,  partitions  or  floors;  at  30 
lb.  per  sq.  ft.  of  vertical  surfaces,  and 
the  vertical  projection  of  inclined  sur- 
faces of  all  exposed  metal  or  other 
members.  One  surface  shall  not  be 
assumed  to  shield  another  which  is 
directly  beyond  it  in  the  direction  of 
the  wind  unless  the  distance  between 
the  two  is  less  than  the  width  of  the 
first.  In  places  where  walls  or  parti- 
tions are  placed  in  upper  stories  while 
the  lower  stories  are  still  open,  the 
effect  of  the  wind  pressure  on  such 
surfaces  shall  be  provided  for. 

6.    Allowable  Stresses: 

All  parts  of  the  structure  shall  be 
so  proportioned  that  the  sum  of  the 
maximum    static   stresses   in   pounds 
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per  sq.  in.  shall  not  exceed  the  follow- 
ing: 
Tension:     Rolled   Steel   on   net 

section  18,000 

Compression:    Rolled  Steel,  on 
short  lengths  or  where  lateral 

deflection  is  prevented 18,000 

18,000 


On  gross  section  of 
columns 


14 


18,000  r 

with  a  maximum  of 15,000 

In  which  1  is  the  unsupported  length 
of  the  column,  and  r  is  the  least  radius 
of  gyration  of  the  section  both  in 
inches. 

For  main  compression  members,  the 
ratio  1/r  shall  not  exceed  120,  and  for 
bracing  and  other  secondary  members, 
200. 

Bending:  On  extreme  fibres  of 
rolled  shapes,  and  built  up 
sections,  net  section,  if  lateral 

deflection  is  prevented 18,000 

When  the  unsupported  length  1 
exceeds  15  times  the  width  b 
of  the  compression  flange,  the 
stress  in  pounds  per  sq.  in.  in 
the  latter  shall  not  exceed 
20,000 


1  + 


-2 


2,000  b 

The  laterally  unsupported  length  of 
beams  and  girders  shall  not  exceed  40 
times  the  width  b  of  the  compression 
flange. 

On  extreme  fibres  of  pins,  when 
the  forces  are  assumed  as  act- 
ing at  the  center  of  gravity  of 

the  pieces  27,000 

Shearing:    On  pins 13,500 

On  power  driven  rivets 13,500 

On  turned  bolts  in  reamed 

holes 12,000 

On  hand  driven  rivets 10,000 

On  machine  bolts 10,000 

On  the  gross  area  of  the  webs 
of  beams  and  girders,  where 
h,  the  height  between  flanges 
in  inches  is  not  more  than  30 
times  t,  the  thickness  of  the 

web  in  inches 12,000 

On  the  gross  area  of  the  webs  of 
beams  and  girders  if  the  web  is  not 
stiffened  where  h,  the  height  between 
flanges  in  inches,  is  more  than  30 
times  t,  the  thickness  of  the  web,  the 


maximum  shear  per  square  inch,  S/A 
shall  not  exceed 

18,000 


1,800 1 
In  which  S  is  the  total  shear,  and 
A  is  gross  area  of  web  in  square  inch. 

Bearing:     On  pins 27,000 

On  power  driven  rivets 27,000 

On  turned  bolts  in  reamed 

holes 24,000 

On  hand  driven  rivets 20,000 

On  machine  bolts 20,000 

Expansion  rollers  per  lineal  inch 
600  times  the  diameter  of  the  roller 
in  inches. 

Combined  Stresses:  For  combined 
stresses  due  to  wind  and  other  loads, 
the  permissible  working  stress  may 
be  increased  25  per  cent,  provided  the 
section  thus  found  is  not  less  than 
that  required  by  the  dead  and  live 
loads  alone. 

For  members  carrying  wind  stresses 
only,  the  permissible  working  stress 
may  be  increased  33  1/3  per  cent. 

7.    Symmetrical  Members: 

Sections  shall  preferably  be  sym- 
metrical. 

8.    Beams  and  Girders: 

(a)  Beams  and  girders  shall  be 
proportioned  by  the  moments  of  in- 
ertia of  their  net  section,  except  that 
plate  girders,  if  not  shallow,  may  be 
proportioned  on  the  assumption  that 
the  flanges  are  concentrated  at  their 
centers  of  gravity,  in  which  case  %  of 
the  gross  section  of  the  web,  if  prop- 
erly spliced,  may  be  considered  as 
flange  section. 

(b)  Plate  Girder  webs  shall  have  a 
thickness  of  not  less  than  1/160  of  the 
unsupported  distance  between  the 
flanges. 

(c)  Web  splices  shall  consist  of  a 
plate  on  each  side  of  the  web  capable 
of  transmitting  the  full  stress  through 
the  splice  rivets. 

(d)  Stiffeners:  Stiff eners  shall  be 
used  on  the  webs  of  plate  girders  and 
rolled  beams  at  the  ends  and  points  of 
concentrated  loads,  and  at  interme- 
diate points  where  h,  the  unsupported 
height  between  flanges  is  greater 
than  42.4  t  V"18iOOCTS7S  —  1.  Where 
stiffeners  are  required  the  distance 
apart  shall  not  exceed  in  inches  42.4 
t  V  18,00XTA7S  —  1,  in  which  A  is 
gross  area  of  web  and  S  the  total 
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shear  and  t  the  web  thickness.  Stiff  - 
eners  under  or  over  concentrated 
loads  shall  be  proportioned  to  distrib- 
ute such  load  into  the  web. 

Plate  girder  stiffeners  shall  gener- 
ally be  in  pairs,  on  on  each  side  of  the 
web,  and  shall  have  a  close  bearing 
against  the  flange  angles  at  points  of 
concentrated  loading;  stiffeners  over 
the  end  bearings  shall  be  on  plate 
fillers.  The  pitch  of  rivet  in  stiffeners 
shall  not  exceed  6  in. 

(e)  The  flange  plates  of  all  girders 
shall  be  limited  in  width  so  as  not  to 
extend  more  than  6  in.  or  more  than 
12  times  the  thickness  of  thinnest 
plate,  beyond  the  outer  row  of  rivets 
conecting  them  to  the  angles. 

(f)  Crane  runway  girders  and  the 
supporting  framework  shall  be  pro- 
portioned to  resist  the  greatest  hori- 
zontal stresses  caused  by  the  opera- 
tion of  the  cranes. 

(g)  Rivets  connecting  the  flanges  to 
the  web  at  points  of  direct  load  on 
the  flange  shall  be  proportioned  to 
carry  the  resultant  of  the  longitudinal 
and  transverse  shears. 

(h)  Rivets  connecting  the  flanges  to 
the  webs  of  plate  girders  and  of 
columns  subjected  to  bending  shall  be 
so  spaced  as  to  carry  the  increment 
of  the  flange  stress  between  the 
rivets. 

9.     Column  Bases: 

(a)  Proper  provision  shall  be  made 
to  distribute  the  column  loads  on  the 
footings  and  foundations. 

(b)  The  top  surface  of  all  column 
bases  shall  be  planed  for  the  column 
bearing. 

(c)  Column  bases  shall  be  set  true 
and  level,  with  full  bearing  on  the 
masonry,  and  be  properly  secured  to 
the  footings. 

10.  Eccentric  Loading: 

Full  provision  shall  be  made  for 
stresses  caused  by  eccentric  loads. 

11.  Combined  Stresses: 

(a)  Members  subject  to  both  direct 
and  bending  stresses  shall  be  so  pro- 
portioned that  the  greatest  combined 
stress  shall  not  exceed  the  allowed 
limits. 

(b)  All  members  subject  to  stresses 
of  both  tension  and  compression  shall 
be  designed  to  sustain  either  stress 
with  5/10  of  the  smaller  added  to 
each. 

12.     Abutting  Joints: 
Compression   members  when  faced 
for  bearings  shall  be  spliced  sufficient- 


ly to  hold  the  connecting  members  ac- 
curately in  place.  Other  joints  in 
riveted  work,  whether  in  tension  or 
compression,  shall  be  fully  spliced. 

13.    Net  Sections: 

(a)  In  calculating  tension  members, 
the  net  section  shall  be  used,  and  in 
deducting  the  rivet  holes,  they  shall 
be  taken  Vs  in.  greater  in  diameter 
than  the  nominal  diameter  of  the 
rivets. 

(b)  Pin  connected  tension  members 
shall  have  the  section  through  the  pin 
holes  25  per  cent  in  excess  of  the  net 
section  of  teh  member,  and  a  net  sec- 
tion back  of  the  pin  hole  equal  to  75 
per  cent  of  that  required  through  the 
pin  hole. 

14.    Rivets: 

(a)  In  proportioning  rivets,  the 
nonimal  diameter  of  the  rivet  shall  be 
used. 

(b)  Rivets  carrying  calculated 
stresses,  and  whose  grip  exceeds  five 
diameters,  shall  have  their  number 
increased  1  per  cent  for  each  addi- 
tional 1/10  in.  in  the  rivet  grip. 
Special  care  shall  be  used  in  heating 
and  driving  such  rivets.  Long  grip 
rivets  should  have  the  ends  sufficiently 
cooled  by  quenching  to  insure  the 
complete  upsetting  of  the  rivet  shank 
before  the  head  is  formed. 

15.    Rivet  Spacing: 

(a)  The  minimum  distance  between 
centers  of  rivet  holes  shall  be  three 
diameters  of  the  rivet;  but  the  dis- 
tance shall  preferably  be  not  less  than 
3  in.  for  %  in.  rivets,  21/£  in.  for  %  in. 
rivets,  2  in.  for  %  in.  rivets,  and  1% 
in.  for  V2  in.  rivets.  The  maximum 
pitch  in  the  line  of  stress  of  compres- 
sion members  composed  of  plates  and 
shapes  shall  not  exceed  16  times  the 
thinnest  outside  plate  or  shape,  nor 
20  times  the  thinnest  enclosed  plate 
or  shape  with  a  maximum  of  12  in., 
and  at  right  angles  to  the  direction  of 
stress  the  distance  between  lines  of 
rivets  shall  not  exceed  40  times  the 
thinnest  plate  or  shape.  For  angles 
in  built  sections  with  two  gage  lines, 
with  rivets  staggered,  the  maximum 
pitch  in  the  line  of  stress  in  each  gage 
line  shall  not  exceed  24  times  the  thin- 
nest plate,  with  a  maximum  of  18  in. 

(b)  In  tension  members  composed 
of  two  angles  a  pitch  of  3  ft.  6  in.  will 
be  allowed,  and  in  compression  mem- 
bers, 2  ft.  0  in.,  but  the  ratio  1/r  for 
each  angle  between  rivets  shall  not  be 
more  than  %  of  that  for  the  whole 
member. 
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(c)  The  pitch  of  rivets  at  the  ends 
of  built  compression  members  shall 
not  exceed  four  diameters  of  the 
rivets  for  a  length  equal  to  1%  times 
the  maximum  width  of  the  member. 

(d)  The  minimum  distance  from  the 
center  of  any  rivet  hole  to  a  sheared 
edge  shall  be  IVz  in.  for  %  in.  rivets, 
1M  in.  for  %  in.  rivets,  lVs  in.  for  % 
in.  rivets,  and  1  in.  for  %  in.  rivets. 
The  maximum  distance  from  any  edge 
shall  be  12  times  the  thickness  of  the 
plate,  but  shall  not  exceed  6  in. 

16.    Connections: 

(a)  Connections  carrying  calcu- 
lated stresses  except  for  lacing  sag 
bars  or  angles,  hand  rails,  or  beam 
connections,  shall  not  have  less  than  2 
rivets;  or  for  field  connections,  not 
less  than  3  rivets. 

(b)  Members  meeting  at  a  joint 
shall  have  their  lines  of  center  of 
gravity  meet  at  a  point  if  practicable, 
if  not,  any  eccentricity  shall  be  pro- 
vided for. 

(c)  The  rivets  at  the  ends  of  any 
member  transmitting  the  stresses 
into  that  member  should  have  their 
centers  of  gravity  at  the  center  of 
gravity  of  the  member,  if  not,  the 
effect  of  the  resulting  eccentricity 
shall  be  provided  for.  Pins  may  be 
so  placed  as  to  counteract  the  effect  of 
bending  due  to  dead  load. 

(d)  Where  a  beam  or  girder  is  con- 
nected to  the  web  of  another  beam  or 
girder  in  such  a  manner  that  it  de- 
velops the  effect  of  a  fixed  end  beam, 
the  resulting  bending  moment  at  such 
connections  shall  be  provided  for. 

(e)  Where  stresses  are  transmitted 
from  one  piece  to  another,  through  a 
loose  filler,  the  number  of  rivets  shall 
be  properly  increased;  tight  fitting 
fillers  shall  be  preferred. 

17.    Lattice: 

(a)  The  open  sides  of  compression 
members  shall  be  provided  with  lat- 
tice having  tie  plates  at  each  end  and 
at  intermediate  points  if  the  lattice  is 
interrupted.  Tie  plates  shall  be  as 
near  the  ends  as  practicable.  In  main 
members  carrying  calculated  stresses 
the  end  tie  plates  shall  have  a  length 
of  not  less  than  the  distance  between 
the  lines  of  rivets  conecting  them  to 
the  flanges,  and  intermediate  ones  of 
not  less,  than  one-half  of  this  distance. 
The  thickness  of  tie  plate  shall  not  be 
less  than  one-fiftieth  of  the  distance 
between  the  lines  of  rivets  connecting 
them  to  the  segements  of  the  mem- 
bers, and  the  rivet  pitch  shall  not  be 


more  than  four  diameters.  Tie  plates 
shall  be  sufficient  in  size  and  number 
to  equalize  the  stress  in  the  parts  of 
the  members. 

(b)  Lattice  bars  shall  have  neatly 
finished  ends.  The  thickness  of  lattice 
bars  shall  be  not  less  than  one-fortieth 
for  single  lattice  and  one-sixtieth  for 
double  lattice  of  the  distance  between 
end  rivets:  their  minimum  width  shall 
be  as  follows: 

For  15  in.  channels,  or  built  sections 
with  3%  in.  and  4  in.  angles— 2 V2  in. 
(%  in.  rivets),  or  2x/4  in.  (%  in. 
rivets). 

For  12  in.,  10  in.  and  9  in.  channels, 
or  built  sections  with  3  in.  angles,  2x/4 
in.  (%  in.  rivets). 

For  8  in.  and  7  in.  channels,  or  built 
sections  with  2%  in.  angles — 2  in.  (% 
in.  rivets),  or  2J/4  in.  (%  in.  rivets). 

For  6  in.  and  5  in.  channels,  or  built 
sections  with  2  in.  angles — V-fz  in.  (% 
in.  rivets),  or  1%  in.  (%  in.  rivets). 

(c)  The  inclination  of  lattice  bars  to 
the  axis  of  the  members  shall  gen- 
erally be  not  les  than  45°;  but  when 
the  distance  between  the  rivet  lines  in 
the  flanges  is  more  than  15  in.,  the 
lattice  shall  be  double  and  riveted  at 
the  intersection  if  bars  are  used,  or 
else  shall  be  made  of  angles. 

(d)  Lattice  bars  shall  be  so  spaced 
that  the  ratio  1/r  of  the  flange  in- 
cluded between  their  connections  shall 
be  not  over  %  of  that  of  the  member 
as  a  whole. 

18.    Expansion: 

Proper  provision  shall  be  made  for 
expansion  and  contraction. 

19.  Minimum  Thickness: 

No  steel  less  than  5/16  in.  shall  be 
used  for  exterior  construction,  nor 
less  than  %  in.  for  interior  construc- 
tion, except  for  linings  or  fillers,  and 
rolled  structural  shapes. 

These  provisions  do  not  apply  to 
light  structures  such  as  sky  lights, 
marquees,  fire  escapes,  light  one-story 
buildings,  or  light  miscellaneous  steel 
work. 

For  trusses  having  end  reactions  of 
40,000  lb.  or  over  the  gusset  plates 
shall  be  not  less  than  %  in.  thick. 

20.  Adjustable  Members: 

The  initial  stress  in  adjustable 
members  shall  be  assumed  as  not  less 
than  5,000  lb. 

21.    Workmanship: 

(a)  All  workmanship  shall  be  equal 
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to  the  best  practice  in  modern  struc- 
tural shops. 

(b)  Drifting  to  enlarge  unfair  holes 
shall  not  be  permitted. 

(c)  The  several  pieces  forming  built 
sections  shall  be  straight  and  fit  close 
together;  and  finished  members  shall 
be  free  from  twists,  bends,  or  open 
joints. 

(d)  Rolled  steel  sections,  except  for 
minor  details  shall  not  be  heated. 

(e)  Wherever  steel  castings  are 
used,  they  shall  be  properly  annealed. 

(f)  Punching:  Material  may  be 
punched  1/16  in.  larger  than  the  nom- 
inal diameter  of  rivets,  whenever  the 
thickness  of  the  metal  is  equal  to  or 
less  than  the  diameter  of  the  rivets, 
plus  %  in.  When  the  metal  is  thicker 
than  the  diameter  of  the  rivet,  plus 
Vs  in.,  the  holes  shall  be  drilled,  or 
sub-punched  and  reamed. 

(g)  Rivets  are  to  be  driven  hot,  and 
wherever  practicable  by  power.  Rivet 
heads  shall  be  of  hemispherical  shape, 
and  uniform  size  throughout  the 
work  for  the  same  size  rivet,  full, 
neatly  finished,  and  concentric  with 
the  holes.  Rivets,  after  driving,  shall 
be  tight,  completely  filling  the  holes, 
and  with  heads  in  ful  contact  with  the 
surface. 

(h)  Compression  joints  depending 
upon  contact  bearing  shall  have  the 
bearing  surfaces  truly  faced  after  the 
members  are  riveted.  All  other  joints 
shall  be  cut  or  dressed  true  and 
straight,  especially  where  exposed  to 
view. 

(i)  The  use  of  a  burning  torch  is 
permissible  only  on  material  which  is 
not  carrying  stresses  and  does  not 
subsequently  carry  stress  through  the 
burned  areas. 

22.    Painting: 

(a)  In  riveted  work  the  surfaces 
coming  in  contact  shall  be  painted  be- 
fore being  assembled,  except  where 
encased  in  concrete. 

(b)  Parts  not  in  contact,  but  inac- 
cessible after  assembling  shall  be 
properly  protected  by  paint. 

(c)  All  steel  work,  except  where  en- 
cased in  concrete,  shall  be  thoroughly 
cleaned  and  given  one  coat  of  accept- 
able metal  protection  well  worked 
into  the  joints  and  open  spaces. 

(d)  Machine  finished  surfaces  shall 
be  protected  against  corrosion. 

(e)  Field  painting  is  a  phase  of 
maintenance,  but  it  is  important  that 
unless    otherwise   properly  protected, 


all  steel  work  shall  after  erection,  be 
protected  by  a  field  coat  of  good  paint 
applied  by  a  competent  painter. 

23.  Erection: 

(a)  The  frame  of  all  steel  skeleton 
buildings  shall  be  carried  up  true  and 
plumb,  and  temporary  bracing  shall 
be  introduced  wherever  necessary  to 
take  care  of  all  loads  to  which  the 
structure  may  be  subjected  including 
erection  equipment  and  the  operation 
of  same.  Such  bracing  shall  be  left 
in  place  as  long  as  may  be  required 
for  safety. 

(b)  As  erection  progresses  the  work 
shall  be  securely  bolted  up  to  take 
care  of  all  dead  load,  wind  and  erec- 
tion stresses. 

(c)  Wherever  piles  of  material, 
erection  equipment,  or  other  loads  are 
carried  during  erection,  proper  provi- 
sion shall  be  made  to  take  care  of 
stresses  resulting  from  the  same. 

(d)  No  riveting  shall  be  done  until 
structure  has  been  properly  aligned. 

(e)  Rivets  driven  in  the  field  shall 
be  heated  and  driven  with  the  same 
care  as  those  driven  in  the  shop. 

24.  Inspection: 

(a)  Material  and  workmanship  at 
all  times  shall  be  subject  to  the  in- 
spection of  experienced  engineers  rep- 
resenting the  purchaser. 

(b)  Material  or  workmanship  not 
conforming  to  the  provisions  of  this 
Specification  shall  be  rejected  at  any 
time  defects  are  found  during  the 
progress  of  the  work. 

(c)  The  Contractor  furnishing  such 
material  or  doing  such  work  shall 
promptly  replace  the  same. 

(d)  All  inspection  as  far  as  possible 
shall  be  made  at  the  place  of  manu- 
facture and  the  Contractor  or  Manu- 
facturer shall  co-operate  with  the  In- 
spector, permitting  access  for  inspec- 
tion to  all  places  where  work  is  being 
done. 


Civil  Service  Examinations  for 
Drafstmen. — The  U.  S.  Civil  Service 
Commission,  Washington,  D.  C,  has 
announced  the  following  open  competi- 
tive examinations:  Design  draftsman 
(structural)  to  fill  two  vacancies  at 
the  Naval  Operating  Base,  Pearl  Har- 
bor, Hawaii,  one  at  an  entrance  sal- 
ary of  $6.80  a  day,  and  the  other  at 
an  entrance  salary  of  $8.80  a  day,  and 
vacancies  in  position  requiring  similar 
qualifications. 
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The  Planning  of  School 
Buildings 

Notes  on  Development  of  Ideal  Plan 
Given  in  American  Architect 

By  ERNEST  SIBLEY 

Educators  have  worked  out  the 
methods  for  providing  the  complete 
and  well  balanced  curriculum,  and  it  is 
the  task  of  the  schol  architect  to  plan 
building  wherein  these  methods  can 
be  carried  out  efficiently.  The  devel- 
opment of  the  ideal  plan  presupposes 
an  adequate  and  well  located  building 
site.  Upon  this  site  the  architect 
must  place  the  school  home  of  the 
children  with  due  regard  to  the  corre- 
lation of  the  various  school  activities. 
I  believe  that  wherever  architects 
have  studied  school  planning  in  an 
earnest  effort  to  secure  the  best  re- 
sults, basements  have  been  eliminated 
and  buildings  have  been  reduced  in 
height. 

We  no  longer  tolerate  one,  two,  or 
three  flights  of  stairs  to  the  san- 
itaries;  we  do  not  approve  placing 
gymnasiums  and  rooms  for  cooking, 
sewing,  dressmaking,  shop  work,  etc., 
in  dark  poorly  ventilated  basements 
at  the  end  of  long  and  dark  basement 
corridors.  Rather  do  we  recognize  the 
large  and  important  places  these  units 
hold  in  modern  programs,  and  we  are 
determined  to  feature  such  rooms, 
giving  them  as  valuable  space  as  any 
department. 

Orientation  of  School  Buildings. — 

After  properly  locating  on  the 
grounds  that  portion  of  the  building 
used  for  social  and  community  pur- 
poses and  linking  up  the  physical 
training  unit  with  the  playground,  an 
important  consideration  is  the  orienta- 
tion. On  this  point  we  meet  a  widely 
diversified  opinion.  My  experience, 
study  and  research  in  connection  with 
the  orientation  of  school  buildings 
have  brought  me  to  this  conclusion; 
that  study,  class  and  recitation  rooms 
should  have  Northwest,  North,  or 
Northeast  light.  I  realize  that  this  is 
in  part  contrary  to  the  opinions  that 
have  been  maintained  for  the  past  25 
years,  as  most  writers  on  this  subject 
have  demanded  sunlight  in  these 
rooms  at  some  time  during  the  day.  I 


have  reached  my  conclusions  from 
personal  observation  and  through  dis- 
cussion on  this  subject  with  educators, 
with  whom  I  come  in  contact.  Sun- 
light in  these  rooms  has  been  de- 
manded principally  on  account  of  its 
therapeutic  value. 

This  value  is  questioned,  as  the  air 
in  the  room  is  constantly  changing  ana 
is  being  brought  in  from  the  great 
outdoors,  where  the  sunlight  has  al- 
ready performed  its  work  of  purifica- 
tion. Any  benefit  derived  from  sun- 
light in  study,  class  or  recitation 
rooms  must  needs  be  unquestioned  in 
order  to  offset  the  injury  and  discom- 
fort provoked  by  the  glare  of  direct 
sunlight  in  the  eyes  and  on  the  work 
of  pupils. 

We  know  that  architects  and  artists 
prefer  the  steady,  uniform  North 
light. 

Personally,  in  studying  I  prefer  a 
room  where  neither  the  sunlight  nor 
the  glare  from  the  sunlight  obtrudes, 
but  where  I  can  consciously,  or  un- 
consciously, glance  out  of  my  win- 
dows and  enjoy  the  effect  of  the  sun- 
light on  earth  and  sky. 

One  of  the  most  enthusiastic  advo- 
cates of  the  Northerly  exposure  is  a 
high  school  teacher  whose  room  over- 
looks the  Western  slope  of  the  Palis- 
ades, with  the  hills  of  Northern  New 
Jersey  in  the  distance.  She  tells  me 
that  never  before  has  she  been  so  con- 
tented with  her  surroundings,  and 
that  the  outlook  unquestionably  has  a 
psychological  effect  upon  the  pupils 
that  is  worth  taking  into  considera- 
tion. 

Design  of  School  on  City  Block. — If 

I  were  designing  a  school  on  a  city 
block,  I  would  want  to  built  it  with  a 
large  central  court,  on  which  all  the 
rooms  were  exposed.  As  the  pupils,  at 
their  work,  glanced  through  these  win- 
dows they  would  glimpse  cool,  ivy- 
covered  walls,  interesting  bits  of 
architectural  detail,  or  perhaps  a 
graceful  tower.  And  I  am  confident 
that  I  do  not  overestimate  the  value 
of  its  effect  on  the  impressionable,  re- 
sponsive mind  of  youth. 

Sunlight,  preferably  East,  is  desir- 
able in  kindergartens,  industrial,  and 
household  art  rooms,  cafeteria,  physi- 
cal   training   rooms,   auditorium   and 
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certain  science  rooms.  An  Eastern  ex- 
posure is  undersirable  where  fixed  sit- 
tings are  used,  since  the  child  must 
face  the  South  and  the  direct  rays  of 
the  sun  until  mid-day.  Should  heavy 
shades  be  used  to  overcome  this  diffi- 
culty, the  inside  portion  of  the  room 
will  not  be  adequately  lighted. 

In  rooms  with  Western  exposure  the 
glare  of  the  sun  is  back  of  the  pupil. 

I  would  give  the  Northerly  rooms 
warmth  by  a  suggestion  of  colors  in 
the  walls  and  pictures.  After  having 
generally  located  the  various  units  of 
the  building  from  the  point  of  expo- 
sure, I  would  study  the  circulation  and 
exits,  providing  lockers  and  sanitaries 
on  all  floors,  and  in  a  school  of  any 
considerable  size,  I  would  have  corri- 
dors at  least  twelve  feet  in  width. 

The  correlation  of  the  various  de- 
partments in  a  school  building  has 
been  so  exhaustively  discussed  and  is 
so  clearly  set  forth  under  the  "Candle 
of  Efficiency,"  as  developed  by  the 
Standardization  Committee  of  the  Na- 
tional Educational  Association  that  I 
need  not  seek  further  to  impress  its 
importance  upon  those  interested. 

If  I  had  entire  freedom  in  planning, 
I  would  have  in  every  school,  special 
rooms  accommodating  at  one  time 
half  the  pupils  in  the  school,  in  line 
with  the  programs  of  the  platoon  sys- 
tems now  operating  successfully  in 
many  school  districts,  under  which 
plan  these  special  rooms  are  constant- 
ly in  use. 

Also,  I  would  plan  and  construct  the 
building  so  that  the  different  depart- 
ments could  be  expanded  or  changed 
as  the  need  might  arise. 

Development  of  a  School  Plan. — To 

offer  a  concrete  example  of  the  devel- 
opment of  a  school  plan,  I  have  chosen 
the  new  high  school  building  at  Hemp- 
stead, Long  Island. 

Here  a  survey  of  the  records  of 
former  pupils,  after  leaving  school, 
was  used  as  a  means  of  measuring 
the  requirements  of  the  different  de- 
partments. These  records  showed 
what  proportion  of  the  pupils  pre- 
pared for  college,  for  scientific  work, 
machine  shop  work,  boat  building, 
aeroplane  manufacture,  general  gas 
engine  work,  printing,  drafting,  de- 
signing, etc.  It  was  found  that  the 
proximity  of  an  important  aeroplane 
factory,  or  a  large  printing  establish- 
ment, and  of  numerous  boat  building 
and  machine  shops,  tends  to  attract 
former  pupils  to  employment  in  one  or 


another  of  these  lines,  and  the  new 
school  building  includes  the  proper 
facilities  for  carrying  on  the  work  of 
the  various  courses  designed  to  fit  the 
pupils  for  the  kind  of  work  they  plan 
to  take  up  after  leaving  school. 

Trees  and  shrubs  native  to  Long 
Island  have  a  place  in  the  landscaping 
of  the  grounds  and  form  a  valuable 
contribution  to  the  botanical  and  na- 
ture study  classes. 

Value  of  Design. — The  school  archi- 
tect has  only  partly  fulfilled  his  duty 
when  he  has  perfected  the  plan.  There 
has  been  an  unfortunate  tendency  to 
ignore  or  underestimate  the  value  of 
design  in  school  buildings,  and  in  cer- 
tain quarters,  there  has  even  been  a 
demand  for  a  new  style  of  architec- 
ture for  school  buildings. 

But  here  a  grave  danger  threatens, 
for  architectural  motifs  gradually  per- 
fected throughout  the  ages  are  to  de- 
sign what  the  alphabet  is  to  literature 
and  the  staff  is  to  music,  and  only  by 
a  composition  of  perfected  architec- 
tural motifs,  or  of  the  alphabet,  or  of 
the  staff,  harmoniously  arranged  and 
accented,  can  successful  architecture, 
fine  literature,  or  beautiful  music  be 
created. 

Children  attend  school  during  the 
formative  period  of  their  lives,  when 
the  impressionable,  receptive  mind  is 
favorably  influenced  by  beauty  of  de- 
sign and  pleasing  color  schemes,  and 
in  a  logical  and  natural  way  may  be- 
gin their  education  in  the  recognition 
and  appreciation  of  good  architecture 
— that  least  appreciated  and  respected 
of  the  fine  arts. 

In  spite  of  all  the  wonderful  prog- 
ress back  of  them,  a  large  percentage 
of  the  schools  being  erected  today  al- 
most duplicate  the  first  complete 
grammar  school  built  in  the  United 
States,  the  Quincy  School  erected  in 
Boston,  Mass.,  in  1848;  and  the  great- 
est number  of  these  have  less  archi- 
tectural merit  than  this  building.  For 
this  condition  we  must  all  share  the 
blame. 

Development    of    a    School    Plan. — 

And  if  education  in  the  traditional 
school  has  left  us  with  such  narrow 
conceptions  of  the  mission  of  the  pub- 
lic schools,  let  us  use  concerted  effort 
toward  building  up  in  the  children  of 
today,  and  appreciation  of  what  a 
modern  educational  plant  can  accom- 
plish, and  the  improvement  which  has 
been  delayed  half  a  century  will  come 
in  a  generation. 
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Movable  Staging  for  Overhead 

Work 

For  work  on  ceilings,  or  other  over- 
head work,  the  actual  labor  cost  is 
usually  increased  appreciably  through 
having  to  construct  stagings  or  plat- 
forms from  which  to  work,  and  also 
through  the  necessity  for  stopping 
work  to  move  such  platforms,  partic- 
ularly when  only  one  or  two  men  are 
using  them,  and  help  has  to  be  called 
from  other  parts  of  the  work  to  assist 
in  the  moving  operation.    A  movable 


should  be  particularly  noted  that  the 
arrangement  is  roughly  though  sub- 
stantially constructed  at  small  cost 
from  material  usually  available  on  a 
construction  contract.  The  frame  is 
made  of  joists  formerly  used  for 
form  lumber,  while  floor  form  panels 
are  used  for  the  top.  The  wheels  have 
been  borrowed  temporarily  from  con- 
crete buggies  and  are  supported  on 
old  form  bolts  driven  through  the 
patform  posts. 

These     platforms,     though     crude, 
move  with   surprising   ease — in  fact, 


*  •      ■•■ 


IlMli    til 


Platform    Mounted    on    Wheels    for    Overhead  Work. 


staging  used  by  the  Aberthaw  Co., 
Boston,  that  has  largely  overcome  this 
expense  is  described  by  Mr.  G.  W. 
Maker  in  a  recent  issue  of  Successful 
Methods. 

For  overhead  work  it  was  formerly 
the  practice  to  use  large  platforms. 
An  ingenious  labor  foreman  conceived 
the  idea  of  placing  wheels  on  one  of 
these  platforms  and  the  result  has 
been  so  satisfactory  that  the  company 
has  adopted  the  idea  wherever  over- 
head work  is  called  for. 

The  illustration  shows  one  of  these 
mounted  platforms  in  operation. 
While  mobility  is  its  chief  feature,  it 


moving  is  accomplished  by  the  work- 
men pushing  on  the  ceiling  with  their 
hands  and  often  the  wheel  has  to  be 
chocked  to  keep  the  platform  steady. 
The  economy  of  tMs  arrangement, 
which  permits  workmen  to  operate 
continuously  without  frequent  stops  to 
move  stages,  is  obvious. 


Annual   Meeting   of   American   So- 
ciety of  Agricultural  Engineers. — The 

17th  annual  meeting  of  the  American 
Society  of  Agricultural  Engineers  will 
be  held  in  Chicago,  Nov.  8,  9  and  10, 
Raymond  Olney,  St.  Joseph,  Mich.,  is 
Secretary. 
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A  1923  Improvement  in  Mixer 

Construction 

One  of  the  interesting  improve- 
ments in  concrete  mixers  this  year  is 
the  new  device  used  on  a  7-S  mixer 
made  by  The  T.  L.  Smith  Co.  of  Mil- 
waukee, Wis.,  for  operating  the  dis- 
charge chute.  The  simplicity  of  this 
mechanism  is  shown  in  the  accom- 
panying illustration.  The  operating 
lever  is  pivoted  to  a  short  arm  that  is 
keyed  to  the  shaft  to  which  the  chute 
is  attached.  When  the  operating  lever 
is  moved,  a  small  roller,  attached  to 
the  end  of  the  lever,  follows  the  out- 
line of  a  cam  that  is  bolted  to  the 


to  the  other.  The  operator  simply 
takes  hold  of  the  handle  and  moves 
the  handle  forward  or  backward,  ac- 
cording to  the  position  of  the  chute. 
By  this  new  method  the  chute  operates 
easily  and  quickly. 


Chute  Discharge  Mechanism  for  7-S  Smith     Mixer 


mixer  frame.  Except  for  the  rod 
which  extends  across  the  mixer  to  en- 
able the  chute  to  be  operated  from 
the  other  side,  these  few  simple  parts 
constitute  the  complte  discharge  oper- 
ating mechanism.  In  the  illustration 
the  lever  is  shown  in  its  extreme  for- 
ward position.  The  chute  is  locked 
securely  in  the  position  for  mixing 
and  where  it  in  no  way  interferes 
with  the  mixing  action.  Pushing  the 
lever  back  moves  the  chute  into  the 
discharging  position.  In  the  full  dis- 
charge position  the  chute  is  locked  and 
does  not  have  to  be  held.  The  pecu- 
liar shape  of  the  cam  provides  the 
locking  feature  in  each  position,  no 
other  arrangement  being  necessary. 
Releasing  the  chute  from  either  posi- 
tion is  merely  a  part  of  the  operation 
of  moving  the  chute  from  one  position 


Building  Stone  Production  in  1922. 

— The  stone  produced  in  the  United 
States  in  1922  amounted  to  about  81,- 
000,000  short  tons,  valued  at  $118,- 
500,000,  according  to  an  estimate 
given  out  by  the  Department  of  the 
Interior  from  figures  compiled  by  the 
Geological  Survey.  These  figures  show 
an  increase  of  about  27  per  cent  in 
quantity  and  11  per 
cent  in  value  over  the 
output  in  1921.  There 
was  a  good  demand 
during  the  year  for 
nearly  all  kinds  of 
stone,  but  the  produc- 
tion of  monumental 
and  building  stone, 
paving  blocks,  curb- 
stones and  flagstone 
was  somewhat  re- 
stricted by  labor 
troubles,  which  caused 
the  closing  of  quarries 
and  cutting  plants, 
especially  at  the  prin- 
cipal granite  centers 
in  the  New  England 
States.  Trouble  was 
also  experienced  in 
getting  transpor- 
tation for  crushed 
stone  and  other  stone 
products.  The  cost  of 
quarrying  was  some- 
what less  in  1922  than 
in  1921,  and  prices  were  lower.  Build- 
ing stone  was  in  good  demand,  as  is 
shown  by  an  increase  of  81  per  cent 
in  the  output  of  limestone  from  the 
Bedford-Bloomington  district,  in  Law- 
rence and  Monroe  counties,  Indiana. 
This  large  increase  was  not  shown 
throughout  the  country,  but  increases 
in  other  districts,  in  limestone,  sand- 
stone and  marble,  and  to  a  less  ex- 
tent in  granite  used  as  building  stone 
indicated  an  output  of  23,000,000  cu. 
ft. — a  total  increase  in  1922  of  35  per 
cent. 


Am.  Soc.  C.  E.  to  Meet  in  Chicago. 

— The  53rd  annual  convention  of  the 
American  Society  of  Civil  Engineers 
will  be  held  in  Chicago,  July  11,  12 
and  13. 
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Effect  of  Smoke  on  Building 
Materials 


Results    of   Experiments    Given    in    Bal- 
timore   Municipal    Journal 

By  S.  I.  KEHLER, 

Associate   Civil    Engineer,   Office  of   Chief  En- 
gineer of  Baltimore,  Md. 

The  question  of  the  deterioration  of 
property  is  as  complex  as  that  of 
health.  There  are  so  many  elements 
entering  into  the  question  that  it  is 
impossible  to  state  to  what  extent  the 
deterioration  is  due  to  smoke  or  to 
wind,  rain,  heat,  cold,  or  moisture 
combined  with  freezing  and  thawing. 
In  many  cases  two  or  more  causes 
may  be  operating  at  the  same  time. 

Smoke  defaces,  disfigures  or  de- 
stroys buildings  and  restricts  the 
styles  of  architecture.  The  sulphuric 
acid  particularly  corrodes  or  disinte- 
grates practically  all  kinds  of  building 
materials.  Marble  tends  first  to  turn 
green  and  then  black. 

Limestone  deteriorates  very  rapid- 
ly, turning  to  gypsum  owing  to  its 
great  affinity  for  sulphur.  The  absorp- 
tion of  sulphur  causes  the  stone  to 
expand,  thus  rendering  it  soluble  and 
powdery  so  that  particles  are  con- 
stantly washed  or  blown  away.  Sand- 
stone in  which  the  cementing  material 
is  calcium  carbonate  is  acted  upon  by 
the  sulphuric  acids  turning  the  cal- 
cium carbonate  to  calcium  sulphate  or 
gypsum,  thereby  destroying  the  ce- 
menting properties  and  allowing  the 
stone  to  crumble  away. 

Architectural  trim  by  means  of  pro- 
jecting stone  or  brick  work  is  re- 
stricted on  account  of  the  soot  accu- 
mulating on  all  projections,  while  dec- 
orations by  means  of  a  color  scheme 
in  brick  or  stone  is  rendered  useless 
since  the  surfaces  soon  become  cov- 
ered with  a  dark  tarry  smear. 

London  Study  on  Corrosion  of  Ma- 
sonry.— A  careful  and  comprehensive 
study  into  the  effects  of  atmospheric 
sulphuric  acid  on  the  corrosion  of  ma- 
sonry, was  made  on  one  of  the  historic 
buildings  in  London.  The  stones  con- 
sisting mainly  of  calcium  carbonate, 
showed  evidence  of  weathering  and 
disintegration.  The  surfaces  of  most 
were  soft  and  friable,  and  one  was  so 
very  loose  and  rotten  that  it  could  be 
removed  to  a  depth  of  one-fourth  inch 
by  mere  rubbing.  Chemical  examina- 
tion of  the  friable  portions  and  of  the 
unaffected  inside  of  each  of  the  stones 
showed  that  the  disintegration  could 


be  ascribed  to  the  action  of  sulphuric 
acid  which  had  converted  part  of  the 
calcium  carbonate  into  calcium  sul- 
phate. 

The  white  efflorescence  which  some- 
times appears  on  brick  work  is  mainly 
composed  of  calcium  or  magnesium 
sulphate.  One  of  the  chief  damages 
caused  by  sot  and  smoke  is  the  decay 
of  mortar,  it  swells,  becomes  porous 
and  falls  to  pieces  at  the  slightest 
touch. 

Effect  of  Sulphuric  Acid  on  Metal 
Work. — The  sulphuretted  hydrogen  in 
smoke,  blackens,  disfigures  or  tar- 
nishes nearly  all  metals.  Silver 
tarnishes,  copper  and  bronze  rapidly 
darken,  iron  corrodes,  aluminum  is 
affected  by  vapors  and  acids  many 
metals  become  pitted  from  electro- 
chemical action,  and  even  gold  or 
gilded  articles  become  dull.  Gilt  titles 
on  books  will  fade  in  the  city  while 
retaining  their  lustre  in  the  country. 
To  keep  sign  plates  or  any  metallic 
work  bright  and  shiny  requires  con- 
stant work  in  smoky  cities.  Constant 
cleaning  entails  large  expense,  both 
because  of  the  labor  required  and  be- 
cause of  the  wear  on  the  metal.  Rath- 
er than  assume  this  added  burden  of 
expense,  merchants  in  smoky  cities 
tend  to  minimize  the  use  of  brilliant 
metallic  ornaments. 

The  deleterious  effect  of  smoke  upon 
metallic  surfaces,  works  of  art,  and 
architecture  is  recognized  as  appreci- 
able, but  it  has  not  been  possible  to 
arrive  at  any  definite  measure  of  the 
financial  loss. 

English  Experiments. — A  series  of 
experiments  extending  over  18  years 
was  made  in  England  by  the  Lanca- 
shire and  Yorkshire  Railway,  to  ascer- 
tain the  loss  of  weight  of  rails  arising 
from  wear  and  tear  and  from  corro- 
sion. A  number  of  rails  were  placed 
in  suitable  positions  by  the  side  of  the 
line,  and  weighed  at  intervals,  and  the 
loss  of  weight  recorded.  The  rails 
were  the  ordinary  tee  rail  section, 
weighing  86  pounds  per  yard.  The  an- 
nual loss  of  weight  from  corrosion 
was  as  follows: 

In  the  centre  of  the  town,  1.04  lb. 
per  year. 

In  a  dry  place  in  a  smoky  tunnel, 
1.48  lb.  per  year. 

In  a  wet  place  in  the  same  tunnel, 
1.71  lb.  per  year. 

On  the  sea  coast  among  sand  hills, 
0.8  lb.  per  year. 

The  effect  of  smoke  is  very  evident 
both  in  the  town  and  in  the  tunnel. 
It  would  appear  that  the  amount  of 


(323) 


1460 


Buildings 


June, 


corrosion  due  to  this  cause  from  town 
air  is  more  than  six  times  that  from 
the  purer  atmosphere  of  the  sea  coast. 
This  action  on  rails  must,  of  course, 
be  the  same  for  all  iron  work  exposed 
to  the  atmosphere,  and  gives  an  indi- 
cation of  the  widespread  amount  of 
corrosion  which  must  be  taking  place. 

From  these  experiments  we  see  that 
steel  structures  in  the  centre  of  town 
would  lose  one-half  their  strength  in 
about  40  years,  in  damp,  smoky  loca- 
tions this  loss  of  strength  would  take 
place  in  from  20  to  30  years,  while  in 
the  country  it  would  require  250 
years.  As  most  structures  would  be 
considered  unsafe  after  a  loss  of  50 
per  cent  of  their  strength  we  can 
count  the  above  periods  as  the  life  of 
the  structures  in  their  various  loca- 
tions unless  they  should  be  protected 
by  frequent  and  careful  painting. 

From  the  foregoing  we  see  that 
smoke  affects  nearly  all  classes  of 
building  material,  it  restricts  the 
styles  of  architecture  by  covering  the 
surfaces  of  the  structures  with  a  dark, 
tarry  smear  that  is  difficult  to  remove, 
making  useless  any  attempt  at  archi- 
tectural decorations  by  means  of  dif- 
ferent colored  stone  or  brick. 


Plate  Glass  Production   in   1923. — 

Manufacturers  of  plate  glass  were 
handicapped  during  the  first  quarter 
of  this  year.  There  were  "cold  re- 
pairs" to  make  in  the  rebuilding  of 
badly  worn  furnaces.  Other  items  of 
equipment  interrupted  production 
with  their  demands  for  attention.  Yet 
figures  compiled  by  P.  A.  Huges,  sec- 
retary of  the  Plate  Glass  Manufac- 
turers of  America,  show  that  during 
that  period  19,952,154  sq.  ft.  were  sup- 
plied by  the  country's  factories.  In 
spite  of  production  difficulties  there 
was  an  output  approaching  the  largest 
ever  before  recorded  for  a  three 
months'  interval.  Continuing  at  this 
rate,  1923  will  show  a  total  of  90,000,- 
000  sq.  ft.  The  following  figures  for 
1921,  1922  and  1923,  the  latter  esti- 
mated, show  the  effort  that  is  being 
put  forth  by  plate  glass  producers  to 
supply  the  wants  of  users  of  this 
product: 

Sq.  Ft. 

1921    53,578,682 

1922 76,678,207 

1923,  estimated  90,000,000 


Special    Type   of  Foundation   for 
Memorial  Tower  at  Toronto,  Ont. 

In  planning  for  the  foundations  of 
the  memorial  tower  now  being  erected 
between  Hart  House  and  the  Main 
Building  of  the  University  of  Toronto, 
it  was  found  that  a  branch  of  the  tun- 
nel of  the  central  heating  system  of 
the  University  passed  directly  across 
the  site  of  the  proposed  tower,  the 
location  of  the  easterly  main  footing 
coming  immediately  over  the  tunnel. 
This  necessitated  a  special  type  of 
foundation  and  treatment  of  the  tun- 
nel itself  to  enable  it  to  carry  the 
heavy  loading  that  would  thus  be  im- 
posed. How  this  problem  was  han- 
dled is  described  in  The  Canadian  En- 
gineer. 

At  the  site  of  the  tower  the  soil 
consists  of  sandy  loam  with  a  safe 
bearing  value  of  about  3  tons  per  sq. 
ft.,  thus  necessitating  a  spread  foot- 
ing of  considerable  size.  The  tower 
is  carried  on  two  large,  and  somewhat 


Fig.    1.  /  Section   of   Footing  Parallel  to   Grill- 
age   Beams. 

irregular  footings  24  ft.  6  in.  on  cen- 
tres. A  steel  grillage  consisting  of 
40  12-in.  Bethlehem  I-beams,  varying 
from  45  ft.  in  length  at  the  north  end 
to  49  ft.  4  in.  at  the  south  end,  en- 
cased in  1:2:4  concrete,  was  laid  with 
the  steel  running  at  right  angles  to 
the  axis  of  the  masonry  footings  of 
the  tower.  The  weight  and  spacing  of 
the  girders  varied.  The  concrete,  with 
a  maximum  size  for  the  crushed  stone 
of  %  in.,  extended  for  3  in.  above  and 
below  the  steel  beams,  which  were  not 
connected,  other  than  by  this  concrete. 
The  base  of  the  concrete  is  only  4  ft. 
below  the  ground  level. 

The  original  concrete  tunnel,  which 
has  inside  dimensions  of  4  ft.  10  in. 
by  6  ft.,  with  8-in.  walls  and  floor,  was 
surrounded  by  a  heavy  reinforced  con- 
crete casing,  2  ft.  thick  on  either  side, 
and  2  ft.  6  in.  below,  as  shown  in  Fig. 
1,  this  casing  and  the  concrete  of  the 
grillage  forming  a  monolith.  The 
loading  on  the  soil  as  thus  distributed 
is  slightly  under  3  tons  per  sq.  ft. 

In  figuring  the  bending  moment  on 
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the  grillage  due  to  the  reaction  of  the 
soil,  the  centre  lines  of  the  masonry 
footing  were  taken  as  the  points  of 
critical  moment,  and  a  uniform  up- 
ward pressure  of  3  tons  per  sq.  ft.  em- 
ployed. Working  stresses  were  in 
conformity  with  the  Toronto  building 
by-law. 

V.  L.  Gladman,  of  Sproatt  &  Rolph, 
architects  for  the  tower,  designed  the 
foundation,  in  collaboration  with 
Harkness,  Loudon  and  Hertzberg, 
consulting  engineers.  Page  &  Co., 
Toronto,  are  tlae  contractors  for  the 
work. 


How  to  Make  Watertight 
Concrete 

A  few  fundamental  principles  of 
good  construction  for  making  airtight 
concrete  are  summarized  as  follows 
in  a  recent  booklet  of  the  Portland 
Cement  Association. 

1.  All  portions  of  the  structure 
should  be  strong  enough  to  resist  the 
head  of  water,  either  internal  or  ex- 
ternal, to  which  the  concrete  may  be 
subjected. 

2.  Use  clean,  well  graded  aggre- 
gates. 

3.  Use  a  relatively  rich  mixture,  a 
1:2:3,  or  better  1:1% :3. 

4.  Use  the  minimum  amount  of 
mixing  water  that  will  give  a  work- 
able, plastic  consistency;  not  over  6 
gallons  per  sack  of  cement. 

5.  Mix  the  concrete  thoroughly,  at 
least  1%  minutes  per  batch  mixer. 

6.  Place  the  concrete  carefully  in 
layers  6  to  12  in.  deep,  spading  or 
rodding  it  thoroughly  to  prevent  the 
formation  of  stone  pockets  or  voids. 

7.  If  possible  place  the  concrete 
in  one  continuous  operation  to  avoid 
construction  joints.  If  placing  is  in- 
terrupted, be  sure  to  get  a  good  bond 
between  the  fresh  concrete  and  that 
placed  previously. 

8.  Keep  the  concrete  warm  and 
damp  for  the  first  ten  days. 

In  tests  conducted  by  the  U.  S. 
Bureau  of  Standards,  thin  slabs  of  a 
lean  (1:6)  Portland  cement  mortar 
and  1:1%  :2  concrete  were  subjected 
to  a  water  pressure  of  60  lbs.  per 
square  inch.  This  pressure  is  equiva- 
lent to  a  138-ft.  head  of  water.  Al- 
though water  penetrated  through  1%- 
in.  limestone  slabs  in  periods  ranging 
from  20  seconds  to  20  minutes,  it 
took  3%  hours  for  water  to  penetrate 
through  a  2-in.  slab  of  1:6  mortar, 
while  at  the  end  of  24  hours,  when 
the  test  was  terminated.,  the  2-in.  slab 
of  1:1%:2  concrete  was  still  dry. 


Home  Made  Post  Caps  and  Wall 
Plates 

In  nearly  all  structural  steel  yards 
are  waste  ends  of  girders,  channels, 
angle  iron,  which  can  be  made  up  on 
short  notice  into  one-way  post  caps 
for  standard  mill  construction,  and 
wall  plates  as  shown  by  the  sketches. 
Base  plates  can  also  be  made  from 
short  ends  of  plate  of  different  thick- 
nesses, with  angle  irons  riveted  to 
same  to  suit  the  sizes  of  posts. 

How  this  is  done  is  told  in  The 
Contract  Records  as  follows:  The  post 
caps  are  made  of  waste  ends  of  chan- 


Post   Caps   and  Wall  Plates  Made  from  Odds 
and  Ends  of  Structural  Steel. 

nels  to  suit  the  size  of  wooden  posts 
and  beams  to  be  used.  To  secure  the 
caps  to  the  posts,  angles  are  riveted 
to  the  under  side  with  holes  punched 
through  which  to  lag  screw  to  the 
posts.  In  making  wall  plates,  one  of 
the  flanges  of  the  channel  is  cut  off 
flush,  the  other  flange  acting  as  an- 
chorage in  brickwork.  A  1-in.  square 
bar  is  flush  riveted  on  the  top  side, 
the  wooden  beams  being  notched  out 
to  provide  anchorage  for  the  beam  as 
shown  in  the  sketch.  These  channels 
make  a  very  snug  fit,  as  beams  are 
generally  %-inch  smaller  than  nom- 
inal sizes,  this  allowing  for  thickness 
of  flanges  being  taken  off  in  widths. 
With  the  making  of  strap  hangers 
for  beams  or  joists,  all  the  require- 
ments for  a  mill  constructed  building 
could  be  made  up  at  the  steel  yard, 
and  supplied  to  the  job  without  any 
of  the  usual  delay  and  at  much  less 
cost. 
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A  New  Development  in 

Reinforced  Concrete  Construction 

A  new  construction  that  combines 
the  self-maintaining  feature  of  struc- 
tural steel  with  the  steel  economy  of 
reinforced  concrete  has  come  into  ex- 
tensive use  during  the  past  year  or  so. 
This  method  of  reinforced  concrete 
construction  —  known  as  Truscon-I 
construction — consists  of  a  series  of 
I-beams  with  the  top  flange  sheared 
to  form  rigidly  connected  diagonals 
extending  into  the  concrete  above. 
The  Truscon  Fs  are  thus  integral  with 
the  concrete,  making  a  unit  of  rein- 
forced  concrete    beam   and    slab.     A 


the  forms,  construction  can  be  in- 
stalled on  two  or  three  floors  at  one 
time.  The  simplicity  in  placing  the 
forms,  together  with  their  early  re- 
moval, also  adds  to  the  speed  of  con- 
struction. In  an  emergency  the  Trus- 
con I-beams  in  themselves  are  strong 
enough  to  carry  the  dead  load  without 
failure,  so  it  is  practically  impossible 
to  have  a  collapse  with  this  type  of 
construction.  The  carrying  capacity 
of  the  I-beam  by  itself  gives  an  added 
strength  which  is  ordinarily  not  com- 
puted in  the  calculations.  Due  to  the 
fact  that  the  I-beams  carry  the  dead 
load  it  is  possible  to  remove  the  slab 
forms  in  a  comparatively  short  time, 


Truscon-I    Construction   Before    Concreting,    Showing   Truscon   I's    for    Beams    and    Girders,   and 
Removable  Truscon  Steel  Forms.     Note  that  the  Steel  Forms  are  Suspended  from  the  Truscon 
I's  and  no  Other  Forms  are  Required. 


complete  system  of  removable  steel 
forms  which  are  suspended  from  the 
Truscon  I's  is  provided.  The  Truscon 
Fs  thus  serve  the  double  purpose  of 
providing  supports  for  the  forms  until 
the  concrete  is  set  and  of  rigid  rein- 
forcement for  the  completed  rein- 
forced concrete  structure.  The  only 
centering  is  usually  one  upright  sup- 
port at  the  center  of  the  span.  Trus- 
con steel  floretyles  are  also  used  with 
Truscon  I's  and  can  be  removed  three 
times  before  they  are  permanently  in- 
stalled in  the  construction.  Owing  to 
the  fact  that  the  Truscon  I's  support 


thus  hastening  construction  and  sav- 
ing expense. 

Tests  made  on  full  sized  panels  of 
Truscon-I  construction  are  stated  to 
have  invariably  developed  a  strength 
much  higher  than  would  be  expected 
from  calculations.  The  University  of 
Nebraska  recently  completed  a  test  in 
which  failure  was  expected  at  about 
22,000  lbs.,  based  on  conservative 
methods  of  calculation.  The  beam 
actually  failed  at  29,000  lb.  In  the 
tests  a  stress  of  64,700  lb.  and  58,400 
lb.  per  square  inch  was  developed  in 
the  steel. 
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This  construction  has  been  used  in 
widely  varying  types  of  buildings — 
hospitals,  apartments,  factories,  ware- 
houses, schools,  stores,  clubs,  banks, 
office  buildings  and  service  garages 
in  all  parts  of  the  country  over  2,000,- 
000  sq.  ft.  having  been  placed  during 
the  past  year. 

The  Truscon-I  Construction  is  a  de- 
velopment of  the  Truscon  Steel  Co., 
Youngstown,  O. 


New  Concrete  Block  Machine 

A  new  machine  for  the  manufacture 
of  concrete  blocks  has  been  brought 
out  by  the  Ideal  Concrete  Machinery 
Co.,  Cincinnati,  O.  The  principle  of 
this  machine  is  a  carefully  balanced 
mold  box  which  rolls  on  a  track.  In 
the  loading  and  tamping  position,  the 
mold  box  is  back  under  the  tamper, 


View    of    New    Roll-Oven    Machine    After    the 
Block  Is  Stripped 

and  the  scraping  hopper  is  forward 
over  the  box.  The  operator  handles 
the  tamper  in  the  regular  way,  throw- 
ing in  all  the  tamp  feet  at  once,  at 
the  same  time  feeds  the  concrete  in- 
to the  box,  using  the  standard  con- 
veyor and  feeder  for  this  purpose,  as 
shown.  As  soon  as  the  tamping  is 
completed,  the  scraping  hopper  is 
pulled  back  by  power,  carrying  the 
surplus  concrete  back  on  to  a  plate 
ready  to  be  used  in  the  next  block. 
The  mold  box  is  then  rolled  over  in- 
to position.  The  operator  presses  a 
foot  lever  which  throws  in  a  clutch 
shown  on  the  end  of  the  tamper  shaft, 
and  this,  by  means  of  cams,  forces  the 


block  out  of  the  mold  box  downward 
onto  a  pallet  placed  on  a  counter- 
balanced table.  As  soon  as  the  block 
is  stripped,  the  mold  box  is  rolled 
back  and  the  scraping  hopper  brought 
forward  for  loading,  and  the  oper- 
ation repeated.  While  this  block  is 
being  made,  the  off -bearer  carries 
away  the  block  just  completed  and 
places  an  empty  pallet  on  the  table 
ready  to  receive  the  next  block. 


Use  of  Odd  and  Short  Lengths  of 
Lumber 

At  the  meeting  in  May  of  the  Con- 
sulting Committee  on  Lumber  Stand- 
ards, the  Practical  Size  Investigating 
Committee,  of  which  Mr.  E.  S.  Hall, 
an  architect  of  Chicago,  is  chairman, 
recommended  standard  widths  and 
sizes  for  yard  lumber.  This  report 
was  acted  on  by  the  Consulting  Com- 
mittee and  will  be  submitted  to  the 
Central  Committee  on  Lumber  Stand- 
ards in  the  near  future. 

This  action  was  a  distinct  step  in 
progress  toward  the  establishing  of 
sound,  and  honest  national  standards 
for  the  manufacture  and  sale  of  lum- 
ber. 

Another  subject  in  which  builders 
and  architects  are  vitally  interested  is 
that  of  "odd  and  short  lengths."  This 
important  question  was  assigned  to 
the  Practical  Size  Investigating  Com- 
mittee, of  which  Theo.  F.  Laist,  Con- 
way Bldg.,  Chicago,  is  secretary,  for 
further  consideration.  The  use  of  odd 
and  short  lengths  of  lumber  of  all 
kinds  is  a  conservation  measure  in 
which  all  those  who  have  at  heart  the 
future  of  the  industry  are  concerned. 

Lumber  manufacturers  are  inter- 
ested in  the  inclusion  of  more  odd 
and  short  lengths  of  lumber  in  ship- 
ments, but  there  are  some  groups 
that  object  to  odd  and  short  lengths, 
particularly  the  wholesaler,  the  re- 
tailer, and  to  some  extent,  large  con- 
sumers. The  reasons  advanced  by 
these  classes  of  the  industry  against 
this  practice  is  the  increased  cost  of 
handling,  larger  storage  space  nec- 
essary, and  increased  capital.  Other 
reasons  are  advanced  such  as  over- 
head necessary  to  carry  a  representa- 
tive line  of  lumber,  and  a  decreased 
turnover  of  stock. 

It  seems,  therefore,  that  the  prob- 
lem is  not  one  primarily  of  manufac- 
turing but  is  one  of  marketing.  If 
the  contractor  and  the  architect  de- 
mand long  and  short  lengths  the 
dealer  must  fall  in  line.     The.  ques- 
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tion,  therefore,  is — to  what  extent  can 
the  builder  advantageously  use  odd 
and  short  lengths?  To  form  any 
basis  for  a  conclusion  the  subject 
must  be  studied  from  the  builders' 
viewpoint,  and  in  this  the  builder  and 
the  architect  are  the  ones  to  whom 
this  committee  must  look  for  infor- 
mation on  which  they  may  base  con- 
clusions. 

If,  therefore,  the  consuming  public 
really  does  require  odd  and  short 
lengths,  this  is  an  opportunity  for 
putting  into  the  hands  of  those  who 
will  finally  establish  and  practice  such 
information  as  may  be  available.  The 
more  detailed  and  the  more  such  in- 
vestigation departs  from  mere  expres- 
sion of  opinion  the  more  valuable  it 
will  be.  Builders  in  all  sections  of 
the  country  can  figure  the  percentage 
of  short  and  odd  lengths  that  may  be 
used  in  average  construction  as  com- 
pared with  the  total  amount  used  and 
place  it  in  the  hands  of  the  committee. 

As  this  committee  is  studying,  not 
only  yard  lumber  or  lumber  used  in 
building  construction,  but  all  lumber, 
an  invitation  is  extended  to  all  those 
using  lumber  of  any  kind  to  voice 
their  views. 


Elimination  of  23  of  the  36  Prevailing 

Sizes  of  Hollow  Building  Tile 

Recommended 

At  a  meeting  held  June  19,  1923, 
at  the  Department  of  Commerce,  the 
Standards  Committee  of  the  Hollow 
Building  Tile  Association  reported  to 
the  Department's  Division  of  Simpli- 
fied Practice,  the  results  of  a  survey 
which  the  association  had  made  of 
existing  varieties  in  types,  sizes,  and 
weights  of  hollow  building  tile. 

The  survey  showed  36  different 
sizes — each  made  in  a  wide  variety  of 
weights.  The  committee  recommended 
the  elimination  of  23  of  the  36  sizes, 
and  the  retention  of  13  as  "standards" 
for  the  industry.  A  standard  weight, 
with  a  permissible  variation  of  5 
per  cent  over  or  under  the  standard 
weight,  was  also  recommended  for 
each  of  the  13  sizes  retained. 

The  committee  requested  the  De- 
partment of  Commerce,  through  its 
Division  of  Simplified  Practice,  to  call 
a  general  conference  next  October  of 
manufacturers,  arcihtects,  engineers, 
contractors  and  builders  to  discuss 
the  general  adoption  and  use  of  the 
recommended  standard  sizes  and 
weights. 


Fatigue  Tests  of  Limestone 

The  U.  S.  Bureau  of  Standards  is 
carrying  out  a  series  of  tests  to  de- 
termine to  what  extent  stone  will 
fatigue  under  a  continuous  load.  The 
specimens  are  prepared  in  the  form 
of  beams  which  are  supported  at  the 
end  and  have  a  load  suspended  from 
the  center  which  is  calculated  to  give 
a  stress  in  the  stone  equivalent  to 
two-thirds  of  the  ultimate  strength. 
Deflection  measurements  are  being 
made  at  intervals  to  determine  if 
there  is  a  continuous  sagging,  which 
apparently  is  the  case  according  to 
measurements  which  have  been  made 
to  date. 


Industrial  Notes 

The  Atlas  Portland  Cement  Co.  (of  Kansas) 
has  been  incorporated  to  acquire  the  property 
of  the  Western  States  Portland  Cement  Co. 
at  Independence,  Kan. 

The  Bond  Co.,  84  High  St.,  Boston,  Mass., 
has  been  appointd  representative  for  the  New 
England  territory  by  the  T.  L.  Smith  Co.  of 
Milwaukee.  It  will  handle  the  sales  of  all 
Smith  products — concrete  mixers,  paving  type 
mixers  and  the  excavators  and  loaders. 

The  Orton  &  Steinbrenner  Co.,  608  S.  Dear- 
born St.,  Chicago,  111.,  manufacturers  of  loco- 
motive cranes,  dipper  shovels  and  grab  buckets, 
announce  a  reorganization  of  the  company  and 
the  election  of  the  following  officers:  P.  A. 
Orton,  president  and  general  manager ;  E.  B. 
Ayers,  vice-president;  Herbert  Mertz,  secre- 
tary and  sales  manager;  Harry  Shaffer,  treas- 
urer and  purchasing  agent;  G.  L.  Niederst, 
chief  engineer ;  Alex  Orton,  works  manager. 
No  change  in  the  managemnt,  control  or 
policy  has  been  made,  nor  is  any  contem- 
plated. The  reorganization  is  occasioned  only 
by  the  resignation  of  H.  G.  Steinbrenner  as 
president  and  the  disposal  of  his  interest  in 
the  company. 

The  Graham  B.  Bright  Co.,  Richmond,  Va., 
has  been  appointed  Virginia  representative  for 
the  T.  L.  Smith  Co.,  Milwaukee,  manufac- 
turers of  Smith  concrete  mixers,  Smith  pavers 
and  Smith  excavators  and  loaders. 


Trade  Publications 

Wood  Preservation. — A  44-page  catalog,  just 
issued  by  the  C.  A.  Wood  Preserver  Co.,  Arcade 
Bldg.,  St.  Louis,  Mo.,  contains  much  useful 
information^  on  the  treatment  of  structural 
and  other  timbers.  It  includes  general  direc- 
tions for  brush  and  open  tank  treatment  with 
C.  A.  Wood  preserver  and  numerous  testi- 
monial letters  as  to  the  results  obtained. 

Structural  Sanation. — The  sanation  of  im- 
paired structures  and  subterranean  water- 
proofing by  the  Weber  intrusion  methods  .are 
described  in  a  booklet  issued  recently  by  the 
Weber  Engineering  Corp.,  Singer  Bldg.,  New 
York  City. 

Concrete  in  Home  Sanitation. — This  is  the 
title  of  one  of  the  latest  publications  of  the 
Portland  Cement  Association,  111  West  Wash- 
ington St.,  Chicago.  It  includes  descriptions 
and  drawings  of  methods  of  rat-proofing 
buildings,  constructing  concrete  septic  tanks 
and  concrete  privy  vaults,  and  protecting 
private   water  supplies. 
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